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Background. Inappropriate antimicrobial use can threaten patient safety and is the focus of collaborative physician and pharma-
cist antimicrobial stewardship teams. However, antimicrobial stewardship is not comprehensively taught in medical or pharmacy 
school curricula. Addressing this deficiency can teach an important concept as well as model interprofessional healthcare.

Methods. We created an antimicrobial stewardship curriculum consisting of an online learning module and workshop session 
that combined medical and pharmacy students, with faculty from both professions. Learners worked through interactive, branched-
logic clinical cases relating to appropriate antimicrobial use. We surveyed participants before and after the curriculum using vali-
dated questions to assess knowledge and attitudes regarding antimicrobial stewardship and interprofessional collaboration. Results 
were analyzed using paired χ2 and t tests and mixed-effects logistic regression.

Results. Analysis was performed with the 745 students (425 medical students, 320 pharmacy students) who completed both pre- 
and postcurriculum surveys over 3 years. After completing the curriculum, significantly more students perceived that they were able 
to describe the role of each profession in appropriate antimicrobial use (34% vs 82%, P < .001), communicate in a manner that engaged 
the interprofessional team (75% vs 94%, P < .001), and describe collaborative approaches to appropriate antimicrobial use (49% vs 
92%, P < .001). Student favorability ratings were high for the online learning module (85%) and small group workshop (93%).

Conclusions. A curriculum on antimicrobial stewardship consisting of independent learning and an interprofessional workshop 
significantly increased knowledge and attitudes towards collaborative antimicrobial stewardship among preclinical medical and 
pharmacy students.
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Inappropriate use of antimicrobials is linked to the emergence 
of multidrug-resistant pathogens and adverse effects in patients 
[1]. Antimicrobial stewardship programs, directed at reducing 
the inappropriate use of antimicrobials, are becoming man-
dated in US healthcare systems [2]. Although education of cli-
nicians is considered to be an essential element of any program 
designed to influence prescribing behavior [3], there has been 
less attention paid to teaching predoctoral students the princi-
ples of appropriate antimicrobial use, particularly early in train-
ing [4]. A  survey of preclinical medical student microbiology 
curricula reported that only 65% of schools are teaching anti-
microbial stewardship during their courses [5]. Ninety percent 

of 317 senior medical students and 89% of 579 graduating phar-
macy students reported that they would like more education on 
responsible use of antimicrobials [6, 7]. However, the Infectious 
Diseases Society of America’s position statement, “Stewardship 
Commitments for the White House Forum on Antibiotic 
Stewardship” published in 2015 did not include education of 
health professional students as one of its commitments [8].

Research on antimicrobial prescribing practices by physician 
trainees indicates that norms around “prescribing etiquette” 
can interfere with the optimization of antimicrobial therapy as 
well as a disconnect between microbiology coursework and the 
practical challenges of antimicrobial prescribing [9–11]. Early 
introduction of core concepts of antimicrobial stewardship 
might normalize the idea of appropriate antimicrobial use as a 
shared responsibility and increase the acceptance of stewardship 
interventions. An interprofessional approach to stewardship 
is recommended by multiple professional and governmental 
organizations as an essential feature of a successful antimicro-
bial stewardship program [3, 12]. Because antimicrobial stew-
ardship is explicitly an interprofessional activity, educating 
students about stewardship in an interprofessional environment 
can provide a more authentic simulation of practice. Moreover, 
standards in medical and pharmacy undergraduate education 
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emphasize the importance of early interprofessional experi-
ences [13–15].

We aimed to address these deficiencies in the literature by (1) 
developing and implementing a joint interprofessional curricu-
lum in 2 professional schools to enable early learners to appre-
ciate the importance of rational antimicrobial use as healthcare 
professionals and (2) determining the effect of this activity on 
knowledge and attitudes towards interprofessional healthcare 
teams. We hypothesized that an interprofessional curriculum 
that models an authentic work experience can be successfully 
implemented and developed in preclinical undergraduate med-
ical and pharmacy education.

METHODS

Design and Setting

The learning objectives for the curriculum were developed by 
1 infectious diseases specialist pharmacist (C. M.) and 2 infec-
tious diseases physicians (B. S. S., P. V. C.-H.) after a focused 
needs assessment and review of the relevant literature [16]. 
The study took place during the 2013–2014, 2014–2015, and 
2015–2016 academic years at the University of California, San 
Francisco (UCSF). The study was granted exempt review status 
from the UCSF Institutional Review Board.

Curriculum

Participants of the curriculum were second-year medical stu-
dents and third-year pharmacy students at UCSF. The cur-
riculum was embedded into the courses they were taking on 
microbiology and infectious diseases (medical students) or 
antimicrobial pharmacology (pharmacy students). Attendance 
at the interprofessional workshop was a course expectation; stu-
dents were offered a small amount of bonus credit for complet-
ing the pre- and postworkshop surveys.

The curriculum (Figure 1) was designed as follows and deliv-
ered through the Moodle learning management system (Moodle 
Pty Ltd, Perth, Australia): (1) students viewed a case vignette 
online (Case 1) and answered related clinical questions; (2) an 
online independent learning module on antimicrobial stew-
ardship was subsequently provided; then, (3) approximately 1 
week later, the students participated in a 2-hour workshop on 
antimicrobial stewardship. The curriculum, including learn-
ing objectives, learning module, interactive case vignettes, and 
instructor materials, are freely available for access at the follow-
ing site: http://tiny.ucsf.edu/stewardship. The workshops were led 

by a physician or pharmacist with expertise in antimicrobial use 
and consisted of approximately 12 students. Students were sub-
divided into mixed-professions small groups of 4–5 students. In 
small groups, students revisited Case 1 from the online module 
and came to a consensus group answer, which was then discussed 
with the larger group. The small groups then worked through 
Case 2 together again followed by group discussion. The cases 
used a branched-logic format: the decisions students made in the 
initial stages of the case determined the subsequent choices and 
case outcomes. The decisions required in the cases reflected key 
considerations in antimicrobial stewardship: whether to initiate 
treatment, impact of patient allergies and drug interactions on 
antimicrobial selection, adequacy of empiric spectrum of activity, 
and de-escalation of therapy based on culture results.

Assessment

Each student completed a survey of knowledge and attitudes 
towards antimicrobial use, antimicrobial resistance, and inter-
professional practice before and after participation in the cur-
riculum; the after survey included 2 additional items asking for 
them to rate the value of the experience (Figure  1). The sur-
vey instrument consisted of 19 Likert scale items asking for the 
level of agreement with statements related to antimicrobial use 
and resistance and interprofessional collaboration. The items 
related to antimicrobial use were adapted from a survey of phy-
sician attitudes toward antimicrobial prescribing and resistance 
[17]. The items related to interprofessional collaboration were 
adapted from a validated survey of attitudes towards interpro-
fessional learning and interaction [18]. For purposes of primary 
analysis, the data were dichotomized into answers of “agree/
strongly agree” versus “neutral/disagree/strongly disagree”.

Analysis

Analysis of changes in student attitudes before and after the sur-
vey was performed using McNemar’s test or the paired t test to 
account for the paired nature of the data. Interaction between 
study year and student profession with prepost survey changes 
were explored using mixed-effects logistic regression models. 
All analyses were performed with Stata SE software (version 13; 
StataCorp, College Station, TX).

RESULTS

A total of 822 students participated over the 3 study years (470 
medical students, 352 pharmacy students); of these, 745 (91%) 

Figure 1. Schematic of antimicrobial stewardship curriculum.
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completed both pre- and postcurriculum surveys. Statistical 
analysis was performed on these 745 participants (425 medical 
students, 320 pharmacy students). The survey results are dis-
played in Table 1; results were similar across study years and thus 
pooled results are presented. The first 5 questions concerned 
perceptions of antimicrobial use and resistance. Attitudes were 
not significantly different between pre- and postsurvey answers, 
with the exception of the perception of patient demand being 
the major reason physicians prescribe unnecessary antibiotics, 
which increased (42.2% to 59.1%, P < .001). There was no evi-
dence of interaction between profession and changes in attitudes.

Three questions asked about students’ self-perceived efficacy 
in interprofessional collaboration; for all of these items, there 
were significant increases in students’ perceived abilities. In the 
preworkshop survey, less than half as many medical students 
as pharmacy students believed they could describe the role of 

other professions in appropriate antibiotic use (22.1% vs 58.1%). 
Both groups increased in their self-reported abilities on this 
question in the postsurvey (to 78.1% for medical students and 
to 87.9% for pharmacy students), with a greater increase seen 
in medical students (P = .03 for interaction). Medical students 
also had a greater increase in their ability to describe collabora-
tive approaches to appropriate antibiotic use (40.4% to 90.9%) 
compared with pharmacy students (59.8% to 92.8%, P = .03 for 
interaction).

Among the 9 questions primarily concerned with attitudes 
towards interprofessional learning and collaboration, students 
generally expressed more favorable attitudes towards interpro-
fessional learning and collaboration. Despite the overall favora-
ble attitudes, the percentage of students who agreed or strongly 
agreed that they would prefer learning from peers from their 
own profession increased overall by 3.8% (P = .005); there was 

Table 1. Survey Responses Before and After Stewardship Curriculum

Question

%Agree/Strongly Agree (n/N)

P ValueaPrecurriculum Postcurriculum

Knowledge and attitudes about antibiotic resistance

Antibiotic resistance is a major public health problem 99.1 (763 of 770) 99.2 (738 of 744) .76

Overprescribing of antibiotics is a major cause of antibiotic resistance 95.7 (736 of 769) 98.9 (735 of 743) .002

Physicians should only consider the needs of the individual  
patient when prescribing antibiotics

26.0 (200 of 769) 27.8 (206 of 742) .19

I am confident the development of new and effective drugs  
will keep pace with the growing rate of antibiotic resistance

14.7 (113 of 770) 18.7 (139 of 744) .02

Patient demand is the major reason that physicians  
prescribe unnecessary antibiotics

39.8 (306 of 769) 54.1 (402 of 743) <.001

Perceived efficacy in interprofessional collaboration

I am able to describe the role of each profession in  
appropriate antibiotic useb

34.2 (263 of 769) 82.4 (613 of 744) <.001

I can communicate in a manner that engages the  
interprofessional team

75.4 (580 of 769) 94.4 (702 of 744) <.001

I can describe collaborative approaches to appropriate antibiotic usec 48.6 (374 of 769) 92.2 (435 of 741) <.001

Attitudes towards interprofessional learning and collaboration

My skills in communicating with patients of clients would be improved  
through learning with students from other healthcare professions

84.4 (648 of 768) 91.9 (685 of 744) <.001

My skills in communicating with other healthcare professionals  
would be improved through learning with students from other  
healthcare professions

89.7 (689 of 768) 94.2 (699 of 742) <.001

I would prefer to learn only with peers from my own profession 5.1 (39 of 770) 8.9 (67 of 744) .005

Learning with students from other healthcare professions is likely  
to facilitate subsequent working professional relationships

83.2 (637 of 766) 91.4 (681 of 745) <.001

Learning with students from other healthcare professions would  
be more beneficial to improving my teamwork skills than learning  
only with my peers

80.6 (620 of 769) 90.2 (672 of 745) <.001

Collaborative learning would be a positive learning experience  
for all healthcare students

86.1 (661 of 768) 92.7 (690 of 744) <.001

Learning with students from other healthcare professions is  
likely to help to overcome stereotypes that are held about the  
different professions

79.5 (611 of 769) 88.5 (659 of 745) <.001

I would enjoy the opportunity to learn with students from  
other healthcare professions

83.5 (643 of 770) 91.5 (681 of 744) <.001

Learning with students from other healthcare professions is  
likely to improve the service for patient of client

86.5 (665 of 769) 92.9 (692 of 745) <.001

aP value is based on McNemar’s test for students with paired data.
bP = .03 for interaction between student profession and paired change in response; medical students increased agreement to a greater extent than pharmacy students.
cP = .03 for interaction between student profession and paired change in response; medical students increased agreement to a greater extent than pharmacy students.
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no evidence of interaction by student profession by this meas-
ure. Unlike the other survey items related to interprofession-
alism, a rating of “Strongly Agree” represented a less favorable 
attitude towards interprofessional collaboration, so it is possible 
that this finding is an artifact of the reversal of the scale [19].

On the postcurriculum questionnaire, 84.5% (616 of 729) of 
students agreed or strongly agreed that completing the online 
learning module was a valuable learning experience, and 92.7% 
(676 of 729) belived that the small group workshop was a val-
uable learning experience. Workshop favorability ratings were 
high across all student-preceptor pairs, ranging from 86.7% for 
medical students with pharmacist preceptors to 96.3% for phar-
macy students with physician preceptors. Invited open-ended 
student comments were highly favorable; common themes were 
the authenticity of the scenarios relative to other interprofes-
sional education exercises and the recognition of the comple-
mentary knowledge that medical and pharmacy students each 
brought to bear on the problems. Some students believed that 
pharmacy students were disadvantaged because they had not 
yet completed their instruction in infectious diseases, whereas 
the medical students had.

DISCUSSION

We demonstrated that an interprofessional curriculum on 
antimicrobial stewardship, including medical and pharmacy 
students, can positively impact knowledge and attitudes 
towards both antimicrobial stewardship and interprofessional 
collaboration. Given the emphasis placed on antimicrobial 
stewardship as a key public health strategy [20], interventions 
that can raise awareness of stewardship and improve health 
professional teamwork in this area may carry a significant 
impact. The curriculum was also well received by learners 
from both professions regardless of the profession of their 
workshop leader.

Several studies have identified deficiencies in knowledge and 
behaviors of health professions trainees in antimicrobial use 
[6, 7, 21–23], leading some authors and organizations to rec-
ommend a greater focus on these topics in the undergraduate 
curriculum [8, 24, 25]. Equally important to improving knowl-
edge is being able to apply it in the clinical environment, which 
requires an understanding of each clinician’s role in appropriate 
antimicrobial use. Some components of antimicrobial stew-
ardship are taught in a majority of United States and United 
Kingdom medical and pharmacy schools [5, 26, 27]. However, 
content delivery is largely lecture-driven, only a minority of 
schools covered all recommended stewardship principles, and 
few programs offer opportunities for interprofessional educa-
tion in stewardship. The current study suggests that an interpro-
fessional curriculum on stewardship where students collaborate 
on authentic case simulations can substantially improve stu-
dents’ knowledge of and comfort with their roles in and knowl-
edge of antimicrobial stewardship.

This was a single-center study at an institution with medi-
cal and pharmacy undergraduate schools at the same campus, 
which enabled us to recruit a large number of physician and 
pharmacist workshop leaders. We recognize that some medi-
cal and pharmacy schools are not geographically accessible to 
each other to engage in this type of learning activity. However, 
because interprofessional educational experiences are man-
dated by the accrediting bodies for medicine [14] and pharmacy 
[15], there is strong pressure for creative solutions to expand 
the interprofessional education space. We encourage schools to 
identify ways to have medical students to interact with phar-
macists involved in stewardship programs and for pharmacy 
students to be partnered with physicians involved in steward-
ship programs. At minimum, during the preclinical years when 
stewardship concepts are being introduced, it would be ideal 
to invite a colleague from the other discipline to be serve as a 
coleader of these sessions, to highlight the importance of inter-
professional collaboration in stewardship. Given that a portion 
of this curriculum was delivered through an online learning 
platform, distance collaboration may be another method to 
involve learners from different professions.

Learner knowledge of antimicrobial stewardship concepts 
was assessed by a small number of survey items. This was driven 
by a limited number of available survey instruments in the lit-
erature related to antimicrobial stewardship appropriate to 
undergraduate health professions population and by a desire to 
limit the overall length of the survey to improve response rates. 
Future implementations of the curriculum will include a more 
robust assessment of antimicrobial stewardship knowledge.

CONCLUSIONS

This study adds to the limited literature available on antimi-
crobial stewardship education for undergraduate health profes-
sionals, and, to the best of our knowledge, it is the only study 
of an intervention targeting these learners. We hope that our 
curriculum can serve as an exemplar for both stewardship and 
interprofessional education activities at other institutions.
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