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Abstract

only part of the respondents took part in it.

for score between hospitals <0.001).

Objectives: Senior medical students, who are future doctors, should be prepared to use antimicrobials appropriately
and will be important partners in antimicrobial stewardship. This survey was designed to investigate the attitudes and
perceptions of senior medical students regarding antimicrobial use and resistance.

Methodology: We performed a multi-center survey involving a questionnaire handed out to all fourth year medi-
cal students from five representative teaching hospitals in Central China. The survey was completed within 1 month
(October to November, 2015). Antimicrobial stewardship programs were taught in all of the teaching hospitals, yet

Results: A total of 611 out of 728 students completed our survey. The majority of the respondents (92 %) believed
that inappropriate use of antimicrobials causes antimicrobial resistance and agreed with the importance of a strong
knowledge of antimicrobials in their medical careers. Most students (67 %) rated their education concerning antimi-
crobial use and resistance as useful or very useful, but only 25 % recalled having courses on this subject. The overall
mean number of correct answers on a section of 11 knowledge questions was 3.78 (standard deviation 1.57, P value

Conclusions: We should make an effort to optimize curriculum system in Chinese institutions, and this may contrib-
ute to making our future doctors better prepared for antimicrobial stewardship and prudent antimicrobial prescribing.

Keywords: Antimicrobial, Infection, Microbial drug resistance, Medical students, Survey

Background

Antimicrobial resistance poses a catastrophic threat
to the entire world today. Antibiotic-resistant micro-
organisms are recognized as “nightmare bacteria” by
world health leaders (Review on Antimicrobial Resist-
ance 2016). Although widespread use of antimicrobials
brought millions of people back to health, it also led to
the emergence and spread of antimicrobial resistance
across the world (Wilcox et al. 2009). This evolving public
health issue is driven by both the irrational use of anti-
microbials for human health and the inadequate avail-
able measures to control the spread of infections (World
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and indicate if changes were made.

Health Day 2011). While antimicrobial medicines are
the mainstay of treatment for bacterial infections, new
products coming to the market have not kept pace with
the increasing need for improvements in antimicrobial
treatment (World Health Organization 2012). Antimicro-
bial stewardship programme (2014) is a series of policies
introduced by the government for improving antimicro-
bial prescribing behaviors of doctors. It mainly includes
leadership commitment and accountability, and key
supporting groups implement policies for optimal anti-
microbial use and interventions to avoid antimicrobial
resistance. The policies support the implementation of
facility-specific treatment recommendations. The anti-
microbial stewardship programs were recommended by
the Centers for Disease Control and Prevention (CDC)
for improving the antimicrobial prescription in hospitals

© 2016 The Author(s). This article is distributed under the terms of the Creative Commons Attribution 4.0 International License
(http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license,


https://core.ac.uk/display/192947944?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s40064-016-3454-0&domain=pdf

Yang et al. SpringerPlus (2016) 5:1779

(Centers for Disease Control and Prevention 2013; Cent-
ers for Disease Control and Prevention 2014). The World
Health Organization (WHO) has recommended training
for medical undergraduates regarding the prudent pre-
scription of antimicrobials (World Health Organization
2012). It is necessary that our future doctors are better
equipped with better knowledge of antimicrobial use and
resistance.

Unlike the senior doctors or infectious specialists who
have a large amount of experience in anti-infection treat-
ment, the junior doctors usually have limited knowledge
and skills to reduce the potential risk of antimicrobial
resistance (Charani et al. 2010). Therefore, antimicro-
bial stewardship efforts should be made to standardize
the prescribing behaviors of our future doctors (Hecker
et al. 2003; Owens et al. 2004; Paterson 2006). However,
thus far, less attention has been given to future doctors
during their medical college in China. Studies of medi-
cal students from other countries have documented
students’ perceptions on antimicrobial stewardship and
students’ feelings about their education regarding antimi-
crobial use and resistance (Abbo et al. 2013; Afzal Khan
et al. 2013; Dyar et al. 2013; Ibia et al. 2005; Luther et al.
2013; Minen et al. 2010; Pulcini et al. 2015; Thriemer
et al. 2013). Previous studies on antimicrobial education
in the United States reported that there is an obvious gap
among the medical students from different US medical
schools in terms of choosing study references, prepared-
ness for prescribing antimicrobials, and perceptions of
knowledge regarding antimicrobials (Abbo et al. 2013;
Ibia et al. 2005; Minen et al. 2010). However, very few
studies investigated that of Chinese medical students
(Huang et al. 2013; Li et al. 2012; Lv et al. 2014). The atti-
tudes and perceptions of the Chinese senior medical stu-
dents concerning these issues also warrant investigation.

This study aimed to determine the Chinese fourth year
medical students’ attitudes and perceptions regarding
antimicrobial use and resistance. In China, medical stu-
dents will be authorized to prescribe antimicrobials after
training and examination. The medical undergraduates
should generally finish their 5-year training with 3 years
of academic curriculum cand 2 years of clinical practice
before graduating. The medical education offers the stu-
dents specialized curricula including pharmacology and
microbiology, but not courses of antimicrobial use and
resistance. Management and prescribing of antimicrobi-
als are generally taught by senior physicians during the
latter 2 years of college. The results of our study may be
useful to enable the implementation of more courses and
training in antimicrobial stewardship for medical college
students, thereby improving the future doctors’ perfor-
mances on antimicrobial prescription in hospitals.
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Methods

Study design and population

In China, junior doctors will be permitted to prescribe
antimicrobials when they finish antimicrobial stew-
ardship training and pass the final examination. The
training focus on knowledge of infectious diseases and
antimicrobial prescribing. In our study, a cross-sectional,
multi-center, anonymous questionnaire was designed to
evaluate fourth-year medical students’ attitudes and per-
ceptions regarding antimicrobial use and resistance in
Central China, including how they feel about their edu-
cation with respect to appropriate use of antimicrobials.
All of the forth-year medical undergraduates (728) from
five representative medical teaching hospitals in Central
China were invited to participate in our survey: Tongji
Hospital of Tongji Medical College of Huazhong Univer-
sity of Science and Technology, Union Hospital of Tongji
Medical College of Huazhong University of Science and
Technology, Renmin Hospital of Wuhan University,
Zhongnan Hospital of Wuhan University, and Xianning
Central Hospital of Hubei University of Science and
Technology.

Survey instrument

The instrument (Additional file 1) was modified from
one directed by Abbo et al. (2013). Data collected from
the survey included age, sex, education program, clinical
rotation completeness, attitude concerning antimicrobial
use and resistance, self-perception on preparation for
antimicrobial prescribing, rating of the quality of educa-
tion regarding antimicrobial use, and perception on the
antimicrobial knowledge (11 scored questions with dif-
ferent clinical vignettes). Each respondent’s knowledge
score was calculated as the sum total of correct answers
to each of the 11 knowledge-based questions. The sur-
vey asked about which resources (e.g., infectious diseases
specialists, hospital pharmacists, and textbooks or study
guides) medical students preferred to utilize to determine
appropriate anti-infection treatment and involved ques-
tions on which study mode they think would be useful to
learn about appropriate use of antimicrobials. Responses
were single answer among scaled options (mainly 5-level
scales plus a ‘not applicable’ option for some items), or
free text for some questions.

Survey administration

Surveys were conducted by directly distributing paper
questionnaires to all the fourth-year medical students
before their professional classes at the participating sites.
The students were instructed to submit their responses
a week later in the next class and to abstain from using
resources to complete the survey. All the students, with
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no specific exclusion criteria, responded voluntarily and
were anonymous in our study. All of the respondents par-
ticipated with no incentive. The survey period spanned
about 1 month from October 2015 through November
2015.

Statistical analysis

The answers from the survey forms and the survey sites
were de-identified and the survey sites were recorded
as ‘A, “B’, “C’, “D” and “E” The completeness of the data
were assessed by individual study investigators who were
blind to the survey sits. Before the analysis, the 5-level
scale responses were merged into dichotomous variables
as follows: strongly agree/agree and neutral/disagree/
strongly disagree, very useful/useful and neutral/not use-
ful/not at all useful, often/sometimes and rarely/never/
not familiar; the 6-level scale responses were dichoto-
mized as the following variables: very good/good and
average/poor/very poor/not familiar. As to the knowl-
edge scores of the respondents, the sum of all the correct
answers (each counts one point) among the eleven anti-
microbial knowledge questions. The data were recorded
and analyzed using SPSS 18.0 (SPSS, Inc. Chicago,
IL). Nonparametric tests were used to determine and
assess the significant difference(s) among the students’
responses from the five survey sites. The Kruskal-Wal-
lis, Mann—Whitney U or x> test were applied to compare
the parameters, as appropriate, and the statistical signifi-
cance was set at P < 0.05. Spearman rank correlation was
used to evaluate the effect of student characteristics on
their mean knowledge scores. Not all respondents com-
pleted all the 11 vignette-based knowledge questions,
and adjustment was made to deal with the missing data.
The missing values were replaced with the series means
before statistical analysis.

Results

Medical students completed the survey for an over-
all response rate of 84 % (611/728) (range across teach-
ing hospitals attended, 73—-88 %). The mean age was 22
(standard deviation, 0.87), and 43 % (258/606) of the
students were male. All of the five teaching hospitals
have established antimicrobial stewardship programs.
From our results, 170 out of 592 (20 missing) respond-
ents felt they were familiar or very familiar with the term
“antimicrobial stewardship” with significant differences
among the five teaching hospitals (range across hospitals,
13-51 %, P < 0.001). 12 % (72/588) of the respondents
reported having completed a clinical infectious disease
rotation during their medical education (range across
hospitals, 2-21 %, P < 0.001). Additional file 2 summa-
rizes the characteristics of the respondents and the five
participating health care institutions.
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Perceptions and attitudes about antimicrobial use

and antimicrobial education

Medical students perceived that antimicrobials are over-
used and antimicrobial resistance is a problem nationally.
Interestingly, fewer students agreed with the existence of
these problems in hospitals where they had clinical rota-
tions (Table 1). Overwhelmingly, there was agreement
that a strong knowledge of antimicrobials is important
for the students’ medical careers (92 %) and inappropri-
ate use of antimicrobials (92 %) can cause antimicrobial
resistance and harm patients. It is interesting that fewer
thought poor infection-control practices contributes to
antimicrobial resistance (71 %) and better use of anti-
microbials helps in reducing resistance (86 %). There
was significant variability among the medical students’
opinions on some of the issues in Table 1: whether anti-
microbials are overused nationally in healthcare (range
across hospitals, 78-94 %, P = 0.009), whether a strong
knowledge of antimicrobials is important in their medi-
cal career (range across hospitals, 86-97 %, P = 0.042),
whether inappropriate use of antimicrobials causes anti-
microbial resistance (range across hospitals, 84-96 %,
P = 0.001) and whether inappropriate use of antimicro-
bials can harm patients (range across hospitals, 78-95 %,
P =0.03).

The medical students were divided by their prefer-
ences for the resources used to acquire the knowledge
and information regarding antimicrobial use and resist-
ance (Table 2). The resources included the common
approaches to information on antimicrobials, such as
textbooks or other study guides (80.2 %), peers (57.7 %),
Wikipedia, (52.1 %) and iPhone/smartphone applications
(50.5 %). Significant variability among teaching hospitals
was found in the students’ use of medical journals, hospi-
tal pharmacists, Wikipedia, peers and textbooks or other
study guides (P < 0.05). From Table 3, we also found
significant differences in the mean knowledge scores
between the students who reported using and not using
Wikipedia, Johns Hopkins antibiotic guide, IDSA guide-
lines and infectious diseases specialists. However, regard-
ing to the resources, there were similarities between the
knowledge scores of the students who used or did not
used them (Table 3).

As to the perceptions of medical education on anti-
microbial use and resistance, 408 out of 609 medi-
cal students rated their education as useful or very
useful, with significant differences between the study
sites (range across hospitals, 60-86 %, P < 0.001). Many
of the respondents provided replies to an open com-
ment question on the survey emphasized the importance
of clinical experience in antimicrobial stewardship. One
respondent even suggested, “The courses providing us
with knowledge on antimicrobials, should be constantly
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Table 1 Medical students’ attitudes and perceptions about antimicrobial prescribing and resistance: percentage who

agree/strongly agree

Perceptions and attitudes Agree/strongly P valueP
agree (%)
N=611
Inappropriate use of antimicrobials causes antimicrobial resistance 923 0.03%
Strong knowledge of antimicrobials is important in my medical career 91.8 0.042°
I would like more education on antimicrobials resistance 904 0.339
Better use of antimicrobials will reduce problems with antimicrobial-resistant organisms 86.1 0.225
I'would like more education on the appropriate use of antimicrobials 859 0.136
Antimicrobials are overused nationally in healthcare 84.8 0.009°
Inappropriate use of antimicrobials can harm patients 829 0.001°
New antimicrobials will be developed in the future that will keep up with the problem of “resistance” 76.9 0.058
Poor infection-control practices by healthcare professionals cause spread of antimicrobial resistance 70.9 0.701
Antimicrobials are overused at the hospitals where | have rotated 394 0.151
Prescribing broad-spectrum antimicrobials when equally effective, narrower-spectrum antimicrobials are 325 0.579
available increases antimicrobial resistance
Appropriate use of antimicrobials can cause antimicrobial resistance 24.6 0469
Antimicrobial resistance is not a significant problem at the hospitals where | have rotated 15.0 0.101
Antimicrobial resistance is not a significant problem nationally 84 0.352

@ P <0.05 refers to statistical differences in the percentages of different teaching hospitals

b 2 test

Table 2 Resources used by medical students to learn

about antimicrobial use and resistance, percentage
reporting resource used sometimes/often
Resource Sometimes/ P value®
often (%)
N =605
Textbooks or study guides 80.2 0.012°
Peers (other students) 57.7 0.016°
Wikipedia 52.1 0.001°
iPhone/smartphone applications 50.5 0489
Non-ID physicians 380 0672
Infectious diseases specialists 27.0 0.322
Hospital pharmacists 22.1 0.031°
Medical journals 19.7 <0.001°
Other guidelines by professional 17.3 0.726
organizations
Pharmaceutical representatives 136 0.241
Johns Hopkins Antibiotic Guide 11.5 0.626
Infectious Diseases Society of 10.6 0922
America guidelines
Sanford guide 86 0.206

@ P < 0.05 refers to statistical differences in the percentages of different teaching
hospitals

b x? test

offered throughout my medical education, besides, they
should be better arranged after finishing the curricu-
lum of microbiology and before the study of infectious

diseases” Another student mentioned the importance of
infectious disease rotation on learning about appropriate
use of antimicrobials, “I had no experience on rotation
in infectious disease thus far, so I knew little about the
antimicrobials and had not much idea about the answers
of the 11 knowledge questions’The students’ various
impressions about their preparedness on appropriate use
of antimicrobials are summarized in Table 4.

Education resources and knowledge

Of the 608 respondents, 152 (25 %) recalled having
courses about appropriate use of antimicrobials, 97
(16 %) about when to start using antimicrobials, 107
(18 %) about how to select the proper duration of anti-
microbial treatment for specific infections, and 88 (14 %)
about how to select the correct doses of antimicrobials.
Table 5 shows the results from the knowledge assess-
ment section of the survey. The general mean knowl-
edge score of the medical students across the 11 items
was 3.78 (total percentage correct, 34 %), with a standard
deviation of 1.57 and statistically significant differences
across medical colleges (range across hospitals, 31-40 %,
P < 0.001). Our analyses showed that the knowledge
score had a significant, yet weakly positive correlation
with having had an infectious diseases clinical elective
rotation (Spearman correlation coefficient R = 0.095,
P < 0.05) and rating their medical education as useful or
very useful (Spearman correlation coefficient R = 0.088,
P < 0.05).
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Table 3 Mean knowledge score for respondents who used
the resources compared to respondents who do not use

Resource Mean knowledge score P value®
N =605
Used (%) Not used (%)
Medical journals 353 323 0.125
Peers (other students) 350 328 0.390
Wikipedia 348 40.2 <0.001°
Textbooks or study guides 347 339 0.558
iPhone/smartphone applications  34.3 337 0.519
Non-ID physicians 339 330 0.953
Pharmaceutical representatives 335 329 0.208
Hospital pharmacists 334 328 0.984
Sanford guide 331 332 0.664
Other guidelines by professional 331 32.7 0.328
organizations
Johns Hopkins Antibiotic Guide 329 303 0.002°
Infectious Diseases Society of 322 295 0.04°
America guidelines
Infectious diseases specialists 31.0 29.2 0.001°

ID infectious diseases

@ P < 0.05 refers to statistical differences in the overall mean scores of
respondents who used or not used the resources

® Mann-Whitney U Test

Discussion

In our study, we assessed the attitudes and perceptions
of fourth year medical students in regard to appropriate
antimicrobial prescribing and resistance across five rep-
resentative teaching hospitals in Central China. The vast
majority of students in this study believed that better
use of antimicrobials will reduce problems with antimi-
crobial-resistant organisms, and that more education on
appropriate use of antimicrobials was desired. Many stu-
dents showed their concerns with the problem that anti-
microbials were overused in healthcare nationally, but
fewer students were aware of that problem in the institu-
tions where they had clinical rotations, which was similar
to the results observed in other reports (Abbo et al. 2013;
Minen et al. 2010). The respondents were more divided
on whether inappropriate use of antimicrobials can harm
patients (P = 0.001).

A variety of resources were reported by the medi-
cal students to learn about antimicrobial use and resist-
ance. The resources frequently used by the Chinese
medical students were textbooks/study guides (80 %),
peers (58 %), Wikipedia (52 %) and smartphone applica-
tions (50 %). There was no significant difference on mean
scores between the students who used and not used text-
books, peers or smartphone applications. It seems that
these frequently used resources did not make difference
to the knowledge scores of the students who used them.
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Table 4 Medical students’ perceptions on their education
regarding appropriate antimicrobial use and antimicrobial
stewardship—percentage who feel their education has
been good/very good with comparison across teaching
hospitals

Antimicrobial stewardship activity ~Good/very good (%) P value®

N =606

Understand the basic mechanisms of ~ 54.1 <0.001°
antimicrobial resistance

Know when to start antimicrobial 40.0 0.004°
therapy

Select an appropriate regimen 369 0.021°

Describe the correct spectrum of 352 0.009°
antimicrobial therapy for different
antimicrobials (what is covered by
each drug)

Transition from intravenous to oral 342 <0.001°
antimicrobials (intravenous to oral
switch)

Find reliable sources of information to  34.0 <0.001°
treat infections

Interpret antibiograms 283 <0.001°

Streamline or deescalate antimicrobial  28.2 0.040°
therapy

Handle a patient who demands 256 0.254
antimicrobial therapy that is not
indicated

2 P <0.05 refers to statistical differences in the percentages of different teaching
hospitals

b y? test

Obviously, Wikipedia, peers and smartphone applications
were easily available resources, but not professional ones
to the medical students. The textbooks or study guides,
covering more basic knowledge but less cutting-edge
information, could not enable the students to progress to
further learning of the knowledge regarding antimicro-
bials use and resistance. Interestingly, the infrequently
used resources, Johns Hopkins antibiotic guide (11 %),
IDSA guidelines (11 %) and infectious diseases specialists
(27 %), were significantly related to the enhancement of
the mean scores (P < 0.05). Although these US published
materials were not easily available for most Chinese stu-
dents (expensive or hard to read) and were not listed as
required references to the students by the attended insti-
tutions, the students who used them were able to acquire
the cutting-edge knowledge regarding current clinical
antimicrobial therapy. Given the limited usage of the US
published materials, consideration should be given to
improving accessibility of foreign professional published
materials in Chinese libraries.

In our study, not many students (generally less than
half) believed their education on specific stewardship
activities was very good or good. Significant difference
was observed across hospitals in perceived educational
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Table 5 Summary of knowledge vignettes with the corre-
sponding percentage of correct answers with comparison
across teaching hospitals

Clinical vignette Percentage correct (%) P value®

N =595

Complicated UTI: appropriate anti- ~ 52.3 <0.001°
microbial selection and duration
of treatment

Recognize the spectrum of activity 223 0.114
of selected antimicrobial agents

Diagnosis of community acquired ~ 45.0 00172
pneumonia: selection of appro-
priate antimicrobial and switch
intravenous to oral therapy

Recognize Clostridium difficile 894 0.025%
infection secondary to the use of
antimicrobials

Recognize the possible risks associ-  50.7 <0.001°

ated with unnecessary use of
antimicrobials

Match the antimicrobial/organism with most likely mechanism of
resistance

E. coli/B-lactam resistance 39.1 <0.001°
S. aureus/methicillin resistance 37.0 0326
S.aureus/vancomycin intermedi- ~ 27.5 0.032°
ate
Enterococcus/cephalosporin 11.9 0018°
Extended spectrum B-lactamase 5.0 0.1
positive E. coli bacteremia:
antimicrobial selection
Identify scenarios with potential 5.0 0439

for unnecessary use of antimi-
crobials

UTl urinary tract infection

2 P < 0.05 refers to statistical differences in the percentages of different teaching
hospitals

b Kruskal-Wallis test

value. In regard to the knowledge assessment section,
students got less than half of the questions correct (34 %)
with significant variability among teaching hospitals. The
majority (88 %) of the respondents had not completed a
clinical infectious rotation when they gave feedback to
our survey, and felt that their medical institutions should
offer more educational activities on the topic of antimi-
crobial stewardship by means of both classroom lectures
and clinical rotations. These data highlight the opportu-
nity for increased education in infectious diseases, espe-
cially considering the limited clinical rotation training.
Because our survey was designed similarly to some
studies of medical students from the United States, some
interesting comparisons (although these comparisons do
not use inferential statistics) can be made (Abbo et al.
2013; Minen et al. 2010). Primarily, our medical college
students’ attitudes toward antimicrobial use and resist-
ance bore a resemblance with those of the US students.
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Besides, regarding to the references for antimicrobial
use and resistance study, Chinese medical students were
more likely to rely on textbooks/study guides (80 vs.
46 % reported as often or sometimes used) and Wikipe-
dia (52 vs. 41 %)while the US students’ choices tended
to be handheld devices/smartphone apps, hospital phar-
macists and physicians. Peers (58 vs. 54 %) were the
frequently used resources in our study and Abbo et al’s
study (not included as an option in Minen et al’s study),
while pocket guidelines (e.g. IDSA guidelines) and phar-
maceutical representatives were the infrequently used
ones in all the studies. In addition, both the US and
Chinese students had a comfortable understanding of
the basic mechanisms of antimicrobial resistance, but
the Chinese students felt less comfortable with find-
ing reliable sources of information to treat infections
and handling patients demanding unnecessary antibiot-
ics than the US students. Thus, it may be that the opti-
mal antimicrobial stewardship program should include
more clinic practical training and less classroom learn-
ing. The Chinese students acquired poorer knowledge
scores than the US students (34 vs. 51 %), despite their
favorably ratings of the usefulness of their antimicrobial
education (67 vs. 58 % reported as useful or very useful).
The knowledge vignettes with a wide variance of cor-
rect responses were antimicrobial selection to extended
spectrum [-lactamase positive E. coli bacteremia (5 %
of the Chinese students answered correctly vs. 32 % of
the US students), identification of the scenarios with the
potential for unnecessary use of antimicrobials (5 % vs.
59 %), diagnosis of community acquired pneumonia (45
vs. 87 %), and recognition of the possible risks associ-
ated with the unnecessary use of antimicrobials (15 vs.
91 %). Nevertheless, the results may be biased by the fact
that the fourth-year medical education might be differ-
ent between China and the USA, in terms of lectures and
training. These data highlight the gap between Chinese
students’ perceptions regarding antimicrobials and infec-
tious diseases and those of the US students. Efforts from
Chinese medical education institutions should be made
to increase students’ awareness of proper antimicrobial
prescribing practices.

The major strength of our study was that this survey
was anonymous and voluntary, which might encour-
age the respondents give authentic answers rather than
socially desirable ones. We had high response rates
(84 %), and the participants hailed from well-established
medical institutions. This study has several inherent limi-
tations. Less detailed data were collected regarding popu-
lation composition among the student characteristics,
such as anticipated postgraduate-training directions and
interests in ID specialty. In addition, all of the data were
voluntarily reported, and no information was obtained
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regarding the students who did not reply to the survey.
Our study only involved medical students across 5 teach-
ing hospitals in Central China., so it was quite possible
that the responsive and non-responsive students may
share common demographic characteristics, alleviat-
ing selection bias in some ways (Halbesleben and Whit-
man 2013; Johnson and Wislar 2012). Finally, the clinical
vignettes covered only a sample of the important knowl-
edge regarding antimicrobials, and the students might
have used external resources to answer their question-
naires, thus providing a better estimate of their knowl-
edge scores.

Conclusion

This study shows the medical students’ desires for fur-
ther education on antimicrobial use and resistance, and
antimicrobial stewardship programs was generally rated
favorably by the students. However, the medical stu-
dents’ attitudes to the usefulness of their medical educa-
tion did not match their mean knowledge scores, which
were assessed through a series of clinical vignettes. These
results reveal an obvious gap between the medical stu-
dents’ perceptions on antimicrobial prescribing from
China and the United States. Solutions to address this gap
could be continuous medical education on antimicrobial
prescribing and reformation of medical curriculum set-
ting. Further investigations and studies are necessary to
focus on methods for enhancing medical students’ per-
ceptions on antimicrobial use and resistance and improv-
ing prudent antimicrobial prescribing in hospitals.

Additional files

Additional file 1. Questionnaire. The questionnaire in our study included
items concerning age, sex, education program, clinical rotation complete-
ness, attitudes concerning antimicrobial use, understanding of antimicro-
bial resistance and so on.

Additional file 2. Baseline Characteristics of Hospitals and Respondents
by Participating Teaching Hospitals. Characteristics of the teaching hospi-
tals and the respondents attended in our study.
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