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Staphylococcus aureus bacteremia (SAB) and candidemia have significant impacts on mortality. Both have
important implications for antimicrobial stewardship programs (ASPs). However, there are limited data
regarding who should be educated and what components should be considered for the ASPs. Hence, we
investigated the possibility of the key elements for implications of SAB and candidemia managements for
ASPs.

We conducted a cross-sectional study on the knowledge of antimicrobial stewardship institution
policies targeting SAB and candidemia for all medical doctors (MDs) and pharmacists to using an E-
learning system. To compare the differences in proportions of appropriate knowledge between junior
residents and other MDs, and all MDs and pharmacists, we performed bivariate analyses using Fisher's
exact test and c2 test with odds ratios (ORs) with 95% confidence intervals (CIs).

In total, all 395 MDs (71 junior residents, 137 senior residents and fellows, and 187 attending doctors)
and all 63 pharmacists including 4 antimicrobial stewardship teams pharmacists responded to survey.
MDs other than junior residents responded significantly inappropriately to the questions on the can-
didemia than junior residents (OR ¼ 0.6, 95% CI: 0.4e1.0). Pharmacists had a significantly lower pro-
portion of appropriate knowledge to the candidemia than MDs (OR ¼ 0.4, 95% CI: 0.2e0.8). The major
pitfall was failure to consult an ophthalmologist (82.5%).

Next step, we will conduct educational intervention about institution policies, and evaluate whether to
improve the knowledges and practices by pre-post test and chart review.

© 2018 Japanese Society of Chemotherapy and The Japanese Association for Infectious Diseases.
Published by Elsevier Ltd. All rights reserved.
Staphylococcus aureus bacteremia (SAB) and candidemia have
significant impacts on mortality [1,2]. Both SAB and candidemia
have important implications for antimicrobial stewardship pro-
grams (ASPs) and pharmacists are expected to play an important
role in ASPs and antimicrobial stewardship teams (ASTs) [3,4].
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Previous studies have shown that interventions of ASPs for SAB and
candidemia managements targeting only medical doctors (MDs)
could improve mortality from SAB and candidemia [5,6].

However, regarding these managements in antimicrobial
stewardship, there are limited data regarding who should be
educated and what components should be considered. Accordingly,
we investigated the effective and efficient elements for implica-
tions of SAB and candidemia for ASPs.

We conducted a cross-sectional study in May 2017 on the
knowledge of all MDs and pharmacists to ASPs institution policies
targeting SAB and candidemia at our hospital, which has
ous Diseases. Published by Elsevier Ltd. All rights reserved.
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Table 2
The appropriate knowledges of survey of SAB and candidemia institution policies,
stratified by department (n ¼ 387).

Total No. (%) of participants
with:

SAB Candidemia

Internal medicine 147 133 (90.5) 58 (39.5)
Infectious Diseases 37 34 (91.9) 17 (45.9)
Gastroenterology 23 21 (91.3) 11 (47.8)
Respiratory 21 18 (85.7) 4 (19.0)
Diabetes, Endocrinology and Metabolism 17 15 (88.2) 6 (35.3)
Cardiology 13 12 (92.3) 7 (53.8)
General Internal Medicine 9 9 (100) 1 (11.1)
Nephrology 9 8 (88.9) 5 (55.6)
Rheumatology 9 9 (100) 3 (33.3)
Neurology 4 2 (50) 2 (50.0)
Hematology 3 3 (100) 1 (33.3)
Palliative Care 2 2 (100) 1 (50.0)

Surgery 84 65 (77.4) 22 (26.2)
General Surgery 20 18 (90.0) 3 (15.0)
Oral and maxillofacial Surgery 11 4 (36.4) 2 (18.2)
Otolaryngology 11 10 (90.9) 3 (27.3)
Orthopedics 9 8 (88.9) 5 (55.6)
Dermatology 7 5 (71.4) 1 (14.3)
Neurosurgery 7 7 (100) 3 (42.9)
Cardiovascular Surgery 5 5 (100) 0 (0)
Ophthalmology 4 3 (75.0) 2 (50.0)
Thoracic Surgery 4 2 (50.0) 2 (50.0)
Urology 4 1 (25.0) 0 (0)
Plastic Surgery 2 2 (100) 1 (50.0)

Others 93 78 (83.9) 22 (23.7)
Pediatrics 18 16 (88.9) 7 (38.9)
Emergency Medicine 16 15 (93.8) 4 (25.0)
Obstetrics and Gynecology 15 12 (80.0) 1 (6.7)
Radiology 13 10 (76.9) 3 (23.1)
Psychiatry 6 5 (83.3) 4 (66.7)
Administer of hospital 6 6 (100) 0 (0)
Pathology 6 4 (66.7) 1 (16.7)
Anesthesiology 5 4 (80.0) 0 (0)
Rehabilitation 4 3 (75.0) 1 (25.0)
Laboratory 4 3 (75.0) 1 (25.0)

Pharmacists 63 51 (81.0) 11 (17.5)
Non-ASTs Pharmacists 59 47 (79.7) 9 (15.3)
ASTs Pharmacists 4 4 (100) 2 (50.0)

Unless otherwise stated, data are presented as n (%).
SAB, Staphylococcus aureus bacteremia; ASTs, antimicrobial stewardship teams.
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approximately 780 inpatient beds and serves as a tertiary referral
hospital for metropolitan Tokyo. These institution policies aremade
base on the IDSA guidelines [1,2]. We composed a questionnaire
regarding institution policies and performed the survey using an E-
learning system. The questionnaire consisted of each component of
the institution policies, focused on appropriate antibiotic and
antifungal treatment duration, follow-up blood culture, and
ophthalmologist consultation (only for candidemia) [2,7].
Regarding questions for the SAB, the appropriate knowledge was
“Follow-up blood cultures are taken and treatment duration is
decided based on the results.” The inappropriate knowledges were
“Treatment is continued for 1 week without follow-up blood cul-
tures” and “Treatment is continued for 3 weeks without follow-up
blood cultures”. Regarding questions on candidemia, the appro-
priate knowledge was “Follow-up blood cultures are taken, an
ophthalmologist is consulted, and treatment duration is decided
based on the results.” The inappropriate knowledges were
“Although follow-up blood cultures are taken and treatment
duration is decided based on the results, an ophthalmologist is not
consulted”, “Treatment is continued for 1 week without follow-up
blood cultures and an ophthalmologist consult”, and “Treatment is
continued for 2 weeks without follow-up blood cultures and
consulting an ophthalmologist”. We compared the differences in
proportions of appropriate knowledge between junior residents
and other MDs, and all MDs and pharmacists. These univariate
analyses were performed using Fisher's exact test and c2 test with
odds ratios (ORs) and 95% confidence intervals (CIs). Two-sided P
values <0.05 were considered. All statistical analyses were per-
formed using SPSS version 25 (IBM Corp., Armonk, NY, USA). All
study participants provided informed consent.

In total, all 395 MDs (71 junior residents, 137 senior residents and
fellows, and 187 attending doctors) and all 63 pharmacists including
4 ASTs pharmacists in our hospital responded to this survey. The
proportions of depend on the results of follow blood cultures,1-week
treatment without follow blood cultures, and 3-weeks treatment
without follow blood cultures about the SAB institution policy for all
participants were 84.7%, 6.1%, and 10.9%, respectively. The pro-
portions of follow blood cultures and consultation to ophthalmolo-
gist appropriate, follow blood culture but no consultation to
ophthalmologist, 1-week treatment without follow blood cultures
and consultation to ophthalmologist, and 2-weeks treatment
without follow blood cultures and consultation to ophthalmologist
about the candidemia institution policy for all participants were
31.4%, 68.1%, 11.4%, and 10.5%, respectively (Table 1).

We conducted the stratified analysis at department level among
MDs other than junior residents and pharmacist with and without
Table 1
Characteristics of survey of SAB and candidemia institution policies between medical do

No. (%) of participants w

All participants
(n ¼ 458)

Junio
(n ¼

SAB
Depend on the results of follow blood cultures 388 (84.7) 61 (
1-week treatment without follow blood cultures 28 (6.1) 7 (9
3-weeks treatment without follow blood cultures 50 (10.9) 8 (1

Candidemia
Follow blood cultures and consult to ophthalmologist 144 (31.4) 31 (
Follow blood culture but no consult to ophthalmologist 312 (68.1) 39 (
1-week treatment without follow blood cultures and
consult to ophthalmologist

52 (11.4) 8 (1

2-weeks treatment without follow blood cultures and
consult to ophthalmologist

48 (10.5) 8 (1

Unless otherwise stated, data are presented as n (%).
All questions are allowed multiple answers.
SAB, Staphylococcus aureus bacteremia.
ASTs (Table 2). The proportions of appropriate knowledge between
SAB and candidemia are below: Internal Medicine; 90.5% (133/147)
and 39.5% (58/147), Surgery; 77.4% (65/84) and 26.2 (22/84%), Others;
83.9% (78/93) and 23.7% (22/93), Non-ASTs Pharmacists; 81.0% (51/
63) and 17.5% (11/63), ASTs Pharmacists; 100% (4/4) and 50.0% (2/4).
ctors and pharmacists (n ¼ 458).

ith:

r residents
71)

Senior residents and fellows
(n ¼ 137)

Attending doctors
(n ¼ 187)

Pharmacists
(n ¼ 63)

85.9) 118 (86.1) 158 (84.5) 51 (80.9)
.9) 5 (3.6) 11 (5.9) 5 (7.9)
1.3) 14 (10.2) 19 (10.2) 9 (14.2)

43.7) 47 (34.3) 55 (29.4) 11 (17.5)
54.9) 90 (65.7) 131 (70.1) 52 (82.5)
1.3) 9 (6.6) 16 (8.6) 19 (30.1)

1.3) 13 (9.5) 9 (4.8) 18 (28.6)



Table 3
Univariate analysis of appropriate knowledges to SAB and candidemia institution policies between medical doctors and pharmacists.

No. (%) of patients with: OR (95% CI) P value No. (%) of patients with: OR (95% CI) P value

Junior residents (n ¼ 71) Other medical doctorsa (n ¼ 324) All medical doctors (n ¼ 395) Pharmacists (n ¼ 63)

SAB 61 (85.9) 276 (85.1) 1.1 (0.5e2.2) 0.875 337 (85.3) 51 (81) 0.7 (0.4e1.5) 0.371
Candidemia 31 (43.7) 102 (31.5) 0.6 (0.4e1.0) 0.049 133 (33.7) 11 (17.5) 0.4 (0.2e0.8) 0.010

Unless otherwise stated, data are presented as n (%).
SAB, Staphylococcus aureus bacteremia; OR, odds ratio; CI, confidence interval.

a Senior residents and attending physicians.
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Regarding the proportions of appropriate knowledges about the
SAB institution policy, there was no significant difference between
junior residents and other MDs (OR ¼ 1.1, 95% CI: 0.5e2.2,
P ¼ 0.875), and all MDs and pharmacists (OR ¼ 0.7, 95% CI: 0.4e1.5,
P¼ 0.371). MDs other than junior residents responded significantly
inappropriately to the questions on the candidemia institution
policy than junior residents (OR ¼ 0.6, 95% CI: 0.4e1.0, P ¼ 0.049).
Compared to MDs, pharmacists had a significant less proportion of
appropriate knowledges to the questions on the candidemia insti-
tution policy (OR ¼ 0.4, 95% CI: 0.2e0.8, P ¼ 0.010) (Table 3).

Our results showed that there were differences in knowledge to
the SAB and candidemia institution policies between MDs and
pharmacists, particularly with more years of experience among
MDs. Although previous studies have reported on knowledge to
these managements, data regarding differences between occupa-
tions and years of experience are limited [5,8].

Regarding candidemia, junior residents had significantly more
proportions of appropriate knowledges than other MDs, and MDs
had significantly higher proportions of appropriate knowledges
compared to pharmacists. The major pitfall identified was failure to
consult an ophthalmologist among all participants (31.3%). A pre-
vious study reported that the proportion of failure to consult an
ophthalmologist was 46.4% [5]. Evaluating endophthalmitis was
pointed out as a key element in the management of candidemia [2].
We believe that the results of differences with occupations and
years of experience may reflect differences in knowledge. We
provided lectures on infectious diseases once a week for junior
residents from 2013, whichmay bewhy junior residents had higher
appropriate proportions, compared to other MDs. We think phar-
macists had fewer opportunities to learn the candidemia compared
to MDs. However, ASTs pharmacists are expected to play impor-
tance roles of ASPs [3,4]. Although the number was small, ASTs
pharmacists had appropriate knowledge than non-ASTs pharma-
cists. In our hospital, some pharmacists participate ASTs from 2016
and monitor the duration and amount of broad-spectrum antibi-
otics. If primary care team use carbapenem more than 3 days, they
communicate with primary care team directly about possibility of
de-escalation. In case with difficulty of de-escalation, they consult
to infectious disease doctors.

Regarding SAB, there was no significant difference in the
knowledges between junior residents and other MDs, and MDs and
pharmacists. The proportion of appropriate knowledges among all
participants was higher (84.7%) than those reported in other
studies (47.5e79.3%) [8]. However, more effort is needed to achieve
100% education in the ASPs.

Our study had several limitations. Firstly, our study was based
on an E-learning system, meaning that there may have been dif-
ferences between the results of our study and practices to the
institution policies. Secondly, our questionnaire did not fulfill the all
components of SAB and candidemia institution policies, such as
evaluating endocarditis for SAB, removal central venous catheters
and step down from intravenous antifungal drugs to oral antifungal
drugs for candidemia. Lastly, our study was a single-center study.
However, our hospital is the clinical reference center on antimi-
crobial resistance which were launched to implement the National
Action Plan on antimicrobial resistance 2016e2020 in Japan [9].
Through dissemination of our findingswith the clinical community,
we expect good practices regarding SAB and candidemia in the
ASPs in Japan.

In conclusion, we found that pharmacists have little knowledge
of candidemia than physicians, and senior physicians have little
knowledge of candidemia than junior physicians. To reveal
important elements of ASPs for SAB and candidemia, who should
be involved and what components should be considered for the
ASPs, we will conduct educational intervention about institution
policies, and evaluate whether to improve the knowledges and
practices by pre-post test and chart review.
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