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Abstract: Antimicrobial stewardship programmes (ASPs) in hospitals are predominantly led by
specific ASP physicians and pharmacists. Limited studies have been conducted to appreciate non-
ASP-trained hospital pharmacists” perspectives on their roles in antimicrobial stewardship. Focus
group discussions (FGDs) were conducted with 74 pharmacists, purposively sampled from the
3 largest acute-care public hospitals in Singapore, to explore facilitators and barriers faced by them in
antimicrobial stewardship. Applied thematic analysis was conducted and codes were categorised
using the social-ecological model (SEM). At the intrapersonal level, pharmacists identified themselves
as reviewers for drug safety before dispensing, confining to a restricted advisory role due to lack of
clinical knowledge, experience, and empowerment to contribute actively to physicians’ prescribing
decisions. At the interpersonal level, pharmacists expressed difficulties conveying their opinions and
recommendations on antibiotic therapy to physicians despite frequent communications, but they
assumed critical roles as educators for patients and their caregivers on proper antibiotic use. At the
organisational level, in-house antibiotic guidelines supported pharmacists” antibiotic interventions
and recommendations. At the community level, pharmacists were motivated to improve low public
awareness and knowledge on antibiotic use and antimicrobial resistance. These findings provide
important insights into the gaps to be addressed in order to harness the untapped potential of hospital
pharmacists and fully engage them in antimicrobial stewardship.

Keywords: antimicrobial stewardship; antimicrobial resistance; hospitals; hospital pharmacists;
challenges; antibiotic prescribing

1. Introduction

Antimicrobial resistance (AMR) is a rising public health threat with new resistant
bacteria emerging more rapidly than novel antibiotics being developed, threatening the
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effectiveness of existing antibiotic treatment options [1,2]. Studies show that 30% to 50% of
prescribed antibiotics in hospitals were either unnecessary or inappropriate [3], a factor
which is a major driver of AMR. AMR can complicate the treatment of simple infections,
prolong the length of hospital stay, and increase treatment costs and mortality rates [1,4].
To monitor and promote appropriate antibiotic use in hospitals, antimicrobial stewardship
programmes (ASPs) were introduced in all public acute-care hospitals in Singapore since
2011 [5,6].

ASPs have increased appropriate antibiotic prescribing and reduced the length of hos-
pital stay without compromising patient safety, providing valuable clinical and economic
benefits [7,8]. However, antibiotic use remains high in many developed countries, with
one in two hospitalised patients prescribed at least one antimicrobial agent per day [9,10].

Pharmacists are well versed in the pharmacology of antibiotics and are expected
to review prescriptions and advise physicians on the most appropriate antibiotic choice
and regimen [11]. In its 2019 guidelines, US Centres for Disease Control and Prevention
emphasised the importance of pharmacy expertise, by promoting ‘handshake steward-
ship’ between physicians and pharmacists for more effective implementation of ASPs in
hospitals [12].

Hospital pharmacists have traditionally assumed responsibilities in the governance
of medications such as prior authorisation for restricted drugs and provision of audit and
feedback to prescribing physicians. However, their perceived role in antimicrobial stew-
ardship has been predominantly advisory in nature and focused on the assurance of drug
safety [13]. The role of pharmacists has appeared to be limited by pharmacists’ perception
of medico-legal responsibilities and the prescribing authority vested in physicians [14].
Their role in antimicrobial stewardship is further limited by the lack of training and spe-
cialisation in infections, antibiotic spectrum, and antimicrobial stewardship [15], prevailing
hospital culture, and resource constraints (such as the inadequacy of electronic surveillance
systems). Hospital pharmacists need to be equipped with the necessary knowledge, skills,
and tools to play an enhanced role in optimising antibiotic use [16].

Whilst many established hospital ASPs include infectious disease (ID) pharmacists,
these dedicated ASP pharmacists are by far few in number. Other hospital pharmacists
remain an untapped resource for antimicrobial stewardship activities. This study aims
to identify facilitators and barriers to non-ASP hospital pharmacists’ participation in
antimicrobial stewardship and explore challenges faced in influencing optimal antibiotic
use in the three largest acute-care hospitals in Singapore. An in-depth understanding
of these factors can influence the development and implementation of interventions to
empower hospital pharmacists to play more significant roles in antimicrobial stewardship.

2. Material and Methods
2.1. Study Design and Study Population

Focus group discussions (FGDs) were conducted with non-ASP hospital pharmacists
purposively sampled from 1200-bed National University Hospital (NUH), 1700-bed Tan
Tock Seng Hospital (TTSH), and 1785-bed Singapore General Hospital (SGH) in Singapore
between November 2018 and April 2019.

In each of the hospitals, there are 5-10 ASP and 70-80 non-ASP inpatient hospital
pharmacists. Non-ASP hospital pharmacists are responsible for dispensing, counselling,
supply, and evaluation of medication use. In general, non-ASP pharmacists review the ap-
propriateness of medication use pertaining to the indications, dosing, and administration,
and intervene on inappropriate orders. Additionally, the more experienced non-ASP phar-
macists join ward rounds with physicians and optimise pharmacotherapy for patients [17].
Since 2011, the three hospitals have established ASP teams which include 5-10 full-time
ASP pharmacists dedicated to the active review and feedback to prescribing physicians
on the inappropriate use of broad-spectrum antibiotics, development, and updating of
antimicrobial use guidelines, and education on antimicrobial stewardship [18].
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Non-ASP hospital pharmacists were invited to participate in the FGDs via invitation
letters sent through the pharmacy department in each hospital. Interested pharmacists
contacted the study team, who would then purposively select eligible participants into
the study to ensure good representation with maximum variation. Participants were
subsequently grouped into the respective FGDs based on their seniority and institution
to minimise social desirability bias. This was also to ensure that participants were able to
freely share their views and opinions during the FGDs.

To achieve maximum variation, four FGDs of 4-8 hospital pharmacists who have
practised for at least one year in their respective institutions were conducted in each
hospital; for each institution, 1-2 FGDs of junior pharmacists, 1-2 of senior pharmacists,
and 1 of principal/clinical/specialist pharmacists were conducted. Junior pharmacists
were defined as pharmacists with <4 years of hospital experience, while senior pharmacists
were pharmacists with >4 years of experience. Principal/clinical/specialist pharmacists
were pharmacists with specialised training in specific clinical specialties (but not in ASP)
who had >8 years of experience and spent >50% of their time in direct patient care.

2.2. Data Collection

Informed consent was taken prior to the commencement of each FGD. Two Research
Assistants (both females and with a Bachelor’s degree of a non-healthcare major) trained in
qualitative data collection techniques were present as a facilitator and a note-taker during
each FGD session. The FGDs were conducted in a closed-door meeting room within the
respective hospital premises. To protect their identities, study participants chose their
own pseudonyms and were addressed by those chosen pseudonyms during the FGDs.
FGDs were audio recorded and lasted approximately 1.5-2 h.

A semi-structured interview guide was developed based on existing literature and pi-
loted with ASP pharmacists who understood the roles of non-ASP pharmacists to ensure the
topic guide was comprehensive [13,19,20]. The interview guide was designed to explore the
roles and involvement of hospital pharmacists in antimicrobial stewardship, their views and
perceptions about the use of antibiotics in their respective institutions, as well as their aware-
ness and attitudes towards AMR (refer to the Topic Guide in Supplementary File (Annex S1)
for further details). Basic demographic data were collected from each participant. The study
was conducted and reported according to the Consolidated Criteria for Reporting Qualita-
tive Research (COREQ) guidelines [21] (Supplementary File (Annex S2)).

2.3. Data Analysis

All FGDs were transcribed verbatim and reviewed for accuracy by a third study team
member. A preliminary codebook was subsequently developed using the interview guide
questions and after data familiarisation with the first few transcripts. Three coders coded a
randomly selected transcript, and inter-coder reliability was then ascertained by comparing
and resolving any discrepancies in the coding process. Data saturation was also discussed.
The process was repeated to arrive at the final codebook which was used to code the
remaining transcripts. Codes were organised according to the social-ecological model
(SEM) [22], using QSR International’s NVivo 12 software, then summarised and analysed
using applied thematic analysis [23]. SEM emphasises the interaction between multiple
levels of influence at the intrapersonal, interpersonal, social, and organisational levels.
Identification of these factors could effectively strategise interventions to enhance the role
of non-ASP hospital pharmacists in antimicrobial stewardship. Themes were documented
from the perspective of the pharmacists on their ability to intervene on antibiotic choices,
promote therapeutic guidelines and interact with physicians, as well as on any constraints
limiting their participation in antibiotic prescribing decisions.

3. Results

In total, 12 FGDs comprising of 74 non-ASP inpatient hospital pharmacists were
conducted (Table 1). All participants had at least a Bachelor’s degree, with one-quarter of
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them having had postgraduate education (Masters or Doctorate). The years of working
experience in their respective hospitals ranged from 2 to 24 years, with a median of 5 years.

Table 1. Participants’ characteristics.

Participants” Characteristics Number of Participants (n = 74)
Highest Education Level Degree 55
Masters 14
PhD 5
Designation Pharmacist 26
Senior pharmacist 32

Principal pharmacist

(including senior clinical

pharmacist/principal

clinical pharmacist/senior 16
principal clinical

pharmacist/specialist

pharmacist)

Gender Male 16
Female 58

Ethnic Group Chinese 70
Malay 1
Indian 2
Others 1

Years of practice in hospital 1 to 4 years 36
5to 9 years 26
More than 10 years 12

Facilitators and barriers faced by hospital pharmacists during antimicrobial steward-
ship were categorised into the intrapersonal, interpersonal, organisational, and community
levels, and summarised in Figure 1.

1. Valued but rigid roles and responsibilities in antimicrobial stewardship

Pharmacists recognised for their assigned roles in ensuring appropriate antibiotic prescribing but focused on

intervening due to safety instead of appropriateness
_ 2. Limited knowledge, training and experience in clinical diagnosis
Difficulty to determine the antibiotic needs of patients solely through their pharmacological expertise, without

holistic consideration of patients’ clinical conditions

3. Lack of empowermentin antimicrobial stewardship

Self-confidence gradually diminished through time due to multiple intervention failures

1. Barriersto effectively interact with physicians during antibiotic prescribing
|nterper50na| Not regarded as a formal or trusted source by physicians to make shared decision-making about antibiotic prescribing

2. Educator for patients and their caregivers on appropriate antibiotic use
Critical role to clarify and educate appropriate use of antibiotics

1. Resource constraints

Lack of time, manpower and competing priorities force pharmacists to lose focus on antimicrobiol stewardship
2. Support from in-house antibiotics guidelines and pitfalls of computerised
decision support systems (CDSS)

In-house guidelines to support pharmacists when negotiating for better antibiotic options with physicians but CDSS
has its limitations due to unique patient profiles

Organisational

1. Need to increase public awareness and knowledge on AMR and antibiotic use

Communltv Motivated to increase public awareness and knowledge to improve patients’ compliance and reduce demands for
antibiotics
Colour code:

Facilitators
Barriers

Figure 1. Social-ecological model (SEM) elucidating the facilitators and barriers faced by non-ASP hospital pharmacists
during antimicrobial stewardship (McLeroy et al., 1988).
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3.1. Intrapersonal Level

At the intrapersonal level, pharmacists described their roles and responsibilities in
antimicrobial stewardship. They emphasised their priorities and shared their clinical
experiences and knowledge of antibiotic prescribing, as well as their empowerment to
intervene on antibiotic prescribing decisions by physicians.

3.1.1. Valued but Rigid Roles and Responsibilities in Antimicrobial Stewardship

Most pharmacists described their roles in the review of antibiotic orders, and their
responsibilities in ensuring the correct dosage and appropriateness of antibiotics. At times,
they would suggest the de-escalation of antibiotic therapy. Senior pharmacists mentioned
being more involved in discussions with the medical team during antibiotic prescribing, as
compared with junior pharmacists.

“So when we review the antibiotics, we will check the appropriateness and the duration
and all sorts, and when is the best time to oralise or maybe de-escalate the antibiotic. So it
depends on the situation, if it’s empiric then we would check whether is it appropriate . . .
we would check the culture to see whether is there any need to change to a more targeted
therapy.”

(FGDO010, Senior pharmacist)

“I think sometimes if we round with the physicians then we will discuss upon initiation.
What antibiotics to start and also . .. and later on what antibiotics to de-escalate to.”

(FGDO003, Senior pharmacist)

“As long as the dose is safe for the patient, and the duration is not outrightly wrong, we
will generally, let it go.”

(FGDO01, Junior pharmacist)

When intervening on an antibiotic order, most pharmacists prioritised safety over the
appropriateness of the antibiotic. When antibiotics prescribed by physicians were not the
most appropriate, as long as the prescriptions were within safety limits, pharmacists would
allow the antibiotics to be dispensed.

“ ... I think we would [only] really do something if safety . .. is an issue. We just make
sure everything is safe and appropriate, then I think it’s okay.”

(FGDO005, Junior pharmacist)

“Oh I mean certain consultants, they have their own preferred combination of antibiotics
[sometimes] ... So as long as it is not going to cause major harm ... Then we may still
go ahead with the antibiotics.”

(FGDO008, Principal pharmacist)

3.1.2. Limited Knowledge, Training, and Experience in Clinical Diagnosis

Whilst the majority of pharmacists were confident in their pharmacology knowledge,
they often felt incompetent to refute the medical team’s decision. Without knowledge and
training in clinical diagnosis, pharmacists felt that it was difficult to determine the antibiotic
needs of patients based solely on microbiological results without holistic consideration of
patients’ clinical conditions.

“From a pharmacist point of view I think we can dose better, I mean our knowledge now
is still restricted to dosing, I think with regards to wound examination everything I don’t
think we know anything much also.”

(FGDOO5, Junior pharmacist)
“So because it has to do with diagnostics, when it has to do with [something] like

diagnostics. We, we don’t have a say. We can’t review the chest X-ray and just say the
patient has no pneumonia, because we are not clinically trained to do that.”

(FGDO003, Senior pharmacist)
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When in doubt, junior pharmacists would consult their seniors, and if discrepancies arose,
they would escalate to ASP pharmacists.

“If we [are] still stuck then we will check with our colleagues whoever that has more
experience in that area, whether they [have] seen this before and if still unable to [resolve],
then maybe we will ask those seniors [in] ASP or ICU pharmacist.”

(FGDO010, Senior pharmacist)

3.1.3. Lack of Empowerment in Antimicrobial Stewardship

Some pharmacists felt that it was necessary to be confident of their recommendations
after thorough checks, before suggesting an intervention to the medical team, especially
since they had not clinically attended to the patients.

“To make recommendations, [it depends on] how complex the case is. So if [it] is so
complex, I don’t want [to make] any recommendations, I'm not confident also. Sometimes,
for us it’s also a bit of a snapshot.”

(FGDO003, Senior pharmacist)

Moreover, pharmacists lacked confidence that their interventions would improve patient
outcomes and expressed concerns over medical liabilities.

“If they really heed our advice and patient deteriorates ... then whose responsibility
[would it be]. This is a very big concern actually.”

(FGDO003, Senior pharmacist)

In many FGDs, junior pharmacists mentioned that they had intervened actively on antibi-
otic orders at the start of their careers. However, due to multiple failed attempts at changing
physicians’ prescribing habits, they had reduced interventions on the appropriateness of
antibiotics and instead, focused on ensuring drug safety.

“So if we know that this particular team is always doing this thing, then in the future if I
see the same thing happen,  won’t ... 1 will know that ... I may still try but won’t try
so hard.”

(FGDO010, Senior pharmacist)

“Yes, in a way, because there are some consultants that you know that no matter what
you say they are not going to change their mind. Then you don’t bother saying anymore.”

(FGDO012, Principal pharmacist)

As such, many pharmacists shared that their contributions towards antimicrobial steward-
ship were very limited.

“There . .. there’s very limited, things we can do. Because . .. Firstly, we’re not able to
prescribe and secondly, uh, they [physicians] can use reasons like “I think the patient is
clinically unwell”. Yes. So ... there’s no way that you could actually ... arque back.”

(FGDO001, Junior pharmacist)

3.2. Interpersonal Level

At the interpersonal level, pharmacists shared their experiences and perceptions
of working with physicians during antibiotic prescribing and educating patients and
caregivers.

3.2.1. Barriers to Effectively Interact with Physicians during Antibiotic Prescribing

Across all institutions, pharmacists shared that they were commonly consulted by
physicians on antibiotic dosing and frequency for patients with impaired renal function,
dosing suggestions for antibiotics that require therapeutic drug monitoring, and antibiotic
choices for patients with multiple drug allergies.
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“It's culture directed, they don’t know what to choose, or [only] if the person is penicillin
allergic, or a lot of allergies, only then they will ask you. Most of the time, if it’s a clear
cut situation, then they will make a decision on their own.”

(FGDO006, Senior pharmacist)

Frequently, pharmacists felt that their concerns about inappropriate use of antibiotics could
not be explicitly communicated to prescribing physicians, and their suggestions were often
ignored, as they were not formally part of the clinical decision-making process for antibiotic
prescribing.

“I do think sometimes there’s a psychological barrier to communicate with the team . ..
I guess there’s a need for us to actually really speak up ... [like] our idea[s] and our
concerns and communicate not just with HO [House Officer], MO [Medical Officer],
[but] try to move up and because sometimes we are afraid to actually voice out our
concern

(FGDO005, Junior pharmacist)

“Like for example the surgical disciplines, they tend to start antibiotics without any
strong indication. Or they will just put an IDC [indwelling catheter] and then they will
start ciprofloxacin, sometimes at the wrong doses. But [if] you ask them to off, [they will
replyl no, it’s the consultant’s decision.”

(FGD002, Junior pharmacist)

Some pharmacists emphasised that it was particularly difficult to intervene on antibiotic
choices for senior physicians, as they might favour the use of certain antibiotics based on
their past clinical experiences and/or personal preferences. Most of their recommendations
were usually overridden by the decision of the senior physician in the primary medical
team.

“I mean I guess there [are] always certain teams or physicians who probably have their
own rationale or mindset in terms of like why would they still prefer to use certain choices.
I mean they probably have certain experience in the past.”

(FGDO007, Junior pharmacist)

“

. so when we do the interventions, or we can, we talk to the junior doctors about
that, uh they will say follow the consultants, so they will follow the consultants past
experience ... "

(FGDO011, Principal pharmacist)

This was despite the fact that physicians might not have the best knowledge on the
appropriate use of antibiotics.

“I think one very common one is [that] younger doctors might not know the concept
of ESBL [extended-spectrum beta-lactamase] like some bacteria that is resistant to. So
the panel will reflect this sensitive to Augmentin bu-, but we’re usually taught that the
preferred one is the carbapenems. Then the doctor will question and say “It’s sensitive so
why shouldn’t I use it?”

(FGD002, Junior Pharmacist)

However, the pharmacists also mentioned that barriers to effective interventions could be
mitigated by joining the medical rounds with physicians and participating in discussions
at the initiation of antibiotics.

“Usually we review them when the doctor orders the antibiotic. In terms of indication,
the drug doses. And, in doubt, we clarify with the team regarding the use. Sometimes if
we round with the physicians, then we will discuss upon initiation.”

(FGDO003, Senior pharmacist)
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Overwhelmingly, hospital pharmacists felt that physicians tended to accept the antibiotic
recommendations from ASP pharmacists or infectious disease physicians more than theirs,
despite them providing the same recommendations.

“Even if it’s just for prophylaxis ... I do not know a lot about the surgical stuff, I do not
have a very good solid reason to tell them “hey you must stop now ... ” And partly what
we say does not carry the same weight as what the ASP [says].”

(FGDO004, Junior pharmacist)

“I mean if the intervention comes from a ID consultant. Then all the more [it] would [be]
accept[ed] compared to [the intervention] coming from [a] pharmacist right?”

(FGDO012, Principal pharmacist)

“So what I recommended wasn’t wrong, It’s just that it needs to come out from a person
that [is] more trustable.”

(FGDO004, Junior pharmacist)

3.2.2. Educator for Patients and Their Caregivers on Appropriate Antibiotic Use

Most pharmacists interacted with patients and their caregivers when preparing pa-
tients for discharge. The pharmacist would educate patients or their caregivers on the
purpose of the antibiotics and their proper use. They played the role of educators by
clarifying patients” and caregivers” doubts and misconceptions and would emphasise the
need to complete the entire course of antibiotics. Pharmacists expressed that patients and
caregivers were usually trusting and accepting of the medical team’s decision to prescribe
the antibiotics, as well as the pharmacists” explanation.

“So, we just tell them the general condition may have a lot of different [coughing] kinds
of bugs. So, each antibiotic targets a different kind, so that’s why they need . .. more than
one type. But they will generally accept the ... our justification and counselling.”

(FGDO001, Junior pharmacist)

“[During] dispensing, it will usually be the oral antibiotic, so just telling them how to
use it. Or sometimes they will ask you simple questions like whether this antibiotic is
considered strong, will it have a lot side effects, so it’s just to kind of educate them on
what is it, and why is it important for you to take [that] you need to finish the course.”

(FGDOO06, Senior pharmacist)

3.3. Organisational Level

At the organisational level, pharmacists discussed various facilitators and barriers to
their contributions to antimicrobial stewardship in their daily clinical work.

3.3.1. Resource Constraints

The lack of manpower, time constraints, and competing priorities were the main
barriers to antimicrobial stewardship. With a heavy workload in a fast-paced working
environment, non-ASP pharmacists were less likely to negotiate with physicians on the
appropriate antibiotic therapy.

“Sometimes it’s just in our culture because everything is so fast and you know [name
of institution] is very busy. So we don’t have the time to just stop and listen [to the
physicians’ rationales].”

(FGDO005, Junior pharmacist)

Furthermore, as antimicrobial stewardship was not a key performance indicator for
non-ASP pharmacists, it was low in priority.
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“For ID [Infectious Diseases department], of course that would be their KPIs [Key
Performance Indicators]. But let’s say if you have a lot of things on mind, . .. your main
job is just to, like for pharmacist, would just be dispensing, reviewing orders. How much
details can you go into? Dwelling into drug resistance that would be my last line.”

(FGDO011, Principal pharmacist)

3.3.2. Support from In-House Antibiotic Guidelines and Pitfalls of Computerised Decision
Support Systems

In-house antibiotic guidelines were perceived by most participants as being useful
in supporting their interventions and antibiotic recommendations. Some pharmacists felt
that physicians tended to be more receptive when their recommendations were based on
guidelines, as they were evidence-based and approved by infectious disease physicians.

“Easier to back up actually. Like you can tell them [physicians] as for [name of hospital]
guidelines recommend to use this antibiotics, if you have this, this, this ... They [are] a
bit more receptive cause it’s guided by our institution.”

(FGDOO06, Senior pharmacist)

However, physicians’ compliance with the hospital guidelines varied between clinical
departments.

“There is varying compliance with the guidelines. Also because the different departments
deal with very different kind of patients. So that, the practice is still quite mixed.”

(FGDO012, Principal pharmacist)

Antibiotic computerised decision support systems (CDSSs) were available in two study
institutions (TTSH and SGH). In general, hospital pharmacists who had the experience
of using an antibiotic CDSS felt that whilst CDSS could guide antibiotic prescribing, the
algorithms were non-exhaustive and might not address all patient situations, such as
patients with multiple antibiotic allergies. Furthermore, one participant shared that human
judgment was still required for antibiotic prescribing decisions.

“Even though the ARUS-C [referring to TTSH's institution-specific CDSS, the An-

timicrobial Resistance Utilisation and Surveillance Control system] says or whatever

guideline ARUS-C sets, it’s not like we have to follow it 100% so . .. I mean it’s useful

for juniors or someone who’s not familiar. But if [for] someone that was experienced, it’s

good to rely on the critical thinking rather than just follow the guidelines.”

(FGDO011, Principal pharmacist)

3.4. Community Level

At the community level, hospital pharmacists perceived that the general public had
poor awareness of AMR and knowledge on antibiotic use.

Need to Increase Public Awareness and Knowledge on AMR and Antibiotic Use

Pharmacists mentioned the need to instil public awareness of AMR, which might
help improve patients” compliance with antibiotics. Educating and enhancing the public’s
understanding of AMR and the use of antibiotics would reduce the pressure on the medical
team to prescribe antibiotics due to patient demands.

“I think layman education . .. very important. If there is [knowledge] there is less, less
request then less pressure to prescribe.”

(FGDO003, Senior pharmacist)

“[For] patients, will be [public] education, the more they know about their condition, the
more they understand, and maybe they won't feel that I must have antibiotics.”
(FGDO06, Senior pharmacist)

Pharmacists cited instances when patients expected antibiotics even though their medical
conditions did not require them, and how their demands resulted in unnecessary antibiotics
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prescribed. Moreover, hospital pharmacists were concerned about patients” compliance
with antibiotics due to their lack of awareness and threat of AMR.

“I mean we have patients who come in for minor surgery and . .. they expect antibiotic
and they make a fuss at the counter and ask for antibiotic and because there’s a fuss, I
have to get the doctor, okay can you just give some antibiotic.”

(FGDO004, Junior pharmacist)

“So some of them, I have patients before who ask for standby antibiotics on discharge to
bring home, because they, and I don’t know whether they know how to use it appropriately
but sometimes the team, they cannot turn the patient down also.”

(FGDO005, Junior pharmacist)

3.5. Suggestions to Improve the Role of Non-ASP Hospital Pharmacists in
Antimicrobial Stewardship

Despite the challenges faced, non-ASP hospital pharmacists continued to recognise
the important role they play in antimicrobial stewardship and had suggested leveraging
their ongoing roles in medication reviews to opportunistically ensure the optimisation of
antibiotics.

“I think we do play a role in optimising the dosage of the antibiotic. I know we don't
get to tell them “you know you shouldn’t use the antibiotic”, but once the antibiotic is
started, we can be the one that optimise the dose to make sure that when we are giving a
therapeutic dose, treat it well, [not] to develop resistance, in that sense. [So yes], I think
we can play a part in educating the doctors so when we call to intervene [we can make
them aware].”

(FGDO004, Junior Pharmacist)

Furthermore, the pharmacists advocated the use of institutional guidelines to facilitate
their antimicrobial stewardship efforts.

“[With] institutional Quidelines in place. It is easier for people to follow. Especially good
educational tools for junior doctors on the ground, also easier for pharmacists to use it as
a back-up when they are discussing with the doctors.”

(FGDO009, Senior pharmacist)

Finally, non-ASP pharmacists suggested more on-the-job training to better equip them
to enhance their contributions to antimicrobial stewardship.

“But what we can do as of now I think is quite limited . .. You [will] need probably more
training as well to know. When you can de-escalate because sometimes you are not [as]
clinically, that well trained like doctors. We don’t have [the] physical exam skills, we
don’t know how to see if the patient is toxic, maybe our choice or our decision to escalate
or de-escalate may not be appropriate a lot of times. So maybe we need more training to
see, see the appropriateness in escalation.”

(FGDO007, Junior pharmacist)

4. Discussion

Our study provided deeper insights into the challenges faced by non-ASP hospital
pharmacists in antimicrobial stewardship and identified facilitators and barriers to their
greater involvement in antimicrobial stewardship in the three largest acute-care hospitals
in Singapore. Similar to many developed countries worldwide, these hospitals have
established ASP teams with dedicated ASP pharmacists for antimicrobial stewardship [24].
However, with the continued increase in antimicrobial use, the much larger pool of non-
ASP hospital pharmacists remains an untapped resource for antimicrobial stewardship [25].
Despite the lack of formal recognition of their roles in antimicrobial stewardship, these
pharmacists were observed to actively identify inappropriate antibiotic prescriptions when
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reviewing medication orders but were constrained by circumstances and self-efficacy to
intervene regularly and confidently.

At the intrapersonal level, hospital pharmacists identified themselves as reviewers for
drug safety before dispensing antibiotics, confining themselves to a restricted advisory role
to the prescribing physician. This observation corroborated findings from other studies,
which similarly identified that pharmacists were viewed as drug advisors rather than
integral contributors to antibiotic decision-making, and their interventions on antibiotic
prescribing often went unnoticed [26]. As such, recognition of the role that hospital
pharmacists already play in antimicrobial stewardship and empowering them to play a
formal role in joint decision-making in antibiotic prescribing can fully harness the untapped
potential of hospital pharmacists in enhancing ASPs in hospitals [25].

Pharmacist-led rounds have been shown to improve patient care and also provide
the mechanism for hospital pharmacists to be formally involved in antibiotic decisions.
A study in Australia (evaluating a pharmacist-led penicillin allergy de-labelling ward
round) reported a significant decrease in the use of restricted antibiotics and an increase
in intravenous-to-oral conversion of antibiotics; the medical team’s compliance to the
pharmacists’ interventions was as high as 81.5% [27]. A systematic review that evaluated
pharmacist-led interventions in hospital settings further demonstrated improvements
in the quality of medication use, reduction in hospital visits, and duration of hospital
stay [28]. Pharmacist-led ward rounds have led to more judicious use of antibiotics in
hospitals [29], but also promoted shared responsibility between pharmacists and physicians
for appropriate antibiotic prescribing and provided a platform for pharmacists to have
their interventions formally acknowledged, minimising pharmacists” intervention fatigue
and boosting their confidence [14,30].

The involvement of hospital pharmacists in antimicrobial stewardship was observed
to be limited by knowledge deficiencies in clinical medicine and microbiology. Studies
have suggested the use of advanced electronic medical records and mobile applications
to help pharmacists keep up-to-date with hospital-specific antibiograms and guidelines,
and the latest clinical knowledge [31-33]. Formal education and accreditation of non-ASP
pharmacists in antimicrobial stewardship by hospital ASP teams, in addition to on-the-job
training, could enhance their contributions to antimicrobial stewardship.

At the interpersonal level, despite frequent communications with physicians, phar-
macists felt that the physicians did not trust their antibiotic recommendations. Strong
rapport and collaboration between physicians and pharmacists are well recognised as
important factors for ensuring the success of ASPs [10,34]. Through the interprofessional
collaboration between pharmacists and physicians, hospital pharmacists” expertise in phar-
macology can be harnessed to optimise antibiotics for optimal clinical care, instead of
confining hospital pharmacists to the role of antibiotic gatekeeping or policing [13,14].
ASPs in some institutions are moving away from the traditional physician-led antibiotic
decision-making process and evolving towards a more collective approach involving gen-
eral pharmacists and multidisciplinary staff, with an emphasis on shared responsibility
for antibiotic prescribing [26]. Involving pharmacists in antibiotic decision-making would
empower them in antimicrobial stewardship and also reduce medication errors and in-
appropriate antibiotic use, as well as improve patient care [35,36]. ASPs can be enhanced
by empowering hospital pharmacists” in their role as antibiotic stewards and facilitating
strong pharmacist-physician collaborations in antibiotic prescribing decisions [37,38].

To ensure patients’ compliance with dispensed antibiotics, hospital pharmacists edu-
cate patients and caregivers on the purpose and appropriate use of antibiotics. In so doing,
hospital pharmacists have subconsciously served as antibiotic stewards, increasing patients’
adherence to antibiotic use. A previous trial in Australia reported that involving com-
munity pharmacists in verbal patient education helped to improve antibiotic knowledge
significantly and provided a personal touch for patients to understand the significance of
antimicrobial resistance [39]. This could potentially be translated to the hospital setting
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where hospital pharmacists are engaged in patient education, helping to increase patients’
antibiotic knowledge and their awareness of antimicrobial resistance [30].

At the organisational level, hospital pharmacists found hospital-specific antibiotic
guidelines to be useful but had mixed reactions to antibiotic CDSSs. That was despite the
reported benefits of antibiotic CDSSs on optimising antibiotic utilisation and resulting in
better clinical outcomes for patients [40,41]. However, this is not unexpected, as it was
well known that antibiotic CDSSs were unable to provide comprehensive coverage on
all aspects of antibiotic prescribing due to the complexity of antibiotic guidelines, posing
major barriers to their implementation [42—44]. It is ideal that antibiotic recommendations
can be individualised and dose optimised based on the unique pharmacokinetic profile of
the patient (e.g., in the critically ill patient), and microbiological information (including
susceptibility data) available. With the advancement of technology and data management
systems, it is foreseeable that more sophisticated CDSSs will be developed to serve this
very purpose in the near future [45]. Antibiotic CDSSs have been demonstrated to greatly
improve the efficiency of antimicrobial stewardship interventions; similarly, the resource
and time constraints that hospital pharmacists face in antimicrobial stewardship activities
could be addressed by the same systems [46]. With the use of CDSSs, simple antimicrobial
stewardship workflows can be incorporated, freeing up pharmacists’ time to review com-
plex cases and participate in training and educational activities [47,48]. Therefore, to more
effectively tap on the benefits of CDSS for antimicrobial stewardship, future studies could
be embarked on to explore the facilitators and barriers to the acceptance and sustained use
of CDSS by end users, including pharmacists.

In the community, hospital pharmacists can play an active role in public education on
AMR and the appropriate use of antibiotics, as well as professional education of commu-
nity /retail pharmacists on the local epidemiology and antibiotic susceptibility patterns.
Some studies suggested the lack of comprehensive knowledge among community pharma-
cists on antimicrobial use and AMR [49]. Therefore, in order for community pharmacists
to provide appropriate education and better engage with the public on antibiotic use,
continuing professional education on antibiotics and AMR is crucial. Hospital pharmacists
can be involved in a variety of educational platforms, including the development of educa-
tional leaflets and newsletters, speaking at conferences and public events, and providing
on-the-job training [50,51].

Our study is limited to the perspective of hospital pharmacists in Singapore, a devel-
oped country with well-established ASPs in acute hospitals [6]. Nonetheless, the findings
are applicable to other developed countries with established ASPs interested to enhance
the ASPs by harnessing the untapped potential of hospital pharmacists in the hospitals.
Furthermore, the strength of our study lies in the broad perspectives across institutions and
levels of seniority, contributed by a large number of participants in FGDs. The grouping
of participants by their seniority levels and the use of facilitators who were not clinically
trained have also minimised social desirability bias and allowed for authentic responses
from each FGD. Our previous work exploring the views of inpatient nurses on their
roles in antimicrobial stewardship found that nurses played important roles as gatekeep-
ers in the assurance of appropriate administration of prescribed antibiotics [52]. Future
cross-disciplinary studies should be considered for triangulation of findings from the per-
spectives of physicians, nurses, and pharmacists, since one of the thrusts in Singapore’s
National Strategic Action Plan on AMR is the optimisation of antimicrobial use through
the further optimisation of antibiotic prescribing in hospitals [6].

5. Conclusions

Our findings reflected several significant themes on hospital pharmacists’ perspectives
on their roles in antimicrobial stewardship. Barriers included low self-efficacy due to the
perceived lack of clinical knowledge and experience, lack of recognition as joint antibiotic
decision-makers, time constraints, and competing work demands. Facilitators included
the natural inclination towards checking for medication safety and educating patients and
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caregivers on antibiotic use. Formalising the role of hospital pharmacists as antibiotic
stewards and providing them with the required resources and training will capitalise on
their untapped potential to enhance ASPs and further optimise antibiotic use in hospitals.

Supplementary Materials: The following are available online at https:/ /www.mdpi.com/article/
10.3390/antibiotics10121441/s1, Supplementary File Annex S1: Consolidated criteria for reporting
qualitative research (COREQ)—32 items (Tong et al., 2007) Supplementary File Annex S2: Inter-
view Guide

Author Contributions: A.C. conceived the study, provided overall direction and planning for the
study and critically revised the manuscript. L.H.W.,, E.T. and S.T.H. coded and analysed the data
and drafted the manuscript. Both L.H.W. and E.T. contributed equally to the manuscript as first
authors. H.G. designed the interview guide, oversaw the recruitment process and provided inputs
for the manuscript. A.LHK, TM.N,, SJ.C., ].S. and D.C.B.L. provided critical guidance and content
knowledge of the research topic, assisted the study team in inviting pharmacists to participate in the
study, and provided inputs for the manuscript. All authors have read and agreed to the published
version of the manuscript.

Funding: This work was supported by the National Medical Research Council Singapore, Health
Services Research Grant, Grant number: NMRC/HSRG/0083/2017).

Institutional Review Board Statement: Ethical approval for this study was obtained from the
Domain Specific Review Board of the National Healthcare Group, Singapore (Reference Number:
2017/01179).

Informed Consent Statement: Informed consent was obtained from all participants involved in
the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Acknowledgments: The study team would like to thank the pharmacists who participated in the
study, research assistants (Jasmine Tan Huifen, Jeanette Yeo Yan Ping, Nur Azzriyani Binte Roslan,
Kok Su-Ing, Joel Chong, and Wendy Ling) for the facilitation of the focus group discussions, and
clinical colleagues (Christine Teng, Associate Professor Maciej Piotr Chlebicki, Natasha Bagdasarian,
Lionel Hon Wai Lum, Gladys Wei Teng Chung, Jia En Wu, Hui Hiong Chen, and Alvin Qjjia Chua)
for their assistance in the administration of the study.

Conflicts of Interest: All the authors declare no conflict of interest.

References

1. World Health Organization. Antimicrobial Resistance 2018. Available online: http://www.who.int/news-room/facts-sheets/
detail /antimicrobial-resistance (accessed on 17 June 2020).

2. World Health Organization. Lack of New Antibioitics Threatens Global Efforts to Contain Drug-Resistant Infections 2020.
Available online: http://www.who.int/news-room/detail /17-01-2020-lack-of-new-antibioitics-threatens-global-efforts-to-
contain-drug-resistant-infections (accessed on 17 June 2020).

3. Homes, A.H.; Moore, H.S.; Sundsfjord, A.; Steinbakk, M.; Regmi, S.; Karley, A. Understanding the mechanisms and drivers of
antimicrobal resistance. Lancet 2016, 387, 176-187. [CrossRef]

4. Martens, E.; Demain, A.L. The antibiotic resistance crisis, with a focus on the United States. |. Antibiot. 2017, 70, 520-526.
[CrossRef]

5. File, TM.; Srinivasan, A.; Barklett, ].G. Antimicrobial stewardship: Importance for patient and public health. Clin. Infect. Dis.
2014, 59, S93-596. [CrossRef]

6. Chua, A;Kwa, A; Tan, T.; Legido-Quigley, H.; Hsu, L. Ten-year narrative review on antimicrobial resistance in Singapore. Singap.
Med. ]. 2019, 60, 387-396. [CrossRef]

7. Loo, L.; Lee, W.; Chlebicki, P.; Kwa, A.L. Implementing National Antimicrobial Stewardship Program (ASP): Our Singapore Story.
Open Forum Infect. Dis. 2016, 3. [CrossRef]

8.  Nathwani, D.; Varghese, D.; Stephens, ]J.; Ansari, W.; Martin, S.; Charbonneau, C. Value of hospital antimicrobial stewardship
programs [ASPs]: A systematic review. Antimicrob. Resist. Infect. Control. 2019, 8, 1-13. [CrossRef]

9.  Cai, Y;; Venkatachalam, I.; Tee, N.W.; Tan, T.Y.; Kurup, A.; Wong, S.Y.; Low, C.Y.; Wang, Y.; Lee, W.; Liew, Y.X,; et al. Prevalence of

Healthcare-Associated Infections and Antimicrobial Use Among Adult Inpatients in Singapore Acute-Care Hospitals: Results
From the First National Point Prevalence Survey. Clin. Infect. Dis. 2017, 64, S61-567. [CrossRef]


https://www.mdpi.com/article/10.3390/antibiotics10121441/s1
https://www.mdpi.com/article/10.3390/antibiotics10121441/s1
http://www.who.int/news-room/facts-sheets/detail/antimicrobial-resistance
http://www.who.int/news-room/facts-sheets/detail/antimicrobial-resistance
http://www.who.int/news-room/detail/17-01-2020-lack-of-new-antibioitics-threatens-global-efforts-to-contain-drug-resistant-infections
http://www.who.int/news-room/detail/17-01-2020-lack-of-new-antibioitics-threatens-global-efforts-to-contain-drug-resistant-infections
http://doi.org/10.1016/S0140-6736(15)00473-0
http://doi.org/10.1038/ja.2017.30
http://doi.org/10.1093/cid/ciu543
http://doi.org/10.11622/smedj.2019088
http://doi.org/10.1093/ofid/ofw194.105
http://doi.org/10.1186/s13756-019-0471-0
http://doi.org/10.1093/cid/cix103

Antibiotics 2021, 10, 1441 14 of 15

10.

11.

12.

13.

14.

15.

16.
17.

18.

19.

20.

21.

22.

23.
24.

25.

26.

27.

28.

29.

30.

31.
32.

33.

34.

35.

36.

37.

Barlam, T.F,; Childs, E.; A Zieminski, S.; Meshesha, T.M.; Jones, E.K.; Butler, ] M.; Damschroder, L.J.; Goetz, M.B.; Madaras-Kelly,
K.; Reardon, C.M.; et al. Perspectives of Physician and Pharmacist Stewards on Successful Antibiotic Stewardship Program
Implementation: A Qualitative Study. Open Forum Infect. Dis. 2020, 7, ofaa229. [CrossRef]

Heil, E.L.; Kuti, J.L.; Bearden, D.T.; Gallagher, ].C. The Essential Role of Pharmacists in Antimicrobial Stewardship. Infect. Control.
Hosp. Epidemiol. 2016, 37, 753-754. [CrossRef]

Center for Diseases Control and Prevention. Core Elements of Hospital Antibiotic Stewardship Programs Atlanta. 2019. Available
online: https://www.cdc.gov/antibiotic-use/core-elements /hospital.html (accessed on 20 July 2020).

Broom, A.; Broom, J.; Kirby, E.; Plage, S.; Adams, J. A qualitative study of hospital pharmacists and antibiotic governance:
Negotiating interprofessional responsibilities expertise and resource contraints. BMIC Health Serv. Res. 2015, 16, 43. [CrossRef]
Broom, A.; Plage, S.; Broom, J.; Kirby, E.; Adams, ]. What role do pharmacists play in mediating antibioitc use in hospitals? A
qualitative study. BMJ Open. 2015, 5, e008326. [CrossRef]

Abubakar, U.; Tangiisuran, B. National survey of pharmacists” involvement in antimicrobial stewardship programs in Nigerian
tertiary hospitals. J. Glob. Antimicrob. Resist. 2020, 21, 148-153. [CrossRef]

Parente, D.M.; Morton, J. Role of the Pharmacist in Antimicrobial Stewardship. Med. Clin. N. Am. 2018, 102, 929-936. [CrossRef]
Tee, C.; Raasch, R.H.; Eckel, S.F. Pharmacy practice in Singapore and training experiences in the United States. |. Asian Assoc. Sch.
Pharm. 2012, 1, 137-144.

Teng, C.B.; Lee, W.; Yeo, C.L.; Lee, S.Y.; Ng, TM.; Yeoh, S.F.; Lim, W.H.; Kwa, A.L.; Thoon, K.C.; Ooi, S.T.; et al. Guidelines for
antimicrobial stewardship training and practice. Ann. Acad. Med. Singap. 2012, 41, 29-34.

Barden, L.S.; Dowell, S.E.; Schwartz, B.; Lackey, C. Current Attitudes Regarding Use of Antimicrobial Agents: Results from
Physicians” and Parents” Focus Group Discussions. Clin. Pediatr. 1998, 37, 665-671. [CrossRef]

Buckel, WR.; Hersh, A.L.; Pavia, A.T.; Jones, P.S.; Owen-Smith, A.A.; Stenehjem, E. Antimicrobial Stewardship Knowledge,
Attitudes, and Practices among Health Care Professionals at Small Community Hospitals. Hosp. Pharm. 2016, 51, 149-157.
[CrossRef]

Tong, A.; Sainsbury, P.; Craig, J. Consolidated criteria for reporting qualitative research (COREQ): A 32-item checklist for
interviews and focus groups. Int. J. Qual. Health Care 2007, 19, 349-357. [CrossRef]

McLeroy, K.R.; Bibeau, D.; Steckler, A.; Glanz, K. An Ecological Perspective on Health Promotion Programs. Health Educ. Q. 1988,
15, 351-377. [CrossRef]

Guest, G.; MacQueen, K.; Namey, E. Applied Thematic Analysis; SAGE: Thousand Oaks, CA, USA, 2012.

Pollack, L.A.; Srinivasan, A. Core Elements of Hospital Antibiotic Stewardship Programs From the Centers for Disease Control
and Prevention. Clin. Infect. Dis. 2014, 59, S97-5100. [CrossRef]

Tarrant, C.; Colman, A.; Chattoe-Brown, E.; Jenkins, D.; Mehtar, S.; Perera, N.; Krockow, E. Optimizing antibiotic prescribing:
Collective approaches to managing a common-pool resource. Clin. Microbiol. Infect. 2019, 25, 1356-1363. [CrossRef]

Kapadia, S.; Abramson, E.L.; Carter, E.J.; Loo, A.S.; Kaushal, R.; Calfee, D.P,; Simon, M.S. The Expanding Role of Antimicrobial
Stewardship Programs in Hospitals in the United States: Lessons Learned from a Multisite Qualitative Study. Jt. Comm. ]. Qual.
Patient Saf. 2018, 44, 68-74. [CrossRef] [PubMed]

Devchand, M.; Kirkpatrick, C.M.].; Stevenson, W.; Garrett, K.; Perera, D.; Khumra, S.; Urbancic, K.; Grayson, M.L.; A Trubiano, ].
Evaluation of a pharmacist-led penicillin allergy de-labelling ward round: A novel antimicrobial stewardship intervention. J.
Antimicrob. Chemother. 2019, 74, 1725-1730. [CrossRef]

Skjot-Arkil, H.; Lundby, C.; Kjeldsen, L.J.; Skovgards, D.; Almarsdottir, A.B.; Kjolhede, T. Multifaceted Phamacist-Led Interven-
tions in the Hospital Setting: A Systematic Review. Basic Clin. Pharmacol. Toxicol. 2018, 123, 363-379. [CrossRef]

MacMillian, K.M.; Maclnnis, M.; Fitzpatrick, E.; Hurley, K.F; MacPhee, S.; Matheson, K. Evaluation of a pharmacist-led
antimicrobial stewardship service in a padiatric emergency department. Int. J. Clin. Pharm. 2019, 41, 1592-1598. [CrossRef]
[PubMed]

Sakeena, M.H.E,; Bennett, A.A.; McLachlan, A.J]. Enhancing pharmacists’ role in developing cuntries to overcome the challege of
antimicrobial resistance: A narrative review. Antimicrob. Resist. Infect. Control 2015, 7, 1-11.

D’Arrigo, T. Pharmacists lead antibiotic stewardship to meet critical public health need. Pharm. Today 2017, 23, 6. [CrossRef]
Forrest, G.N.; Van Schooneveld, T.C.; Kullar, R.; Schulz, L.T.; Duong, P.; Postelnick, M. Use of Electronic Health Records and
Clinical Decision Support Systems for Antimicrobial Stewardship. Clin. Infect. Dis. 2014, 59, S122-5133. [CrossRef] [PubMed]
Ford, B.A.; Hoff, B.; Ford, D.C.; Ince, D.; Ernst, E.J.; Livorsi, D.J.; Heintz, B.H.; Masse, V.; Brownlee, M.]. Implementation of a
mobile clinical decision support application to augment local antimicrobial stewardship. J. Pathol. Inform. 2018, 9, 10. [CrossRef]
WHO. The Role of Pharmacists in Encouraging Prudent Use of Antibiotic Medicines and Averting Antimicrobial Resistance—A Review of
Current Policies and Experiences in Europe; WHO: Geneva, Switzerland, 2014.

ASHP Guidelines on the Pharmacist’s Role in the Development, Implementation, and Assessment of Critical Pathways. Am. |.
Health Syst. Pharm. 2004, 61, 939-945. [CrossRef] [PubMed]

Strong, D.K.; Dupuis, L.L.; Domaratzki, J.L. Pharmacist intervention in prescribing of cefuroxime for pediatric patients. Am. |.
Hosp. Pharm. 1990, 47, 1350-1353. [CrossRef]

Klepser, M.E.; Adams, A ].; Klepser, D.G. Antimicrobial Stewardship in Outpatient Settings: Leveraging Innovative Physician-
Pharmacist Collaborations to Reduce Antibiotic Resistance. Heal. Secur. 2015, 13, 166-173. [CrossRef]


http://doi.org/10.1093/ofid/ofaa229
http://doi.org/10.1017/ice.2016.82
https://www.cdc.gov/antibiotic-use/core-elements/hospital.html
http://doi.org/10.1186/s12913-016-1290-0
http://doi.org/10.1136/bmjopen-2015-008326
http://doi.org/10.1016/j.jgar.2019.10.007
http://doi.org/10.1016/j.mcna.2018.05.009
http://doi.org/10.1177/000992289803701104
http://doi.org/10.1310/hpj5102-149
http://doi.org/10.1093/intqhc/mzm042
http://doi.org/10.1177/109019818801500401
http://doi.org/10.1093/cid/ciu542
http://doi.org/10.1016/j.cmi.2019.03.008
http://doi.org/10.1016/j.jcjq.2017.07.007
http://www.ncbi.nlm.nih.gov/pubmed/29389462
http://doi.org/10.1093/jac/dkz082
http://doi.org/10.1111/bcpt.13030
http://doi.org/10.1007/s11096-019-00924-1
http://www.ncbi.nlm.nih.gov/pubmed/31650506
http://doi.org/10.1016/j.ptdy.2017.09.007
http://doi.org/10.1093/cid/ciu565
http://www.ncbi.nlm.nih.gov/pubmed/25261539
http://doi.org/10.4103/jpi.jpi_77_17
http://doi.org/10.1093/ajhp/61.9.939
http://www.ncbi.nlm.nih.gov/pubmed/15156971
http://doi.org/10.1093/ajhp/47.6.1350
http://doi.org/10.1089/hs.2014.0083

Antibiotics 2021, 10, 1441 15 of 15

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Bishop, C.; Yacoob, Z.; Knobloch, M.].; Safdar, N. Community pharmacy interventions to improve antibiotic stewardship and
implications for pharmacy education: A narrative overview. Res. Soc. Adm. Pharm. 2019, 15, 627-631. [CrossRef] [PubMed]
Northey, A.; McGuren, T.; Stupans, I. Patients’” antibiotic knowledge: A trial assessing the impact of verbal education. Int. J.
Pharm. Pr. 2015, 23, 158-160. [CrossRef]

Rittmann, B.; Stevens, M.P. Clinical Decision Support Systems and Their Role in Antibiotic Stewardship: A Systematic Review.
Curr. Infect. Dis. Rep. 2019, 21, 29. [CrossRef] [PubMed]

Laka, M.; Milazzo, A.; Merlin, T. Can evidence-based decision support tools transform antibiotic management? A systematic
review and meta-analyses. |. Antimicrob. Chemother. 2020, 75, 1099-1111. [CrossRef]

Francke, A.L.; Smit, M.C.; de Veer, A.J.; Mistiaen, P. Factors influencing the implementation of clinical guidelines for health care
professionals: A systematic meta-review. BMC Med. Inform. Decis. Mak. 2008, 8, 38. [CrossRef] [PubMed]

Fischer, F; Lange, K.; Klose, K.; Greiner, W.; Kraemer, A. Barriers and Strategies in Guideline Implementation—A Scoping Review.
Health 2016, 4, 36. [CrossRef]

Chow, A.L.P; Lye, D.; Arah, A.O. Patient and physician predictors of patient receipt of therapies recommended by a computerized
decision support system when initially prescribed broad-spectrum antibiotics: A cohort study. J. Am. Med. Inform. Assoc. 2016, 23,
e58—-e70. [CrossRef]

Roberts, J.A.; Abdul-Aziz, M.H.; Lipman, J.; Mouton, J.W.; Vinks, A.A.; Felton, T.W. Individualised antibiotic dosing for patients
who are cirtically ill: Challenges and potential solutions. Lancet Infect. Dis. 2014, 14, 498-509. [CrossRef]

Pettit, N.N.; Han, Z.; Choksi, A.R.; Charnot-Katsikas, A.; Beavis, K.G.; Tesic, V.; Bhagat, P.; Nguyen, C.; Bartlett, A.; Pisano, J.
Improved rates of antimicrobial stewardship interventions following implementation of the Epic antimicrobial stewardship
module. Infect. Control. Hosp. Epidemiol. 2018, 39, 980-982. [CrossRef] [PubMed]

Katzman, M.; Kim, J.; Lesher, M.D.; Hale, C.M.; McSherry, G.D.; Loser, M.E; Ward, A.M.; Glasser, F.D. Customizing an Electronic
Medical Record to Automate the Workflow and Tracking of an Antimicrobial Stewardship Program. Open Forum Infect. Dis. 2019,
6. [CrossRef] [PubMed]

Giuliano, C.A ; Binienda, J.; Kale-Pradhan, P.B.; Fakih, M.G. “I never would have caught that before”: Pharamcist Perceptions
of Using Clinical Decision Support for Antimicrobial Stewardship in the United States. Qual. Health Res. 2018, 28, 745-755.
[CrossRef]

Tonna, A.P; Weidmann, A.E.; Sneddon, J.; Stewart, D. Views and expereinces of community pharmacy team members on
antimicrobial stewardship activities in Scotland: A qualitative study. Int. J. Clin. Pharm. 2020, 42, 1261-1269. [CrossRef] [PubMed]
ASHP statement on the pharmacist’s role in antimicrobial stewardship and infection prevention and control. Am. |. Health System
Pharm. 2010, 67, 575-577. [CrossRef]

Dellit, T.H.; Owens, R.C.; McGowan, J.E., Jr.; Gerding, D.N.; Weinstein, R.A.; Burke, J.P.; Huskins, W.C.; Paterson, D.L.; Fishman,
N.O.; Carpenter, C.F,; et al. Infectious Diseases Society of America and the Society for Healthcare Epidemiology of America
Guidelines for Developing an Institutional Program to Enhance Antimicrobial Stewardship. Clin. Infect. Dis. 2007, 44, 159-177.
[CrossRef]

Wong, L.H.; Bin Ibrahim, M.A.; Guo, H.; Kwa, A.L; Lum, LH.; Ng, TM.; Chung, J.S.; Somani, J.; Lye, D.C.; Chow, A.
Empowerment of nurses in antibiotic stewardship: A social ecological qualitative analysis. J. Hosp. Infect. 2020, 106, 473—482.
[CrossRef]


http://doi.org/10.1016/j.sapharm.2018.09.017
http://www.ncbi.nlm.nih.gov/pubmed/30279131
http://doi.org/10.1111/ijpp.12136
http://doi.org/10.1007/s11908-019-0683-8
http://www.ncbi.nlm.nih.gov/pubmed/31342180
http://doi.org/10.1093/jac/dkz543
http://doi.org/10.1186/1472-6947-8-38
http://www.ncbi.nlm.nih.gov/pubmed/18789150
http://doi.org/10.3390/healthcare4030036
http://doi.org/10.1093/jamia/ocv120
http://doi.org/10.1016/S1473-3099(14)70036-2
http://doi.org/10.1017/ice.2018.130
http://www.ncbi.nlm.nih.gov/pubmed/29950188
http://doi.org/10.1093/ofid/ofz352
http://www.ncbi.nlm.nih.gov/pubmed/31375823
http://doi.org/10.1177/1049732317750863
http://doi.org/10.1007/s11096-020-01042-z
http://www.ncbi.nlm.nih.gov/pubmed/32803554
http://doi.org/10.2146/sp100001
http://doi.org/10.1086/510393
http://doi.org/10.1016/j.jhin.2020.09.002

	Introduction 
	Material and Methods 
	Study Design and Study Population 
	Data Collection 
	Data Analysis 

	Results 
	Intrapersonal Level 
	Valued but Rigid Roles and Responsibilities in Antimicrobial Stewardship 
	Limited Knowledge, Training, and Experience in Clinical Diagnosis 
	Lack of Empowerment in Antimicrobial Stewardship 

	Interpersonal Level 
	Barriers to Effectively Interact with Physicians during Antibiotic Prescribing 
	Educator for Patients and Their Caregivers on Appropriate Antibiotic Use 

	Organisational Level 
	Resource Constraints 
	Support from In-House Antibiotic Guidelines and Pitfalls of Computerised Decision Support Systems 

	Community Level 
	Suggestions to Improve the Role of Non-ASP Hospital Pharmacists inAntimicrobial Stewardship 

	Discussion 
	Conclusions 
	References

