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ABSTRACT

Introduction: Antifungal stewardship (AFS)
programs are recognized to contribute to opti-
mizing antifungal prescribing for treatment and
prophylaxis. However, only a small number of
such programs are implemented. Consequently,
evidence on behavioral drivers and barriers of
such programs and learnings from existing
successful AFS programs is limited. This study
aimed to leverage a large AFS program in the UK
and derive learnings from it. The objective was

to (a) investigate the impact of the AFS program
on prescribing habits, (a) use a Theoretical
Domains Framework (TDF) based on the COM-B
(Capability, Opportunity, and Motivation for
Behavior) to qualitatively identify drivers and
barriers for antifungal prescribing behaviors
across multiple specialties, and (c) semiquanti-
tatively investigate trends in antifungal pre-
scribing habits over the last 5 years.
Methods: Qualitative interviews and a semi-
quantitative online survey were conducted
across hematology, intensive care, respiratory,
and solid organ transplant clinicians at Cam-
bridge University Hospital. The discussion guide
and survey used were developed to identify
drivers of prescribing behavior, based on the
TDF.
Results: Responses were received from 21/25
clinicians. Qualitative outcomes demonstrated
that the AFS program was effective in support-
ing optimal antifungal prescribing practices. We
found seven TDF domains influencing antifun-
gal prescribing decisions—five drivers and two
barriers. The key driver was collective decision-
making among the multidisciplinary team
(MDT) while key barriers were lack of access to
certain therapies and fungal diagnostic capa-
bilities. Furthermore, over the last 5 years and
across specialties, we observed an increasing
tendency for prescribing to focus on more tar-
geted rather than broad-spectrum antifungals.
Conclusions: Understanding the basis for
linked clinicians’ prescribing behaviors for
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identified drivers and barriers may inform
interventions on AFS programs and contribute
to consistently improving antifungal prescrib-
ing. Collective decision-making among the
MDT may be leveraged to improve clinicians’
antifungal prescribing. These findings may be
generalized across specialty care settings.

Keywords: Antifungal treatment; Antifungal
stewardship; Behavior change theory;
Prescribing habits; Theoretical domains
framework

Key Points

Why carry out this study?

Inappropriate antifungal use may
contribute to the emergence of resistant
fungal species.

Antifungal stewardship (AFS) programs
help optimize antifungal prescribing for
treatment and prophylaxis.

This study explored one of the most
comprehensive AFS programs developed
in the UK at the Cambridge University
Hospital (CUH) to (i) qualitatively
investigate the use of a Theoretical
Domains Framework (TDF) based on the
COM-B (Capability, Opportunity, and
Motivation for Behavior) to identify
drivers and barriers of clinicians’
antifungal prescribing behaviors, and (ii)
semiquantitatively investigate trends in
antifungal prescribing habits over the last
5 years.

What was learned from the study?

Qualitative outcomes demonstrated that
several (seven) TDF domains influenced
antifungal prescribing decisions: (i) five
drivers with collective decision-making
among the multidisciplinary team (MDT)
being the key driver and (ii) two barriers
with the lack of access to certain therapies
being the key barrier.

Semiquantitative analysis indicates that
the use of antifungal therapies at CUH
had increased over the last 5 years across
all specialties interviewed with more
targeted use instead of broad-spectrum
prescribing.

These insights may inform potential
impact of interventions that may be
considered for implementation as part of
successful AFS programs.

INTRODUCTION

Optimizing treatment for and prevention of
invasive fungal infections (IFIs) is particularly
important because of high mortality rates,
challenges in obtaining a timely diagnosis, and
the complexity of drugs and patient groups
involved [1, 2]. Excessive use of antifungals is
associated with toxicity and it is believed that a
high rate of inappropriate prescribing con-
tributes to the emergence of resistant fungal
species [1, 2]. There is an opportunity to man-
age these threats through more judicious use of
antifungals [3, 4].

Antimicrobial stewardship programs target-
ing antifungals, i.e., antifungal stewardship
(AFS) programs, help optimize antifungal pre-
scribing for both treatment and prophylaxis
[5–10] through improvements in drug selection
[9, 11], dosing [12], appropriateness of antifun-
gal use [13], and duration of therapy [9, 12].
Such programs were shown to reduce the inci-
dence of clinically relevant drug–drug interac-
tions (DDIs) [12], antifungal adverse drug
reactions [14], and healthcare costs [10, 15, 16].
Despite these benefits, stewardship programs
are overwhelmingly focused on antibacterials
rather than antifungals. An electronic survey
conducted across National Health Service (NHS)
acute trusts within England in 2016 revealed
that only 11% (5/47) of trusts undertook dedi-
cated AFS programs compared to 98% for
antibacterial stewardship programs [17]. Poten-
tial reasons for this are (a) for antifungal treat-
ment, clinicians reported less familiarity with
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fungal infections while patients with con-
firmed/suspected fungal infections generally
have multiple comorbidities to consider and/or
are extremely sick [17], (b) for antifungal pro-
phylaxis, there is wide variability by institution,
prescriber, patient type, and disease state when
prioritizing prophylaxis in immunocompro-
mised populations at high risk of IFIs [18].

To address inappropriate antifungal pre-
scribing, the NHS Improving Value Antifungal
Stewardship Project was initiated in 2018 across
NHS acute trusts within England to optimize
the use of antifungals, improve patient out-
comes, and preserve the future effectiveness of
antimicrobials [17, 19]. As attention and
investment in AFS increases, it is important to
assess existing programs and derive learnings
from their experiences.

AFS programs have been assessed on the
basis of clinical outcome measures but psy-
chosocial assessments to understand behavior
change are acknowledged as essential for pro-
gram success. There has been a demand for the
more explicit use of Behavior Change Theory
(BCT) to identify behavioral determinants and
influencers of change (drivers and barriers) to
inform interventions [20]. The Theoretical
Domains Framework (TDF) based on COM-B
(i.e., Capability, Opportunity, and Motivation
for Behavior) separates psychosocial drivers of
behavior into domains covering a spectrum of
theoretical determinants (knowledge, memory,
attention, and decision-making, etc.). TDF pro-
vides a theoretical lens through which to view
the cognitive, affective, social, and environ-
mental influences on behavior. To our knowl-
edge, there are no previous studies that
evaluated the AFS programs with qualitative
and semiquantitative approaches, using BCT
across multiple specialties [21].

This study explored a well-established AFS
program in the UK using qualitative assessment
followed by a survey to obtain semiquantitative
insights on prescribing behaviors across hema-
tology, intensive care unit (ICU), respiratory,
and solid organ transplant (SOT) clinicians. This
study aimed to (a) investigate the awareness of
the AFS program and the activities with the
largest impact on prescribing habits across spe-
cialties; (b) use a TDF based on the COM-B to

qualitatively identify drivers and barriers for
antifungal prescribing behaviors across the four
clinical specialties which are typically associ-
ated with higher rates of antifungal use; and
(c) semiquantitatively investigate any trends in
antifungal prescribing habits over the last
5 years (i.e., volume/amount and variety/vari-
ability of therapies, and impact of COVID-19).
These insights may help to inform the design
and implementation of AFS programs to close
the gaps found across NHS trusts in England
and elsewhere.

METHODS

Ethic Statement

The study was conducted in compliance with
the approved protocol and adhered to the
principles outlined in the Declaration of Hel-
sinki, the sponsor’s standard operating proce-
dures (SOPs), and other regulatory
requirements. The research protocol for this
study was submitted to the Cambridge Univer-
sity Hospital (CUH) NHS Foundation Trust
Research Ethics Committee (Ref. 21/HRA/460)
and Integrated Research Approval System (IRAS)
confirmation was received in October 2021.

Recruitment of Participants

For recruitment of participating clinicians, the
study was publicized twice in the CUH online
daily bulletin and emails, and reminders were
sent to target clinicians. Study details were also
conveyed verbally by the chief investigator and
consultant microbiologist (D.A.E.) directly to
clinicians during ward rounds. Additionally, the
principal antimicrobial pharmacist (C.M.) con-
tacted the lead clinical pharmacist teams of all
the specialties, to publicize the study and clin-
icians were invited to participate. This study
planned to recruit 25 clinicians at CUH with
five clinicians per specialty type to provide a
robust qualitative and semiquantitative assess-
ment of decision drivers, and an equal allot-
ment across groups to enable comparison across
them. Eligible participants were initially
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identified by the chief investigator and princi-
pal antimicrobial pharmacist and study coordi-
nator (C.M.), based on their professional
network within CUH, who also gauged interest
in participating in the research.

Study Design

Clinician respondents from CUH completed a
qualitative telephone interview and a semi-
quantitative online survey (Fig. 1). Data were
collected between January and March 2022.
Patient involvement was not required.

Setting
CUH is a large, single-site, tertiary teaching
hospital in the East of England with 1100 beds,
70,000 inpatient admissions, and 170,000 total
admissions per annum. The hospital offers sev-
eral specialist services, including solid organ
transplantation (SOT; multi-visceral, liver, and
renal ?/- pancreas transplants), hematology/
oncology (including stem cell transplantation),
and neurosurgery. Their AFS program was
launched in 2013 for all inpatients receiving
high-cost antifungals and clinicians provided
their perspectives on the current impact of the

program, and any notable trends over the past
5 years (i.e., from 2018 to 2022).

Qualitative Interview
An interview discussion guide was developed on
the basis of the TDF (Supplemental Table 1).
Factors affecting clinicians’ decision-making
were informed by published literature
[20, 22–24] and the expertise of the research
team. On the basis of the initial output after
completing the first two pilot interviews, the
interview guide was rearranged to separate dis-
cussions on antifungal prophylaxis and treat-
ment to streamline the discussion.

Interview Procedure
Emails were sent out to hematology, oncology,
SOT, respiratory, and ICU clinicians at CUH and
a participant information sheet and consent
form were emailed to interested clinicians.
Oncologists were later removed from the study
plan as a result of recruitment difficulties, and a
nearly equal number of clinicians were recruited
from the remaining four specialties. Upon con-
sent, a qualitative 1:1 telephone interview was
scheduled and conducted via the Zoom plat-
form by experienced researchers (C.K., R.M.,

Fig. 1 Study design and disposition. COM-B Capability, Opportunity, and Motivation of Behavior, CUH Cambridge
University Hospital, ICU intensive care unit, SOT solid organ transplantation, TDF Theoretical Domains Framework
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and K.G.). The identity of the clinician was
concealed and their responses to interview
questions were anonymized. Qualitative data
was summarized into overall findings.

Assessment of Behavior Change
The discussion guide used in the qualitative
research was developed to identify drivers of
clinicians’ prescribing behavior, based on the
TDF (Supplementary Table 1). These sources of
behavioral change were categorized as (1)
Capability—Psychological, (2) Opportunity—
Social and Physical, (3) Motivation—Automatic
and Reflective [20, 22–24]. The methodology
used in this study is consistent with the appli-
cation of behavioral theory used in other qual-
itative studies describing antifungal prescribing
habits and focused on the evaluation of inter-
vention design in the context of healthcare
settings as described above [20, 22].

Semi-Quantitative Survey
To obtain quantitative insights, the interviews
were followed by a 10-min online semiquanti-
tative survey designed for self-completion to
measure clinicians’ antifungal prescribing
behaviors. This survey was designed to measure
the importance/impact of drivers of antifungal
prescribing behavior, including the impact of
CUH AFS program initiatives (Fig. 1).

Data Analysis

Qualitative and semiquantitative analyses were
performed in the context of antifungal pre-
scribing habits for prophylaxis and treatment
separately. Further details of data analysis are
presented in Fig. 1. Qualitative interview tran-
scripts were analyzed to identify drivers and
barriers in antifungal prescribing. Semiquanti-
tative online survey responses were captured,
quantified, and analyzed for trends in antifun-
gal prescribing across specialties. Output from
this research was mapped to the TDF
framework.

RESULTS

Participants

Of total clinicians approached, 21/25 (84%)
clinicians participated and were interviewed.
Twelve were consultants (i.e., senior) and nine
were registrars (junior) and had been in their
role for between 1 month and 17 years. In terms
of specialty, there were six hematology (two
consultants, four registrars), six SOT (four con-
sultants, two registrars), five ICU (four consul-
tants, one registrar), and four respiratory (two
consultants, two registrars) clinicians (Table 1).
The number of registrars and consultants varied
by the specialty; however, aggregate responses
from total clinicians recruited per specialty were
presented. Clinicians routinely saw around 40
to 400 or more patients per month. One respi-
ratory clinician was unable to complete the
online survey before the study closed and
therefore responses from 20/21 (95%) clinicians
were included in the semiquantitative survey.

The sections below describe qualitative and
semiquantitative analyses of the data. Qualita-
tive analysis included AFS activities impacting
prescribing habits and general barriers and dri-
vers of AFS. Semiquantitative analysis of data
included trends in antifungal prescribing habits
over the last 5 years.

Qualitative Analysis

Antifungal Stewardship Activities
with the Largest Impact on Prescribing Habits
Clinicians were asked specific questions to
understand the impact of the AFS program on
prescribing habits (Supplementary Table 1). For
hematology, ICU, and SOT clinicians, the AFS
program was generally thought to have had a
positive impact on antifungal prescribing
habits, resulting in reduced antifungal resis-
tance and cost savings. For both prophylaxis
and treatment, and across all specialties, the AFS
program activity with the largest impact on
prescribing habits was specialist consultations
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at the daily/weekly multidisciplinary team
(MDT) meetings (Table 2).

In the respiratory setting, given the lack of
patients receiving antifungal therapy, the
impact of the AFS program was thought to be
limited to a small subset of patients, and

therefore the overall impact of the AFS activities
was perceived to be minimal.

Factors Influencing the Prescribing
of Prophylaxis and Treatment
Data collected from 42 interview questions were
mapped to 14 TDF domains (Supplemental
Table 1), through which seven TDF domains
were identified as factors influencing appropri-
ate antifungal prescribing and categorized
under general drivers and barriers for each spe-
cialty. TDF domains were then mapped onto
the COM-B model along with interview quotes
from specific clinicians (Supplementary
Table 2). Each quote is followed by a bracket
with letters that indicate the specialty. Spe-
cialty-specific breakdowns of the drivers/barri-
ers by TDF domains are provided in Table 3.

Table 1 Demographic details

Interviewee Role Number of patients
seen/month

Hematology clinicians

1 Consultant 120–130

2 Consultant 120

3 Registrar 260

4 Registrar [ 400

5 Registrar 260

6 Registrar 200

ICU clinicians

1 Consultant 40

2 Consultant 40

3 Consultant 100

4 Consultant 50

5 Registrar 60–70

Respiratory clinicians

1 Registrar 40

2 Consultant 40

3 Registrar 40–55

4 Consultant 60

SOT clinicians

1 Registrar 160–200

2 Registrar 300–400

3 Consultant [ 100

4 Consultant 150–200

5 Consultant 160–260

6 Consultant 80

ICU intensive care unit, SOT solid organ transplant

Table 2 Antifungal stewardship activities with largest
impact on prescribing habits across four specialties

Most
influential
activity

2nd most
influential activity

3rd most
influential
activity

Hematology clinicians

Specialist

consultations

Reviews by

stewardship

teams

Diagnostic

capabilities

ICU clinicians

Specialist

consultations

Reviews by

stewardship

teams

Diagnostic

capabilities

Respiratory clinicians

Specialist

consultations

Diagnostic

capabilities

Bespoke training

SOT clinicians

Specialist

consultations

Diagnostic

capabilities

Reviews by

stewardship

teams

ICU intensive care unit, SOT solid organ transplant
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Five drivers along with two barriers identi-
fied were mapped to the COM-B domains and
are described below in detail as TDF (COM-B).

General Drivers Knowledge (Capability—Psy-
chological) Knowledge of local level guidelines
was used in prophylaxis (in the hematology,
ICU, and SOT settings) and in treatment of
clinically confirmed or suspected fungal infec-
tions (in the hematology and SOT settings). For
ICU clinicians, none of the responses were
associated with this TDF. Respiratory clinicians
did not have local guidelines; hence, knowledge
of prescribing habits gained from medical
training/previous clinical experience played a

key role in prescribing decisions across both the
prophylactic and treatment settings (Q1–Q2).

Memory, Attention, and Decision-Making
(Capability—Psychological) For prophylaxis pre-
scribing habits, the memory of the previous
experience was used to guide respiratory clini-
cians’ prescribing habits. For other specialties,
none of the responses were associated with this
TDF.

Treatment decisions were made through
consideration of several sources of information
such as patient history, DDIs, underlying diag-
nosis, input from microbiology, and initial
diagnostic test results in the absence of a clini-
cally confirmed diagnosis across all specialties
(Q3).

Fig. 2 Trends in prescribing antifungals over the last
5 years. a Use of antifungal therapies over the last 5 years.
b Targeted use of antifungal therapies over the last 5 years.
Participants were asked to answer survey questions on a
scale of 1 to 5: completely agree = 1; somewhat agree = 2;

neither agree or disagree = 3; somewhat agree = 4; com-
pletely agree = 5. Numerical average score of all the
individual scores on the rating scale was calculated for each
question and each specialty. ICU intensive care unit, SOT
solid organ transplant
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Behavior Regulation (Capability—Psychological)
For both prophylaxis and treatment, and across
all specialties investigated, monitoring, audit-
ing, and reviewing of prescribing decisions by
MDT (included microbiologists and pharma-
cists) as a part of AFS program was a key driver
of prescribing appropriateness. Involving MDT
as an essential component of an AFS program
may have positive implications (Q4).

Social Influences (Opportunity—Social) Social
influences was an important behavioral com-
ponent across all specialties. For prophylaxis,
MDT provided input by monitoring the appro-
priateness of therapy (dose/duration) as descri-
bed above. ICU clinicians maintained the
decisions provided by parent team when a

patient (who was already on antifungal therapy)
was transferred to the ICU.

When prescribing for treatment of infection,
specialist consultations at the daily/weekly
MDT meeting was a key driver (more than
published guidelines), especially in ICU set-
tings. For the choice of therapy for treating an
infection, inputs were based on the clinical
scenario and results of available diagnostic tests
across all specialties.

Discussion with the MDT in the daily meet-
ings informed collective decision-making
around prescribing (prophylaxis and treat-
ment). Specifically in respiratory settings where
there are less guidelines, input from the MDT
and senior colleagues had a significant influ-
ence on prescribing behavior (prophylaxis and

Fig. 3 Use of a variety of therapies for prophylaxis and in
the treatment setting. a Use of a variety of therapies for
prophylaxis. b Use of a variety of therapies in treatment
settings. Participants were asked to answer survey questions
on a scale of 1 to 5: completely agree = 1; somewhat

agree = 2; neither agree or disagree = 3; somewhat
agree = 4; completely agree = 5. Numerical average score
of all the individual scores on the rating scale was
calculated for each question and each specialty. ICU
intensive care unit, SOT solid organ transplant
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treatment), particularly for junior clinicians
(Q5–Q6).

Beliefs About Consequences (Motivation—
Reflective) Knowledge of the severity of fungal
infections drives antifungal prescribing (pro-
phylaxis and treatment) in the hematology,
SOT, and ICU settings. Prophylactic prescribing,
in hematology and SOT settings, was more
common given their knowledge of the high-
risk, immunocompromised patients and the
severity of fungal infections. As observed in
responses from the ICU clinicians, MDT meet-
ings had a greater impact and were conducted
more frequently (daily vs. weekly) than in other
specialties.

While treating fungal infections in the
hematology, ICU, and SOT settings, a prefer-
ence was observed for initiating treatment
based on clinical suspicion, which was largely
due to clinicians’ knowledge of patient mortal-
ity/morbidity caused by invasive fungal infec-
tions (IFIs) (Q7–Q9).

Respiratory clinicians in our sample at any
level of experience and seniority had limited
knowledge and experience with IFIs since IFIs
were rarely encountered in their patients.

General Barriers Environmental Context and
Resources (Opportunity—Physical) A lack of access
to certain therapies on the NHS formulary was
generally highlighted as a barrier to prescribing
habits (prophylaxis and treatment) across all
specialties investigated except SOT settings. For
SOT clinicians in prophylaxis prescribing, none
of the responses were associated with this TDF.

For treatment prescribing, several issues were
highlighted concerning diagnostic tests (turn-
around time, accuracy, and in some cases
availability of diagnostics test) which also acted
as a general barrier. In respiratory settings, the
lack of local level guidelines to guide antifungal
prescribing was also perceived as a barrier to
appropriate prescribing (prophylaxis and treat-
ment) (Q10–Q11).

Beliefs About Capability (Motivation—Reflec-
tive) For prophylaxis and treatment prescribing,
a lack of training for situations not encom-
passed by guidelines has been highlighted as a
barrier to prescribing habits, especially by more
junior hematology and SOT clinicians (Q12).

Senior respiratory and SOT clinicians were
more comfortable in prescribing before receiv-
ing all diagnostic information, given their pre-
vious clinical experience. The majority of the
senior SOT clinicians were confident in clinical
capabilities, and prescribed on the basis of their
own clinical experience, even in case of dis-
agreement with the MDT team. For junior res-
piratory clinicians, a lack of belief in their
capability was observed to influence prescribing
habits, as they would typically have to seek
input from more senior clinicians before
deciding on prescribing. For ICU clinicians,
none of the responses were associated with this
TDF.

Semi-Quantitative Analysis

Trends in Prescribing Antifungals Over
the Last 5 Years
Clinicians were administered a survey with
specific questions to understand the trends in
prescribing antifungals over the last 5 years
(Supplementary Table 1). Additionally, the
clinicians’ response to the ‘‘COVID-19 has
influenced how I prescribe antifungal therapies
for prophylaxis on the rating scale over the last
5 years’’ is also explored (Supplemental Fig. 1
under supplemental data).

Use and Targeted Use of Antifungal Thera-
pies Based on the clinicians’ response to ‘‘my
use of antifungal therapies has increased over
the previous 5 years’’, the average score for use
of antifungal therapies was 3.8, 3.8, 4.7, and 4
for hematology, ICU, respiratory, and SOT,
respectively. There was near universal agree-
ment across specialties that the volume of
antifungal therapy had increased over the last
5 years (Fig. 2a) and this may be attributed to
the possible increased awareness/education
around available antifungals (Q13–Q14).

Based on the clinicians’ response to ‘‘my use
of antifungal therapies has become more tar-
geted over the previous 5 years’’, the average
score for targeted use of antifungal therapies
was 3.3, 4, 4.3, and 3.3 for hematology, ICU,
respiratory, and SOT, respectively. This indi-
cates that the use of antifungal therapies is
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perceived to have become more targeted over
the last 5 years, especially by ICU and respira-
tory clinicians (Fig. 2b). ICU clinicians stated
that they now generally focus prophylaxis on
patients at high risk of developing an IFI. The
respiratory clinician stated that antifungal
therapy remains rare, but the choice of therapy
is more targeted. The level of agreement with
the trend varied for hematology and SOT
clinicians.

Additionally, for respiratory clinicians, the
average score was the highest (prophylaxis, 4.7;
treatment, 4.3) among all specialties, indicating
near-complete agreement with the statement
that their use of antifungal therapies increased
over the past 5 years (Fig. 2, Q15–Q16).

Use of a Variety of Therapies for Prophylaxis
and Treatment The average score for ‘‘I use a
greater variety of prophylaxis antifungal thera-
pies now compared to 5 years ago’’ was 4, 4, 3.7,
and 2.8 for hematology, ICU, respiratory, and
SOT, respectively. Clinicians from all specialties
except SOT generally agreed that they used a
wider variety of prophylaxis antifungals when
compared to 5 years ago (Fig. 3a). The general
consensus from SOT clinicians was that when
prescribing for prophylaxis, they favored the
same therapies although new ones were
approved, given their familiarity with the clin-
ical profile (Q17–Q18).

The average score for ‘‘I use a greater variety
of therapies when treating fungal infections
now compared to 5 years ago’’ was 3.8, 4.4, 4.3,
and 4.3 for hematology, ICU, respiratory, and
SOT, respectively. This indicates a universal
agreement across specialties that clinicians were
prescribing a wider variety of therapies, com-
pared to 5 years ago. This increase in the variety
of antifungal therapies prescribed is likely dri-
ven by the additional treatment options avail-
able to clinicians, which are approved for
specific fungal infections (vs. broad-spectrum
treatments) (Fig. 3b, Q19–Q20).

DISCUSSION

Clinicians face several challenges and balance a
range of different patient needs when deciding

to prescribe antifungals for prophylaxis or for
treatment of confirmed/suspected IFIs. In this
study, the effect of an AFS program on anti-
fungal prescribing behavior across four spe-
cialties was assessed using the TDF and COM-B
model. Trends in antifungal prescribing habits
over the last 5 years were also assessed, and the
extent of variability in antifungal prescribing
was determined.

Impactful AFS activities observed in our
study lay within five main TDF domains. For
example, specialist consultations may lie within
the TDF domain of behavior regulation (COM-
B: Capability–Psychological), review by the AFS
team within the TDF domain of social influence
(COM-B: Opportunity–Social), and bespoke
training within the TDF domain of knowledge
(COM-B: Capability–Psychological).

We found several elements regarding the AFS
program, and the behaviors involved in anti-
fungal prescribing. First, our investigation
showed that across specialties, clinicians find
the AFS program very useful in supporting
optimal antifungal prescribing practices. This is
in line with previous research that shows
potential cost-savings in antifungal expenditure
and improving patient management were ben-
efits motivating the implementation of AFS
programs [17]. It is interesting to note that the
AFS program was perceived to be impactful
across the three specialties of hematology, ICU,
and SOT, while for respiratory, where fewer
patients received antifungal therapy, the overall
impact of the AFS program activities was per-
ceived to be more limited.

Second, we found seven TDF domains influ-
encing antifungal prescribing decisions, identi-
fying five key drivers (behavior regulation;
social influences; knowledge; beliefs about
consequences; and memory, attention, and
decision-making) and two barriers (environ-
mental context and resources, and belief in
capabilities). While drivers and barriers of AFS
have not been identified earlier, previous stud-
ies on antimicrobial prescribing have found
similar results. For example, a study conducted
in Australia identified nine key domains that
influenced delayed antibiotic prescribing
including memory, attention, and decision-
making processes; beliefs about consequences;
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and social influences were also identified as key
influencers for prescribing [25]. Furthermore, in
a study conducted in 12 hospitals in Qatar,
environmental context and resources, and
social influences were identified as useful barrier
targets for behavior change interventions to
improve antimicrobial prescribing habits [26].

Third, we found the key driver was collective
decision-making among the MDT while the key
barriers are lack of access to certain therapies on
the NHS formulary and diagnostic capabilities
(turnaround time, accuracy, and in some cases
availability of diagnostics test). Our findings are
in line with another recent study from Australia
that identified the same driver and barrier [21].
A study from our institution was performed
between 2013 and 2015 to assess the impact of
the introduction of a new diagnostic pathway
involving galactomannan and aspergillus PCR
[27]. Despite availability of diagnostic tests
during this prior study, uncertainty about their
accuracy is suggested such that hematologists
often ignored negative serum galactomannan
and PCR results (i.e., they continued treatment
anyway) but believed positive bronchoalveolar
lavage (BAL) galactomannan results (when
therapy was typically switched from liposomal
amphotericin B to voriconazole [15]). While
Martinelli et al. did not assess turnaround
time [27], it was later recognized as being pro-
longed by Micallef et al. [17]. Diagnostic capa-
bilities were identified as a barrier to antifungal
prescribing in the current study.

Fourth, we found that the use of antifungal
therapies at CUH was reported to have
increased over the last 5 years across all spe-
cialties interviewed with more targeted instead
of broad-spectrum prescribing of antifungal
prophylaxis, especially for ICU and respiratory
clinicians, but less so for SOT clinicians. Fur-
thermore, our explorations show that the pre-
scribing habits of ICU clinicians were affected
by COVID-19; however, other specialties were
less affected.

This study has several strengths. First, the
AFS program at CUH is well established with a
number of studies describing its outcomes and
successes [5, 12, 14, 15] and provides a good
sample for this qualitative study assessing the
impact of the AFS program in the context of a

behavior change framework. The drivers and
barriers identified by this TDF-based assessment
of program impact may extend to similar
healthcare settings. Second, both semiquanti-
tative and qualitative approaches were used to
understand influences (drivers and barriers) on
antifungal prescribing behavior, with a theory-
driven approach to clarify core factors that may
be targeted in interventions to support appro-
priate antifungal prescribing. Third, clinicians
were from four different clinical specialties,
selected on the basis of high antifungal pre-
scription rates. The factors we identified may be
targeted most successfully in multispecialty
healthcare settings involving clinicians from
different specialties, owing to the ease of
knowledge sharing in such circumstances.

Our study had some limitations. First, sam-
ple sizes were limited; hence, this study may not
reflect the overall prescribing behavior of prac-
ticing clinicians. Second, clinicians in this study
were recruited from a single multidisciplinary
hospital and local norms may differ elsewhere.
Future studies comparing the TDF domains and
behavioral factors identified across multiple
hospitals would strengthen the analysis of dri-
vers and barriers for antifungal prescribing
behavior. Third, as inherent with all qualitative
research, our interviews were restricted to those
clinicians who agreed to participate, which may
reflect a group that is more interested in and
well informed about IFIs in the immunocom-
promised population. Social desirability bias
may have occurred, since participants may have
responded in a manner viewed as favorable by
the interviewer.

Possible Implications for Clinicians
and Policymakers

Recently, consensus guidelines for AFS, surveil-
lance, and infection prevention have high-
lighted knowledge, local guidelines, and
education as some of the essential components
and key interventions of an AFS program [28].
However, successful implementation of AFS
requires an understanding of the drivers and
barriers of prescribing behaviors to improve
antifungal prescribing. Previous work has
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supported use of an MDT as part of AFS pro-
grams to improve patient management [15] and
our findings reveal that clinicians themselves
find that MDT and dedicated AFS teams are
among the most impactful elements of an AFS
program. This suggests that the key to successful
AFS program implementation is the optimal use
of resources balancing staff time and expertise.
Similarly, while previous work did not find
benefit in teaching events and e-learning pro-
grams for AFS [17], clinicians reported that
bespoke training is impactful. This suggests that
limited resources may be allocated less on
‘‘classroom-type’’ general training activities and
more on facilitating MDT and dedicated AFS
team interactions to share expertise.

CONCLUSION

Understanding the basis for the linked clini-
cians’ prescription behaviors for identified dri-
vers and barriers may inform interventions for
AFS programs to optimize antifungal prescrib-
ing behaviors. We believe that discussions in
MDT meetings can sustain behavior change and
improve clinicians’ antifungal prescribing. The
principles applied here may be generalizable to
a range of other multispecialty healthcare
centers.
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