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Antifungal stewardship (AFS) programs are key to optimizing antifungal use and improving outcomes in patients with invasive
fungal infections. Our systematic literature review evaluated the impact of diagnostics in AFS programs by assessing
performance and clinical measures. Most eligible studies were from Europe and the United States (n= 12/17). Diagnostic
approaches included serum β-1–3-D-glucan test (n/N studies, 7/17), galactomannan test (4/17), computed tomography scan (3/
17), magnetic resonance (2/17), matrix-assisted laser desorption and ionization time-of-flight mass spectrometry (MALDI-TOF
MS; 2/17), polymerase chain reaction (1/17), peptide nucleic acid fluorescent in situ hybridization (PNA-FISH) assay (1/17),
and other routine methods (9/17). Time to species identification decreased significantly using MALDI-TOF and PNA-FISH
(n = 2). Time to targeted therapy and length of empiric therapy also decreased (n= 3). Antifungal consumption decreased by
11.6%–59.0% (7/13). Cost-savings ranged from 13.5% to 50.6% (5/10). Mortality rate (13/16) and length of stay (6/7) also
decreased. No negative impact was reported on patient outcomes. Diagnostics-driven interventions can potentially improve AFS
measures (antifungal consumption, cost, mortality, and length of stay); therefore, AFS implementation should be encouraged.
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Global estimates reveal that≥3 million individuals are infected

by severe fungal infections, and mortality associated with fun-

gal disease is .1.6 million annually [1]. Invasive fungal infec-

tions (IFIs), a potential clinical problem particularly in the

immunosuppressed population, are associated with significant

morbidity, mortality, and increased health care costs [2].

Moreover, patients with severe influenza, coronavirus disease

2019 (COVID-19), liver cirrhosis, chronic obstructive pulmo-

nary disease, long period of intensive care unit (ICU) stay,
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and those receiving biological therapies and/or corticosteroids
are also identified at risk for IFI [3]. Fungal disease poses a con-
siderable economic burden, with $7.2 billion spent in the
United States in 2017 alone [4].

Initiation of appropriate antifungal therapy (AFT) is a key
factor for the successful management of IFI [5]. Considering
that antifungal drug classes are limited compared with anti-
bacterial, judicious use of antifungals is necessary for appro-
priate treatment of IFIs [6]. Appropriate AFT could be
limited by cost, toxicity, availability, and affordability [2].
With the increasing need to optimize AFT, many institutions
have now recognized the importance of multidisciplinary an-
tifungal stewardship (AFS) approaches [7]. Although AFS, an
emerging component of antimicrobial stewardship (AMS),
has similar goals and core elements to optimize and guide
therapy, it differs in its unique complexities [2, 8]. These in-
clude difficulties in diagnosis, lack of consensus on manage-
ment and de-escalation methodologies, as well as limited
antifungal resistance reporting [2]. However, there are very
few AMS programs integrating AFS and even fewer dedicated
AFS programs [9].

AFS programs aim to optimize antifungal use, limit antifun-
gal resistance, and improve outcomes for patients [5], which re-
lies on early, accurate diagnosis of IFIs and identification of the
causative fungal pathogens [10]. Lack of effective and rapid
fungal diagnostics may fail to detect infection and potentially
delay targeted treatment, leading to overexposure to potentially
toxic antifungal agents and increasing the risk of antifungal re-
sistance, thereby resulting in poor patient outcomes [10].While
conventional approaches including direct microscopy, histo-
pathology, and culture methods remain the gold standard for
IFI diagnosis; low sensitivity and long turnaround time
(TAT) delay appropriate therapy, resulting in prolonged
empiric treatment [10]. Several studies have highlighted the
potential of fungal biomarkers such as galactomannan
(GM) and (1–3)-β-d-glucan (BDG) and molecular assays
such as polymerase chain reaction (PCR) for the diagnosis
and management of IFIs [11–13]. Other non-culture-based
diagnostic techniques including miniaturized magnetic reso-
nance (MR)–based technology [14], peptide nucleic acid fluores-
cent in situ hybridization (PNA-FISH) [15], and matrix-assisted
laser desorption and ionization time-of-flight mass spectrometry
(MALDI-TOF MS) [16] enable rapid species identification.
Additionally, use of artificial intelligence andmachine learning al-
gorithms in AFS have the potential to facilitate IFI diagnosis [17].
Timely and accurate diagnosis can aid stewardship efforts
and facilitate AFS outcomes to attain maximal impact and save
resources [5].

Recommendations to improve AFS include driving clinical
knowledge and awareness on fungal infections, access to anti-
fungals, and effective diagnostic approaches and reporting on
these parameters intrinsic to AFS [2, 18]. To address these

recommendations with supportive evidence, we report the
findings of a systematic literature review (SLR) that evaluated
the role of diagnostics in AFS programs and its impact on the
management of IFIs.

METHODS

Search Strategy

Systematic searches of PubMed and EMBASE were per-
formed to identify studies that utilized both an AFS and a di-
agnostic approach (either as a test or recommendation)
between the period January 2010 and January 2021, during
which there was more emphasis on AFS and diagnostic-
driven treatments. Search terms included invasive fungal
disease, invasive fungal infection, invasive aspergillosis, in-
vasive candidiasis, invasive mold infection, invasive mold
disease, candidemia, candiduria, candidosis, mucormycosis,
antifungal or antimicrobial stewardship. Additionally, a
manual search of the reference lists of relevant articles was
conducted.

Inclusion and Exclusion Criteria

Inclusion criteria for studies: study involved an AFS program
(independent or part of AMS) and evaluated patients with
IFI indication; diagnostic approach was included; studies had
≥2 defined outcomes of interest including time to targeted
therapy, antifungal consumption, de-escalation or discontinu-
ation, length of therapy, mortality, hospital length of stay
(LOS), cost-effectiveness, and other outcomes such as inci-
dence of infection, clinical failure, and adverse events (AEs).
Review articles, conference abstracts, and non-English-

language articles were excluded.

Study Selection and Data Extraction

Relevant studies were identified based on a title and abstract
screening done independently by 2 researchers, followed by a
full-text review of the shortlisted studies. Data from the eligible
studies were extracted in an Excel spreadsheet as follows: study
details (year of publication, region, country, patient population,
study setting, study design, and study period), organism or con-
dition, performance measures (including diagnostic approach,
TAT, time to targeted therapy, antifungal consumption, anti-
fungal cost-savings, de-escalation or discontinuation, and
length of therapy), clinical measures (including mortality and
LOS), and other miscellaneous outcomes (rate of 60-day clini-
cal failure, overall AE incidence, incidence of hospital-acquired
candidemia, and prevalence of Candida species). Any disagree-
ments on inclusion were resolved by discussion with a third
researcher.

Synthesis of Results

This SLR followed the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) methodology [19]. The
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data from the studies were summarized using a narrative syn-
thesis approach based on a qualitative analysis, and no statisti-
cal methods were used.

RESULTS

Data Extraction

A total of 422 articles were identified from literature searches,
and only 63 articles were considered for full-text assessment.
Of these, 17 articles that fulfilled all eligibility criteria were in-
cluded in the SLR [20–36]. A PRISMA flowchart of search re-
sults summarizing the study selection process is illustrated in
Figure 1.

Study Characteristics

The majority of the eligible studies were conducted at a single
center, such as tertiary care hospitals and university hospitals,
and were from Europe (n= 8) and the United States (n= 4),
while a few were identified from Asia (Japan, n= 4; Thailand,
n= 1). These studies (n/N, 9/17) evaluated AFS interventions
using routine methods including blood culture (BC), manual
solid media culture (CHROMagar Candida), manual yeast
identification system (Analytical Profile Index [API] 20C),
and automated, growth-based platforms (VITEK2 system).
Additionally, other diagnostic tools used were BDG test (7/
17), GM test (3/17), computed tomography (CT) scan (3/
17), magnetic resonance (T2Candida Panel, T2CP, 2/17),
MALDI-TOF mass spectrometry (2/17), PCR (1/17), and
PNA-FISH assay (Yeast Traffic Light, 1/17). While a total of
11 studies were based only on Candida-related indications
[21–23, 25, 27, 28, 30–32, 34, 35], other studies (n= 6) were
based on ≥1 indication involving different fungal pathogens
(including Aspergillus, Cryptococcus, Histoplasma, etc.) with-
out data stratification for different species [20, 24–26, 29, 33, 36].
Additionally, 11 studies utilized pre- andpostinterventionmethods
to evaluate the impact of AFS programs [21, 23–27, 31, 33–36].
Study settings/design and diagnostic approaches are summarized
in Tables 1 and 2, respectively. The impact of diagnostics on AFS
intervention was qualitatively analyzed by clinical and perfor-
mance measures, as summarized in Table 2.

Performance Measures
Turnaround Time

A total of 4 studies evaluated TAT for diagnostic results [22–
24, 36]. Hare et al. reported a median TAT (interquartile range
[IQR]) of 4 (2–6) days with once-weekly BDG testing imple-
mented for managing antifungal use in patients with IC in a
critical care unit. The study did not report any observed im-
pact on antifungal consumption [22]. Whitney et al. reported
a median (IQR) TAT of 13 (11–17) days for BDG and 12 (9–
14) days for GM with samples sent to the national reference
laboratory. Both tests were used for confirming diagnosis in
patients at risk of IFI and receiving AFT. The study reported

an initial decrease in antifungal consumption and cost during
the early years, which steadily increased during the later peri-
od [36]. Importantly, Huang et al. reported a significant re-
duction in time to species identification and, hence, shorter
TAT in the intervention group using MALDI-TOF compared
with VITEK2 (55.9 vs 84.0 hours; P, .001), which were used
for identification of yeasts in patients with bloodstream infec-
tions (BSIs). Use of MALDI-TOF combined with real-time
AMS intervention resulted in significantly improved overall
survival in the intervention group [24]. Likewise, Heil et al. re-
ported significantly reduced time to species identification in
the postimplementation group with Yeast Traffic Light
PNA-FISH compared with CHROMagar Candida (0.2 vs 4
days; P, .001) in hospitalized patients with candidemia.
The tests were used to evaluate utility in species identification,
time to therapy, and time to culture clearance.
Implementation of PNA-FISH as part of the AMS protocol de-
creased time to targeted AFT and time to culture clearance
(Table 2) [23].

Time to Therapy

Time to targeted or appropriate therapy was reported by 3/17
studies [23, 24, 28]. Patch et al. evaluated the impact of T2CP
on appropriate antifungal use and demonstrated a significant
reduction in mean time to appropriate therapy (from the
time of blood drawn in T2Candida-positive patients; 6 hours)
as compared with BC (from the time the first positive BC was
drawn; 34 hours; P= .0147). This led to appropriate utilization
of antifungals in patients with candidemia [28]. In an AMS
study reported by Huang et al., there was a nonsignificant de-
crease in time to starting effective therapy (ie, time from BC
draw to administration of the first antimicrobial per microbiol-
ogy report; 45.6+ 32.0 vs 68.6+ 74.4 hours) and time to com-
pleting optimal therapy (ie, time from BC draw to the time to
appropriate therapy, which included de-escalation and discon-
tinuation of antimicrobials; 50.9+ 28.2 vs 57.1+ 60.9 hours)
in the intervention group with the use of MALDI-TOF and
real-time clinical decision support software compared with
the pre-intervention group using conventional methods (with-
out real-time support) for yeast-specific outcomes in patients
with candidemia. These were further associated with a nonsig-
nificant reduction in ICU LOS and 30-day mortality in the in-
tervention group. However, a significant reduction in time to
effective and optimal therapy was noted for pooled outcomes
(bacteria and yeast) and associated with significant reduction
in ICU LOS and mortality [24]. Heil et al. demonstrated that
use of the Yeast Traffic Light PNA-FISH assay in the imple-
mentation group resulted in a significant mean time to targeted
therapy reduction (ie, time from positive BC to administration
of targeted AFT) compared with CHROMagar Candida and
API 20C (0.6 vs 2.3 days; P= .0016) in the pre-implementation
group. This led to a significant decrease in the time to culture
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clearance in the implementation group (P= .01) for hospital-
ized patients with candidemia (Table 2) [23].

Antifungal Consumption and Potential Cost-Savings

Ten studies reported a reduction in antifungal consumption as
a result of stewardship interventions [20, 21, 25, 27–30, 32, 33,
35]. Of these, 7 studies demonstrated a reduction ranging from
11.6% to 59.0% [20, 21, 25, 27, 29, 30, 33]. Decrease in antifun-
gal cost was reported by 10 studies [20, 21, 23, 25, 26, 28, 30, 31,
33, 35], of which 5 studies demonstrated a cost-savings ranging
from 13.5% to 50.6% (Table 2) [26, 30, 31, 33, 35]. Alfandari
et al. reported a cost-savings of €2 million within 7 years
(2005–2012) [20]. Three other studies reported individual cost-

savings of $31 615 over 18 months [21], $48 400 over 8 months
[28], and $138 991 annually [25]. Interestingly, Heil et al. demon-
strated a cost-saving of US$415 per patient based on switching
from a more expensive echinocandin therapy to fluconazole ther-
apy and reduced mean time to targeted therapy in the postimple-
mentation group [23]. Likewise, Machado et al. reported less use
of caspofungin (21.2% vs 6.2%; P= .002) and higher use of flucon-
azole (18.8% vs 45.5%; P, .001) in the postintervention group
with AFS, complemented with BDG, which aimed to evaluate an-
tifungal adequacy and management in hospitalized patients with
solid tumor or solid organ transplantation and receiving systemic
AFT [26]. Both studies highlighted the importance and benefit of
early de-escalation to lower-spectrum antifungals.
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Length of Antifungal Therapy, De-escalation, and Discontinuation

A decrease in the length of empiric AFT in the postinterven-
tion group complemented with diagnostic results was report-
ed in 3 studies [26, 28, 32]. Additionally, Samura et al.
reported a significant reduction in the overall median dura-
tion of therapy (P, .001) with the AFS approach supported
by BC assessment in hospitalized patients with candidemia
(Table 2) [31].

Notably, antifungal treatment discontinuation was demon-
strated in 7 studies in this review. Apisarnthanarak et al. reported
a significant decrease in inappropriate antifungal use in the post-
intervention period compared with the pre-intervention period
(24% [98/412] vs 71% [493/694]; P, .001) in hospitalized pa-
tients with candidiasis [21]. Machado et al. demonstrated that
BDG testing facilitated treatment discontinuation in 46.7% of
patients (35/75) without IFI receiving systemic AFT. Patch
et al. reported discontinuation of empirical AFT in 58.4%
(101/173) of patients with candidemia [28], and Steuber et al.
demonstrated antifungal discontinuation in 46.7% (105/225) of
patients with candidemia due to negative T2CP [32].
Rautemaa-Richardson et al. reported treatment discontinuation
in 64.1% (25/39) and 31% (9/29) of ICU patients with invasive
candidosis in 2014 and 2016, respectively, based on negative
BC and/or BDG results [30]. Valerio et al. reported antifungal
discontinuation and de-escalation in 7.1% (32/453) and 17.4%
(79/453) of patients receiving systemic AFT for IFI, respectively
[33]. Whitney et al. revealed a significant rate of de-escalation in
the postimplementation group (87%, 26/30) compared with pre-
implementation (50%, 2/4; P= .004) based on diagnostic results
in patients at risk of IFI receiving inappropriate AFT. Antifungal
prescriptions were discontinued for 62% of patients (86/138)
without IFI in the postintervention period compared with 44%
(8/18) in pre-implementation period (Table 2) [36].

Clinical Measures
Mortality

Twelve studies reported improvement in mortality-associated
outcomes in the postintervention groups, but none were statisti-
cally significant [20–23, 25–29, 33, 35, 36]. Additionally, Huang
et al. demonstrated a nonsignificant decrease in 30-day all-cause
mortality usingMALDI-TOF for yeast-specific outcomes (17.7%
vs 33.3%) in patients with candidemia. However, the reduction
was significant for overall mortality (both bacteria and yeasts;
P= .021) (Table 2) [24].

Hospital Length of Stay

Six studies reported reduction in hospital LOS outcomes, and 5
of them demonstrated a nonsignificant decrease due to AFS in-
terventions [22–24, 28, 32]. Whitney et al. indicated a signifi-
cant decrease in LOS in patients without infection compared
with those with proven or probable IFI (30 vs 47 days; P,
.0001) (Table 2) [36].

Other Outcomes

The rate of 60-day clinical failure (including a switch of anti-
fungal agent due to low efficacy or AEs, persistence of candide-
mia, and death due to infection within 60 days) significantly
decreased in the postintervention group from 80.0% to 36.4%
(P, .001), with a significant decrease in the overall incidence
of adverse events (51.4% vs 13.6%; P= .004) in patients with
Candida BSI as reported by Ito-Takeichi et al. [25]. Machado
et al. demonstrated an improved AF adequacy score with serum
BDG testing in the postintervention period (mean, 7.75 vs 9.29;
P, .001) among patients with solid tumor or solid organ trans-
plantation who were receiving systemic AFT [26]. Additionally,
Martín-Gutiérrez et al. reported a significant decrease in
hospital-acquired candidemia during the study period, with a
low rate of fluconazole resistance [27]. In contrast,
Kawaguchi et al. reported a higher prevalence of nonmajor
Candida species (C. rugosa, C. guilliermondii, C. lusitaniae,
and other isolates) in the intervention period in patients with
candidemia (7.1% vs 8.5%; P= .04) (Table 2) [35].

DISCUSSION

Considering that AFS is a relatively new concept [8], studies fo-
cused on AFS outcomes are lacking. While most of the imple-
mented AFS models aim to review and limit inappropriate
antifungal prescriptions [9, 37], encourage education and bed-
side interventions [38], and evaluate care bundle implementa-
tion [39, 40], there is a paucity of studies on diagnostic-based
AFS interventions and their impact on quality of care. This
SLR demonstrated that such AFS interventions aid in improv-
ing both performance and clinical measures. As identified in
this SLR, the majority were single-center studies from Europe
and the United States. Serum BDG testing was most frequently
used, followed by the GM test. Importantly, a marked reduction
in antifungal consumption and increased cost-savings were
noted. The time to targeted therapy and length of empiric ther-
apy improved across 3 studies, while treatment discontinuation
and/or de-escalation of inappropriate or empiric therapy was
observed in 7 studies. Mortality improved in 13 studies, and
LOS decreased in 6 studies.
The primary goal of AFS programs is to optimize AF therapy

and patient outcomes throughmonitoring appropriate antifun-
gal prescribing and duration of therapy [41–43]. Inappropriate
use of antifungals is often associated with high cost, potential
toxicity, drug interaction, and increased drug resistance [44].
Notably, the diagnostics-driven AFS initiatives used in the
majority of studies in this SLR demonstrated cost-savings and
reduced antifungal consumption. Decreased antifungal con-
sumption due to early targeted therapy, decreased duration of
therapy, and discontinuation or de-escalation of empirical
treatment were identified as factors attributing to the cost-
savings [9]. Even non-diagnostic-driven AFS studies have
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demonstrated reduced antifungal usage and cost [35–37, 45].
Moreover, one of the studies included in this SLR also reported
a low rate of fluconazole resistance and reduced hospital-
acquired candidemia during a comprehensive 9-year AMS pro-
gram, which may be explained by reduced antimicrobial pres-
sure [27]. Overall, these findings highlight the potential of AFS
strategies to reduce unnecessary expenditure associated with
empiric or preemptive AFT by optimal antifungal use as well
as reducing the risk of emerging antifungal resistance.

Although there was no significant impact on mortality, it is
worth mentioning that a decrease in mortality was observed
in the postintervention groups among most of the studies in
this SLR. Notably, Vena et al. demonstrated a significant reduc-
tion in 14- and 30-day mortality in patients with candidemia in
a well-structured AFS program with a systematic bundle ap-
proach [40]. Additionally, no significant impact on hospital
LOS was observed in the studies; however, LOS decreased in
6 studies, which is encouraging considering the high health
care costs (including AFT and ward cost) associated with IFIs
[44]. A potential explanation for most studies not achieving stat-
istical significance in outcomes including mortality and LOS
could be low patient numbers (n, 150 in 6/10 studies),
crude mortality outcomes being considered rather than
AFS-attributable mortality, and unequal size of pre- and postin-
tervention arms. Moreover, clinically relevant outcomes includ-
ing resistance rates and infection-related or all-cause mortality
are considered secondary outcomes because studies are typically
underpowered to detect significant changes in these outcomes.
Importantly, the majority of AFS studies analyzed achieved the
target of optimizing antifungal use without any negative impact
such as increasing proven IFIs or mortality. Overall, these results
demonstrate the safety of diagnostics-driven AFS approaches.

Integrating rapid diagnostic tests (RDTs) into AFS programs
may enable faster TATs of results, leading to earlier initiation of
appropriate therapy and improving clinical outcomes [46].
Several techniques such asCandida albicans germ tube–specific
antibody (CAGTA; for diagnosing deep-seated candidiasis)
[47], multiplex PCR assay [48], and lateral-flow immunoassay
[49, 50] have faster TATs and provide rapid diagnosis.
Another SLR comprising 3 additional studies (besides Heil
et al. and Huang et al., which are included in the current re-
view) assessed the impact of RDTs and real-time clinical deci-
sion support on AFS goals for IC [51]. The additional studies
employed various RDTs including T2MR (T2CP), rapid multi-
plex PCR (FilmArray Blood Culture ID Panel), MALDI-TOF,
and PNA-FISH (AdvanDx) [52–54]. Overall, that review high-
lighted real-time AFS efforts combined with RDTs that resulted
in optimal antifungal use, improved mortality, and reduced
health care costs for IC [51].

The lack of access and availability of rapid diagnostic tools is
limiting. This SLR demonstrated wider use of serum BDG and
GM tests for diagnosis compared with other RDTs for fungal

species identification such as MALDI-TOF, T2MR (T2CP),
and PNA-FISH (AdvanDx). Another study evaluating diagnos-
tic capacity in UK laboratories revealed that 49% (33/68) of lab-
oratories performed microscopy from specimens or cultures as
the first line of examination. Other diagnostic methods used
were MALDI-TOF (83%, 57/69), the VITEK2 system (43%,
30/69), API identification (32%, 22/69), chromogenic agar
(65%, 45/69), and molecular sequencing [5]. A recent report
from the Fungal Diagnostic Laboratory Consortium in North
America identified several gaps in fungal diagnostic capacity
across clinical laboratories, including the need for optimal di-
agnostic approaches [55]. These findings suggest a lack of stan-
dardized diagnostic algorithms across clinical laboratories.
Another major limitation associated with commercial assays

like the BDG tests includes analysis of multiple samples in
batches, as reported by several studies [56, 57]. This impacts
timely and effective reporting and communicating test results
with physicians. In the current SLR, Hare et al. reported a lon-
ger median TAT (IQR) of 4 (2–6) days for once-weekly BDG
testing for optimizing antifungal usage in patients with IC in
critical care, and which subsequently did not reduce antifungal
consumption [22]. Interestingly, another study demonstrated
that using twice-weekly in-house BDG testing for IC diagnosis
impacted therapeutic decisions in 57% (41/72) of ICU patients.
The impact was positive (including AF abstention, interrup-
tion, initiation, and continuation) in 73% (30/41) of patients.
Notably, a median TAT of 2 working days was observed in
the study (TATmight have further prolonged due to weekends)
[56]. Diagnostic approaches promoting batch testing of sam-
ples for cost-effective measures lead to delayed TAT, thereby
limiting potential time-saving benefits of rapid diagnostics
for IFIs [57]. Additionally, many laboratories lack in-house/on-
site testing facilities and outsource samples to a reference cen-
ter. The additional time required for transport of samples adds
to the TAT, thereby limiting the targeted therapy initiation and
prolonging the length of inappropriate therapy, thus leading to
poor clinical response. In this SLR, Whitney et al. aimed to op-
timize antifungal prescribing in patients with IFI with the use of
GM and BDG and revealed a longer median TAT for both tests
(,2 weeks) as samples were transported to a reference laborato-
ry, without any major change in overall antifungal consumption
and cost [36]. A recent UK-based survey revealed that outsourc-
ing was prevalent for non-culture-based diagnostic tests includ-
ing serum BDG and GM tests [5]. Taken together, these findings
suggest the urgent need to close such diagnostic gaps by improv-
ing local infrastructure and capabilities.
This SLR identified more prevalent AFS implementation in

resource-rich regions such as the United States and Europe
and limited or lack of studies in Asia and other developing
countries (including from Africa and Latin America), which
is corroborated by other studies from the Asia Fungal
Working Group [58, 59]. These studies have highlighted the
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lack of AFS programs and diagnostic challenges associated with
appropriate management of IFI [58, 59]. Likewise, a recent sur-
vey from Latin America and the Caribbean identified the lim-
ited scope for diagnostics across laboratories for fungal
identification [60]. The lack of fungal diagnostic capabilities
in these regions underscores the need for implementing appro-
priate AFS strategies and building laboratory capabilities in
resource-limited clinical settings.

Despite the increasing focus onmanagement of IFIs, only a few
studies on AFS programs have assessed and reported relevant
outcomes on quality of care. There is an urgent need for well-
designedAFS studies supported by evidence-based recommenda-
tions. Adopting amultifaceted, standardized approach and estab-
lishing an appropriate core set ofmetrics to evaluate the impact of

AFS on outcomes would be key to a successful stewardship pro-
gram [8, 43, 44, 61, 62]. A list of proposed metrics or measures as
identified across studies is summarized in Table 3.
The current SLR has certain limitations. Limited evidence

was available to evaluate diagnostic-driven AFS interventions,
with few studies with pre- and postintervention approaches.
Considering the heterogeneity of studies, direct comparison
across studies was not possible due to variability in AFS initia-
tives, study methodologies, and outcomes analyzed, and hence
the data must be interpreted accordingly. Most studies
were conducted at single centers with small patient numbers
(n, 150). Considering that most of the studies focused on
Candida diagnosis, adequate evidence on diagnostic setup and
challenges for other fungal pathogens may not have been pre-
sented. Additionally, studies with .1 indication or pathogen
did not stratify reported outcomes based on included species,
and therefore separate analysis of outcomes based on species
was not feasible. In the absence of appropriate control groups,
it is also difficult to fully ascertainwhether the benefits in report-
ed outcomes may be attributed to diagnostic tests used in com-
bination with AFS initiatives compared with the tests alone.
Finally, this review is not supported statistically, and therefore,
caution is required before drawing definitive conclusions.

CONCLUSIONS

This SLR provides crucial evidence on the potential of AFS ini-
tiatives to implement diagnostic approaches that improve clin-
ical and economic outcomes for patients. Implementation of
appropriate diagnostic tests yielding results 24 hours every
day should be fostered to support timely and appropriate
AFT. Additionally, AFS programs must focus on clinical indi-
cators to show improvement in patient outcomes, in addition
to achieving the cost-savings associated with decreased antifun-
gal consumption. The current review also identified a gap in
implementing and reporting AFS in developing countries. Of
note, access to advanced diagnostic techniques is a major chal-
lenge in developing countries and remains a potential issue to
be addressed. Considering that AFS studies did not demon-
strate any negative impact on patient outcomes, AFS initiatives
should be encouraged across countries.
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Table 3. List of Proposed Metrics for Measuring the Impact of AFS [2, 43,
44, 61]

Outcome Proposed Metrics

Antifungal consumption • DDD/1000 patient-d
• Days of therapy/1000 patient-d
• Length of therapy

Antifungal prescribing
quality

• Number of patients reviewed
• Number of antifungal prescriptions reviewed
• Number of treatment modifications
recommended

• Appropriate choice of antifungal agent
• Appropriate route of administration
• Appropriate start and maintenance dose
• Intravenous-to-oral conversion
• Therapeutic drug monitoring
• De-escalation of empiric therapy
• Discontinuation of empiric therapy
• Appropriate duration of therapy
• Antifungal prescribing errors
• Adherence with evidence-based guidelines
• Time to targeted/optimal therapy

Diagnosis • Appropriate diagnostic test used
• Turnaround time for results
• Follow-up cultures until negative result

Microbiological • Causative organisms/species
• Antifungal resistance
• Time to microbiological clearance

Clinical • Incidence of IFI
• IFI-related mortality
• Recurrent infection
• Hospital LOS
• Rate of clinical failure

Cost • Antifungal prescription cost
• Diagnostic cost
• Other AFS implementation cost
• Total cost-savings compared with
pre-intervention period

Abbreviations: AFS, antifungal stewardship; DDD, defined daily dose; IFI, invasive fungal
infections; LOS, length of stay.
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