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ABSTRACT

Objective: This scoping review aimed to characterize antimicrobial stewardship (AMS) inter-
ventions in transplant recipients, compare antibacterial, antifungal, and antiviral steward-
ship strategies, summarize clinical and economic outcomes, and identify knowledge gaps
relevant to health policy.

Materials and Methods: The study was conducted according to the Joanna Briggs Institute
methodology and reported in accordance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses Extension for Scoping Reviews (PRISMA-ScR) guidelines. Original
research articles published between January 2015 and March 2025 were identified through
searches of the PubMed, Scopus, and Web of Science databases. Data were synthesized using
thematic analysis.

Results: Fifteen studies published between 2017 and 2025 were included. Thematic analysis
categorized the interventions into the following domains: intervention structure, individ-
ualized strategies, diagnostic management, clinical and economic outcomes, comparative
findings by population and transplant type, and implementation barriers. All studies includ-
ed an antibacterial stewardship component (100%), whereas antifungal (20%) and antiviral
(7%) interventions were comparatively limited. Interventions were primarily implemented
as guideline-based optimization and prospective audit-and-feedback models. Infectious dis-
ease specialists participated in 87% of the studies, while clinical pharmacists were involved
in 33%. Clinical effects were predominantly reported using process indicators. A reduction
in antimicrobial treatment duration (47%) and improved guideline adherence (33%) were the
most frequently reported outcomes. Studies evaluating mortality and graft survival were
limited (27%), and most did not demonstrate significant differences. Economic outcomes
were reported in 73% of the studies, with program-level cost reductions ranging from 20%
to 40%. The most common implementation barriers were high resource requirements and
heterogeneity of guidelines.
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AMS in Transplant Recipients

Conclusion: Antimicrobial stewardship practices in transplant recipients are primarily fo-
cused on antibacterial management and are associated with improvements in short-term
process indicators. However, evidence regarding long-term clinical outcomes and antifungal
and antiviral stewardship practices remains limited. Developing transplant-specific, multi-
disciplinary, and sustainable AMS models is essential for antimicrobial resistance control

and patient safety in this high-risk population.

Keywords: Antimicrobial stewardship, transplantation, solid organ transplantation, he-
matopoietic stem cell transplantation, policy, scoping review

INTRODUCTION

olid organ transplantation (SOT) and hemato-

poietic stem cell transplantation (HSCT) are

treatments that prolong survival and improve
quality of life in patients with end-stage organ fail-
ure and hematologic malignancies respectively (1).
However, the intense and prolonged immunosup-
pression required in these patients renders them
highly susceptible to bacterial, fungal, and viral
infections. Consequently, infections remain a lead-
ing cause of morbidity, mortality, and graft loss in
transplant recipients (2).

The use of broad-spectrum and empiric antimicro-
bials is quite common in transplant patients. While
this approach provides short-term convenience
for clinicians, it also leads to the selection of mul-
tidrug-resistant (MDR) microorganisms, drug-re-
lated toxicities, and increased financial burden
on the healthcare system (3). The management of
opportunistic pathogens, particularly cytomegalo-
virus (CMV), BK virus (BKV), and Aspergillus spp., is
critical for patient survival (4).

Antimicrobial stewardship programs are one of the
most effective strategies for combating antimicro-
bial resistance. Antimicrobial stewardship aims to
prevent the development of resistance, improve
clinical outcomes, and reduce costs by promoting
appropriate antimicrobial use. These programs
include multicomponent interventions such as
guideline-based optimization, prospective audit
and feedback, allergy label review and delabeling,
diagnostic management, dose individualization,
and healthcare professional education (5). How-
ever, transplant patients present unique challenges
in implementing AMS due to their fragile immune
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status, atypical infection patterns, drug-drug inter-
actions, and pharmacokinetic uncertainties, partic-
ularly in pediatric patients (6).

Antimicrobial resistance is not only a clinical issue
but also a global health policy issue. The World
Health Organization (WHO) called for all countries
to take strategic steps through its Global Antimi-
crobial Resistance Action Plan published in 2015 (7).
However, existing national plans have not system-
atically defined AMS practices specific to transplant
recipients and are largely limited to center-based
initiatives. This represents a critical gap in policy
development.

International guidelines and expert groups also high-
light the special importance of AMS in transplant
populations. Publications from organizations such
as the Infectious Diseases Society of America (IDSA),

HIGHLIGHTS

e Antimicrobial stewardship (AMS) interventions
in transplant recipients are predominantly fo-
cused on antibacterial agents, with limited im-
plementation of antifungal and antiviral stew-
ardship practices.

¢ Guideline-based optimization with prospective
monitoring and feedback is associated with re-
ductions in antimicrobial days of therapy and
improved guideline adherence; however, evi-
dence regarding long-term clinical outcomes re-
mains limited.

e While AMS practices may provide significant
cost savings, high resource requirements, limita-
tions in diagnostic infrastructure, and the lack of
standardized guidelines limit their sustainability.
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the European Conference on Infections in Leukaemia
(ECIL), and the European Society of Clinical Microbiol-
ogy and Infectious Diseases (ESCMID) emphasize that
standard AMS practices alone are insufficient for this
patient group. Instead, individualized approaches are
required to address the degree of immunosuppres-
sion, organ-type-specific risks, and drug-drug inter-
actions (8). Recent reports and systematic reviews
indicate that strategies such as reducing the dura-
tion of perioperative antibiotic prophylaxis, develop-
ing individualized antibiotic plans, and integrating
antifungal and antiviral stewardship practices are
priority areas for transplant patients (9,10). Never-
theless, most existing guidelines continue to focus on
the general hospital population, leaving limited, clear
AMS recommendations for SOT and HSCT recipients.
This gap leads to both heterogeneity in clinical prac-
tice and uncertainty at the policy level.

Although the number of studies examining AMS
interventions in transplant patients has increased
in recent years, the available literature remains
highly heterogeneous in terms of intervention
types, target pathogens, implementation contexts,
and reported outcomes. In addition, evidence for
the pediatric transplant population is limited.
Therefore, systematically mapping current prac-
tices, identifying knowledge gaps, and providing
evidence to guide policymakers are necessary.

This scoping review aimed to characterize the struc-
ture and components of AMS interventions applied
in transplant recipients, compare antibacterial,
antifungal, and antiviral stewardship approaches,
and evaluate the impact of these interventions on
clinical and procedural outcomes. Furthermore, the
review seeks to explore differences between adult
and pediatric transplant populations and to iden-
tify knowledge gaps that may guide future research
and health policy development.

MATERIALS AND METHODS

Study Design and Eligibility Criteria

This scoping review was conducted in accordance
with the Joanna Briggs Institute (JBI) methodology
and reported following the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses
Extension for Scoping Reviews (PRISMA-ScR) guide-
lines. The study was structured based on the Pop-
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ulation—Concept-Context (PCC) framework. The
population included adult and pediatric recipients
of SOT or HSCT. The concept comprised AMS inter-
ventions, including audit and feedback, antimicro-
bial allergy label review and delabeling, antifungal
or antiviral stewardship practices, antimicrobial
dose optimization, and educational strategies. The
context included all clinical care settings, such as
intensive care units (ICUs), hospital wards, and out-
patient clinics.

Search Strategy and Study Selection

The literature was systematically searched across
the PubMed, Scopus, and Web of Science databases.
The search was limited to original research articles
published in English between January 1, 2015, and
March 30, 2025. Grey literature, systematic reviews,
guidelines, conference abstracts, and opinion arti-
cles were excluded.

The following keyword combinations were used:
(“antimicrobial stewardship” OR “antibiotic stew-
ardship” OR “antifungal stewardship” OR “antiviral
stewardship”) AND

(“solid organ transplant” OR “hematopoietic stem
cell transplant”) AND

(“adult” OR “pediatric” OR “children” OR “adoles-
cents”).

Search results were managed using the Rayyan®
screening platform (Rayyan Systems Inc., Cam-
bridge, MA, USA). Two independent researchers
first screened the studies at the title and abstract
level, followed by a full-text review. Disagreements
were resolved through consultation with a third
researcher. The study selection process is presented
using the PRISMA-ScR flow diagram.

Data Extraction and Analysis

Data were extracted using a structured data col-
lection form. Collected variables included publi-
cation characteristics (author, year, country), pop-
ulation characteristics (age, transplant type), AMS
intervention components, implementation setting,
measured outcomes, and reported implementation
challenges and facilitators.

Data were summarized descriptively according
to intervention type, target microorganisms, and
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implementation settings. Additionally, content
analysis was conducted using the thematic analy-
sis method described by Braun and Clarke (11). This
six-step method includes familiarization with the
data, coding, theme creation, theme review, theme
definition, and reporting.

RESULTS

This scoping review included a total of 15 studies
published between 2017 and 2025. The percentages
reported for the geographic distribution appear to
exceed 100% because of rounding (60% + 13% + 13%
+ 7% + 7% + 7% = 107%).The study populations con-
sisted of 10 (67%) studies involving adult transplant
recipients and 5 (33%) studies including pediatric
transplant recipients. Eight (53%) studies focused on
HSCT recipients, while 7 (47%) studies focused on
SOT recipients. The geographic distribution, trans-
plant type, and target population characteristics
of the included studies are summarized in Table 1.
In accordance with the six-stage thematic analysis
approach described by Braun and Clarke (11), the data
were classified under six main themes: intervention
structure and scope, individualized risk-based strat-
egies, diagnostic management approaches, clinical
and economic outcomes, comparative findings by
population and transplant type, and structural bar
riers encountered during implementation.

Intervention Structure and Scope

All studies included an antibacterial stewardship
component (n = 15, 100%). Antifungal stewardship
was reported in 3 (20%) studies (12-14), and antivi-
ral stewardship in 1 (7%) study (12). The structural
characteristics and targeted outcomes of the inter-
vention components are presented comparatively
in Table 2. Antimicrobial stewardship interventions
were classified into three main structural categories:

Guideline-based optimization and protocol
updating

Shafiekhani et al. (15) reported that in a center
where a multicomponent AMS program was imple-
mented, antibiotic consumption decreased from
329 to 201 defined daily dose (DDD) per 100 patient-
days, and a 20% to 40% reduction in total antibiotic
costs was achieved. A decrease in the rate of MDR
pathogens was reported in the same study.
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Silva et al. (14), in the Hipomenes study, reported
a 14% reduction in total antibiotic consumption,
a 37% reduction in meropenem use, and a 35%
reduction in vancomycin use after the integration
of a guideline-based AMS and infection control pro-
gram. The acceptance rate of intervention recom-
mendations was reported as 91.7%.

Prospective follow-up and audit-feedback models
Snyder et al. (16) and Petteys et al. (17) reported
that early de-escalation in HSCT recipients
reduced the number of antibiotic days without
increasing the risk of mortality, bacteremia, or
ICU admission. In the study by Snyder et al. (16),
the per-patient cost decreased from USD 676 to
USD 441.

Brothers et al. (18) reported a 19.6 days of ther-
apy (DOT) per 1000 patient-days reduction in total
monthly antibiotic use after switching to a "hand-
shake stewardship" model based on face-to-face
visits and direct communication in a pediatric
HSCT unit.

Dose optimization and exposure reduction
Hambrick et al. (19) reported a 33% reduction in the
number of post-intervention antibiotic days and a
37% reduction in the risk of vancomycin-related
acute renal injury (adjusted odds ratio [aOR]: 0.63)
in the pediatric HSCT population that reduced the
duration of vancomycin use.

Individualized Risk-Based Strategies

Allergy de-labeling

Huang et al. (20) reported that the rate of first-
line beta-lactam use during febrile neutropenia
increased to 95% (65% in the control group), and
the time to treatment initiation decreased to 66
minutes in patients who underwent pre-trans-
plant penicillin allergy assessment. Modi et al. (21)
reported a significant reduction in the duration
and cost of alternative antibiotic use after penicil-
lin skin testing (annual costs decreased from USD
24,425 to USD 17,518).

Dynamic prophylaxis

Horowitz et al. (12) reported that a prophylaxis
initiation strategy based on an absolute neutro-
phil count (ANC) <500/mm? threshold reduced the
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Table 1. Study characteristics and team composition of AMS interventions.

Author (Year) Country Population 'tl';;:splant N (Patients) Team
Prodanuk, et al. L Pre-levofloxacin, n = 54
2024 (26) Canada Pediatric HSCT Levofloxacin, n = 55 NR
BMT, oncology, infectious diseases, and
Brothers, et al. L Baseline cohort, n = 197 emergency medicine divisions; Clinical
2024 (18) USA Pediatric HSCT IAP cohort, n = 195 Effectiveness team (ASP and BMT
pharmacists)
Z|Jva, etal. 2023 (14) Spain Adult Kidney (SOT) n=196 Infectious diseases specialist; departments of|
ipomenes study nephrology, urology, and pharmacy
Congedi, et al. _
2024 (24) Italy Adult Lung (SOT) n=46 NR
Shafiekhani, et al. Pre-ASP, n = 1154 Infect|ou§ d|§ease§ spec!allst, clinical o
Iran Adult SOT pharmacist, infectious diseases nurse, clinical
2023 (15) Post-ASP, n = 1637 rarmacss,
microbiologist, and transplant surgeon
Dhanya, et al. 2022 (23) | ndiaand Pediatric HSCT n=317 NR
Pakistan
Horowitz, et al. . Pre-intervention, n = 105
2021 (12) USA Pediatric HSCT Post-intervention, n = 103 NR
Hambrick, et al. L Pre-intervention, n =148,
2022 (19) USA Pediatric HSCT Post-intervention, n = 111 NR
Evaluated prior to admission, n = 35
Huang, et al. 2024 (20) USA Adult HSCT Not evaluated, n = 44 NR
. Pre-PAST, n =136
Modi, et al. 2019 (21) USA Adult HSCT Post-PAST, n = 72 NR
Early de-escalation, n = 46
Snyder, et al. 2017 (16) USA Adult HSCT Non-early de-escalation, n = 74 NR
Petteys, et al. 2019 (17) USA Adult HSCT Early de-escalation, n=24 Adyanced_ care practitioner and oncology-
Recovery de-escalation, n = 83 trained clinical pharmacist
Silva, et al. 2022 (13) Spain Adult soT n=137 Transplant infectious diseases physicians,
microbiologists, and pharmacists
Mularoni, et al. Ital Adult and SOT n = 933 patients Infectious diseases specialist
2019 (25) Y Pediatric (multiple) n=1017 SOT procedures P
Kueht, et al. Abdominal Pre-intervention, n = 95
2022 (22) USA Adult soT Post-intervention, n = 77 NR

ASP: Antimicrobial stewardship program, BMT: Bone marrow transplant, HSCT: Hematopoietic stem cell transplantation, IAP: Individualized antibiotic plans,
PAST: Penicillin allergy skin testing, SOT: Solid organ transplantation, NR: Not reported.

number of antibacterial days from 9.7 to 4.6 and
decreased the rate of febrile neutropenia from 83%
to 69%.

Individualized antibiotic plans

Brothers et al. (18) reported a decrease in total anti-
biotic and carbapenem use following the imple-
mentation of individualized antibiotic plans (IAPs)
in a pediatric HSCT population; however, no signifi-
cant changes in mortality or bloodstream infection
rates were observed.

Diagnostic Stewardship

Kueht et al. (22) reported a 47% reduction in Clost-
ridioides difficile testing requests and a decrease in
median treatment cost from USD 2944 to USD 416
with a diagnostic alert mechanism integrated into
an electronic record system. A 40% reduction in anti-
biotic days was reported. Dhanya et al. (23) reported
that weekly surveillance cultures did not show a
significant association between empirical treatment
guidance and overall survival, disease-free survival,
or transplant-related mortality. Congedi et al. (24)
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reported that in lung transplant recipients who
underwent colonization-based targeted surgical pro-
phylaxis, the MDR Gram-negative infection rate was
50% in the targeted group compared with 17% in the
standard group, and ICU stay was longer.

Clinical and Economic Outcomes

A reduction in antibiotic days (DOT) was observed
in 4 (27%) studies (12,16,17,19). Shafiekhani et al.
(15) demonstrated a decrease in resistance rates,
whereas Mularoni et al. (25) identified a decrease
in the incidence of carbapenem-resistant Entero-
bacterales (CRE) infections. Hard clinical outcomes
such as mortality, graft loss, or ICU length of stay
were evaluated in only 4 (27%) studies, and most
studies found no significant changes in these
parameters (14,16,17). Economic outcomes were
assessed in 73% of the studies. Reported outcomes
included reductions of 20% to 40% in program-level
antibiotic expenditures, lower per-patient costs,
and savings in diagnostic expenses (15,16,22).

Comparative Findings by Population and
Transplant Type

Pediatric and adult comparison

Pediatric studies predominantly focused on the
HSCT population, with 4/5 (80%) studies conducted
in HSCT recipients (12,18,19,26). Dose safety, pro-
phylaxis modification, and nephrotoxicity reduction
were prioritized in these studies. In adult studies,
early de-escalation (16,17), resistance control (15),
and allergy management (20,21) were more fre-
quently reported. When Tables 1 and 2 are consid-
ered together, pediatric studies appear to focus on
dose safety and toxicity reduction, while adult stud-
les prioritize de-escalation and resistance control.

HSCT and SOT Comparison

In HSCT studies, the intervention focus was on the
management of febrile neutropenia and the reduc-
tion of empirical antibiotic treatment duration (12,
16). In SOT studies, surgical prophylaxis optimization
(24), integration of infection control programs (14),
and reduction of broad-spectrum antibiotic use (15)
were the most prominent intervention strategies.

Barriers and Structural Obstacles in AMS
Implementation
Implementation barriers were reported in 9 of 15
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studies (60%). When the implementation barriers
listed in Table 2 were examined, limitations in mul-
tidisciplinary capacity and inconsistencies between
guidelines were identified as the most frequently
reported structural barriers. Resource intensity
was reported by Brothers et al. (18) and Mularoni
et al. (25). Inter-guideline inconsistencies were
mentioned in the studies of Horowitz et al. (12)
and Petteys et al. (17). Infrastructure and logistical
limitations were reported in the studies of Huang
et al. (20) and Modi et al. (21). The dependence of
de-escalation decisions on clinician initiative cre-
ated variability in implementation (16). Silva et al.
(14) reported that the long-term sustainability of
the intervention program was not evaluated.

DISCUSSION

This scoping review analyzed AMS interventions
applied in transplant recipients not only to show
which types of interventions were applied, but
also to understand how these interventions func-
tion within the transplant context. In the thematic
analysis, each study was coded in terms of inter-
vention type, target population, implementation
setting, and reported outcomes. Findings show-
ing similar characteristics were grouped together
to form sub-themes; these sub-themes were then
transformed into main themes reflecting the fun-
damental characteristics of AMS in the transplant
context. This approach aimed to reveal the condi-
tions and mechanisms through which the inter-
ventions were effective, rather than simply classi-
fying the studies. When the themes defined in the
Results section are considered together, transplant
AMS appears to require interpretation not only
according to intervention type, but also according
to clinical decision-making processes and imple-
mentation contexts.

The findings show that AMS in transplant patients
operates within a clinical environment differ-
ent from the general hospital setting. Transplant
patients have a high risk of infection, and clinical
deterioration can be rapid. Therefore, broad-spec-
trum antibiotics are often preferred as initial treat-
ment (27). In this context, the aim of AMS is not
to completely restrict antibiotics, but to allow for
reassessment of treatment at specific time points.
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The fact that interventions involving early de-esca-
lation and prospective feedback can safely reduce
antibiotic exposure (16,17) suggests that the effec-
tive approach in the transplant context relies on
the reassessment of treatment decisions (28).

The Meaning of Intervention Types: Why Some

are More Effective Than Others?

These interventions differ not only in terms of tech-
nical content but also in how they are integrated
into the clinical decision-making process. Studies
include different types of interventions: guideline
updates, audit-and-feedback approaches, dose
optimization, and individualized risk-based strate-
gies. Across these studies, several shared character-
istics emerge among models associated with more
sustainable outcomes.

First, multidisciplinary integration appears to be
crucial. The higher acceptance rate of recommen-
dations in programs with the participation of infec-
tious disease specialists and clinical pharmacists
(14,15) demonstrates that transplant AMS is more
effective when integrated into team-based deci-
sion-making processes. Given the need for drug
interactions and therapeutic drug monitoring in
transplant patients, this expert support represents
a structural necessity (8).

Secondly, an individualized risk approach is gain-
ing prominence. Allergy de-labeling practices (20,21)
and neutrophil count-based prophylaxis strategies
(12) indicate that decisions based on patient-specific
risk levels, rather than standard and rigid protocols,
produce more balanced results. Considering the het-
erogeneous nature of the transplant population, this
approach appears more appropriate. Conversely,
the fact that colonization-based targeted prophy-
laxis strategies do not always produce the expected
results (24) indicates that interventions should be
tailored to the local resistance profile and organ type
(3). This finding suggests that transplant AMS cannot
be managed with a single, uniform model.

Process Improvements and Clinical Outcomes

Although improvements in antibiotic treatment
duration, cost, and resistance rates have been
reported, significant changes in hard clinical out-
comes such as mortality or graft survival have been
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limited. This finding is consistent with the multi-
factorial nature of transplant clinical outcomes (1).
Graft loss and mortality are not solely dependent
on infection management; the level of immuno-
suppression, rejection episodes, and concomitant
diseases play a significant role. This suggests the
impact of transplant AMS should be evaluated more
through process and safety indicators. However, the
reduction in nephrotoxicity rates (19) shows that
transplant AMS makes a significant contribution
to patient safety. This observation highlights that
stewardship should be evaluated not only in terms
of resistance control but also in terms of pharma-
cological safety (28). These findings are also sup-
ported by recent studies demonstrating the eco-
nomic benefits of antimicrobial optimization strat-
egies. For example, Yumrukaya et al. (29) showed
early discontinuation of empirical treatment in
patients with febrile neutropenia reduced antimi-
crobial use and healthcare costs without negatively
impacting clinical outcomes.

Antifungal and Antiviral Stewardship: Areas for
Expansion

Invasive fungal infections and CMV infections sig-
nificantly affect clinical outcomes in transplant
recipients (4,30). However, antifungal and antiviral
stewardship practices remain limited. The need for
therapeutic drug monitoring in antifungal treat-
ment and the association of resistance monitoring
with antiviral management increase the complexity
of stewardship interventions in these areas (8). Nev-
ertheless, for transplant AMS to achieve a compre-
hensive structure, a shift from an antibacterial-fo-
cused approach to an integrated model encompass-
ing multiple pathogen and drug classes is necessary.

Differentiation Between Pediatric-Adult and
HSCT-SOT

In pediatric transplant studies, safety and dose
adjustment are paramount (31). In adult studies,
resistance control and cost optimization are more
frequently reported. Similarly, while febrile neutro-
penia management is a priority area in HSCT stud-
les (16), surgical prophylaxis and infection control
integration are more prominent in SOT studies (14).
These differences indicate that transplant AMS
should be designed with a context-sensitive and
modular structure.
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Policy and System-Level Implications

Based on the findings of this review, AMS programs
for transplant recipients should be designed within
a multidisciplinary, context-specific framework.
Since transplant recipients represent a high-risk
and clinically complex patient group, AMS imple-
mentation should not be limited solely to infec-
tious disease specialists and clinical pharmacists.
Effective AMS implementation requires the active
participation of transplant physicians, surgeons,
hematologists/oncologists, nephrologists, trans-
plant nurses, clinical microbiologists, and informa-
tion technology specialists to strengthen data man-
agement, monitoring, and decision support pro-
cesses. Furthermore, AMS interventions should be
tailored to the specific characteristics of the trans-

plant population. Intervention strategies should
be structured considering the differences between
HSCT and SOT recipients, as well as between pedi-
atric and adult patients. Structured reassessment
approaches, such as early de-escalation and pro-
spective follow-up feedback, should be integrated
into routine clinical practice. In addition, trans-
plant population-specific performance indicators
such as duration of antimicrobial use, toxicity, and
MDR infection rates should be regularly monitored.

In conclusion, to ensure sustainability, enhance
patient safety, and optimize antimicrobial use, the
development of standardized yet flexible multidis-
ciplinary AMS models appropriate to the transplant
context is necessary.

Ethical Approval: Ethics committee approval was not required for
this study because it is a scoping review of previously published
literature.

Informed Consent: N.A.
Peer-review: Externally peer-reviewed

Author Contributions: Concept — AP, B.B; Design — AP, BB,
N.S., BK.Y,; Supervision - BB, N.S,, BK.Y; Materials - BB.O,, HA,,
B.K.Y.; Data Collection and/or Processing - BB.O., HA, BK.Y, AP;

Analysis and/or Interpretation - A.P, BK.Y,, N.S, BB.O,, HA, BB,
Literature Review — A.P, BK.Y,, N.S.,, H.A., BB.O., B.B.; Writer - AP,
B.K.Y,; Critical Reviews — B.B., BK.Y.,, N.S., H.A., BB.O.

Conflict of Interest: The authors declare no conflict of interest.

Financial Disclosure: The authors declared that this study has
received no financial support.

Al Statement: The authors declare that no artificial intelligence
tools were used in the preparation of this manuscript.

REFERENCES

1 El Jurdi N, DeFor T, Adamusiak AM, Brunstein CG, Pruett T,
Weisdorf DJ. Hematopoietic cell and solid organ transplanta-
tion in the same patient: long-term experience at the Univer-
sity of Minnesota. Transplant Cell Ther. 2021;27(1):87.e1-87.e6.
[CrossRef]

2 MengF, Zhu C, Zhu C, Sun J, Chen D, Ding R, et al. Epidemiol-
ogy and pathogen characteristics of infections following solid
organ transplantation. ] Appl Microbiol. 2024;135(12):1xae292.
[CrossRef]

3 So M, Tsai H, Swaminathan N, Bartash R. Bring it on: Top five
antimicrobial stewardship challenges in transplant infectious
diseases and practical strategies to address them. Antimicrob
Steward Healthc Epidemiol. 2022;2(1):e72. [CrossRef]

4 Johnson MD, Lewis RE, Dodds Ashley ES, Ostrosky-Zeichner L,
Zaoutis T, Thompson GR, et al. Core recommendations for an-
tifungal stewardship: a statement of the mycoses study group
education and research consortium. J Infect Dis. 2020;222(Sup-
pl 3):5175-98. [CrossRef]

5 Agrawal S, Bapat A, Amos ], Howes E, Ashfield T. Adopting pro-
spective antimicrobial stewardship (AMS) practice in high-risk
immunosuppressed groups: an urgent call to action in the

Pehlivanli A et al.

era of antimicrobial resistance (AMR). JAC Antimicrob Resist.
2024;6(5):dlae145. [CrossRef]

6 Ghafur A, Bansal N. Challenges in implementing antimicrobial
stewardship (AMS) in organ transplant centers in India. Trans-
pl Infect Dis. 2022;24(5):e13854. [CrossRef]

7 World Health Organization. Global action plan on antimicro-
bial resistance [Internet]. Geneva: World Health Organization;
2015. [cited Sep 13, 2025]. Available from: https://iris.who.int/
handle/10665/193736

8 Murthy SE, Wey EQ. Antimicrobial stewardship in solid or-
gan transplant-Opportunities in the National Health Service.
Transpl Infect Dis. 2023;25(1):e13961. [CrossRef]

9 So M, HandJ, Forrest G, Pouch SM, Te H, Ardura MI, et al. White
paper on antimicrobial stewardship in solid organ transplant
recipients. Am J Transplant. 2022;22(1):96-112. [CrossRef]

10 Tsai H, Bartash R, Burack D, Swaminathan N, So M. Bring it
on again: antimicrobial stewardship in transplant infectious
diseases: updates and new challenges. Antimicrob Steward
Healthc Epidemiol. 2024;4(1):e3. [CrossRef]

11 Braun'V, Clarke V. Using thematic analysis in psychology. Qual-
itative Research in Psychology. 2006;3(2):77-101. [CrossRef]

293


https://doi.org/10.1016/j.bbmt.2020.09.005
https://doi.org/10.1093/jambio/lxae292
https://doi.org/10.1017/ash.2022.53
https://doi.org/10.1093/infdis/jiaa394
https://doi.org/10.1093/jacamr/dlae145
https://doi.org/10.1111/tid.13854
https://iris.who.int/handle/10665/193736
https://iris.who.int/handle/10665/193736
https://doi.org/10.1111/tid.13961
https://doi.org/10.1111/ajt.16743
https://doi.org/10.1017/ash.2023.517
https://doi.org/10.1191/1478088706qp063oa

12

13

14

15

16

17

18

19

20

21

Horowitz JG, Gawrys GW, Lee GC, Ramirez BA, Elledge CM,
Shaughnessy PJ. Early antimicrobial prophylaxis in autolo-
gous stem cell transplant recipients: Conventional versus an
absolute neutrophil count-driven approach. Transpl Infect Dis.
2021;23(4):e13689. [CrossRef]

Silva JT, Aguado JM. Current state of antimicrobial steward-
ship and organ transplantation in Spain. Transpl Infect Dis.
2022;24(5):e13851. [CrossRef]

Silva JT, Montoro J, Pérez-Jacoiste Asin MA, Fernandez-Ruiz M,
Polanco N, Gonzélez E, et al. A joint program of antimicrobial
stewardship and hospital-acquired infection control to reduce
healthcare-associated infections after kidney transplantation:
The Hipomenes study. Am ] Transplant. 2023;23(12):1949-60.
[CrossRef]

Shafiekhani M, Shabani-Borujeni M, Karimian A, MomeniT-
abar MJ, Zare Z, Arabsheybani S, Vazin A. Antibiotic steward-
ship implementation at the largest solid organ transplanta-
tion center in Asia: a retrospective cohort study. BMC Surg.
2023;23(1):81. [CrossRef]

Snyder M, Pasikhova Y, Baluch A. Early antimicrobial de-esca-
lation and stewardship in adult hematopoietic stem cell trans-
plantation recipients: retrospective review. Open Forum Infect
Dis. 2017;4(4):0fx226. [CrossRef]

Petteys MM, Kachur E, Pillinger KE, He ], Copelan EA, Shahid Z.
Antimicrobial de-escalation in adult hematopoietic cell trans-
plantation recipients with febrile neutropenia of unknown ori-
gin. ] Oncol Pharm Pract. 2020;26(3):632-40. [CrossRef]

Brothers AW, Pak DJ, Poole NM, Kronman MP, Bettinger B,
Wilkes JJ, et al. Individualized antibiotic plans as a quality
improvement initiative to reduce carbapenem use for hema-
topoietic cell transplant patients at a freestanding pediatric
hospital. Clin Infect Dis. 2024;78(1):15-23. [CrossRef]

Hambrick HR, Greco KF, Weller E, Ganapathi L, Lehmann LE,
Sandora TJ. Impact of decreasing vancomycin exposure on
acute kidney injury in stem cell transplant recipients. Infect
Control Hosp Epidemiol. 2022;43(10):1375-81. [CrossRef]

Huang GX, Merz LE, Mehta GD, Marquis KD, Besz K, Lynch DM,
et al. Preadmission penicillin allergy evaluation before hema-
topoietic stem cell transplantation optimizes febrile neutrope-
nia treatment and inpatient resource utilization. Transplant
Cell Ther. 2024;30(11):1112.e1-€9. [CrossRef]

Modi AR, Majhail NS, Rybicki L, Athans V, Carlstrom K, Srinivas
P, et al. Penicillin allergy skin testing as an antibiotic steward-
ship intervention reduces alternative antibiotic exposures in

22

23

24

2

2

2

5

6

7

28

29

3

3

0

ety

Infect Dis Clin Microbiol 2026; 8(3): 284-94

hematopoietic stem cell transplant recipients. Transpl Infect
Dis. 2019;21(6):e13175. [CrossRef]

Kueht M, Kharsa A, Mujtaba M, Kulkarni R, Britt R, Lea AS, et
al. Antibiotic stewardship and inpatient Clostridioides difficile
testing in solid organ transplant recipients: the need for mul-
tilevel checks and balances. Transplant Proc. 2022;54(3):605-9.
[CrossRef]

Dhanya R, Agarwal RK, Ramprakash S, Trivedi D, Shah V, Bhat
N, et al. Do weekly surveillance cultures contribute to anti-
biotic stewardship and correlate with outcome of HSCT in
children? A multicenter real-world experience of S years from
the Indian Subcontinent. Transplant Cell Ther. 2022;28(3):170.
el-e7. [CrossRef]

Congedi S, Peralta A, Muraro L, Biscaro M, Pettenuzzo T, Sella
N, et al. Gram-negative bacterial colonizations before bilater-
al lung transplant. The impact of 'targeted' versus 'standard'
surgical prophylaxis. BMC Infect Dis. 2024;24(1):307. [CrossRef]

Mularoni A, Martucci G, Douradinha B, Campanella O, Hazen
B, Medaglia A, et al. Epidemiology and successful contain-
ment of a carbapenem-resistant Enterobacteriaceae outbreak
in a Southern Italian Transplant Institute. Transpl Infect Dis.
2019;21(4):13119. [CrossRef]

Prodanuk M, Timberlake K, Koo A, Chopra Y, Wall DA, Science
M. The impact of levofloxacin prophylaxis on empiric intra-
venous antibiotic use in pediatric hematopoietic stem cell
transplant recipients. Pediatr Blood Cancer. 2024;71(8):€31059.
[CrossRef]

Paterson DL. The role of antimicrobial management programs
in optimizing antibiotic prescribing within hospitals. Clin In-
fect Dis. 2006;42 Suppl 2:590-5. [CrossRef]

Hand JM. The time is now: antimicrobial stewardship in
solid organ transplantation. Curr Opin Organ Transplant.
2021;26(4):405-11. [CrossRef]

Yumrukaya L, Hagens A, Inkaya AG, Metan G, Postma M,
Yegenoglu S, et al. Do we need meropenem treatment beyond 7
days in febrile neutropenic patients: a cost-effectiveness anal-
ysis. Antibiotics (Basel). 2025;14(7):653. [CrossRef]

Jorgenson MR, Descourouez JL, Kleiboeker H, Goldrosen K,
Schulz L, Rice JP, et al. Cytomegalovirus antiviral stewardship
in solid organ transplant recipients: A new gold standard.
Transpl Infect Dis. 2022;24(5):e13864. [CrossRef]

Principi N, Esposito S. Antimicrobial stewardship in paediat-
rics. BMC Infect Dis. 2016;16(1):424. [CrossRef]

This work is licensed under a Creative Commons Attribution-Non Commercial 4.0 International License.

294


https://doi.org/10.1111/tid.13689
https://doi.org/10.1111/tid.13851
https://doi.org/10.1016/j.ajt.2023.07.009
https://doi.org/10.1186/s12893-023-01991-y
https://doi.org/10.1093/ofid/ofx226
https://doi.org/10.1177/1078155219865303
https://doi.org/10.1093/cid/ciad518
https://doi.org/10.1017/ice.2021.454
https://doi.org/10.1016/j.jtct.2024.08.021
https://doi.org/10.1111/tid.13175
https://doi.org/10.1016/j.transproceed.2021.10.034
https://doi.org/10.1016/j.jtct.2021.12.008
https://doi.org/10.1186/s12879-024-09199-y
https://doi.org/10.1111/tid.13119
https://doi.org/10.1002/pbc.31059
https://doi.org/10.1086/499407
https://doi.org/10.1097/MOT.0000000000000886
https://doi.org/10.3390/antibiotics14070653
https://doi.org/10.1111/tid.13864
https://doi.org/10.1186/s12879-016-1772-z

