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Sepsis remains a leading cause of morbidity and mortality in US hospitals despite extensive efforts to improve early recognition and 
treatment, particularly through implementation of the Centers for Medicare & Medicaid Services (CMS) SEP-1 quality measure. 
Recognizing the need for broader approaches to sepsis improvement, CMS and the Centers for Disease Control and Prevention 
are advancing new sepsis quality measures focused on outcomes and hospital programmatic capacity, while the Surviving Sepsis 
Campaign guidelines continue to provide evidence-based recommendations for bedside clinical management. However, there 
remains a need for practical, actionable guidance that complements existing guidelines and quality frameworks by addressing 
hospital-based strategies across the continuum of sepsis care. To address this gap, the Infectious Diseases Society of America 
convened a multidisciplinary, multisociety expert panel to develop a consensus-based position paper outlining evidence- 
informed recommendations for hospital-based sepsis improvement. The recommendations focus on infection-related aspects of 
sepsis management and span 6 domains: diagnostic testing and pathogen detection, antimicrobial management and delivery, 
surveillance and performance metrics, adjunctive therapy, program infrastructure and organizational support, and infection 
prevention. Examples include implementing multiplex nucleic acid amplification tests for positive blood cultures paired with 
active stewardship support; optimizing workflows for timely antibiotic delivery in septic shock; using clinical decision support 
to prioritize β-lactam administration before vancomycin when both are ordered; defaulting antipseudomonal β-lactams to 
prolonged infusion in critically ill patients; adopting EHR-based sepsis surveillance; tracking rates of inadequate empiric 
therapy, unnecessarily broad empiric therapy, antibiotic de-escalation, and timeliness of source control; establishing protocols 
for appropriate corticosteroid use in severe community-acquired pneumonia; and standardizing daily tooth brushing to prevent 
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hospital-acquired pneumonia. The panel also highlights emerging approaches, particularly novel diagnostic strategies, that show 
promise but require further validation before widespread adoption. Collectively, these recommendations provide a pragmatic 
framework for hospitals to strengthen infection-related sepsis management and improve patient outcomes.

Keywords. sepsis; quality improvement; health care delivery; antimicrobial stewardship; diagnostic stewardship; performance 
measurement.

Sepsis is a leading cause of death, disability, and healthcare 
costs [1, 2]. Most efforts to improve sepsis outcomes have em
phasized early recognition and initial treatment, with the 
Centers for Medicare & Medicaid Services (CMS) SEP-1 mea
sure serving as the principal US policy initiative in this domain 
since 2015 [3]. However, the association between SEP-1 com
pliance and outcomes has been inconsistent, and large multi
center studies have not demonstrated clear reductions in 
sepsis mortality following implementation [4–13].

In 2023, IDSA and partnering societies called for greater em
phasis on outcome-focused quality measurement to promote 
more comprehensive approaches to sepsis improvement be
yond early treatment bundles alone [14]. CDC and CMS have 
since advanced complementary measures assessing sepsis mor
tality, readmissions, and hospital sepsis program capacity, 
while the Surviving Sepsis Campaign (SSC) continues to pro
vide evidence-based recommendations spanning early recogni
tion, critical illness, and recovery [15–18].

Although these initiatives are broadening the scope of sepsis 
improvement efforts, there remains a need for more consoli
dated, actionable guidance on hospital-based approaches to 
strengthen sepsis management across the continuum of care. 
The SSC guidelines provide foundational guidance for bedside 
clinical management and the CDC Hospital Sepsis Program 
Core Elements serve as a “manager’s guide” outlining key 
hospital-level program principles [19, 20], but neither were de
signed to identify, prioritize, and operationalize specific 
system-level strategies most likely to reduce sepsis-related mor
bidity and mortality.

To address this gap, IDSA convened a multidisciplinary, 
multisociety expert panel to develop this consensus-based po
sition paper outlining practical, evidence-informed recommen
dations for hospital-based sepsis improvement, with a focus on 
infection-related aspects of sepsis care. The panel’s central po
sition is that achieving better sepsis outcomes requires imple
mentation of complementary strategies spanning diagnosis, 
early management, reassessment, and prevention, supported 
by effective measurement and feedback, coordinated care pro
cesses, and the infrastructure needed to implement and sustain 
these practices.

METHODS

Panel Composition

The multidisciplinary panel included representatives from 
IDSA, 8 other professional societies—the American College 

of Emergency Physicians (ACEP), Pediatric Infectious 
Diseases Society (PIDS), Society for Healthcare Epidemiology 
of America (SHEA), Society of Hospital Medicine (SHM), 
Society of Infectious Diseases Pharmacists (SIDP), Society of 
Critical Care Medicine (SCCM), American Thoracic Society 
(ATS), and American Society for Microbiology (ASM)—and 
the Sepsis Alliance, a national patient advocacy organization. 
The voting panel comprised 24 members with multidisciplin
ary expertise spanning adult and pediatric infectious diseases, 
critical care, emergency medicine, hospital medicine, antimi
crobial stewardship, infection prevention, microbiology, phar
macy, quality improvement, health systems leadership, and 
patient advocacy (Supplementary Table 1). All panel members 
completed disclosure review in accordance with IDSA policy. 
The panel chair (C.R.) reviewed all disclosures, and none pre
cluded participation in the development of this position paper.

Scope and Intended Setting

The panel identified 6 domains for hospital-based sepsis im
provement: diagnostic testing and pathogen detection, antimi
crobial management and delivery, surveillance and 
performance metrics, adjunctive therapy, program infrastruc
ture and organizational support, and infection prevention. 
Interventions focused on optimizing ventilatory or hemody
namic support and other general critical care practices—while 
essential to high-quality sepsis care—were considered out of 
scope for this document given its focus on infection-related 
care.

This document was developed primarily for US healthcare 
settings. Many of the broader principles and strategies de
scribed may also be relevant in other well-resourced health sys
tems, although applicability will vary depending on local 
resources, infrastructure, workflows, and healthcare delivery 
context.

The strategies described are intended to complement—not 
replace—existing sepsis guidance and quality initiatives, in
cluding the SSC’s patient-level clinical guidelines, SEP-1, and 
emerging CDC/CMS sepsis measures. Figure 1 illustrates how 
these recommendations relate to established sepsis guidance 
and US sepsis quality measurement frameworks.

Target Population and Special Considerations

The recommendations address hospital-level structures, work
flows, and practices relevant to patients evaluated and managed 
under commonly used clinical and operational definitions of 
sepsis and septic shock. This includes both patients with 
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established sepsis and those with suspected sepsis who may ul
timately be found to have noninfectious causes of illness [21].

This document is intended to inform sepsis care in both 
adult and pediatric settings, recognizing that many hospital- 
based sepsis programs span both populations. Because much 
of the supporting evidence derives from adult populations 
and care settings, pediatric-specific considerations related to 
differences in epidemiology, physiology, and care delivery are 
noted where relevant. Recommendations without explicit 
pediatric-specific caveats were considered broadly applicable 
to pediatric hospital settings, although implementation may re
quire age-specific adaptation. Neonatal sepsis was considered 
out of scope because of its distinct pathophysiology, care envi
ronment, and established neonatal-specific approaches to sur
veillance, prevention, and management. Many of the 
overarching principles are also relevant to maternal and post
partum sepsis, although physiologic and pharmacologic con
siderations in pregnancy and the peripartum period may 
warrant tailored implementation in obstetric settings.

Consensus Process

The panel used a modified Delphi process combined with 
structured discussions to identify and prioritize practical, 
evidence-informed hospital-level strategies. Panelists first pro
posed candidate recommendations via a structured electronic 
survey, including supporting rationale and key references. 

The chair consolidated overlapping submissions into a prelim
inary recommendation set, which was refined through struc
tured virtual meetings during which supporting evidence, 
operational feasibility, and potential unintended consequences 
were discussed. Recommendations were informed by targeted 
review of relevant guidelines and studies identified by panelists 
and supplemented by focused literature review; a formal sys
tematic review was not undertaken.

Panelists independently scored each recommendation on a 
1–5 scale across predefined domains, including potential im
pact on outcomes, opportunity size, feasibility (including re
source and cost considerations), risk of unintended 
consequences, and overall priority for hospital implementa
tion. Aggregate scores were reviewed and refined through an 
additional iterative round of anonymous voting followed by 
structured discussion.

Recommendations were categorized into 2 tiers: high prior
ity (Tier 1) and moderate priority (Tier 2) (definitions in Box 1) 
based on aggregated scoring patterns and panel consensus rather 
than a single numerical cutoff. The tiered structure is intended to 
help hospitals prioritize implementation efforts, particularly 
where resources are limited, rather than imply that all recommen
dations are expected to have equivalent effects on outcomes, cost, 
or operational burden. A small subset of conceptually promising 
strategies with insufficient evidence or implementation experience 
to support broad recommendation was designated as emerging 

Figure 1. Positioning of IDSA hospital-level strategies within a patient-centered sepsis quality framework. Conceptual framework illustrating how IDSA Hospital Strategies 
fit within the broader landscape of sepsis guidance and US sepsis quality measurement. Patient outcomes are depicted as the shared goal of improvement. Existing sepsis 
resources address complementary domains, including patient-level clinical guidelines, programmatic guidance, and process- and outcome-based quality measures. IDSA 
Hospital Strategies are intended to complement these existing frameworks by providing actionable, infection-focused, hospital-level recommendations that bridge bedside 
care, program infrastructure, and measurement to support implementation of high-value practices and improve sepsis outcomes.
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and promising. Table 1 summarizes the final recommendations 
and selected emerging strategies. Some candidate strategies were 
judged to have limited incremental value, insufficient evidence, 
low feasibility, or redundancy with existing practices and were 
therefore not included in the final recommendation set. 
Additional details regarding the modified Delphi process, voting 
framework, recommendation refinement, and final prioritization 
are provided in the Supplementary Methods, with detailed voting 
results shown in Supplementary Table 2.

Implementation Context

Implementation of the strategies recommended in this docu
ment is best situated within existing hospital quality and patient 

Table 1. Summary of Recommended Hospital Strategies to Improve 
Sepsis Outcomes

A. Diagnostic Testing and Pathogen Detection

1. Implement multiplex nucleic acid amplification tests for positive blood 
cultures, paired with active antimicrobial stewardship program support 
to ensure timely interpretation, treatment optimization, and follow-up. 
[Tier 1—High Priority]

2. Use clinical decision support strategies to optimize blood culture 
ordering practices, including appropriate indications for initial and 
follow-up cultures. [Tier 2—Moderate Priority]

B. Antibiotic Management and Delivery

1. Implement hospital workflows and performance monitoring to optimize 
time from recognition of septic shock to first antibiotic administration, 
with a target of <1 h. [Tier 1—High Priority]a

2. Monitor and minimize time from antibiotic order to infusion start in 
patients with septic shock, with a pragmatic target of <30 min. [Tier 1 
—High Priority]

3. Establish institutional policies that default antipseudomonal β-lactam 
antibiotics to prolonged infusion, after an initial loading dose, when 
these agents are ordered for critically ill patients with sepsis. [Tier 1— 
High Priority]a

4. Implement clinical decision support and multidisciplinary education to 
prioritize β-lactam administration before vancomycin when both agents 
are ordered in patients with suspected sepsis. [Tier 1—High Priority]

5. Implement standardized workflows and clinical decision support to ensure 
timely administration of second antibiotic doses with frequent dosing 
intervals in patients with suspected sepsis. [Tier 2—Moderate Priority]

6. Develop protocols and clinical decision support to guide antibiotic 
selection for patients who report penicillin or other β-lactam allergies. 
[Tier 2—Moderate Priority]

7. Implement EHR-based clinical decision support tools that provide 
infection site-specific MDRO risk estimates to guide empiric antibiotic 
selection in suspected sepsis. [Tier 2—Moderate Priority]

C. Surveillance and Performance Metrics

1. Adopt the CDC’s Adult Sepsis Event definition to monitor sepsis 
incidence, outcomes, and care processes, stratified by 
community-onset and hospital-onset sepsis. [Tier 2—Moderate Priority]a

Table 1. Continued

2. Monitor both inadequate and unnecessarily broad empiric antibiotic 
therapy in patients with suspected sepsis, using automated methods 
where feasible. [Tier 2—Moderate Priority]

3. Measure de-escalation of anti-MRSA and antipseudomonal therapy 
among patients with suspected sepsis. [Tier 2—Moderate Priority]

4. Monitor time from sepsis onset to definitive source control in patients 
requiring procedural intervention, and track timeliness of transfers 
when on-site source control is unavailable. [Tier 2—Moderate 
Priority]a

D. Adjunctive Therapy

1. Implement protocols and clinical decision support to promote timely 
corticosteroid use for appropriately selected patients with severe 
community-acquired pneumonia. [Tier 2—Moderate Priority]a

2. Implement protocols and clinical decision support to promote 
corticosteroid use for patients with refractory septic shock. [Tier 2— 
Moderate Priority]a

E. Program Infrastructure and Organizational Support

1. Establish a multidisciplinary sepsis governance structure that includes 
infectious diseases, antimicrobial stewardship, and clinical 
microbiology expertise and engages infection-prevention teams through 
structured collaboration. [Tier 2—Moderate Priority]

2. Integrate antimicrobial stewardship participation into routine ICU rounds 
to support real-time optimization of antibiotic therapy in critically ill 
patients. [Tier 2—Moderate Priority]

3. Support the application of pharmacokinetic/pharmacodynamic principles 
in antimicrobial dosing for critically ill patients, including access to 
infectious diseases and critical care pharmacists, clinician and nursing 
education, and laboratory capacity for therapeutic drug monitoring where 
appropriate. [Tier 2—Moderate Priority]

F. Infection Prevention

Primary recommendation: Ensure high adherence to the SHEA/IDSA 
Compendium for HAI prevention. In addition, the panel identified the 
following additional high-opportunity interventions: 

1. Implement universal chlorhexidine gluconate bathing with either 
universal or targeted MRSA nasal decolonization for all ICU patients 
and for non-ICU patients with invasive devices. [Tier 2—Moderate 
Priority]

2. Implement structured programs to ensure daily toothbrushing for all 
hospitalized patients. [Tier 2—Moderate Priority]

G. Emerging and Promising Strategies (Not Recommended for Routine 
Implementation)

1. Automated sepsis prediction tools
2. Host immune response–based sepsis diagnostics
3. Culture-independent rapid diagnostics for bloodstream infection
4. Multiplex nucleic acid amplification test panels for lower respiratory 

samples
5. Procalcitonin-guided antibiotic duration

aSee text for pediatric-specific considerations.

Box 1. Definitions of Recommendation Tiers

Tier 1—High Priority
Interventions judged by the panel to have the strongest 

overall combination of potential to improve outcomes, feasi
bility for hospital implementation, and supportive evidence 
and rationale. Recommended For Broad Implementation.
Tier 2—Moderate Priority

Interventions judged likely to provide benefit but with 
greater uncertainty regarding impact, feasibility, cost, unin
tended consequences, or implementation readiness. 
Selective or phased implementation may be appropriate.
Emerging and Promising Strategies (Not Recommended 
for Routine Implementation)

Conceptually compelling approaches with evolving evi
dence or limited real-world implementation experience. 
Not recommended for broad adoption at this time but 
highlighted to inform future research, innovation, and fu
ture policy development.
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safety infrastructure. Responsibility for implementation, 
performance monitoring, and accountability should reside within 
a clearly defined multidisciplinary sepsis governance structure 
supported by institutional leadership. Successful implementation 
also requires engagement of nursing, pharmacy, and frontline 
clinical teams, given their central role in protocol execution, 
workflow integration, patient monitoring, and education.

Manuscript Development

The panel chair drafted the manuscript. The full panel reviewed 
and revised the document before formal review by designated 
IDSA committees and external reviewers. Revisions were in
corporated before circulation to participating societies for re
view and endorsement. Additional revisions were made in 
response to feedback from endorsing societies before final ap
proval by the IDSA Board of Directors.

RECOMMENDATIONS

A. Diagnostic Testing and Pathogen Detection

This domain focuses on hospital-based strategies to improve time
ly pathogen identification, support pathogen-directed therapy, 
and reduce unnecessary antibiotic use. Only 2 diagnostic strategies 
were prioritized as Tier 1 or Tier 2 recommendations. Several ad
ditional promising approaches that currently lack sufficient evi
dence or implementation experience for recommendation are 
discussed in the Emerging and Promising Strategies section.

1. Implement multiplex nucleic acid amplification tests (NAATs) 
for positive blood cultures, paired with active antimicrobial 
stewardship program support to ensure timely interpretation, 
treatment optimization, and follow-up. [Tier 1] 

Key Considerations
Blood cultures remain an important diagnostic test in suspected 
sepsis, identifying bloodstream pathogens in 10–20% of patients 
overall and up to 40% of those with septic shock [1, 22, 23]. 
Conventional laboratory workflows for species identification 
and susceptibilities typically require 48–72 hours after the blood 
culture becomes positive, during which clinicians frequently 
continue inadequate empiric coverage or unnecessarily broad 
regimens. When performed directly on positive blood cultures 
as soon as they signal growth, multiplex NAAT panels can iden
tify ∼90% of common bloodstream pathogens and key resis
tance genes within hours of culture positivity, enabling far 
earlier optimization of therapy [24].

The broader literature on rapid diagnostic tests for blood
stream infection—including multiplex NAATs, direct-from- 
positive-blood-culture MALDI-TOF, and other rapid organism 
identification approaches—supports the principle that earlier 
microbiologic information can improve care. In a meta- 
analysis of 88 studies (25 682 encounters), rapid diagnostic tests 
paired with active antimicrobial stewardship programs were 

associated with reduced mortality (OR 0.72 [95% CI, 0.59– 
0.87]), shorter time to optimal therapy, and reduced length of 
hospitalization compared with conventional blood culture 
workflows alone [25]. Importantly, in network meta-analysis, 
rapid diagnostic tests combined with antimicrobial stewardship 
were also associated with lower mortality compared with con
ventional blood culture workflows that already included stew
ardship (OR 0.78 [95% CI, 0.63–0.96]), supporting their benefit 
beyond stewardship alone [25]. Notably, no observed survival 
benefit existed when rapid diagnostics were used without stew
ardship involvement, underscoring the need for structured anti
microbial stewardship engagement—including guidance on 
interpretation, escalation and de-escalation pathways, and follow- 
up—to translate faster results into improved patient outcomes. 
These findings are also consistent with ASM’s recent systematic 
review, meta-analysis, and practice guideline, which strongly rec
ommend rapid diagnostics for positive blood cultures in conjunc
tion with active antimicrobial stewardship support [26].

The panel acknowledged important limitations in this liter
ature, including heterogeneity in study populations, diagnostic 
platforms, and stewardship models, as well as the predomi
nance of quasi-experimental study designs [25]. The evidence 
is strongest and most consistent for improvements in time to 
optimal therapy and antibiotic optimization, whereas evidence 
for mortality reduction is more indirect and less certain. 
However, the panel judged this strategy to merit a Tier 1 desig
nation based on the overall concordance of the evidence, strong 
biological and clinical plausibility, minimal downside when 
paired with stewardship, and suitability for hospital-wide 
implementation.

The panel intentionally prioritized multiplex NAATs for pos
itive blood cultures over other rapid diagnostic tests in this rec
ommendation. Although other rapid diagnostic approaches 
applied to positive blood cultures may provide benefit and 
have often been grouped together with NAATs in prior meta- 
analyses, multiplex NAATs currently offer the most immediately 
actionable combination of rapid organism identification and key 
resistance gene detection within a clinically relevant timeframe, 
enabling earlier and more confident optimization of antibiotic 
therapy. In contrast, culture-independent rapid diagnostics per
formed directly on whole blood represent a distinct category 
with different implementation challenges and a more limited ev
idence base and are therefore addressed separately in the 
Emerging and Promising Strategies section.

2. Use clinical decision support strategies to optimize blood culture 
ordering practices, including appropriate indications for initial 
and follow-up cultures. [Tier 2] 

Key Considerations
Blood culture practices are variable across providers and insti
tutions and often suboptimal [27]. In patients with suspected 

IDSA Features • CID • 5

D
ow

nloaded from
 academ

ic.oup.com
/cid/advance-article/doi/10.1093/cid/ciag438/8769592 by guest on 03 Septem

ber 2026



sepsis, blood cultures are sometimes not obtained, obtained 
with inadequate blood volume, or are drawn after initiation 
of empiric antibiotics, which is associated with an ∼50% reduc
tion in culture yield [28, 29]. Conversely, blood cultures are fre
quently obtained in patients at very low risk of bacteremia, and 
follow-up cultures after antibiotics are common in patients un
likely to have persistent infection [30]. Unnecessary blood cul
tures increase the risk of growth of contaminants, which can 
precipitate additional testing, inappropriate antibiotics, central 
line removals, and prolonged length of stay [31].

Clinical decision support (CDS) tools can both promote 
timely blood culture collection with adequate blood volume 
when indicated while also improving the appropriateness of 
blood culture testing [32]. Given the workflow pressures and 
time-sensitive nature of care in settings such as the emergency 
department or during urgent resuscitation, system-level CDS 
strategies are particularly important to facilitate pre-antibiotic 
culture collection without delaying antibiotic therapy. 
Strategies include EHR-based tools, standardized order sets 
or institutional guidelines, audit-and-feedback mechanisms, 
and stewardship- or microbiology-led interventions, depend
ing on local resources and workflows. Electronic prompts 
linked to broad-spectrum antibiotic orders can increase appro
priate pre-antibiotic blood culture collection without increas
ing low-value testing [33]. During the recent national blood 
culture bottle shortage, many institutions used CDS to curtail 
unnecessary blood cultures [34]. Across both pediatric and 
adult ICUs, CDS-supported blood culture optimization initia
tives have consistently improved the appropriateness of blood 
culture draws and antibiotic prescribing, often resulting in few
er unnecessary blood cultures and reduced antibiotic use with
out adverse effects on patient outcomes such as mortality, 
readmissions, or length of stay [35–37]. Similar principles apply 
to other microbiologic testing in patients with suspected sepsis, 
underscoring the importance of aligning diagnostic steward
ship with time-sensitive antibiotic decisions.

Although optimized blood culture practices have not been 
shown to reduce sepsis mortality, they improve diagnostic 
stewardship and support safer, more effective antimicrobial 
decision-making by enhancing diagnostic yield and minimiz
ing contamination-related cascades. While no single national 
guideline provides explicit, comprehensive criteria for initial 
or follow-up blood culture indications, existing stewardship re
sources, professional society guidance, and expert consensus 
consistently emphasize targeted, indication-based use and pro
vide a solid foundation for CDS implementation [30, 32, 38].

B. Antimicrobial Management and Delivery

Effective antimicrobial therapy—encompassing timely initia
tion, appropriate spectrum, and optimized dosing and admin
istration—is a powerful lever to improve sepsis outcomes, yet 
hospital processes are highly variable. This section outlines 

organizational strategies to optimize antimicrobial delivery 
for the highest-risk patients, reduce inappropriate or unneces
sarily broad empiric therapy, and standardize dosing and infu
sion practices.

1. Implement hospital workflows and performance monitoring to 
optimize time from recognition of septic shock to first antibiotic 
administration, with a target of <1 hour. [Tier 1]* 

Key Considerations
Prompt, appropriate antimicrobial therapy is consistently 
linked to improved sepsis outcomes, underpinning its central 
role in clinical guidelines and hospital performance initiatives. 
However, the effect is not uniform across illness severity. 
Multiple large observational studies show that, in patients 
with septic shock, each hour of delay in antibiotic administra
tion is associated with increased mortality, with reported ad
justed odds ratios ranging from ∼1.07 to 1.14 per hour of 
delay [39–42]. In contrast, the evidence supporting strict 
time-to-antibiotic targets for sepsis without shock is inconsistent, 
with several well-conducted studies showing no increase in mor
tality even if antibiotics are given up to 6 hours after recognition 
[41–44]. Unlike SEP-1, which applies a uniform 3-hour target to 
both sepsis and septic shock, prioritizing a <1-hour target specif
ically for septic shock focuses urgent therapy on the subgroup 
most likely to benefit while allowing clinicians more time to clar
ify the diagnosis and limit overtreatment in others.

Hospitals should routinely monitor the interval from 
recognition of septic shock to first antibiotic administration 
as a core process metric to identify delays, diagnose workflow 
barriers, and guide targeted quality-improvement efforts. 
Improvement strategies may include clinician education, elec
tronic alerts when shock criteria are met, rapid triage pathways, 
optimized order sets, and close collaboration among nursing, 
pharmacy, and frontline clinical teams. These efforts can be fur
ther strengthened by also tracking and improving the time from 
antibiotic order to infusion start, a complementary operational 
metric addressed in the subsequent recommendation (B.2). 
Together, these system-level supports can reduce delays and im
prove timely delivery of antibiotics to the highest-risk patients.

An important consideration is the lack of consensus on a 
pragmatic, operational definition of septic shock. Definitions 
used in practice range from highly sensitive but nonspecific 
criteria (eg, any hypotension), to more restrictive definitions 
requiring persistent hypotension after fluid resuscitation 
and/or elevated lactate levels (eg, ≥4.0 mmol/L, as used in 
SEP-1 and early goal-directed therapy trials), to the Sepsis-3 
criteria, which require vasopressor-dependent hypotension 
and a lactate level >2 mmol/L despite adequate fluid resusci
tation [42, 45, 46].

For the purpose of operational measurement, hospitals may 
consider using objective, electronically documented indicators 
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of shock recognition—such as vasopressor initiation—as prag
matic anchors for monitoring, while recognizing that these are 
imperfect surrogates and should not substitute for clinical judg
ment. This approach may improve feasibility and comparabil
ity across institutions by avoiding some of the complexity 
involved in accounting for baseline blood pressure, fluid re
sponsiveness, or variable bedside documentation. The panel 
recognizes that vasopressor initiation may occur late in the 
course of shock physiology and that some high-risk patients, 
such as those with markedly elevated lactate levels (eg, 
≥4.0 mmol/L), may warrant similarly urgent treatment even 
before vasopressors are started [42]. However, vasopressor ini
tiation provides a reproducible and feasible reference point for 
monitoring time to antibiotic administration across diverse set
tings. Additional work is needed to refine and standardize op
erational definitions that balance sensitivity, specificity, 
feasibility, and reproducibility.

Importantly, prompt treatment remains appropriate for pa
tients with a high clinical probability of sepsis even in the ab
sence of shock, whereas patients with more uncertain 
presentations may benefit from a brief period of rapid diagnos
tic reassessment before antibiotic initiation. This general prin
ciple is reflected in the SSC guidelines, which recommend 
immediate antibiotic therapy for adults with probable or defi
nite sepsis without shock, and a time-limited evaluation with 
antibiotic initiation within 3 hours if concern for infection per
sists in those with possible sepsis [18].

*Pediatric Considerations

In children, the evidence supporting a specific 1-hour threshold 
for antibiotic delivery is more limited than in adults, and similar 
challenges exist related to heterogeneity in pediatric septic shock 
definitions [47–52]. Nevertheless, substantial delays in antibiotic 
administration are associated with worse outcomes, particularly 
in children with higher-risk presentations [47–51]. Consistent 
with current pediatric SSC guidance, prompt antibiotic adminis
tration—ideally within 1 hour—remains appropriate for chil
dren with suspected septic shock, and hospitals should develop 
workflows and monitoring strategies to facilitate timely recogni
tion and treatment of these higher-risk patients [53]. Children 
without shock, however, may warrant a brief period of rapid di
agnostic evaluation to clarify the likelihood of sepsis and com
peting diagnoses before treatment is initiated [53].

2. Monitor and minimize time from antibiotic order to infusion 
start in patients with septic shock, with a pragmatic target of 
<30 minutes. [Tier 1] 

Key Considerations

Order-to-infusion time is a critical operational metric as im
proving shock-to-antibiotic time requires prompt shock recog
nition and optimized antibiotic delivery. Observational studies 

suggest that longer delays between antibiotic orders and initial 
administration are associated with increased mortality [43, 54]. 
This metric has practical advantages: once a clinician deter
mines that a patient with septic shock requires antibiotics, there 
is broad consensus that administration should occur as rapidly 
as possible, and both order and infusion timestamps are objec
tive, routinely captured data elements in most electronic health 
records.

Improvement efforts typically depend on coordinated work
flows and may include placing key antibiotics in automated dis
pensing cabinets in EDs and ICUs, implementing “code sepsis” 
response pathways, and developing pathways to expedite phar
macist review for stat antibiotic orders [55]. For clarity, this rec
ommendation refers specifically to time to initiation (not 
completion) of intravenous antibiotic infusion and does not 
endorse alternative routes of administration (eg, intramuscular, 
oral) or methods (eg, IV push) solely to meet time-based met
rics. Efforts to reduce order-to-infusion start time may require 
workflow redesign and safeguards to prevent unsafe shortcuts, 
dosing errors, or inappropriate administration practices.

The panel recognizes that the available literature does not de
fine a specific evidence-based threshold for this interval. In 
observational studies of sepsis populations, administration de
lays associated with increased mortality have generally been 
longer (eg, ∼1 to 1.5 hours), although these studies were not fo
cused specifically on septic shock [43, 54]. The proposed 
<30-minute target should therefore be viewed as a pragmatic 
hospital benchmark to support antibiotic administration with
in <1 hour of septic shock recognition, since hospitals are un
likely to reliably achieve that broader goal without minimizing 
postorder delays. The panel also prioritized this recommenda
tion because it is especially well suited to hospital-level quality 
improvement, as it can be measured objectively and directly 
targeted through workflow redesign.

Importantly, this metric should be limited to patients with 
septic shock. Extending aggressive infusion-time expectations 
to all antibiotic orders may consume resources, introduce oper
ational strain, and could inadvertently encourage unnecessary 
broad-spectrum antibiotic use with little expected benefit.

3. Establish institutional policies that default antipseudomonal β- 
lactam antibiotics to prolonged infusion, after an initial loading 
dose, when these agents are ordered for critically ill patients with 
sepsis. [Tier 1]* 

Key Considerations
Multiple randomized trials and observational studies suggest 
that prolonged infusions of β-lactam antibiotics improve out
comes in critically ill patients with sepsis, including higher clin
ical cure rates and a possible reduction in mortality. The largest 
individual trial to date (BLING III) enrolled more than 7200 
ICU patients treated with piperacillin-tazobactam or 
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meropenem for sepsis and compared continuous infusion after 
an initial loading dose with standard intermittent infusion [56]. 
Although the trial did not demonstrate a statistically significant 
reduction in 90-day mortality in its primary analysis, point es
timates favored the continuous infusion group (24.9% vs 
26.8%; P = .08), clinical cure was significantly higher, and mor
tality was significantly lower in a prespecified adjusted analysis 
(OR 0.89, 95% CI, 0.79–0.99). A meta-analysis published con
currently that incorporated BLING III and 16 other random
ized controlled trials reported a 99.1% posterior probability 
that prolonged infusions reduce 90-day mortality compared 
with intermittent dosing (RR 0.86), corresponding to an esti
mated number needed to treat of ∼26 to prevent 1 death, along 
with increased clinical cure and lower ICU mortality [56, 57].

For purposes of this recommendation, prolonged infusion 
refers to administration strategies that extend drug exposure 
beyond standard intermittent dosing, including extended in
fusions (eg, 3–4 hours) and continuous infusions. This ap
proach is most appropriate for antipseudomonal β-lactams, 
which benefit from extended time above the minimum inhib
itory concentration, whereas agents with long half-lives (eg, 
ceftriaxone, ertapenem) achieve adequate exposure with stan
dard intermittent dosing [58]. Available data do not include 
robust direct comparisons between extended and continuous 
β-lactam infusion strategies. Rather, both approaches are gen
erally considered under the broader concept of prolonged in
fusion and are supported by the same pharmacokinetic/ 
pharmacodynamic principles [59]. Selection should therefore 
be guided by local workflows, feasibility, and patient-specific 
factors.

All patients who receive prolonged β-lactam infusions 
should receive an initial loading dose via standard (short) infu
sion to achieve rapid therapeutic levels [60]. Because the stron
gest evidence derives from critically ill populations, hospitals 
should prioritize implementation in ICU settings, where pa
tients’ altered pharmacokinetics may increase benefit and es
tablished nursing workflows and vascular access facilitate 
reliable administration. This approach can also be extended 
to other units that frequently care for patients with sepsis, 
but hospitals should tailor adoption based on feasibility, 
resource availability, and vascular access constraints. 
Operationalizing prolonged infusion protocols in the emergen
cy department should be done with caution to avoid missed 
loading doses and need for additional intravenous access dur
ing early resuscitation efforts. Hospital protocols should also al
low for reversion to intermittent dosing when limited vascular 
access or specific clinical circumstances warrant. In patients 
with substantially altered pharmacokinetics—such as those re
ceiving renal replacement therapy, extracorporeal membrane 
oxygenation, or with severe obesity—dosing and infusion strat
egies should be guided by established institutional protocols 
and pharmacy oversight.

*Pediatric considerations
The benefits of extended infusion β-lactam antibiotics in chil
dren with sepsis have not clearly been demonstrated in the 
available literature [61]. If hospitals elect to use extended infu
sion β-lactam strategies in children, these efforts may be most 
appropriately focused on patients at higher risk of suboptimal 
target attainment in whom this strategy is feasible based on ac
cess and compatibility considerations [62].

4. Implement clinical decision support and multidisciplinary 
education to prioritize β-lactam administration before 
vancomycin when both agents are ordered in patients with 
suspected sepsis. [Tier 1] 

Key Considerations
Many patients with suspected sepsis are empirically treated 
with both broad-spectrum β-lactam antibiotics and vancomy
cin, despite methicillin-resistant Staphylococcus aureus 
(MRSA) being identified from any clinical culture site in fewer 
than 4% of patients treated for suspected community-onset 
sepsis overall and in ∼12% of those with culture-confirmed 
community-onset sepsis [21, 63]. Due to its prolonged infu
sion time (≥60 minutes), vancomycin administration can de
lay timely β-lactam delivery, particularly in patients with 
limited vascular access. This delay is consequential because 
β-lactam antibiotics provide both high clinical effectiveness 
and broad coverage of common sepsis pathogens not covered 
by vancomycin, particularly Gram-negative organisms.

Two retrospective studies found that administering 
β-lactams before vancomycin was associated with lower mor
tality among patients with bloodstream infections and those 
with suspected sepsis, regardless of bacteremia status [64, 65]. 
Although these studies are subject to residual confounding, 
the findings are consistent with the central role of β-lactams 
in empiric sepsis therapy and support prioritizing their admin
istration when both agents are indicated.

CDS and targeted education can facilitate implementation of 
this practice. Examples of CDS include default antibiotic order 
sets that sequence β-lactams before vancomycin and EHR 
prompts recommending β-lactam-first administration when 
both agents are ordered for suspected sepsis. Education for 
physicians, pharmacists, and nursing staff can reinforce the ra
tionale for β-lactam prioritization and support coordinated im
plementation. Importantly, this recommendation is intended 
to guide default workflow when both agents are used as part 
of broad empiric sepsis coverage and is not intended to over
ride clinical judgment when vancomycin-first administration 
or targeted anti-MRSA therapy alone may be appropriate.

The panel debated whether this recommendation should 
be Tier 1 or Tier 2 given that the evidence is observational. 
Ultimately, a Tier 1 designation was selected given the biolog
ical and clinical plausibility of the association, its minimal 
risk, feasibility through modest workflow adjustments, and 
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strong suitability as an objective, measurable hospital quality 
metric.

5. Implement standardized workflows and clinical decision support 
to ensure timely administration of second antibiotic doses with 
frequent dosing intervals in patients with suspected sepsis. [Tier 2] 

Key Considerations
Hospitals often focus on timely administration of the first anti
biotic dose in sepsis, yet delays in second or later doses occur in 
at least a quarter of patients with suspected sepsis and are asso
ciated with worse outcomes, likely due to inadequate mainte
nance of therapeutic drug concentrations during the critical 
early treatment period [66–69]. These delays commonly arise 
when clinicians order 1-time doses or when care handoffs 
and patient transportation disrupt scheduled dosing (eg, 
ED-to-inpatient handoffs). System-level factors such as ED 
crowding and boarding—which are increasingly common 
and associated with worse outcomes—may further exacerbate 
these delays [70].

Standardized workflows can reduce delays by embedding 
second-dose planning into routine care processes. Examples in
clude defaulting ED antibiotic orders to scheduled dosing rath
er than 1-time dosing, ensuring scheduled doses are active 
before patient transfer, incorporating antibiotic dose–timing 
checks into handoff protocols or transfer checklists, and using 
EHR-based CDS. In a randomized quality improvement study 
of 420 ED patients treated with cefepime or piperacillin- 
tazobactam, an alert prompting clinicians to reorder antibiotics 
before the next dose was due significantly reduced second-dose 
delays, although the study was not powered to detect differenc
es in clinical outcomes [71]. Timely administration of second 
doses is straightforward to measure using EHR timestamps 
for scheduled and actual administration times, enabling rou
tine monitoring and iterative improvement.

6. Develop protocols and clinical decision support to guide 
antibiotic selection for patients who report penicillin or other β- 
lactam allergies. [Tier 2] 

Key Considerations
About 10% of US patients report penicillin and cephalosporin al
lergies but over 90% of these patients do not have true allergies 
and can safely receive β-lactams [72]. Furthermore, most pa
tients with reported penicillin allergies can safely receive key 
cephalosporins commonly used in sepsis care (eg, cefepime, cef
tazidime) without test dosing or other precautions, even after 
prior IgE-mediated reactions [73]. In the absence of clear guid
ance and protocols, these patients are often treated with agents 
that may be less effective, more toxic, or unnecessarily broad 
compared with first-line β-lactams [74]. This is particularly 
problematic in patients with possible sepsis where timely and ef
fective treatment is critical [75].

Standardized protocols and CDS tools that stratify patients 
based on their reaction history and outline when direct chal
lenges, test doses, skin testing, or alternative β-lactams are 
appropriate can safely increase β-lactam use [76–79]. 
Although confirmatory testing may be impractical before 
the initial antibiotic dose in unstable patients with suspected 
sepsis, it can be valuable for optimizing therapy after 
stabilization.

Penicillin allergy delabeling programs are an important com
plementary strategy and have been associated with increased 
use of preferred β-lactams and reduced reliance on broad- 
spectrum alternatives [80]. While delabeling is rarely feasible 
during acute sepsis management, integrating systematic allergy 
reassessment into inpatient workflows can reduce inappropri
ate allergy labels and improve empiric antibiotic selection 
over time. Such efforts should include appropriate safeguards, 
including careful review of reaction history, avoidance of direct 
challenges in patients with severe delayed hypersensitivity reac
tions, and involvement of clinicians with relevant expertise 
when needed.

Although data on CDS tools specifically for patients with 
sepsis who report β-lactam allergies are limited, benefit is plau
sible, implementation is feasible, and embedding structured 
allergy-assessment pathways into CDS may help standardize 
practice and improve timely access to optimal therapy [81, 
82]. Effective β-lactam allergy protocols require multidisciplin
ary collaboration, including antimicrobial stewardship pro
grams, pharmacy support to assist with risk stratification and 
test-dose procedures, and access to allergy expertise (in person 
or virtual) for complex cases.

7. Implement EHR-based clinical decision support tools that 
provide infection site-specific MDRO risk estimates to guide 
empiric antibiotic selection in suspected sepsis. [Tier 2]

Key Considerations

Empiric coverage for multidrug resistant organisms (MDROs), 
particularly MRSA and Pseudomonas aeruginosa, is frequently 
used in suspected sepsis, even though most community-onset 
sepsis is not caused by these pathogens [63]. The INSPIRE trials 
were large pragmatic randomized trials that evaluated 
EHR-integrated, infection site-specific MDRO risk prediction 
tools using routinely available patient-level data—including prior 
microbiology results, recent healthcare exposures, prior antibiotic 
exposure, comorbidities, and infection-specific clinical variables 
—in conjunction with local microbiologic epidemiology to gen
erate patient- and pathogen-specific risk estimates embedded 
within ordering workflows [83–86]. These tools safely reduced 
unnecessary broad-spectrum empiric therapy for patients with 
suspected pneumonia, urinary tract infections, skin and soft- 
tissue infections, and intra-abdominal infections without in
creasing mortality, treatment failure, or other adverse out
comes [83–86]. These findings support implementation of 
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similar EHR-integrated risk prediction tools to guide empiric 
antibiotic selection in patients with suspected sepsis.

The INSPIRE trials excluded critically ill patients; use in ICU 
populations should therefore be approached cautiously pend
ing further studies. However, many hospitalized patients with 
suspected sepsis are managed outside the ICU, representing a 
substantial opportunity to reduce unnecessary broad-spectrum 
therapy in a population for whom safety and effectiveness are 
supported by available data [87, 88]. Because these models re
quire local validation, institution-specific data inputs, custom
ized EHR integration, and strong stewardship oversight, the 
panel judged this a Tier 2 recommendation.

C. Surveillance and Performance Metrics

Objective measures of sepsis incidence, outcomes, and care 
processes are essential for quality improvement. This section 
highlights EHR-based approaches to sepsis surveillance and 
performance measurement, including metrics that track under- 
and over-treatment and the timeliness of critical interventions.

1. Adopt the CDC adult sepsis event definition to monitor sepsis 
incidence, outcomes, and care processes, stratified by 
community-onset and hospital-onset sepsis. [Tier 2]* 

Key Considerations
Accurate surveillance is essential to inform sepsis prevention 
and quality improvement. Traditionally, sepsis surveillance 
has relied on administrative diagnosis codes, but ICD-based ap
proaches are unreliable because sepsis-specific codes miss many 
cases, while indirect estimation using infection and organ dys
function codes introduces substantial heterogeneity between 
providers and hospitals and is prone to variation due to changes 
in diagnosis, documentation, and coding practices over time 
[89–92]. CDC developed the Adult Sepsis Event (ASE) defini
tion as an alternative method to track sepsis using objective clin
ical criteria extracted from EHR records (eg, blood culture orders, 
sustained antimicrobial therapy, and evidence of concurrent or
gan dysfunction) instead of codes to identify sepsis in a standard
ized and reproducible manner [93]. A recently proposed update 
to the ASE definition (version 2.0) incorporates modifications in
tended to improve clinical credibility and better capture the spec
trum of organ dysfunction [94].

Compared to ICD code-based approaches, ASE provides 
more objective estimates of changes in sepsis incidence over 
time, enables fairer comparisons across institutions, and 
may support more accurate evaluation of quality- 
improvement interventions. It also offers consistent differen
tiation between community-onset and hospital-onset sepsis, 
which can help hospitals better characterize where sepsis is 
occurring and where additional review or improvement ef
forts may be warranted [95]. Early adoption of ASE surveil
lance may also facilitate participation in emerging CDC and 
CMS sepsis reporting initiatives.

Although ASE provides a strong foundation for sepsis sur
veillance, important considerations remain for its use in quality 
measurement. Changes in ASE incidence or mortality may re
flect differences in case mix and illness severity in addition to 
care quality, underscoring the need for robust risk adjustment. 
In addition, although hospital-onset sepsis is associated with 
particularly high mortality, its preventability remains incom
pletely defined [95]. Accordingly, at present, ASE is best used 
to track sepsis burden and trends over time, distinguish 
community-onset from hospital-onset sepsis, and identify pri
orities for local review and quality improvement.

Other EHR-based approaches—including electronic imple
mentations of Sepsis-3 and hybrid methods combining diagno
sis codes with objective clinical data—can be used for internal 
surveillance when ASE implementation is not yet feasible, but 
they introduce greater variability and limit comparisons across 
institutions [96, 97]. For example, SOFA-based surveillance de
pends on locally available data elements, baseline assumptions, 
and site-specific calculation rules, and Sepsis-3 criteria were de
veloped to predict mortality among patients with suspected in
fection rather than for surveillance or quality monitoring.

*Pediatric Considerations

This recommendation does not apply to pediatric sepsis surveil
lance at this time. However, building on prior CDC-supported 
consensus recommendations and pilot surveillance work [98, 
99], an electronic Pediatric Sepsis Event surveillance definition 
has recently been developed, validated, and applied to national 
datasets to estimate the US burden of pediatric sepsis [100]. 
This framework provides a scalable approach for pediatric sepsis 
surveillance, although experience with real-world implementa
tion and use for quality monitoring remains limited.

2. Monitor both inadequate and unnecessarily broad empiric 
antibiotic therapy in patients with suspected sepsis, using 
automated methods where feasible. [Tier 2] 

Key Considerations
Empiric therapy turns out to be inadequate—defined as lacking 
activity against the ultimately identified pathogen—in 1 of 5 pa
tients with bloodstream infections [101, 102]. At the same time, 
about two-thirds of patients with suspected community-onset 
sepsis are treated with anti-MRSA or antipseudomonal antibiotics 
despite <10% harboring these pathogens, resulting in unnecessar
ily broad empiric therapy [21, 63]. Both under-treatment and 
over-treatment are associated with worse outcomes: inadequate 
empiric therapy is linked to increased mortality, whereas 
unnecessarily broad therapy is associated with acute kidney injury, 
C. difficile infection, antimicrobial resistance, and increased mor
tality [103].

Hospitals should monitor both inadequate and unnecessarily 
broad empiric antibiotic therapy to balance the competing 
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goals of ensuring timely adequate coverage while minimizing 
unnecessary broad-spectrum antibiotic use, using automated 
EHR-based methods where feasible. Useful measures include 
the proportion of bacteremic patients whose empiric regimen 
lacks activity against the recovered pathogen and the propor
tion of patients started on anti-MRSA or antipseudomonal 
agents who ultimately have no microbiologic evidence of 
MRSA, Pseudomonas aeruginosa, or other ceftriaxone-resistant 
organisms. These data can inform targeted stewardship and 
quality-improvement efforts, such as refining local empiric 
therapy guidelines, updating risk-factor–based MRSA or 
pseudomonal coverage criteria, incorporating EHR-based 
risk-stratification prompts for resistant organisms (see 
Recommendation B.7), enhancing de-escalation workflows, 
or providing feedback to clinicians at the individual or service 
level.

3. Measure de-escalation of anti-MRSA and antipseudomonal 
therapy among patients with suspected sepsis. [Tier 2] 

Key Considerations
De-escalation of empiric MRSA and antipseudomonal therapy 
is highly variable across hospitals and often does not occur even 
when cultures and clinical data support narrowing [104]. 
Although randomized trial data are limited, observational stud
ies consistently associate de-escalation with equivalent or im
proved outcomes [104–108].

Hospitals can operationalize a de-escalation metric by iden
tifying patients with suspected sepsis who receive empiric 
anti-MRSA or antipseudomonal therapy, lack evidence of 
MRSA or ceftriaxone-resistant gram-negative infection within 
3–4 days, and have these agents discontinued or narrowed ac
cordingly. This approach was used in a large US-based cohort 
analysis that demonstrated substantial interhospital variation 
and better patient outcomes with de-escalation even after de
tailed risk adjustment [104]. Alternative approaches, such as 
antibiotic spectrum scores, have been described but are more 
complex to implement and limit interhospital comparability 
because no consensus exists regarding which score to use 
[109]. Hospitals may also choose to track de-escalation of car
bapenems in patients without documented carbapenem- 
resistant organisms.

Tracking and feeding back de-escalation rates at the hospital, 
service, or clinician level can inform local stewardship efforts. 
Strategies to improve de-escalation include CDS prompts, 
pharmacist-led outreach, structured antibiotic time-outs, and 
selective use of MRSA nasal surveillance testing to facilitate ear
lier discontinuation of empiric anti-MRSA therapy in patients 
with suspected pneumonia [110]. Importantly, this metric 
should be interpreted in the context of clinical stability and 
source control. Continued broad-spectrum therapy may be ap
propriate in select cases, including patients with persistent 

hemodynamic instability, suspected deep-seated or uncon
trolled infection due to resistant pathogens, or severe immuno
compromise. The intent is not to mandate de-escalation in 
every culture-negative case, but to identify opportunities where 
narrowing is supported by available microbiologic and/or clin
ical data.

4. Monitor time from sepsis onset to definitive source control in 
patients requiring procedural intervention, and track timeliness 
of transfers when on-site source control is unavailable. [Tier 2]* 

Key Considerations
Timely source control is a foundational principle of sepsis man
agement because persistent infected foci can drive ongoing im
mune dysregulation, organ dysfunction, and treatment failure. 
Approximately one-third of hospitalized patients with sepsis 
require a procedure for source control, such as abscess drain
age, debridement of infected or necrotic tissue, or removal of 
an infected device [111–113]. Although observational studies 
evaluating the association between source control timing and 
outcomes remain limited and susceptible to confounding, the 
most rigorous evaluation to date—a retrospective cohort study 
of 4962 adults with community-onset sepsis at UPMC—found 
that source control within 6 hours of sepsis onset was associat
ed with lower risk-adjusted 90-day mortality, with the strongest 
associations observed in gastrointestinal, abdominal, and soft- 
tissue infections [113].

Although the optimal timing of source control varies by clin
ical context—including illness severity, infection site, patho
gen, procedural options, and technical feasibility—hospitals 
currently have limited visibility into how often delays occur. 
Electronic identification of patients with sepsis who undergo 
source control, using procedure-code lists similar to those de
veloped in the UPMC study, could help quantify performance 
and identify workflow barriers such as delays in consultation, 
operating room or interventional radiology availability, imag
ing, or cross-service coordination. Because many hospitals 
lack full-time procedural capabilities, monitoring the timeli
ness of transfers for source control is equally important.

The panel recognizes that many hospitals currently lack the 
technical expertise and resources to implement this recommen
dation and that operationalizing source control timing metrics 
presents definitional and analytic challenges, including vari
ability in defining sepsis onset, procedural initiation, and trans
fer intervals. Standardized analytic code, implementation 
toolkits, and interpretive guidance are therefore needed to sup
port consistent measurement across settings and represent im
portant priorities for future work.

*Pediatric Considerations
Timely transfer for definitive source control is a particularly 
important consideration in pediatric sepsis care and is 
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emphasized in the pediatric SSC guidelines, as many children 
with sepsis initially present to hospitals without on-site pediat
ric subspecialty, surgical, or interventional radiology capabili
ties [53, 114]. Monitoring transfer timeliness may therefore 
be especially relevant for identifying delays and opportunities 
to improve regional care coordination for pediatric patients re
quiring source control.

D. Adjunctive Therapy

This section focuses on corticosteroid use in clinical contexts 
where evidence suggests benefit but practice remains variable, 
highlighting opportunities for standardized implementation. 
Despite overlap with broader critical care management, ad
junctive immunomodulatory therapies were considered within 
the scope of this multidisciplinary initiative.

1. Implement protocols and clinical decision support to promote 
timely corticosteroid use for appropriately selected patients with 
severe community-acquired pneumonia. [Tier 2]* 

Key Considerations
The role of corticosteroids in community-acquired pneumonia 
(CAP) is an area of longstanding controversy. In the US 
Veterans Affairs ESCAPe trial, corticosteroids were not associ
ated with a mortality benefit, and the REMAP-CAP steroid do
main was stopped early for futility with numerically higher 
mortality in the corticosteroid arm [115, 116]. In contrast, 
the CAPE-COD trial demonstrated that hydrocortisone 
200 mg IV daily initiated within 24 hours of ICU admission 
substantially reduced progression to mechanical ventilation 
and 28-day mortality among patients with severe CAP [117]. 
Differences in patient selection, baseline severity, and timing 
of corticosteroid initiation may explain inconsistent findings 
across studies.

Despite heterogeneity across trials, several meta-analyses sug
gest a mortality benefit [118–120]; accordingly, guidelines from 
SCCM and ATS now recommend corticosteroid therapy for 
adults with severe CAP [121, 122]. Because severe CAP with acute 
hypoxemic respiratory failure meets sepsis criteria even in the ab
sence of shock, and pneumonia is the most common cause of sep
sis, improving outcomes in severe CAP represents an important 
opportunity to reduce overall sepsis mortality [123, 124].

Implementation tools such as order sets, local guidance, 
and CDS can promote timely and consistent uptake, while 
EHR-based monitoring of corticosteroid use can support adher
ence and iterative improvement. Importantly, CDS and educa
tional efforts should ensure that corticosteroid use is generally 
limited to patients approximating populations for which trials 
have demonstrated benefit (eg, severe CAP with acute hypox
emic respiratory failure requiring ICU-level care), while recog
nizing that emerging evidence suggests benefit may be 
concentrated among patients with elevated C-reactive protein 

(CRP) levels [125]. Local protocols should therefore specify in
clusion criteria and align contraindications and cautions with 
prior trial populations (ie, excluding suspected or confirmed in
fluenza pneumonia, chemical pneumonitis from aspiration of 
gastric contents, invasive fungal or mycobacterial infection, or 
other conditions in which corticosteroid risks may outweigh po
tential benefits). Hospitals may further consider incorporating 
CRP-informed stratification into local protocols to help identify 
patients most likely to benefit, while balancing potential risks.

Although the overall balance of evidence supports early cor
ticosteroid administration for patients with severe CAP, the 
panel designated this Tier 2 recommendation because of incon
sistent efficacy findings across clinical trials and because suc
cessful implementation requires careful attention to patient 
selection, contraindications, and CDS design to avoid inappro
priate corticosteroid use. Notably, the panel did not specifically 
recommend protocols to support routine initiation in the 
emergency department, given diagnostic uncertainty early in 
the clinical presentation and the risk of unnecessary steroid ex
posure. However, corticosteroid initiation in the ED may be 
reasonable when diagnostic certainty is high, particularly in set
tings of prolonged boarding where delays in ICU transfer may 
postpone therapy.

*Pediatric considerations
There are no high-quality pediatric trials evaluating the impact 
of corticosteroids in children with severe CAP, so the potential 
benefits versus harms of implementing tools to facilitate steroid 
administration in pediatric settings are unknown.

2. Implement protocols and clinical decision support to promote 
corticosteroid use for patients with refractory septic shock. 
[Tier 2]* 

Key Considerations
The role of corticosteroids in septic shock has been debated for 
decades, but several large trials and meta-analyses suggest a 
mortality benefit, particularly in adults with persistent 
vasopressor-dependent shock [126, 127]. Recent SCCM and 
SSC guidelines suggest administering corticosteroids to adults 
with persistent septic shock, reflecting the balance of current 
evidence [18, 121].

Despite these recommendations, corticosteroid use in septic 
shock varies widely across US hospitals, underscoring an imple
mentation gap [128]. Standardized protocols, order sets, and 
CDS can help ensure timely and consistent use of corticosteroids 
in patients most likely to benefit, and monitoring compliance 
rates can help identify workflow barriers and guide iterative im
provements. Such protocols should clearly define refractory sep
tic shock, commonly operationalized as a requirement for 
norepinephrine or epinephrine at ≥0.25 mcg/kg/min for at 
least 4 hours to maintain target mean arterial pressure, and 
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specify the recommended regimen of intravenous hydrocorti
sone 200 mg daily [60]. Although debate persists regarding 
adjunctive fludrocortisone, protocolized hydrocortisone ad
ministration remains the core recommended approach [129].

This recommendation was designated Tier 2 because, al
though current guidelines support corticosteroid use in persis
tent septic shock, uncertainty remains regarding the magnitude 
of benefit and some trials have reported neutral findings. 
Nevertheless, corticosteroid therapy is supported by contem
porary guidelines, is low-cost and operationally straightfor
ward, and has a favorable benefit-risk profile when used at 
recommended doses and durations.

*Pediatric Considerations
Available pediatric data do not clearly demonstrate a mortality 
benefit associated with corticosteroid use in children with re
fractory septic shock, and small retrospective studies raise con
cern for possible harm [130–132]. In alignment with the SSC 
guidelines for children [53], and pending results from an ongo
ing randomized trial (NCT03401398), either administering or 
withholding corticosteroids is considered acceptable in chil
dren. Implementation of tools to promote corticosteroids 
should therefore be limited to those with suspected adrenal 
insufficiency.

E. Program Infrastructure and Organizational Support

Effective sepsis care depends not only on clinical protocols but 
also on strong organizational infrastructure. Multidisciplinary 
governance, stewardship integration, and pharmacologic ex
pertise are essential components of high-functioning sepsis 
programs and may support reliable implementation of the rec
ommendations in this document. The panel designated all rec
ommendations in this section as Tier 2 because, although 
supported by expert consensus, observational data, and nation
al frameworks such as CDC’s Hospital Sepsis Program Core 
Elements, direct evidence linking these structures to improved 
patient outcomes is limited, and implementation often requires 
dedicated personnel, institutional commitment, and resources 
that vary across hospitals.

1. Establish a multidisciplinary sepsis governance structure that 
includes infectious diseases, antimicrobial stewardship, and 
clinical microbiology expertise and engages infection-prevention 
teams through structured collaboration. [Tier 2] 

Key Considerations

Effective sepsis care requires coordination across multiple dis
ciplines. Sepsis governance has traditionally been driven by 
critical care, emergency medicine, hospital medicine, nursing, 
pharmacy, and other clinical and operational teams whereas in
fectious diseases, antimicrobial stewardship, clinical microbiol
ogy, and infection prevention have often been absent from (or 
only peripherally engaged in)program leadership. Findings 

from the 2022 National Healthcare Safety Network survey 
underscore this gap: only 55% of hospital sepsis committees 
reported antimicrobial stewardship participation [133]. 
This gap is important because many of the most impactful 
opportunities to improve sepsis outcomes depend on opti
mizing infection diagnosis, antimicrobial management, and 
prevention.

Infectious disease, antimicrobial stewardship, and clinical 
microbiology specialists provide essential expertise in diagnos
tic stewardship, development of institutional antibiograms, 
empiric antibiotic guidelines, antibiotic dosing, and structured 
de-escalation strategies. These activities help ensure that anti
microbial management is tailored to infection source, host fac
tors, prior healthcare exposures, microbiologic history, and 
local resistance patterns.

Infection preventionists and hospital epidemiologists pro
vide complementary expertise in healthcare-associated infec
tion (HAI) surveillance and prevention. Their engagement is 
particularly valuable for sepsis program activities focused on 
preventing HAIs and hospital-onset sepsis, including imple
mentation of the strategies outlined in the Section “Infection 
Prevention Considerations.”

Integrating these disciplines into formal sepsis governance 
structures, whether through standing membership or struc
tured collaboration, strengthens both acute sepsis management 
and upstream prevention efforts aimed at reducing sepsis inci
dence and improving outcomes. As with other hospital-wide 
quality initiatives, sepsis governance is most effective when 
aligned with existing quality and patient safety structures, sup
ported by clearly defined leadership, led by a designated indi
vidual accountable for program oversight and performance, 
and appropriately resourced to achieve its mandate [19].

2. Integrate antimicrobial stewardship participation into routine 
ICU rounds to support real-time optimization of antibiotic 
therapy in critically ill patients. [Tier 2] 

Key Considerations
Embedding antimicrobial stewardship expertise into daily ICU 
rounds enables real-time review of antibiotic selection, dosing, 
de-escalation opportunities, and duration. This collaborative 
approach improves the appropriateness of antibiotic therapy 
during the highest-risk phase of sepsis care and provides ongo
ing education for ICU clinicians [134]. Both observational 
studies and randomized trials demonstrate that ICU-focused 
stewardship rounds can decrease antibiotic utilization and re
duce costs, though mortality benefits have not been consistent
ly shown [135, 136]. Despite this, ICU-based antimicrobial 
stewardship engagement aligns with best practices and helps 
ensure coordinated, appropriate care for critically ill patients 
with suspected or confirmed sepsis. Implementation may be 
constrained by stewardship staffing and resource availability, 
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particularly in smaller hospitals, but participation can often be 
achieved through flexible models tailored to local resources.

3. Support the application of pharmacokinetic/pharmacodynamic 
(PK/PD) principles in antimicrobial dosing for critically ill 
patients, including access to infectious diseases and critical care 
pharmacists, clinician and nursing education, and laboratory 
capacity for therapeutic drug monitoring where appropriate. 
[Tier 2] 

Key Considerations
Critically ill patients often have altered and rapidly changing 
pharmacokinetics due to fluid shifts, organ dysfunction, aug
mented renal clearance, or extracorporeal therapies. Standard 
antibiotic dosing regimens may therefore provide suboptimal 
drug exposure in this population. Applying PK/PD principles 
of individualized dosing, loading doses, optimized infusion 
strategies, and selective therapeutic drug monitoring can help 
ensure adequate and sustained antimicrobial concentrations. 
A recent meta-analysis of 10 randomized trials found that indi
vidualized antimicrobial dose optimization strategies, includ
ing therapeutic drug monitoring and related PK/PD-guided 
approaches, were associated with significantly improved target 
attainment and lower treatment failure, with numerically fa
vorable but not statistically significant improvements in mor
tality and clinical cure [137].

Surveys of ICU clinicians note gaps in PK/PD knowledge, 
suggesting a need for clinician and nursing education plus en
hanced access to infectious diseases and critical care pharmacists 
(including those with pediatric training in relevant settings) with 
expertise in antimicrobial dosing [138]. Laboratory infrastruc
ture to support therapeutic drug monitoring for selected agents 
(eg, aminoglycosides, vancomycin, and potentially β-lactams as 
capacity expands) can further enhance antimicrobial optimiza
tion in critically ill patients.

F. Infection Prevention Considerations

Hospital-onset sepsis is often precipitated by HAIs, many of 
which are likely preventable [139]. Crude and adjusted mortal
ity rates for hospital-onset sepsis are approximately twice as 
high as those for community-onset sepsis [140]. Patients with 
sepsis are also particularly vulnerable to secondary HAIs be
cause of sepsis-induced immune dysfunction [141]. In a large 
prospective ICU cohort from the Netherlands, more than 1 
in 8 patients admitted with sepsis developed a HAI, most com
monly CLABSI (26%), pneumonia (25%), and intra-abdominal 
infections (16%), and these events were strongly associated 
with higher mortality [142].

Infection prevention is therefore integral to improving sepsis 
outcomes, both by reducing hospital-onset sepsis and by pre
venting secondary infections in patients with community-onset 
sepsis. The panel emphasizes that the SHEA/AHA/APIC/IDSA 
Joint Commission Compendium remains the essential, 

evidence-based foundation for preventing CLABSI, CAUTI, 
VAP, and other HAIs; improving adherence to these estab
lished best practices is a core infection-prevention recommen
dation for any sepsis program [143].

In addition to reinforcing the Compendium, the panel iden
tified 2 further high-opportunity, evidence-supported inter
ventions that have particular relevance to reducing sepsis 
morbidity and mortality and that remain suboptimally imple
mented nationwide.

1. Implement universal chlorhexidine gluconate bathing and either 
universal or targeted MRSA nasal decolonization for all ICU 
patients and for non-ICU patients with invasive devices. [Tier 2] 

Key Considerations
Universal decolonization with daily chlorhexidine gluconate 
(CHG) bathing and nasal mupirocin reduces healthcare- 
associated bloodstream infections in high-risk hospitalized 
patients. The REDUCE-MRSA trial demonstrated an ∼43% re
duction in all-pathogen bloodstream infections in ICU patients 
using daily CHG baths + nasal mupirocin compared with stan
dard care [144]. Despite these data, national implementation 
remains incomplete: a 2021 national survey revealed that 
only 63% of US hospitals provide routine CHG bathing for 
ICU patients, and fewer than 40% routinely provide nasal de
colonization [145]. In non-ICU settings, the ABATE trial 
showed similar reductions in bloodstream infections in 
non-ICU patients with invasive devices such as central lines, 
midlines, and lumbar drains—an important risk group for 
hospital-onset sepsis [146].

Effective implementation requires structured staff education, 
periodic reinforcement of best practices, and routine monitor
ing with feedback to promote consistent and high-quality 
chlorhexidine treatment delivery [147]. Although a mortality 
benefit of universal decolonization has not been demonstrated, 
reductions in healthcare-associated bloodstream infections 
provide a strong rationale for implementation as part of a com
prehensive sepsis prevention program.

2. Implement structured programs to ensure daily toothbrushing 
for all hospitalized patients. [Tier 2] 

Key Considerations

Hospital-acquired pneumonia is the most common HAI and 
the leading cause of hospital-onset sepsis, making it a major 
contributor to sepsis-related morbidity [139, 148]. A recent 
meta-analysis of 15 randomized trials showed that daily tooth 
brushing, as a core component of oral care, reduces HAP inci
dence—particularly among mechanically ventilated patients— 
and is associated with shorter duration of mechanical ventila
tion, shorter ICU stays, and lower ICU mortality [149]. 
Because non-ventilator HAP is far more common than 
ventilator-associated pneumonia, extending daily tooth 
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brushing across all inpatient units represents a practical, low- 
cost intervention with substantial potential to reduce both 
community-onset sepsis complications and hospital-onset sep
sis. Standardized workflows, staff education, and routine mon
itoring can help ensure consistent and reliable implementation. 
The panel designated this recommendation as Tier 2 because, 
although daily tooth brushing reduces HAP and related mor
bidity, the strongest evidence comes from ICU and mechani
cally ventilated populations, with more limited evidence in 
other hospitalized patients, and its impact on sepsis-specific 
outcomes has not been directly established.

G. Emerging and Promising Strategies (Not Recommended for Routine 
Implementation)

The panel identified several emerging strategies and technologies 
with potential to improve sepsis recognition and management 
but judged that current evidence, feasibility, or generalizability 
is insufficient to support broad implementation. Hospitals may 
reasonably pilot these approaches in selected settings with clear 
protocols, antimicrobial stewardship support, and well-defined 
evaluation plans.

1. Automated sepsis prediction tools
Automated sepsis prediction models, often using machine 
learning or artificial intelligence techniques applied to routinely 
collected EHR data, aim to identify clinical deterioration or 
evolving sepsis earlier than manual screening or clinician rec
ognition. Examples include commercially available systems 
such as the Epic Sepsis Predictive Model, TREWS, and Sepsis 
ImmunoScore, which continuously integrate vital signs, labo
ratory results, and other EHR data to estimate sepsis risk and 
prompt clinician evaluation [150, 151]. Unlike established bed
side clinical screening scores (eg, NEWS/NEWS2, MEWS, 
SIRS, and qSOFA), these systems continuously analyze evolv
ing EHR data to generate automated risk estimates rather 
than relying on simpler rule-based criteria. Several observa
tional and quasi-experimental studies suggest these systems 
may improve process measures such as bundle adherence and 
time to antibiotic administration [152, 153].

Despite these encouraging findings, important uncertain
ties remain that precluded Tier 1 or 2 designations. 
Although several studies have demonstrated improvements 
in process measures, there is no convincing evidence from rig
orous randomized trials that currently available automated 
prediction tools improve patient outcomes. Additional con
cerns include uncertain generalizability outside development 
settings, limited model transparency, risk of alert fatigue, and 
imperfect performance characteristics that may promote 
overdiagnosis and unnecessary broad-spectrum antibiotic 
use. Hospitals choosing to deploy these systems should do 
so selectively, with rigorous local validation (particularly 
for externally developed models), clearly defined clinical 

response pathways, and ongoing monitoring of model 
performance.

2. Host immune response–based sepsis diagnostics
A growing number of host-response–based diagnostic tests 
may assist with evaluating patients who may have sepsis, espe
cially when infection is uncertain or presentations are nonclas
sic. These assays stratify patients into risk categories using 
different biological signals, including white blood cell charac
teristics (such as monocyte distribution width [MDW] and 
IntelliSep) or gene-expression signatures (such as SeptiCyte 
Rapid and TriVerity) [154–157]. MDW is notable because it 
can be reported automatically as part of a routine complete 
blood count with differential, without requiring a separate 
test order or platform.

Although these tools may improve diagnostic discrimina
tion in select situations, evidence supporting their clinical im
pact remains limited. Existing studies focus almost entirely on 
diagnostic accuracy, and no rigorous randomized evaluations 
have demonstrated improvements in mortality, antibiotic use, 
or other clinically meaningful outcomes. Several assays have 
received FDA authorization, but authorization reflects analyt
ical or diagnostic performance rather than proven clinical ef
fectiveness. Moreover, abnormal results may prompt 
unnecessary antibiotic use unless interpreted within the 
broader clinical context and paired with strong stewardship 
oversight.

Given this uncertainty, along with cost, workflow complexi
ty, and the potential for unintended consequences, the panel 
does not recommend broad adoption at this time. Health sys
tems interested in these technologies should limit use to struc
tured pilot programs with clear action pathways and rigorous 
monitoring to determine whether they offer measurable im
provements in sepsis care and outcomes.

3. Culture-independent rapid diagnostics for bloodstream infection
Direct-from-blood molecular assays offer the promise of faster, 
sensitive detection of bloodstream pathogens without waiting 
for culture growth, potentially enabling earlier optimization of 
therapy. Unlike multiplex nucleic acid amplification tests per
formed on positive blood cultures (Recommendation A.1), which 
are applied to patients with microbiologically confirmed blood
stream infection, direct-from-blood testing is performed in a 
much broader population in whom most patients with suspected 
sepsis are ultimately not bacteremic. Consequently, 
thepotential benefits must be weighed against substantially 
higher testing costs, uncertain impact on clinical outcomes, 
and the risk of detecting organisms of unclear clinical signifi
cance [158].

Notably, a recent pragmatic randomized trial demonstrat
ed that direct-from-blood bacterial testing significantly short
ened time to pathogen identification but did not reduce 
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empiric broad-spectrum antibiotic exposure or improve clin
ical outcomes compared with usual care [159]. At present, giv
en limited evidence of patient benefit, targeted use within 
research settings or pilot programs—coupled with strong an
timicrobial stewardship oversight—remains the most appro
priate approach.

4. Multiplex NAAT panels for lower respiratory samples
Syndromic multiplex NAAT panels for lower respiratory tract 
specimens can accelerate pathogen identification and improve 
detection of bacterial and viral pathogens in patients with sus
pected pneumonia, particularly after antibiotic exposure, when 
conventional culture-based diagnostics become less sensitive. 
However, these assays are costly, operationally complex, and 
may detect organisms that represent colonization rather than 
the cause of pneumonia, increasing the risk of unnecessary 
broad-spectrum antibiotic use. Although several randomized 
trials have demonstrated earlier pathogen-directed or other
wise appropriate antibiotic therapy, none have shown consis
tent improvements in clinical outcomes such as length of stay 
or mortality [160–169].

Accordingly, it remains unclear whether routine, widespread 
use provides sufficient benefit to justify the cost and complexity 
of these assays. If deployed, these assays should be restricted to 
carefully selected high-risk populations (such as ICU patients, 
immunocompromised hosts, or patients with suspected 
hospital-acquired pneumonia) and paired with strong antimi
crobial stewardship support to guide appropriate interpretation 
and antibiotic management.

5. Procalcitonin-guided antibiotic duration
Meta-analyses of randomized controlled trials suggest that 
procalcitonin-guided antibiotic cessation can shorten antibiot
ic courses and may potentially offer a mortality benefit, but 
most contributing trials were unblinded and at high risk of 
bias, which limits the certainty of these conclusions [170, 
171]. The largest and most rigorous evaluation to date, 
ADAPT-sepsis, demonstrated a 1-day reduction in antibiotic 
exposure but no impact on 28-day mortality [172]. In contrast 
to some adult studies, a recent pediatric randomized trial did 
not demonstrate benefit from procalcitonin-guided antibiotic 
duration strategies in hospitalized children with suspected bac
terial infection in settings with established antimicrobial stew
ardship programs [173].

Beyond differences across patient populations, real-world 
experience has been inconsistent. Many clinicians use procalci
tonin as a single diagnostic test rather than as part of the serial, 
algorithm-based discontinuation rules evaluated in trials, and 
centers reporting success typically relied on intensive steward
ship support that may not be feasible in high-volume settings 
[174, 175]. Given modest benefits under ideal conditions, in
consistent real-world impact, and cost and complexity, the 

panel did not support universal deployment of procalcitonin 
but recognizes a potential role for selective use within struc
tured protocols and robust stewardship programs.

More recently, the PRONTO trial, published after comple
tion of the panel’s formal review and voting process, raised the 
possibility that early point-of-care procalcitonin testing at 
presentation may improve outcomes in adult patients with 
suspected sepsis [176]. However, the mechanism of benefit re
mains uncertain, as antibiotic initiation and duration were 
similar between study arms. One hypothesis is that early pro
calcitonin testing improves diagnostic confidence, prompting 
more timely escalation of sepsis-directed care when values are 
elevated and earlier reconsideration of alternative diagnoses 
when values are low [177]. Because the trial did not evaluate 
these potential pathways, the findings should be considered 
hypothesis-generating and warrant further study before 
broader implementation can be recommended.

Implementation Considerations for Resource-Limited Hospitals

The panel recognizes that hospitals vary substantially in size, 
infrastructure, and available resources. Small, rural, and safety- 
net hospitals may face barriers to implementing certain recom
mendations, including advanced diagnostic testing, informatics 
support, and real-time performance monitoring. The tiered 
framework is intended to help hospitals prioritize interventions 
and adopt them incrementally based on local capacity. While 
implementation should be tailored to available resources, these 
recommendations may also serve as a framework for engaging 
institutional leadership and advocating for investments in sep
sis care infrastructure. Regional collaboration, referral net
works, shared laboratory services, tele-infectious diseases, 
tele-stewardship, and tele-critical care support, partnerships 
with EHR vendors to integrate sepsis CDS and reporting tools, 
and external quality-improvement initiatives may help 
resource-constrained hospitals access capabilities that are not 
available on-site.

CONCLUSION

Improving sepsis outcomes requires sustained commitment, 
multidisciplinary collaboration, and a focus on strengthening 
systems of care across the continuum of sepsis management. 
The strategies outlined in this position paper reflect a synthesis 
of available evidence and multidisciplinary expert consensus, 
identifying high-value, evidence-informed approaches to the 
infection-related aspects of sepsis care that hospitals can imple
ment today while also highlighting promising strategies that 
warrant further evaluation. As evidence, technologies, and im
plementation experience continue to evolve, these recommen
dations should be revisited and refined to help hospitals 
continue advancing sepsis care and improving patient 
outcomes.

16 • CID • IDSA Features

D
ow

nloaded from
 academ

ic.oup.com
/cid/advance-article/doi/10.1093/cid/ciag438/8769592 by guest on 03 Septem

ber 2026



Supplementary Data
Supplementary materials are available at Clinical Infectious Diseases online. 
Consisting of data provided by the authors to benefit the reader, the posted 
materials are not copyedited and are the sole responsibility of the authors, 
so questions or comments should be addressed to the corresponding 
author.

Notes

Acknowledgments. The panel thanks Priya Adhikary and 
Maitri Vaidya for their expert administrative support and coor
dination throughout this effort. The panel also thanks Tom 
Heymann (Sepsis Alliance) for his participation and helpful 
perspectives during panel discussions.

Financial support. This work received no specific funding.
Potential conflicts of interest. The following panelists re

ported relationships with the indicated organizations within 
the past 24 months. Dr Bell serves as a board review question 
writer for CHEST. Dr Busch has an occupational health con
tract with CDC and previously received an early career investi
gator research grant from the Society for Critical Care 
Medicine. Dr Chiotos has received funding from PCORI, 
CDC, and NIH and serves in leadership roles with PIDS, 
SHEA, and SCCM task forces and committees. Dr Cosgrove re
ceives book royalties from Taylor & Francis Group; serves as an 
editor for CRC Press; and has received grant funding from the 
Maryland Department of Health, AHRQ, NIH, CDC, FDA, and 
PCORI. Dr Heil serves as an advisor/consultant for 
Wolters-Kluwer (Lexicomp) and has received funding from 
the Maryland Department of Health. Dr Klompas receives hon
oraria from UpToDate and has received funding from CDC, 
AHRQ, and the Massachusetts Department of Public Health. 
Dr Palavecino serves as an advisor/consultant for Shionogi 
and BioMerieux. Dr Patel has received funding from HRSA 
and NIAID. Dr Rhee receives honoraria from UpToDate and 
DynaMed and has received funding from CDC and AHRQ. 
Dr Septimus serves as an advisor/consultant for BioMerieux 
and BD. Dr Sevransky serves as Editor in Chief of Critical 
Care Medicine Journal and has received funding from CDC, 
DoD, and Regeneron. Dr Taylor has received funding from 
AHRQ, NIH, the National Institute of Nursing Research, and 
PCORI. Dr Yealy serves as Editor in Chief of Annals of 
Emergency Medicine.

References
1. Rhee C, Dantes R, Epstein L, et al. Incidence and trends of sepsis in US hospitals 

using clinical vs claims data, 2009-2014. JAMA 2017; 318:1241–9.
2. Buchman TG, Simpson SQ, Sciarretta KL, et al. Sepsis among medicare beneficia

ries: 1. The burdens of sepsis, 2012-2018. Crit Care Med 2020; 48:276–88.
3. Klompas M, Rhee C, Singer M. The importance of shifting sepsis quality mea

sures from processes to outcomes. JAMA 2023; 329:535–6.
4. Rhee C, Chiotos K, Cosgrove SE, et al. Infectious Diseases Society of America 

position paper: recommended revisions to the national severe sepsis and septic 
shock early management bundle (SEP-1) sepsis quality measure. Clin Infect Dis 
2021; 72:541–52.

5. Klompas M, Rhee C. The CMS sepsis mandate: right disease, wrong measure. 
Ann Intern Med 2016; 165:517–8.

6. Faust JS. Moving beyond the centers for medicare and medicaid services’ “severe 
sepsis and septic shock early management bundle” core quality measure. Ann 
Emerg Med 2021; 78:20–6.

7. Rhee C, Strich JR, Klompas M, Yealy DM, Masur H. SEP-1 has brought much 
needed attention to improving sepsis care…but now is the time to improve 
SEP-1. Crit Care Med 2020; 48:779–82.

8. Swenson KE, Winslow DL. Impact of sepsis mandates on sepsis care: unintended 
consequences. J Infect Dis 2020; 222:S166–73.

9. Pepper DJ, Jaswal D, Sun J, Welsh J, Natanson C, Eichacker PQ. Evidence under
pinning the Centers for Medicare & Medicaid Services’ severe sepsis and septic 
shock management bundle (SEP-1): a systematic review. Ann Intern Med 2018; 
168:558–68.

10. Barbash IJ, Davis B, Kahn JM. National performance on the medicare SEP-1 sep
sis quality measure. Crit Care Med 2019; 47:1026–32.

11. Rhee C, Yu T, Wang R, et al. Association between implementation of the severe 
sepsis and septic shock early management bundle performance measure and 
outcomes in patients with suspected sepsis in US hospitals. JAMA Netw Open 
2021; 4:e2138596.

12. Anderson DJ, Moehring RW, Parish A, et al. The impact of Centers for Medicare 
& Medicaid Services SEP-1 core measure implementation on antibacterial utili
zation: a retrospective multicenter longitudinal cohort study with interrupted 
time-series analysis. Clin Infect Dis 2022; 75:503–11.

13. Pakyz AL, Orndahl CM, Johns A, et al. Impact of the Centers for Medicare and 
Medicaid Services sepsis core measure on antibiotic use. Clin Infect Dis 2021; 72: 
556–65.

14. Rhee C, Strich JR, Chiotos K, et al. Improving sepsis outcomes in the era of 
pay-for-performance and electronic quality measures: a joint IDSA/ACEP/ 
PIDS/SHEA/SHM/SIDP position paper. Clin Infect Dis 2024; 78:505–13.

15. Partnership for Quality Measurement. MUC2025-045: Adult Community-Onset 
Sepsis Standardized Mortality Ratio (SMR). 2025. Available at: https://p4qm.org/ 
prmr-measures/muc2025-045. Accessed 30 May 2026.

16. Partnership for Quality Measurement. MUC2025-055: Hospital 30-Day, 
All-Cause, Risk-Standardized Readmission Rate (RSRR) Following Sepsis 
Hospitalization. 2025. Available at: https://p4qm.org/prmr-measures/ 
muc2025-055. Accessed 30 May 2026.

17. Partnership for Quality Measurement. MUC2025-047: Hospital Sepsis Program 
Core Elements Score. 2025. Available at: https://p4qm.org/prmr-measures/ 
muc2025-047. Accessed 30 May 2026.

18. Prescott HC, Antonelli M, Alhazzani W, et al. Surviving sepsis campaign: inter
national guidelines for management of sepsis and septic shock 2026. Crit Care 
Med 2026; 54:725–812.

19. Prescott HC, Posa PJ, Dantes R. The Centers for Disease Control and 
Prevention’s hospital sepsis program core elements. JAMA 2023; 330:1617–8.

20. Prescott HC, Heath M, Walzl E, et al. CDC’s hospital sepsis program core ele
ments are associated with improved management and outcomes of sepsis. Am 
J Respir Crit Care Med 2026; 212:537–41.

21. Shappell CN, Yu T, Klompas M, et al. Frequency of antibiotic overtreatment and 
associated harms in patients presenting with suspected sepsis to the emergency 
department: a retrospective cohort study. Clin Infect Dis 2025; 80:1197–207.

22. Ohnuma T, Chihara S, Costin B, et al. Epidemiology, resistance profiles, and out
comes of bloodstream infections in community-onset sepsis in the United States. 
Crit Care Med 2023; 51:1148–58.

23. Kethireddy S, Bilgili B, Sees A, et al. Culture-negative septic shock compared 
with culture-positive septic shock: a retrospective cohort study. Crit Care Med 
2018; 46:506–12.

24. Wang Y, Lindsley K, Bleak TC, et al. Performance of molecular tests for diagno
sis of bloodstream infections in the clinical setting: a systematic literature review 
and meta-analysis. Clin Microbiol Infect 2025; 31:360–72.

25. Peri AM, Chatfield MD, Ling W, Furuya-Kanamori L, Harris PNA, Paterson DL. 
Rapid diagnostic tests and antimicrobial stewardship programs for the manage
ment of bloodstream infection: what is their relative contribution to improving 
clinical outcomes? A systematic review and network meta-analysis. Clin Infect 
Dis 2024; 79:502–15.

26. Wolk DM, Parrott JS, Babady NE, et al. The American Society for Microbiology’s 
evidence-based laboratory medicine practice guidelines for the diagnosis of 
bloodstream infections using rapid tests: a systematic review and meta-analysis. 
Clin Microbiol Rev 2025; 38:e0013724.

27. Warren BG, Yarrington ME, Polage CR, Anderson DJ, Moehring RW. 
Evaluation of hospital blood culture utilization rates to identify opportunities 
for diagnostic stewardship. Infect Control Hosp Epidemiol 2023; 44:200–5.

28. Scheer CS, Fuchs C, Grundling M, et al. Impact of antibiotic administration on 
blood culture positivity at the beginning of sepsis: a prospective clinical cohort 
study. Clin Microbiol Infect 2019; 25:326–31.

IDSA Features • CID • 17

D
ow

nloaded from
 academ

ic.oup.com
/cid/advance-article/doi/10.1093/cid/ciag438/8769592 by guest on 03 Septem

ber 2026

http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciag438#supplementary-data
https://p4qm.org/prmr-measures/muc2025-045
https://p4qm.org/prmr-measures/muc2025-045
https://p4qm.org/prmr-measures/muc2025-055
https://p4qm.org/prmr-measures/muc2025-055
https://p4qm.org/prmr-measures/muc2025-047
https://p4qm.org/prmr-measures/muc2025-047


29. Cheng MP, Stenstrom R, Paquette K, Yansouni C, Sweet D. Blood culture results 
before and after antimicrobial administration. Ann Intern Med 2020; 172:440–1.

30. Fabre V, Sharara SL, Salinas AB, Carroll KC, Desai S, Cosgrove SE. Does this pa
tient need blood cultures? A scoping review of indications for blood cultures in 
adult nonneutropenic inpatients. Clin Infect Dis 2020; 71:1339–47.

31. Dargère S, Cormier H, Verdon R. Contaminants in blood cultures: importance, 
implications, interpretation and prevention. Clin Microbiol Infect 2018; 24: 
964–9.

32. Miller JM, Binnicker MJ, Campbell S, et al. Guide to utilization of the microbi
ology laboratory for diagnosis of infectious diseases: 2024 update by the 
Infectious Diseases Society of America (IDSA) and the American Society for 
Microbiology (ASM). Clin Infect Dis 2024:ciae104.

33. Dutta S, McEvoy DS, Rubins DM, Dighe AS, Filbin MR, Rhee C. Clinical deci
sion support improves blood culture collection before intravenous antibiotic ad
ministration in the emergency department. J Am Med Inform Assoc 2022; 29: 
1705–14.

34. Humphries RM, Wright PW, Banerjee R, et al. Rapid implementation of blood 
culture stewardship: institutional response to an acute national blood culture 
bottle shortage. Clin Infect Dis 2025; 80:472–4.

35. Woods-Hill CZ, Colantuoni EA, Koontz DW, et al. Association of diagnostic 
stewardship for blood cultures in critically ill children with culture rates, antibi
otic use, and patient outcomes: results of the bright STAR collaborative. JAMA 
Pediatr 2022; 176:690–8.

36. Fabre V, Klein E, Salinas AB, et al. A diagnostic stewardship intervention to im
prove blood culture use among adult nonneutropenic inpatients: the 
DISTRIBUTE study. J Clin Microbiol 2020; 58:e01053–20.

37. Theophanous R, Ramos J, Calland AR, et al. Blood culture algorithm implemen
tation in emergency department patients as a diagnostic stewardship interven
tion. Am J Infect Control 2024; 52:985–91.

38. AHRQ MRSA Prevention Toolkit: ICUs & Non-ICUs. Blood Culture Practices 
and Stewardship. Available at: https://www.ahrq.gov/hai/tools/mrsa-prevention/ 
toolkit/blood-culture.html. Accessed 30 November 2025.

39. Kumar A, Roberts D, Wood KE, et al. Duration of hypotension before initiation 
of effective antimicrobial therapy is the critical determinant of survival in human 
septic shock. Crit Care Med 2006; 34:1589–96.

40. Liu VX, Fielding-Singh V, Greene JD, et al. The timing of early antibiotics and 
hospital mortality in sepsis. Am J Respir Crit Care Med 2017; 196:856–63.

41. Seymour CW, Gesten F, Prescott HC, et al. Time to treatment and mortality dur
ing mandated emergency care for sepsis. N Engl J Med 2017; 376:2235–44.

42. Pak TR, Young J, McKenna CS, et al. Risk of misleading conclusions in observa
tional studies of time-to-antibiotics and mortality in suspected sepsis. Clin Infect 
Dis 2023; 77:1534–43.

43. Taylor SP, Anderson WE, Beam K, Taylor B, Ellerman J, Kowalkowski MA. The 
association between antibiotic delay intervals and hospital mortality among pa
tients treated in the emergency department for suspected sepsis. Crit Care Med 
2021; 49:741–7.

44. Im Y, Kang D, Ko R-E, et al. Time-to-antibiotics and clinical outcomes in pa
tients with sepsis and septic shock: a prospective nationwide multicenter cohort 
study. Crit Care 2022; 26:19.

45. Shankar-Hari M, Phillips GS, Levy ML, et al. Developing a new definition and 
assessing new clinical criteria for septic shock: for the third international consen
sus definitions for sepsis and septic shock (Sepsis-3). JAMA 2016; 315:775–87.

46. PRISM Investigators; Rowan KM, Angus DC, et al. Early, goal-directed therapy 
for septic shock - A patient-level meta-analysis. N Engl J Med 2017; 376: 
2223–34.

47. Weiss SL, Fitzgerald JC, Balamuth F, et al. Delayed antimicrobial therapy in
creases mortality and organ dysfunction duration in pediatric sepsis. Crit Care 
Med 2014; 42:2409–17.

48. van Paridon BM, Sheppard C, Garcia Guerra G, Joffe AR; Alberta Sepsis 
Network. Timing of antibiotics, volume, and vasoactive infusions in children 
with sepsis admitted to intensive care. Crit Care 2015; 19:293.

49. Evans IVR, Phillips GS, Alpern ER, et al. Association between the New York sep
sis care mandate and in-hospital mortality for pediatric sepsis. JAMA 2018; 320: 
358–67.

50. Paul R, Niedner M, Riggs R, et al. Bundled care to reduce sepsis mortality: the 
Improving Pediatric Sepsis Outcomes (IPSO) collaborative. Pediatrics 2023; 
152:e2022059938.

51. Lane RD, Richardson T, Scott HF, et al. Delays to antibiotics in the emergency 
department and risk of mortality in children with sepsis. JAMA Netw Open 
2024; 7:e2413955.

52. Schlapbach LJ, Watson RS, Sorce LR, et al. International consensus criteria for 
pediatric sepsis and septic shock. JAMA 2024; 331:665–74.

53. Weiss SL, Peters MJ, Oczkowski SJW, et al. Surviving sepsis campaign interna
tional guidelines for the management of sepsis and septic shock in children 2026. 
Pediatr Crit Care Med 2026; 27:379–434.

54. Kashiouris MG, Zemore Z, Kimball Z, et al. Supply chain delays in antimicrobial 
administration after the initial clinician order and mortality in patients with sep
sis. Crit Care Med 2019; 47:1388–95.

55. Klompas M, Rhee C. Antibiotic order-to-infusion time for patients with septic 
shock: a potential new quality metric. Crit Care Med 2019; 47:1467–70.

56. Dulhunty JM, Brett SJ, De Waele JJ, et al. Continuous vs intermittent beta-lactam 
antibiotic infusions in critically ill patients with sepsis: the BLING III random
ized clinical trial. JAMA 2024; 332:629–37.

57. Abdul-Aziz MH, Hammond NE, Brett SJ, et al. Prolonged vs intermittent infu
sions of beta-lactam antibiotics in adults with sepsis or septic shock: a systematic 
review and meta-analysis. JAMA 2024; 332:638–48.

58. Thabit AK, Hobbs ALV, Guzman OE, Shea KM. The pharmacodynamics of pro
longed infusion beta-lactams for the treatment of Pseudomonas aeruginosa in
fections: a systematic review. Clin Ther 2019; 41:2397–415.e8.

59. Hong LT, Downes KJ, FakhriRavari A, et al. International consensus recommen
dations for the use of prolonged-infusion beta-lactam antibiotics: endorsed by 
the American College of Clinical Pharmacy, British Society for Antimicrobial 
Chemotherapy, Cystic Fibrosis Foundation, European Society of Clinical 
Microbiology and Infectious Diseases, Infectious Diseases Society of America, 
Society of Critical Care Medicine, and Society of Infectious Diseases 
Pharmacists. Pharmacotherapy 2023; 43:740–77.

60. Evans L, Rhodes A, Alhazzani W, et al. Surviving sepsis campaign: international 
guidelines for management of sepsis and septic shock 2021. Crit Care Med 2021; 
49:e1063–143.

61. O’Keefe K, Denny KJ, Le Marsney R, et al. Prolonged versus intermittent beta- 
lactam antibiotic infusions in paediatric critical care: a systematic review and 
meta-analysis. J Paediatr Child Health 2026; 62:160–70.

62. Schouwenburg S, Preijers T, Wosten-Van Asperen RM, et al. β-Lactam dosing in 
critically ill children: predictors for target non-attainment. J Antimicrob 
Chemother 2026; 81:dkaf457.

63. Rhee C, Chen T, Kadri SS, et al. Trends in empiric broad-spectrum antibiotic use 
for suspected community-onset sepsis in US hospitals. JAMA Netw Open 2024; 
7:e2418923.

64. Amoah J, Klein EY, Chiotos K, Cosgrove SE, Tamma PD. Administration of a 
beta-lactam prior to vancomycin as the first dose of antibiotic therapy improves 
survival in patients with bloodstream infections. Clin Infect Dis 2022; 75:98–104.

65. Kondo Y, Klompas M, McKenna CS, et al. Association between the sequence of 
beta-lactam and vancomycin administration and mortality in patients with sus
pected sepsis. Clin Infect Dis 2025; 80:761–9.

66. Leisman D, Huang V, Zhou Q, et al. Delayed second dose antibiotics for patients 
admitted from the emergency department with sepsis: prevalence, risk factors, 
and outcomes. Crit Care Med 2017; 45:956–65.

67. Lykins VJD, Kuttab HI, Rourke EM, et al. The effect of delays in second-dose 
antibiotics on patients with severe sepsis and septic shock. Am J Emerg Med 
2021; 47:80–5.

68. Taylor SP, Shah M, Kowalkowski MA, Taylor B, Chou S-H. First-to-second an
tibiotic delay and hospital mortality among emergency department patients with 
suspected sepsis. Am J Emerg Med 2021; 46:20–2.

69. Cook ME, Schuler BR, Schontz MJ, et al. Prevalence, risk factors, and outcomes 
associated with delayed second doses of antibiotics in sepsis at a large academic 
medical center. Antimicrob Steward Healthc Epidemiol 2023; 3:e207.

70. Sifnugel N, Jeffery MM, Grogan EFL, et al. Stranded in the emergency depart
ment: an analysis of boarding trends in older adults in the United States. 
Health Aff Sch 2025; 3:qxaf187.

71. Lee AH, McEvoy DS, Stump T, et al. Implementation of an electronic alert to 
improve timeliness of second dose antibiotics for patients with suspected serious 
infections in the emergency department: a quasi-randomized controlled trial. 
Ann Emerg Med 2023; 81:485–91.

72. Shenoy ES, Macy E, Rowe T, Blumenthal KG. Evaluation and management of 
penicillin allergy: a review. JAMA 2019; 321:188–99.

73. Khan DA, Banerji A, Blumenthal KG, et al. Drug allergy: a 2022 practice param
eter update. J Allergy Clin Immunol 2022; 150:1333–93.

74. Macy E, Contreras R. Health care use and serious infection prevalence associated 
with penicillin “allergy” in hospitalized patients: a cohort study. J Allergy Clin 
Immunol 2014; 133:790–6.

75. Bermingham WH, Hussain A, Bhogal R, Balaji A, Krishna MT. The adverse im
pact of penicillin allergy labels on antimicrobial stewardship in sepsis and asso
ciated pharmacoeconomics: an observational cohort study (IMPALAS study). J 
Allergy Clin Immunol Pract 2020; 8:1747–9.e4.

18 • CID • IDSA Features

D
ow

nloaded from
 academ

ic.oup.com
/cid/advance-article/doi/10.1093/cid/ciag438/8769592 by guest on 03 Septem

ber 2026

https://www.ahrq.gov/hai/tools/mrsa-prevention/toolkit/blood-culture.html
https://www.ahrq.gov/hai/tools/mrsa-prevention/toolkit/blood-culture.html


76. Otani IM, Tang M, Wang L, et al. Impact of an inpatient allergy guideline on 
beta-lactam and alternative antibiotic use. J Allergy Clin Immunol Pract 2023; 
11:2557–67.e6.

77. Blumenthal KG, Shenoy ES, Varughese CA, Hurwitz S, Hooper DC, Banerji A. 
Impact of a clinical guideline for prescribing antibiotics to inpatients reporting 
penicillin or cephalosporin allergy. Ann Allergy Asthma Immunol 2015; 115: 
294–300.e2.

78. Blumenthal KG, Li Y, Hsu JT, et al. Outcomes from an inpatient beta-lactam al
lergy guideline across a large US health system. Infect Control Hosp Epidemiol 
2019; 40:528–35.

79. Su C, Belmont A, Liao J, Kuster JK, Trubiano JA, Kwah JH. Evaluating the 
PEN-FAST clinical decision-making tool to enhance penicillin allergy delabel
ing. JAMA Intern Med 2023; 183:883–5.

80. Chua KYL, Vogrin S, Bury S, et al. The penicillin allergy delabeling program: a 
multicenter whole-of-hospital health services intervention and comparative ef
fectiveness study. Clin Infect Dis 2021; 73:487–96.

81. Zhang S, Dong T, Xian J, et al. Association between penicillin allergy labels and 
serious adverse events in hospitalized patients: a systematic review and meta- 
analysis. Front Pharmacol 2024; 15:1519522.

82. Beddow D, Patel L, Smith CS, et al. Outcomes in hospitalised patients with sep
sis, severe sepsis or septic shock and reported penicillin allergy: a retrospective 
cohort study. BMJ Open 2022; 12:e050879.

83. Gohil SK, Septimus E, Kleinman K, et al. Stewardship prompts to improve an
tibiotic selection for pneumonia: the INSPIRE randomized clinical trial. 
JAMA 2024; 331:2007–17.

84. Gohil SK, Septimus E, Kleinman K, et al. Stewardship prompts to improve an
tibiotic selection for urinary tract infection: the INSPIRE randomized clinical tri
al. JAMA 2024; 331:2018–28.

85. Gohil SK, Septimus E, Kleinman K, et al. Improving empiric antibiotic selection 
for patients hospitalized with skin and soft tissue infection: the INSPIRE 3 skin 
and soft tissue randomized clinical trial. JAMA Intern Med 2025; 185:680–91.

86. Gohil SK, Septimus E, Kleinman K, et al. Improving empiric antibiotic selection 
for patients hospitalized with abdominal infection: the INSPIRE 4 cluster ran
domized clinical trial. JAMA Surg 2025; 160:733–43.

87. Rohde JM, Odden AJ, Bonham C, et al. The epidemiology of acute organ system 
dysfunction from severe sepsis outside of the intensive care unit. J Hosp Med 
2013; 8:243–7.

88. Whittaker S-A, Fuchs BD, Gaieski DF, et al. Epidemiology and outcomes in pa
tients with severe sepsis admitted to the hospital wards. J Crit Care 2015; 30: 
78–84.

89. Shappell CN, Klompas M, Rhee C. Surveillance strategies for tracking sepsis in
cidence and outcomes. J Infect Dis 2020; 222:S74–83.

90. Rhee C, Murphy MV, Li L, et al. Comparison of trends in sepsis incidence and 
coding using administrative claims versus objective clinical data. Clin Infect Dis 
2015; 60:88–95.

91. Rhee C, Murphy MV, Li L, et al. Improving documentation and coding for acute 
organ dysfunction biases estimates of changing sepsis severity and burden: a ret
rospective study. Crit Care 2015; 19:338.

92. Rhee C, Jentzsch MS, Kadri SS, et al. Variation in identifying sepsis and organ 
dysfunction using administrative versus electronic clinical data and impact on 
hospital outcome comparisons. Crit Care Med 2019; 47:493–500.

93. Rhee C, Dantes RB, Epstein L, Klompas M. Using objective clinical data to track 
progress on preventing and treating sepsis: CDC’s new ‘adult sepsis event’ sur
veillance strategy. BMJ Qual Saf 2019; 28:305–9.

94. Millham L, Gupta S, Klompas M, Chan CA, Dantes RB, Rhee C. Evaluating po
tential modifications to the Centers for Disease Control and Prevention’s adult 
sepsis event definition: impact on sepsis incidence, outcomes, and clinical valid
ity. Infect Control Hosp Epidemiol 2025; 46:880–7.

95. Manzoor F, Rhee C, Klompas M. Advancing surveillance of health care- 
associated infections - targeting hospital-onset sepsis. N Engl J Med 2025; 393: 
1452–4.

96. Valik JK, Ward L, Tanushi H, et al. Validation of automated sepsis surveillance 
based on the Sepsis-3 clinical criteria against physician record review in a general 
hospital population: observational study using electronic health records data. 
BMJ Qual Saf 2020; 29:735–45.

97. Alrawashdeh M, Klompas M, Rhee C. The impact of common variations in se
quential organ failure assessment score calculation on sepsis measurement using 
Sepsis-3 criteria: a retrospective analysis using electronic health record data. Crit 
Care Med 2024; 52:1380–90.

98. Hsu HE, Abanyie F, Agus MSD, et al. A national approach to pediatric sepsis sur
veillance. Pediatrics 2019; 144:e20191790.

99. Weiss SL, Balamuth F, Chilutti M, et al. Identification of pediatric sepsis for ep
idemiologic surveillance using electronic clinical data. Pediatr Crit Care Med 
2020; 21:113–21.

100. Rhee C, Balamuth F, Dysart K, et al. National estimates of pediatric sepsis in US 
hospitals using clinical data. JAMA 2026; 335:1321–31.

101. Kadri SS, Lai YL, Warner S, et al. Inappropriate empirical antibiotic therapy for 
bloodstream infections based on discordant in-vitro susceptibilities: a retrospec
tive cohort analysis of prevalence, predictors, and mortality risk in US hospitals. 
Lancet Infect Dis 2021; 21:241–51.

102. Vazquez-Guillamet C, Scolari M, Zilberberg MD, Shorr AF, Micek ST, Kollef M. 
Using the number needed to treat to assess appropriate antimicrobial therapy as 
a determinant of outcome in severe sepsis and septic shock. Crit Care Med 2014; 
42:2342–9.

103. Rhee C, Kadri SS, Dekker JP, et al. Prevalence of antibiotic-resistant pathogens in 
culture-proven sepsis and outcomes associated with inadequate and broad-spec
trum empiric antibiotic use. JAMA Netw Open 2020; 3:e202899.

104. Kam KQ, Chen T, Kadri SS, et al. Epidemiology and outcomes of antibiotic de- 
escalation in patients with suspected sepsis in US hospitals. Clin Infect Dis 2025; 
80:108–17.

105. Guo Y, Gao W, Yang H, Ma C, Sui S. De-escalation of empiric antibiotics in pa
tients with severe sepsis or septic shock: a meta-analysis. Heart Lung 2016; 45: 
454–9.

106. Silva BN, Andriolo RB, Atallah AN, Salomao R. De-escalation of antimicrobial 
treatment for adults with sepsis, severe sepsis or septic shock. Cochrane 
Database Syst Rev 2013; 2013:CD007934.

107. López-Cortés LE, Delgado-Valverde M, Moreno-Mellado E, et al. Efficacy and 
safety of a structured de-escalation from antipseudomonal beta-lactams in 
bloodstream infections due to enterobacterales (SIMPLIFY): an open-label, mul
ticentre, randomised trial. Lancet Infect Dis 2024; 24:375–85.

108. Gupta AB, Heath M, Walzl E, et al. Antibiotic de-escalation in adults hospital
ized for community-onset sepsis. JAMA Intern Med 2026; 186:192–202.

109. Kam KQ, Klompas M, Rhee C. Challenges and opportunities in leveraging spec
trum scores to assess antibiotic de-escalation practices and outcomes in sepsis. 
Clin Infect Dis 2025; 81:e32–3.

110. Tanure YCB, Geranutti MJ, Ventura SS, do Nascimento IJB, Lima WG, Brito 
JCM. Impact of MRSA nasal swab screening and PCR in pneumonia treatment 
and antimicrobial stewardship: a systematic review and meta-analysis. Diagn 
Microbiol Infect Dis 2026; 114:117204.

111. Martínez ML, Ferrer R, Torrents E, et al. Impact of source control in patients 
with severe sepsis and septic shock. Crit Care Med 2017; 45:11–9.

112. Kim H, Chung SP, Choi S-H, et al. Impact of timing to source control in patients 
with septic shock: a prospective multi-center observational study. J Crit Care 
2019; 53:176–82.

113. Reitz KM, Kennedy J, Li SR, et al. Association between time to source control in 
sepsis and 90-day mortality. JAMA Surg 2022; 157:817–26.

114. Odetola FO, Gebremariam A. Transfer hospitalizations for pediatric severe sep
sis or septic shock: resource use and outcomes. BMC Pediatr 2019; 19:196.

115. Meduri GU, Shih M-C, Bridges L, et al. Low-dose methylprednisolone treatment 
in critically ill patients with severe community-acquired pneumonia. Intensive 
Care Med 2022; 48:1009–23.

116. REMAP-CAP Investigators; Angus DC. Effect of hydrocortisone on mortality in 
patients with severe community-acquired pneumonia: the REMAP-CAP corti
costeroid domain randomized clinical trial. Intensive Care Med 2025; 51: 
665–80.

117. Dequin P-F, Meziani F, Quenot J-P, et al. Hydrocortisone in severe 
community-acquired pneumonia. N Engl J Med 2023; 388:1931–41.

118. Bergmann F, Pracher L, Sawodny R, et al. Efficacy and safety of corticosteroid 
therapy for community-acquired pneumonia: a meta-analysis and meta- 
regression of randomized, controlled trials. Clin Infect Dis 2023; 77:1704–13.

119. Pitre T, Pauley E, Chaudhuri D, et al. Corticosteroids for adult patients hospital
ised with non-viral community-acquired pneumonia: a systematic review and 
meta-analysis. Intensive Care Med 2025; 51:917–29.

120. Soumare A, Kapfer T, Botrel T, et al. Systemic corticosteroids, mortality, and in
fections in pneumonia and acute respiratory distress syndrome: a systematic re
view and meta-analysis. Ann Intern Med 2026; 179:67–80.

121. Chaudhuri D, Nei AM, Rochwerg B, et al. 2024 focused update: guidelines on use 
of corticosteroids in sepsis, acute respiratory distress syndrome, and 
community-acquired pneumonia. Crit Care Med 2024; 52:e219–33.

122. Jones BE, Ramirez JA, Oren E, et al. Diagnosis and management of 
community-acquired pneumonia. An official American Thoracic Society clinical 
practice guideline. Am J Respir Crit Care Med 2026; 212:24–44.

123. Novosad SA, Sapiano MRP, Grigg C, et al. Vital signs: epidemiology of sepsis: 
prevalence of health care factors and opportunities for prevention. MMWR 
Morb Mortal Wkly Rep 2016; 65:864–9.

124. Mayr FB, Yende S, Angus DC. Epidemiology of severe sepsis. Virulence 2014; 5: 
4–11.

IDSA Features • CID • 19

D
ow

nloaded from
 academ

ic.oup.com
/cid/advance-article/doi/10.1093/cid/ciag438/8769592 by guest on 03 Septem

ber 2026



125. Smit JM, Van Der Zee PA, Stoof SCM, et al. Predicting benefit from adjuvant 
therapy with corticosteroids in community-acquired pneumonia: a data-driven 
analysis of randomised trials. Lancet Respir Med 2025; 13:221–33.

126. Annane D, Renault A, Brun-Buisson C, et al. Hydrocortisone plus fludrocorti
sone for adults with septic shock. N Engl J Med 2018; 378:809–18.

127. Annane D, Briegel J, Granton D, et al. Corticosteroids for treating sepsis in chil
dren and adults. Cochrane Database Syst Rev 2025; 6:CD002243.

128. Soni K, Minturn JS, Davis BS, Bukowski LA, Kahn JM, Barbash IJ. Variation in 
corticosteroid prescribing practices for patients with septic shock. Crit Care 
Explor 2025; 7:e1196.

129. Lai P-C, Lai C-H, Lai EC-C, Huang Y-T. Do we need to administer fludrocorti
sone in addition to hydrocortisone in adult patients with septic shock? An up
dated systematic review with Bayesian network meta-analysis of randomized 
controlled trials and an observational study with target trial emulation. Crit 
Care Med 2024; 52:e193–202.

130. Nichols B, Kubis S, Hewlett J, Yehya N, Srinivasan V. Hydrocortisone therapy in 
catecholamine-resistant pediatric septic shock: a pragmatic analysis of clinician 
practice and association with outcomes. Pediatr Crit Care Med 2017; 18: 
e406–14.

131. Bline KE, Moore-Clingenpeel M, Hensley J, et al. Hydrocortisone treatment is 
associated with a longer duration of MODS in pediatric patients with severe sep
sis and immunoparalysis. Crit Care 2020; 24:545.

132. Kamps NN, Banks R, Reeder RW, et al. The association of early corticosteroid 
therapy with clinical and health-related quality of life outcomes in children 
with septic shock. Pediatr Crit Care Med 2022; 23:687–97.

133. Dantes RB, Kaur H, Bouwkamp BA, et al. Sepsis program activities in acute care 
hospitals - national healthcare safety network, United States, 2022. MMWR 
Morb Mortal Wkly Rep 2023; 72:907–11.

134. Wunderink RG, Srinivasan A, Barie PS, et al. Antibiotic stewardship in the in
tensive care unit. An official American Thoracic Society workshop report in col
laboration with the AACN, CHEST, CDC, and SCCM. Ann Am Thorac Soc 
2020; 17:531–40.

135. Morris AM, Bai A, Burry L, et al. Long-term effects of phased implementation of 
antimicrobial stewardship in academic ICUs: 2007-2015. Crit Care Med 2019; 
47:159–66.

136. Seidelman JL, Turner NA, Wrenn RH, et al. Impact of antibiotic stewardship 
rounds in the intensive care setting: a prospective cluster-randomized crossover 
study. Clin Infect Dis 2022; 74:1986–92.

137. Sanz-Codina M, Bozkir HÖ, Jorda A, Zeitlinger M. Individualized antimicrobial 
dose optimization: a systematic review and meta-analysis of randomized con
trolled trials. Clin Microbiol Infect 2023; 29:845–57.

138. Fleuren LM, Roggeveen LF, Guo T, et al. Clinically relevant pharmacokinetic 
knowledge on antibiotic dosing among intensive care professionals is insuffi
cient: a cross-sectional study. Crit Care 2019; 23:185.

139. Page B, Klompas M, Chan C, et al. Surveillance for healthcare-associated infec
tions: hospital-onset adult sepsis events versus current reportable conditions. 
Clin Infect Dis 2021; 73:1013–9.

140. Rhee C, Wang R, Zhang Z, et al. Epidemiology of hospital-onset versus 
community-onset sepsis in U.S. hospitals and association with mortality: a ret
rospective analysis using electronic clinical data. Crit Care Med 2019; 47: 
1169–76.

141. Hotchkiss RS, Monneret G, Payen D. Sepsis-induced immunosuppression: from 
cellular dysfunctions to immunotherapy. Nat Rev Immunol 2013; 13:862–74.

142. van Vught LA, Klein Klouwenberg PMC, Spitoni C, et al. Incidence, risk factors, 
and attributable mortality of secondary infections in the intensive care unit after 
admission for sepsis. JAMA 2016; 315:1469–79.

143. Yokoe DS, Advani SD, Anderson DJ, et al. Executive summary: a compendium 
of strategies to prevent healthcare-associated infections in acute-care hospitals: 
2022 updates. Infect Control Hosp Epidemiol 2023; 44:1540–54.

144. Huang SS, Septimus E, Kleinman K, et al. Targeted versus universal decoloniza
tion to prevent ICU infection. N Engl J Med 2013; 368:2255–65.

145. Ham D. Internal data from hospitals responding to 2021 annual survey, national 
healthcare safety network. Presented at: Drug Development Considerations for 
the Prevention of Healthcare-Associated Infections Workshop, Food and Drug 
Administration; August 30, 2022; virtual.

146. Huang SS, Septimus E, Kleinman K, et al. Chlorhexidine versus routine bathing 
to prevent multidrug-resistant organisms and all-cause bloodstream infections 
in general medical and surgical units (ABATE infection trial): a cluster- 
randomised trial. Lancet 2019; 393:1205–15.

147. Rhee Y, Hayden MK, Schoeny M, et al. Impact of measurement and feedback on 
chlorhexidine gluconate bathing among intensive care unit patients: a multicen
ter study. Infect Control Hosp Epidemiol 2023; 44:1375–80.

148. Magill SS, O’Leary E, Janelle SJ, et al. Changes in prevalence of health care- 
associated infections in U.S. hospitals. N Engl J Med 2018; 379:1732–44.

149. Ehrenzeller S, Klompas M. Association between daily toothbrushing and 
hospital-acquired pneumonia: a systematic review and meta-analysis. JAMA 
Intern Med 2024; 184:131–42.

150. Henry KE, Hager DN, Pronovost PJ, Saria S. A targeted real-time early warning 
score (TREWScore) for septic shock. Sci Transl Med 2015; 7:299ra122.

151. Bhargava A, López-Espina C, Schmalz L, et al. FDA-authorized AI/ML tool for 
sepsis prediction: development and validation. NEJM AI 2024; 1:AIoa2400867.

152. Adams R, Henry KE, Sridharan A, et al. Prospective, multi-site study of patient 
outcomes after implementation of the TREWS machine learning-based early 
warning system for sepsis. Nat Med 2022; 28:1455–60.

153. Boussina A, Shashikumar SP, Malhotra A, et al. Impact of a deep learning sepsis 
prediction model on quality of care and survival. NPJ Digit Med 2024; 7:14.

154. Malinovska A, Hernried B, Lin A, et al. Monocyte distribution width as a diag
nostic marker for infection: a systematic review and meta-analysis. Chest 2023; 
164:101–13.

155. Sarani N, Dasgupta A, Enders M, et al. Clinical utility of recently food and drug 
administration-approved IntelliSep test (sepsis biomarker) for early diagnosis of 
sepsis: comparison with other biomarkers. J Clin Med 2024; 13:4852.

156. Balk R, Esper AM, Martin GS, et al. Validation of SeptiCyte RAPID to discrim
inate sepsis from non-infectious systemic inflammation. J Clin Med 2024; 13: 
1194.

157. Liesenfeld O, Arora S, Aufderheide TP, et al. Clinical validation of an AI-based 
blood testing device for diagnosis and prognosis of acute infection and sepsis. 
Nat Med 2025; 31:4044–54.

158. Peri AM, Harris PNA, Paterson DL. Culture-independent detection systems for 
bloodstream infection. Clin Microbiol Infect 2022; 28:195–201.

159. Gaston DC, Humphries RM, Lewis AA, et al. Effect of direct-from-blood bacte
rial testing on antibiotics administration in adults presenting with acute infec
tion: a randomized trial. Clin Infect Dis 2026; 82:e227–35.

160. Darie AM, Khanna N, Jahn K, et al. Fast multiplex bacterial PCR of bronchoal
veolar lavage for antibiotic stewardship in hospitalised patients with pneumonia 
at risk of gram-negative bacterial infection (Flagship II): a multicentre, rando
mised controlled trial. Lancet Respir Med 2022; 10:877–87.

161. Cartuliares MB, Rosenvinge FS, Mogensen CB, et al. Evaluation of point-of-care 
multiplex polymerase chain reaction in guiding antibiotic treatment of patients 
acutely admitted with suspected community-acquired pneumonia in Denmark: 
a multicentre randomised controlled trial. PLoS Med 2023; 20:e1004314.

162. Markussen DL, Serigstad S, Ritz C, et al. Diagnostic stewardship in 
community-acquired pneumonia with syndromic molecular testing: a random
ized clinical trial. JAMA Netw Open 2024; 7:e240830.

163. Abelenda-Alonso G, Calatayud L, Rombauts A, et al. Multiplex real-time 
PCR in non-invasive respiratory samples to reduce antibiotic use in 
community-acquired pneumonia: a randomised trial. Nat Commun 2024; 15: 
7098.

164. Poole S, Tanner AR, Naidu VV, et al. Molecular point-of-care testing for lower 
respiratory tract pathogens improves safe antibiotic de-escalation in patients 
with pneumonia in the ICU: results of a randomised controlled trial. J Infect 
2022; 85:625–33.

165. Fartoukh M, Nseir S, Mégarbane B, et al. Respiratory multiplex PCR and procal
citonin to reduce antibiotic exposure in severe SARS-CoV-2 pneumonia: a mul
ticentre randomized controlled trial. Clin Microbiol Infect 2023; 29:734–43.

166. Sabaté-Elabbadi A, Mekontso-Dessap A, Lionnet F, et al. Combined use of respi
ratory multiplex PCR and procalcitonin to reduce antibiotic exposure in sickle- 
cell adult patients with acute chest syndrome (the ANTIBIO-STA study): a rand
omised, controlled, open-label trial. Lancet Reg Health Eur 2025; 51:101234.

167. Virk A, Strasburg AP, Kies KD, et al. Rapid multiplex PCR panel for pneumonia 
in hospitalised patients with suspected pneumonia in the USA: a single-centre, 
open-label, pragmatic, randomised controlled trial. Lancet Microbe 2024; 5: 
100928.

168. Enne VI, Stirling S, Barber JA, et al. INHALE WP3, a multicentre, open-label, 
pragmatic randomised controlled trial assessing the impact of rapid, 
ICU-based, syndromic PCR, versus standard-of-care on antibiotic stewardship 
and clinical outcomes in hospital-acquired and ventilator-associated pneumo
nia. Intensive Care Med 2025; 51:272–86.

169. Ling L, Lai CKC, Rhee C. Bacterial multiplex polymerase chain reaction tests for 
the diagnosis and management of pneumonia: ready for prime time? Thorax 
2025; 80:862–72.

170. Pepper DJ, Sun J, Rhee C, et al. Procalcitonin-guided antibiotic discontinuation 
and mortality in critically ill adults: a systematic review and meta-analysis. Chest 
2019; 155:1109–18.

171. Gupta S, Klompas M, Rhee C. Reassessing procalcitonin-guided antibiotic ther
apy in critically ill patients with sepsis: lessons from the ADAPT-sepsis trial. Clin 
Infect Dis 2026; 82:453–8.

20 • CID • IDSA Features

D
ow

nloaded from
 academ

ic.oup.com
/cid/advance-article/doi/10.1093/cid/ciag438/8769592 by guest on 03 Septem

ber 2026



172. Dark P, Hossain A, McAuley DF, et al. Biomarker-guided antibiotic duration for 
hospitalized patients with suspected sepsis: the ADAPT-sepsis randomized clin
ical trial. JAMA 2025; 333:682–93.

173. Waldron C-A, Pallmann P, Schoenbuchner S, et al. Procalcitonin-guided dura
tion of antibiotic treatment in children hospitalised with confirmed or suspected 
bacterial infection in the UK (BATCH): a pragmatic, multicentre, open-label, 
two-arm, individually randomised, controlled trial. Lancet Child Adolesc 
Health 2025; 9:121–30.

174. Fugit RV, McCoury JB, Bessesen MT. Procalcitonin for sepsis management: im
plementation within an antimicrobial stewardship program. Am J Health Syst 
Pharm 2023; 80:S49–54.

175. Levine AR, Riggott R, Vulaj K, Falcetti TR, Ali S, Singh G. A collaborative ap
proach to improve consistent use of procalcitonin in lower respiratory tract in
fections. Ann Pharmacother 2018; 52:538–45.

176. Todd S, Euden J, Condie J, et al. Procalcitonin testing combined with NEWS2 
evaluation compared with usual care based on NEWS2 for identification of sep
sis and antibiotic initiation in the emergency department in England and Wales 
(PRONTO): a multicentre, randomised, controlled, open-label, phase 3 trial. 
Lancet Respir Med 2026; 14:417–31.

177. Cabral S, Rhee C. Rethinking the role of procalcitonin in suspected sepsis. Lancet 
Respir Med 2026; 14:379–80.

IDSA Features • CID • 21

D
ow

nloaded from
 academ

ic.oup.com
/cid/advance-article/doi/10.1093/cid/ciag438/8769592 by guest on 03 Septem

ber 2026


	IDSA/ACEP/ASM/PIDS/SCCM/SHEA/SHM/SIDP Multisociety Position Paper: Hospital Strategies to Improve Sepsis Outcomes
	METHODS
	Panel Composition
	Scope and Intended Setting
	Target Population and Special Considerations
	Consensus Process
	Implementation Context
	Manuscript Development

	RECOMMENDATIONS
	A. Diagnostic Testing and Pathogen Detection
	1. Implement multiplex nucleic acid amplification tests (NAATs) for positive blood cultures, paired with active antimicrobial stewardship program support to ensure timely interpretation, treatment optimization, and follow-up. [Tier 1]
	Key Considerations

	2. Use clinical decision support strategies to optimize blood culture ordering practices, including appropriate indications for initial and follow-up cultures. [Tier 2]
	Key Considerations


	B. Antimicrobial Management and Delivery
	1. Implement hospital workflows and performance monitoring to optimize time from recognition of septic shock to first antibiotic administration, with a target of <1 hour. [Tier 1]*
	Key Considerations
	*Pediatric Considerations

	2. Monitor and minimize time from antibiotic order to infusion start in patients with septic shock, with a pragmatic target of <30 minutes. [Tier 1]
	Key Considerations

	3. Establish institutional policies that default antipseudomonal β-lactam antibiotics to prolonged infusion, after an initial loading dose, when these agents are ordered for critically ill patients with sepsis. [Tier 1]*
	Key Considerations
	*Pediatric considerations

	4. Implement clinical decision support and multidisciplinary education to prioritize β-lactam administration before vancomycin when both agents are ordered in patients with suspected sepsis. [Tier 1]
	Key Considerations

	5. Implement standardized workflows and clinical decision support to ensure timely administration of second antibiotic doses with frequent dosing intervals in patients with suspected sepsis. [Tier 2]
	Key Considerations

	6. Develop protocols and clinical decision support to guide antibiotic selection for patients who report penicillin or other β-lactam allergies. [Tier 2]
	Key Considerations

	7. Implement EHR-based clinical decision support tools that provide infection site-specific MDRO risk estimates to guide empiric antibiotic selection in suspected sepsis. [Tier 2]
	Key Considerations


	C. Surveillance and Performance Metrics
	1. Adopt the CDC adult sepsis event definition to monitor sepsis incidence, outcomes, and care processes, stratified by community-onset and hospital-onset sepsis. [Tier 2]*
	Key Considerations
	*Pediatric Considerations

	2. Monitor both inadequate and unnecessarily broad empiric antibiotic therapy in patients with suspected sepsis, using automated methods where feasible. [Tier 2]
	Key Considerations

	3. Measure de-escalation of anti-MRSA and antipseudomonal therapy among patients with suspected sepsis. [Tier 2]
	Key Considerations

	4. Monitor time from sepsis onset to definitive source control in patients requiring procedural intervention, and track timeliness of transfers when on-site source control is unavailable. [Tier 2]*
	Key Considerations
	*Pediatric Considerations


	D. Adjunctive Therapy
	1. Implement protocols and clinical decision support to promote timely corticosteroid use for appropriately selected patients with severe community-acquired pneumonia. [Tier 2]*
	Key Considerations
	*Pediatric considerations

	2. Implement protocols and clinical decision support to promote corticosteroid use for patients with refractory septic shock. [Tier 2]*
	Key Considerations
	*Pediatric Considerations


	E. Program Infrastructure and Organizational Support
	1. Establish a multidisciplinary sepsis governance structure that includes infectious diseases, antimicrobial stewardship, and clinical microbiology expertise and engages infection-prevention teams through structured collaboration. [Tier 2]
	Key Considerations

	2. Integrate antimicrobial stewardship participation into routine ICU rounds to support real-time optimization of antibiotic therapy in critically ill patients. [Tier 2]
	Key Considerations

	3. Support the application of pharmacokinetic/pharmacodynamic (PK/PD) principles in antimicrobial dosing for critically ill patients, including access to infectious diseases and critical care pharmacists, clinician and nursing education, and laboratory capacity for therapeutic drug monitoring where appropriate. [Tier 2]
	Key Considerations


	F. Infection Prevention Considerations
	1. Implement universal chlorhexidine gluconate bathing and either universal or targeted MRSA nasal decolonization for all ICU patients and for non-ICU patients with invasive devices. [Tier 2]
	Key Considerations

	2. Implement structured programs to ensure daily toothbrushing for all hospitalized patients. [Tier 2]
	Key Considerations


	G. Emerging and Promising Strategies (Not Recommended for Routine Implementation)
	1. Automated sepsis prediction tools
	2. Host immune response–based sepsis diagnostics
	3. Culture-independent rapid diagnostics for bloodstream infection
	4. Multiplex NAAT panels for lower respiratory samples
	5. Procalcitonin-guided antibiotic duration

	Implementation Considerations for Resource-Limited Hospitals

	CONCLUSION
	Supplementary Data
	Notes
	References


