Supplementary materials

Methods
Inclusion criteria for patients with sepsis and septic shock
1. Screening for sepsis patients in the emergency department (Community-onset sepsis) 
Included when all the criteria below are met.
1) Adult patients aged ≥ 19 years old
2) Positive qSOFA 
At least two of the three qSOFA items are satisfied in the first vital signs at the time of the emergency department visit
i) Systolic blood pressure ≤ 100 mm Hg
ii) Respiratory rate ≥ 22/min
iii) Altered mental status (i.e., Glasgow Coma Scale ≤ 14)
If consciousness assessment is not possible in the emergency department, at least one of the remaining two items excluding decreased consciousness is satisfied.
3) Blood culture test performed in the emergency department
2. Screening for Sepsis Patients in the General Ward (Hospital-Onset Sepsis)
Included when all the criteria below are met.
1) Adult patients aged ≥ 19 years old 
2) Sepsis recognized by rapid response team (RRT), resulting in RRT activation


Definition of Infection by Sites and Positive Culture Result 
Options include respiratory, urinary tract, abdominal (apart from urinary tract), neurological, bone or joints, skin or cutaneous sites, intravascular catheter, infective endocarditis, primary bacteremia or systemic. Brief descriptions of infections include but are not limited to:
i. Pneumonia requires the presence of radiographic infiltrates and features including fever or hypothermia, leukocytosis or leukopenia and purulent respiratory secretions. Positive cultures are defined in Table 3.
ii. Intra-abdominal infections include but are not limited to intra-abdominal abscesses, peritonitis, biliary tract infections, pancreatic infections, enteritis, and colitis.
iii. Urinary tract infection requires typical features of fever, urgency, frequency, dysuria, pyuria and hematuria, together with confirmatory radiological features and/or positive culture results as defined in Table.
iv. Soft tissue and skin infections include surgical site infections, septic arthritis, cellulitis and necrotizing fasciitis.
v. Catheter-related blood stream infection is defined as bacteremia with an intravascular device in situ and no other apparent source for the bloodstream infection, with culture results as defined in Table.
vi. Systemic infections refer to infections without a clear primary site of infection, as is often the case in infections such as dengue and malaria.
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Relevant Guidelines for Determining Antibiotic Appropriateness in Culture-Negative Patients
	Site of infection
	Relevant guidelines
	Reference No.

	Community-acquired pneumonia
	KATRD/KSID/KSAT guidelines (2017)
	Infect Chemother. 2018 Jun;50(2):160-198.
https://doi.org/10.3947/ic.2018.50.2.160
Korean Disease Control and Prevention Agency www.cdc.go.kr

	
	ATS/IDSA guidelines (2019)
	Am J Respir Crit Care Med Vol 200, Iss 7, pp e45–e67, Oct 1, 2019,
https://doi.org/10.1164/rccm.201908-1581ST

	
	ERS guidelines (2011)
	Clin Microbiol Infect 2011; 17(Suppl. 6): E1–E59
https://doi.org/10.1111/j.1469-0691.2011.03672.x

	Hospital-acquired pneumonia/ventilator-associated pneumonia
	ERS/ESICM/ESCMID/ALAT guidelines (2017)
	Eur Respir J 2017; 50: 1700582
https://10.1183/13993003.00582-2017

	
	IDSA/ATS guidelines (2016),
	Clin Infect Dis. 2016;63(5):e61–111
https://doi.org/10.1093/cid/ciw353

	Intra-abdominal infection
	KSID/KSAT/KSG/KSCM/NECA guidelines (2019)
	Infect Chemother. 2019 Jun;51(2):217-243
https://doi.org/10.3947/ic.2019.51.2.217

	Urinary tract infection
	KSID/KSAT/KAUTII/KUA/KSN guidelines (2018)
	Infect Chemother. 2018 Mar;50(1):67-100
https://doi.org/10.3947/ic.2018.50.1.67

	Soft tissue and skin infection
	KSID/KSAT/KDA/KOA guidelines (2017)
	Infect Chemother. 2017 Dec;49(4):301-325
https://doi.org/10.3947/ic.2017.49.4.301

	Catheter-related blood stream infection
	IDSA practice guidelines (2009)
	Clin Infect Dis. 2009 July 1; 49(1): 1–45. https://doi.org/10.1086/599376

	Central nervous system infection (bacterial meningitis)
	KSID/KSAT/KNA/KNS/KSCM guidelines (2012)
	Infect Chemother 2012;44(3):140-163
https://doi.org/10.3947/ic.2012.44.3.140


* KATRD: The Korean Academy of Tuberculosis and Respiratory Diseases, KSID: The Korean Society of Infectious Diseases, KSAT: The Korean Society for Antimicrobial Therapy, ATS: The American Thoracic Society, IDSA: The Infectious Disease Society of America, KSG: The Korean Society of Gastroenterology, KSCM: The Korean Society of Clinical Microbiology, NECA: National Evidence-based Healthcare Collaborating Agency, KAUTII: Korean Association of Urogenital Tract Infection and Inflammation, KUA: The Korean Urologic Association, KSN: The Korean Society of Nephrology, KDA: The Korean Dermatological Association, KOA: The Korean Orthopedic Association, KNS: The Korean Neurological Association, KNS: The Korean Neurosurgical Society. 



Microbiologic evaluation 
	At the Korean Sepsis Alliance, each institution followed a standardized workup process. Microbiological testing was performed on samples collected within 48 hours of time zero, adjusted for hospital-onset sepsis by including samples from 48 hours before and after time zero. Specimens from suspected infection sites (such as blood, urine, sputum/endotracheal aspirates, nasopharyngeal swabs/aspirates, bronchoalveolar fluid, bile, cerebrospinal fluid, biopsy tissue, and stool) were analyzed to identify pathogens, including bacteria, viruses, fungi, and Mycobacterium tuberculosis, etc. Antibiotic susceptibility tests were conducted when bacteria were isolated, with consideration given to multidrug-resistant pathogens. For suspected Mycobacterial infections, results from acid-fast bacilli tests/polymerase chain reaction (PCR) (Xpert PCR) were used. Pathogen presence, type, and quantity were determined to assess polymicrobial infections or superinfections. Evaluation of respiratory infections included blood cultures, ordinary bacterial smear/culture tests on respiratory specimens, multiplex viral/pneumonia PCR (including COVID-19), antigen tests, or serology. Blood cultures were mandatory upon admission to the emergency department for all sepsis patients in our cohort as one of inclusion criteria.


Supplementary Table 1. Sepsis bundle compliance and sepsis management of patients with sepsis referred to the ICU 
	Variables
	Sepsis without shock (n=2,598)
	Septic shock (n=903)

	
	Culture-positive  sepsis (n=1,625)
	Culture-negative sepsis
(n=973)
	P-value
	Culture-positive septic shock  (n=588)
	Culture-negative septic shock
(n=315)
	P-value

	Bundle compliance
	
	
	
	
	
	

	1-hr
	67 (5.4)
	55 (8.4)
	0.012
	97 (20.3)
	37 (18.7)
	0.625

	3-hr
	637 (51.6)
	316 (48.4)
	0.182
	325 (68.1)
	140 (70.7)
	0.511

	6-hr
	1036 (84.0)
	539 (82.5)
	0.432
	423 (88.7)
	176 (88.9)
	0.937

	
	
	
	
	
	
	

	Bundle elements
	
	
	
	
	
	

	Lactate 
	
	
	
	
	
	

	1-hr
	1371 (86.1)
	846 (88.3)
	0.112
	552 (93.9)
	303 (96.2)
	0.140

	3-hr
	1543 (96.9)
	928 (96.9)
	0.940
	579 (98.5)
	312 (99.0)
	0.470

	6-hr
	1569 (98.6)
	947 (98.9)
	0.527
	582 (99.0)
	314 (99.7)
	0.251

	Blood culture
	
	
	
	
	
	

	1-hr
	849 (61.7)
	439 (58.3)
	0.125
	358 (70.6)
	155 (69.5)
	0.764

	3-hr
	1231 (89.5)
	632 (83.9)
	< 0.001
	462 (91.1)
	209 (93.7)
	0.236

	6-hr
	1327 (96.4)
	712 (94.6)
	0.039
	494 (97.4)
	214 (96.0)
	0.284

	Antibiotics
	
	
	
	
	
	

	1-hr
	237 (14.7)
	155 (16.2)
	0.297
	160 (27.3)
	72 (23.0)
	0.165

	3-hr
	1055 (65.4)
	581 (60.8)
	0.019
	447 (76.1)
	242 (77.3)
	0.694

	6-hr
	1471 (91.1)
	850 (88.9)
	0.065
	543 (92.5)
	288 (92.0)
	0.792

	Fluid resuscitation 
	
	
	
	
	
	

	1-hr
	695 (80.1)
	369 (81.1)
	0.654
	412 (88.2)
	204 (87.6)
	0.797

	3-hr
	813 (93.7)
	426 (93.6)
	0.979
	452 (96.8)
	223 (95.7)
	0.468

	6-hr
	849 (97.8)
	438 (96.3)
	0.100
	464 (99.4)
	229 (98.3)
	0.178

	Vasopressor 
	
	
	
	
	
	

	1-hr
	98 (8.6)
	70 (11.7)
	0.039
	436 (74.8)
	257 (82.1)
	0.013

	3-hr
	622 (54.8)
	329 (55.0)
	0.917
	514 (88.2)
	292 (93.3)
	0.015

	6-hr
	915 (80.5)
	478 (79.9)
	0.760
	551 (94.5)
	303 (96.8)
	0.121

	
	
	
	
	
	
	

	Sepsis management
	
	
	
	
	
	

	Pre-ICU input (mL/kg)
	35.1 [20.8-52.6]
	31.1 [16.0-47.8]
	< 0.001
	35.1 [21.5-55.3]
	33.1 [19.9-49.9]
	0.082

	Appropriate empirical antibiotics within 24 h
	1358 (83.7)
	950 (98.4)
	< 0.001
	501 (85.2)
	303 (96.8)
	< 0.001

	Source control 
	321 (19.8)
	101 (10.4)
	< 0.001
	106 (18.0)
	29 (9.2)
	< 0.001

	Steroid use for sepsis 
	348 (21.4)
	186 (19.1)
	0.160
	206 (35.0)
	89 (28.3)
	0.038

	
	
	
	
	
	
	

	Time to management 
	
	
	
	
	
	

	Time to obtain blood cultures (min)
	39 [21–98]
	47 [22–111]
	0.037
	32 [17–69]
	38 [20–78]
	0.127

	Time to broad-spectrum antibiotics (min)
	139 [81–213]
	148 [83–239]
	0.047
	130 [95–218]
	107 [63–175]
	0.454

	Time to begin rapid fluid administration (min)
	17 [9–48]
	18 [8–47]
	0.866
	15 [6–31]
	12 [5–29]
	0.090

	Time to apply vasopressor (min)
	161 [97–299]
	155 [89–301]
	0.254
	40 [20–60]
	29 [14–56]
	< 0.001

	Time to source control (min)
	645 [347–1565]
	933 [327–2582]
	0.290
	528 [250–1171]
	310 [168–1219]
	0.196

	Time to administer steroid (min)
	445 [259–1143]
	502 [1686–1219]
	0.821
	268 [122–869]
	312 [135–971]
	0.508






Supplementary Table 2. ICU course for patients with sepsis (n=3,501)
	Variables 
	Culture-positive sepsis 
(n=2,213)
	Culture-negative sepsis 
(n=1,288)
	P-value
	Missing (n)

	SOFA score
	
	
	
	

	  Baseline
	7.28±3.14
	6.97±3.08
	0.005
	0

	  Day 1
	9.93±3.74
	9.30±3.71
	< 0.001
	0

	 Day 2
	9.49±4.19
	8.90±4.03
	< 0.001
	135

	  Day 3
	8.55±4.23
	8.02±4.29
	0.001
	605

	 Day 7
	7.81±3.95
	7.42±4.08
	0.075
	2100

	  Day 14 or last day in the ICU
	7.19±4.97
	6.86±4.94
	0.058
	0

	
SOFA_Respiratory_PaO2/FiO2 ratio
	
	
	
	

	  Baseline
	1.57±1.08
	1.75±1.07
	< 0.001
	0

	  Day 1
	1.93±1.18
	2.03±1.22
	0.021
	0

	  Day 2
	1.80±1.16
	1.94±1.17
	0.001
	135

	  Day 3
	1.71±1.11
	1.85±1.11
	0.001
	605

	  Day 7
	1.66±1.05
	1.91±1.14
	< 0.001
	2100

	  Day 14 or last day in the ICU
	1.61±1.24
	1.70±1.24
	0.026
	0

	
SOFA_Coagulation_PLT
	
	
	
	

	  Baseline
	0.94±1.16
	0.69±1.05
	< 0.001
	1

	  Day 1
	1.11±1.20
	0.83±1.09
	< 0.001
	19

	  Day 2
	1.40±1.25
	1.05±1.18
	< 0.001
	173

	  Day 3
	1.57±1.25
	1.25±1.23
	< 0.001
	634

	  Day 7
	1.46±1.27
	1.18±1.20
	< 0.001
	2112

	  Day 14 or last day in the ICU
	1.37±1.31
	1.10±1.25
	< 0.001
	179

	
SOFA_Liver_Bilirubin
	
	
	
	

	  Baseline
	0.67±0.98
	0.46±0.82
	< 0.001
	4

	  Day 1
	0.69±0.98
	0.48±0.84
	< 0.001
	75

	  Day 2
	0.73±1.01
	0.52±0.86
	< 0.001
	293

	  Day 3
	0.70±1.02
	0.54±0.89
	< 0.001
	753

	  Day 7
	0.88±1.18
	0.73±1.06
	0.019
	2174

	  Day 14 or last day in the ICU
	0.73±1.07
	0.69±1.01
	0.002
	343

	
SOFA_Cardiovascular
	
	
	
	

	  Baseline
	1.26±1.27
	1.25±1.35
	0.878
	0

	  Day 1
	2.99±1.43
	2.76±1.59
	< 0.001
	0

	  Day 2
	2.66±1.59
	2.46±1.67
	0.001
	135

	  Day 3
	2.01±1.69
	1.86±1.72
	0.023
	605

	  Day 7
	1.39±1.59
	1.33±1.60
	0.460
	2100

	  Day 14 or last day in the ICU
	1.34±1.67
	1.32±1.69
	0.766
	0

	
SOFA_CNS_GCS
	
	
	
	

	  Baseline
	1.49±1.34
	1.55±1.40
	0.238
	0

	  Day 1
	1.95±1.44
	2.02±1.51
	0.226
	0

	  Day 2
	1.97±1.40
	2.03±1.46
	0.246
	135

	  Day 3
	1.88±1.38
	1.86±1.42
	0.775
	605

	  Day 7
	1.95±1.28
	1.77±1.31
	0.013
	2100

	  Day 14 or last day in the ICU
	1.66±1.44
	1.58±1.46
	0.095
	0

	
SOFA_Renal_Cr_Urine output
	
	
	
	

	  Baseline
	1.35±1.25
	1.27±1.28
	0.060
	3

	  Day 1
	1.29±1.23
	1.20±1.26
	0.042
	26

	  Day 2
	0.99±1.10
	0.95±1.11
	0.297
	174

	  Day 3
	0.73±1.00
	0.71±1.01
	0.634
	637

	  Day 7
	0.55±0.89
	0.52±0.89
	0.571
	2114

	  Day 14 or last day in the ICU
	0.66±1.01
	0.70±1.06
	0.276
	0

	
Invasive mechanical ventilation
	
	
	
	

	  ICU admission
	 805 (36.4)
	567 (44.0)
	< 0.001
	0

	  Day 1
	 860 (38.9)
	612 (47.5)
	< 0.001
	0

	  Day 2
	 863 (40.7)
	613 (49.3)
	< 0.001
	135

	  Day 3
	 736 (40.3)
	541 (50.7)
	< 0.001
	605

	  Day 7
	 445 (51.1)
	 311 (58.6)
	0.007
	2100

	  Day 14 or last day in the ICU
	 492 (22.2)
	 324 (25.2)
	0.049
	0

	
Continuous renal replacement therapy
	
	
	
	

	  Day 1 
	419 (18.9)
	226 (17.5)
	0.307
	0

	  Day 2 
	475 (22.4)
	251 (20.2)
	0.138
	135

	  Day 3 
	408 (22.3)
	209 (19.6)
	0.081
	605

	  Day 7 
	174 (22.0)
	 90 (16.9)
	0.157
	2100

	  Day 14 or last day in the ICU (n=3501)
	301 (13.6)
	170 (13.2)
	0.736
	0

	
Vasopressors
	
	
	
	

	  Day 1
	1783 (80.6)
	945 (73.4)
	< 0.001
	0

	  Day 2
	1518 (71.5)
	820 (66.0)
	0.001
	135

	  Day 3
	 993 (54.3)
	536 (50.2)
	0.032
	605

	  Day 7
	 309 (35.5)
	181 (34.1)
	0.586
	2100

	  Day 14 or last day in the ICU
	 706 (31.9)
	412 (32.0)
	0.958
	0

	
Adjunctive corticosteroids
	
	
	
	

	  Day 1
	499 (22.5)
	249 (19.3)
	0.025
	0

	  Day 2
	515 (24.3)
	258 (20.8)
	0.020
	135

	  Day 3
	401 (21.9)
	214 (20.0)
	0.228
	605

	  Day 7
	147 (16.9)
	102 (19.2)
	0.272
	2100

	  Day 14 or last day in the ICU
	332 (15.0)
	171 (13.3)
	0.160
	0


SOFA=sequential organ failure assessment, PLT=platelets, CV=cardiovascular, GCS=Glasgow coma scale, ECOG= Eastern Cooperative Oncology Group, BUN=blood urea nitrogen, BNP=B-type natriuretic peptide, ICU=intensive care unit.


Supplementary Table 3. Predictors for hospital mortality for sepsis patients referred to the ICU
3-1) All sepsis patients (n=3,501)
	Variables
	OR
	95% CI
	P-value

	Hematologic malignancy
	1.902
	1.276-2.834
	0.002

	Inappropriate empirical antibiotics
	1.556
	1.223–1.979
	< 0.001

	Adjunctive corticosteroids
	1.511
	1.267–1.803
	< 0.001

	Solid tumor malignancy
	1.430
	1.042-1.710
	0.002

	Chronic kidney disease
	1.301
	1.021-1.657
	0.033

	Pulmonary sepsis
	1.222
	1.018-1.468
	0.032

	Baseline SOFA score
	1.124
	1.093–1.156
	< 0.001

	Baseline lactate level
	1.121
	1.096–1.147
	< 0.001

	Clinical frailty score
	1.062
	1.017–1.109
	0.006

	Charlson comorbidity index
	1.058
	1.008-1.110
	0.022

	Age
	1.009
	1.001-1.017
	0.020

	Pre-ICU fluid administration
	1.004
	1.001-1.006
	0.001

	Chronic neurologic disease 
	0.758
	0.626-0.919
	0.005

	Diabetes (organ damage or uncontrolled)
	0.751
	0.633–0.891
	0.001

	Antibiotic administration within 1 hour
	0.705
	0.572-0.868
	0.001

	Source control
	0.636
	0.504–0.804
	< 0.001

	Urinary tract sepsis
	0.485
	0.377–0.624
	< 0.001


Multivariate analysis was conducted with significant univariate variables such as age, sex, Charlson comorbidity index, clinical frailty score, comorbidities (diabetes, hematologic malignancy, solid tumor malignancy, chronic neurologic disease, and chronic kidney disease), presence of septic shock, site of infection (lung and urinary tract), baseline SOFA score, baseline lactate level, treatments (inappropriate empirical antibiotics, antibiotics administration within 1h after time zero, pre-ICU fluid input (mL/kg), source control and adjunctive corticosteroids). SOFA=Sequential Organ Failure Assessment.

[bookmark: _GoBack]3-2) Sepsis patients without shock (n=2,598)
	Variables
	OR
	95% CI
	P-value

	Hematologic malignancy
	2.284
	1.389-3.754
	0.001

	Solid tumor malignancy
	1.729
	1.339-2.233
	< 0.001

	Adjunctive corticosteroids
	1.629
	1.317-2.015
	< 0.001

	Inappropriate empirical antibiotics
	1.407
	1.059-1.869
	0.019

	Baseline SOFA score
	1.136
	1.097-1.177
	< 0.001

	Baseline lactate level
	1.119
	1.089-1.150
	< 0.001

	Age
	1.010
	1.002-1.019
	0.021

	Pre-ICU fluid administration
	1.004
	1.001-1.006
	0.011

	Antibiotic administration within 1 hour
	0.723
	0.554-0.943
	0.017

	Source control
	0.657
	0.500-0.864
	0.003

	Urinary tract sepsis
	0.528
	0.394-0.708
	< 0.001


Multivariate analysis was conducted with significant univariate variables such as age, sex, Charlson comorbidity index, clinical frailty score, comorbidities (hematologic malignancy, solid tumor malignancy, immunocompromised state, and chronic kidney disease), site of infection (lung and urinary tract), baseline SOFA score, baseline lactate level, treatments (inappropriate empirical antibiotics, antibiotics administration within 1h after time zero, pre-ICU fluid input (mL/kg), source control and adjunctive corticosteroids). SOFA=Sequential Organ Failure Assessment.
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Definition of positive culture result

Microorganism cultured
C skin contami like it
negative staphylococci, Bacillus species.
Corynebacterium, species, micrococci and
Propionibacterium species are disregarded
unless they are deemed significant by the
managing physician or cultured from > 2 blood
cultures
Primary bacteraemia is diagnosed if the
microorganism cultured is not related to any
infected site
For catheter-related bloodstream infection. paired
blood cultures must yield microbiological
diagnosis*!
o Catheter blood culture yielding 5-fold
higher yield than peripheral blood culture
o Catheter blood cultures positive > 2 hours
earlier than peripheral blood culture

Sputum, blind
endotracheal
aspirates,

lavage (BAL)

Microorganism cultured

Moderate to heavy growths of bacteria with few

epithelial cells seen on gram stain examination (<

10 per high power field)

Candida is often a contaminant in

immunocompetent pauems * Do not record

candida as the aetiology of p ia unless the
ing physician determines otherwise

Pleural fluid

Microorganism cultured
Pus

Urine

Isolation of 10° colony forming units (cfu)/mL of
microorganisms (or 10° cfw/mL in catheterized
patients)





