Supplemental Table S1 HLH-2004 criteria, MAS-HLH criteria, H-score, and proposed severity grading by the Histiocyte Society
	1. HLH-2004 criteria [4]
	

	A) [bookmark: _Hlk109033528]Molecular diagnosis
	Pathogenic biallelic mutation in genes associated with HLH: PRF1, UNC13D, STX11, STXBP2, LYST, RAB27A, XIAP, SH2D1A, and NLCR4

	B) Clinical and 
laboratory criteria
	For clinical diagnoses, greater than or equal to five of the eight criteria below must be met

	1. Fever
	

	2. Splenomegaly
	

	3. Cytopenia
	≥ 2 cell lines

	· Hemoglobin
	< 9.0 g/dL (neonate < 10 g/dL)

	· Platelets
	< 100,000 /μL

	· Neutrophils
	< 1,000 /μL

	4. Hypertriglyceridemia
	≥ 265 mg/dL (≥ 3 mmol/L)

	Hypofibrinogenemia
	≤ 150 mg/dL (≤ 1.5 g/L)

	5. Hemophagocytosis
	Bone marrow, other tissues

	6. Hyperferritinemia
	≥ 500 ng/mL (≥ 500 μg/L)

	7. Reduced/absent NK cell cytotoxicity
	

	8. Elevated soluble CD25
	≥ 2,400 U/mL

		2. MAS-HLH criteria for rheumatologic diseases

	2016 Classification Criteria for MAS Related to Systemic Juvenile Idiopathic Arthritis [5]

	Clinical and laboratory diagnosis
	Patients must have a suspected or known diagnosis of sJIA

	
	Fever

	
	Ferritin > 684 ng/mL (> 684 μg/L)

	
	Any two of the below

	
	· Platelets < 181,000 /μL

	
	· Aspartate aminotransferase > 48 U/L

	
	· Triglycerides > 156 mg/dL (> 1.76 mmol/L)

	
	· Fibrinogen ≤ 360 mg/dL (≤ 3.60 g/L)





	Classification Criteria for MAS Related to Juvenile Systemic Lupus Erythematosus [6]
One clinical criterion and two laboratory criteria are required

	Clinical criteria
	Fever (> 38°C)

	
	Hepatomegaly (≥ 3 cm below the costal arch)

	
	Splenomegaly (≥ 3 cm below the costal arch)

	
	Hemorrhagic manifestations (purpura, easy bruising, or mucosal bleeding)

	
	CNS dysfunction (irritability, disorientation, lethargy, headache, seizures, or coma)

	Laboratory criteria
	Cytopenia affecting two or more cell lineages 
(WBC ≤ 4,000 /μL, hemoglobin ≤ 9.0 g/dL, or platelet ≤ 50,000 /μL)

	
	Aspartate aminotransferase > 40 U/L

	
	Lactate dehydrogenase > 567 U/L

	
	Hypofibrinogenemia (fibrinogen ≤ 150 mg/dL)

	
	Hypertriglyceridemia (triglycerides > 178 mg/L)

	
	Hyperferritinemia (ferritin > 500 ng/mL (> 500 μg/L))

	3. H-Score [11]
	

	Fever (°C)
	0 (<38.4), 33 (38.4–39.4), or 49 (>39.4)

	Organomegaly 
	0 (no), 23 (hepatomegaly or splenomegaly), 38 (hepatomegaly and splenomegaly)

	Cytopenia
	0 (one lineage), 24 (two lineages), 34 (three lineages)
(﻿cytopenia cutoff: hemoglobin ≤ 92 g/L, platelets ≤ 110,000 /μL, WBC ≤ 5,000 /μL)

	Ferritin (ng/mL)
	0 (<2,000), 35 (2,000-6,000), 50 (>6,000)

	Triglycerides (mmol/L)
	0 (<1.5), 44 (1.5-4), 64 (>4)

	Fibrinogen (g/L)
	0 (>2.5) or 30 (≤2.5)

	Hemophagocytosis
	0 (no) or 35 (yes)

	AST (U/L)
	0 (<30) or 19 (≥30)

	Immunosuppression
	0 (no) or 18 (yes)

	4. ﻿Proposed Severity of Secondary HLH in ICU-Admitted Patients [15]

	Mild
	· ﻿No evidence of organ dysfunction except coagulation/hematologic system

	Moderate
	· ﻿Evidence of moderate organ dysfunction (SOFA or pSOFA score 2 or less per organ system excluding coagulation/hematologic system)
· ﻿Possible need for supplemental oxygen

	Severe
	· ﻿Evidence of severe organ dysfunction (SOFA or pSOFA score 3 or more of at least one organ system excluding coagulation/hematologic system) and/or any need for organ replacement therapy due to organ failure, including positive-pressure ventilation, renal replacement therapy, vasopressors, and extracorporeal life support







Supplemental Table S2 ﻿Pediatric Sequential Organ Failure Assessment (pSOFA) score and modified ISTH-DIC score
	pSOFA score [12]

	
	Score

	Variables
	0
	1
	2
	3
	4

	1. Respiratory

	PaO2:FiO2 or
	≥400
	300-399
	200-299
	100-199 with RS
	<100 with RS

	SpO2:FiO2
	≥292
	264-291
	221-264
	148-220 with RS
	<148 with RS

	2. Coagulation

	Platelet count, x103/μL
	≥150
	100-149
	50-99
	20-49
	<20

	3. Hepatic

	Bilirubin, mg/dL
	<1.2
	1.2-1.9
	2.0-5.9
	6.0-11.9
	>12.0

	4. Cardiovascular: MAP by age group or vasoactive infusion, mmHg or μg/kg/min

	1-11 months
	≥55
	<55
	Dopamine ≤5
or dobutamine
(any)
	Dopamine >5 
or
epinephrine ≤0.1 or 
norepinephrine ≤0.1
	Dopamine >15 
or
epinephrine >0.1 or 
norepinephrine >0.1

	12-23 months 
	≥60
	<60
	
	
	

	24-59 months
	≥62
	<62
	
	
	

	60-143 months
	≥65
	<65
	
	
	

	144-216 months
	≥67
	<67
	
	
	

	>216 months
	≥70
	<70
	
	
	

	5. Neurologic

	GCS
	15
	13-14
	10-12
	6-9
	<6

	6. Renal: Creatinine by age group, mg/dL

	<1 month
	<0.8
	0.8-0.9
	1.0-1.1
	1.2-1.5
	≥1.6

	1-11 months
	<0.3
	0.3-0.4
	0.5-0.7
	0.8-1.1
	≥1.2

	12-23 months
	<0.4
	0.4-0.5
	0.6-1.0
	1.1-1.4
	≥1.5

	24-59 months
	<0.6
	0.6-0.8
	0.9-1.5
	1.6-2.2
	≥2.3

	60-143 months
	<0.7
	0.7-1.0
	1.1-1.7
	1.8-2.5
	≥2.6

	144-216 months
	<1.0
	1.0-1.6
	1.7-2.8
	2.9-4.1
	≥4.2

	>216 months
	<1.2
	1.2-1.9
	2.0-3.4
	3.5-4.9
	≥5

	Modified ISTH-DIC score [13, 14]

	
	Score

	Variables
	0
	1
	2
	3
	

	Platelet count, x103/μL
	≥100
	50 – <100
	<50
	
	

	Fibrinogen (mg/dL)
	≥100
	<100
	
	
	

	Prolonged PT (s)
	< 3
	3 – <6
	≥ 6
	
	

	D-dimer (ng/mL)
	<500
	–
	500-2,500
	>2,500
	


DIC, disseminated intravascular coagulation; GCS, ﻿Glasgow Coma Score; 
ISTH, International Society on Thrombosis and Haemostasis; MAP, mean arterial pressure; PT, prothrombin time; RS, respiratory support; s, second 

Supplemental Table S3 HLH subgroup
	Primary HLH (n = 2)
	n (%)
	IAHS (n = 43)
	n (%)

	Chediak-Higashi syndrome
	1 (50.0)
	Virus
	

	Griscelli syndrome type 2
	1 (50.0)
	EBV
	11 (25.6)

	MAHS (n = 13)
	n (%)
	Dengue virus
	1 (2.3)

	ALL
	4 (30.7)
	JE virus
	1 (2.3)

	SPTCL
	2 (15.4)
	HIV
	1 (2.3)

	ALCL
	2 (15.4)
	Bacteria
	

	T-NHL
	1 (7.7)
	A.baumanii
	4 (9.3)

	LCH
	2 (15.4)
	Enterococcus spp.
	4 (9.3)

	AML
	1 (7.7)
	K.pneumoniae
	2 (4.7)

	CML
	1 (7.7)
	P.aeruginosa
	3 (7.0)

	MAS-HLH (n = 28)
	n (%)
	O.tsutsugamushi
	3 (7.0)

	sJIA
	14 (50.0)
	S.viridans
	1 (2.3)

	SLE
	10 (35.7)
	CONS
	1 (2.3)

	Kawasaki disease
	2 (7.1)
	M.pneumoniae
	1 (2.3)

	Behcet's disease
	1 (3.6)
	E.coli
	1 (2.3)

	Kikuchi Fujimoto disease
	1 (3.6)
	E.cloacae
	1 (2.3)

	
	
	Fungus
	

	
	
	Candida parapsilosis
	1 (2.3)

	
	
	Mucor
	1 (2.3)


ALCL, anaplastic large cell lymphoma; ALL, acute lymphoblastic leukemia; AML, acute myeloid leukemia; 
CML, chronic myeloid leukemia; CONS, coagulase negative staphylococcus; EBV, Epstein-Barr virus; 
HIV, human immunodeficiency virus; HLH, hemophagocytic lymphohistiocytosis; IAHS, infection-associated hemophagocytic syndrome; JE virus, Japanese Encephalitis virus; LCH, langerhans cell histiocytosis; 
MAHS, Malignancy-associated hemophagocytic syndrome; MAS-HLH, Macrophage activation syndrome; sJIA, systemic juvenile idiopathic arthritis; SLE, systemic lupus erythematosus; SPTCL, subcutaneous Panniculitis-Like T-cell Lymphoma; T-NHL, T-cell non-Hodgkin lymphoma


Supplemental Table S4 Clinical manifestations of patients with HLH
	Characteristics, n (%)
	IAHS
	MAHS
	MAS-HLH
	Primary HLH

	
	n = 43
	n = 13
	n = 28
	n = 2

	Clinical manifestations

	Fever
	43 (100)
	13 (100)
	10 (100)
	2 (100)

	Hepatomegaly
	40 (93)
	10 (77)
	24 (86)
	2 (100)

	Splenomegaly
	38 (88)
	10 (77)
	14 (50)
	2 (100)

	Anemia
	29 (67)
	13 (100)
	9 (82)
	2 (100)

	Respiratory distress
	26 (60)
	5 (38)
	7 (25)
	1 (50)

	Cardiovasculara
	15 (35)
	3 (23)
	5 (18)
	0 (0)

	Neurologicb
	13 (30)
	3 (23)
	3 (11)
	1 (50)

	HLH severity grading
	
	
	
	

	- Mild
	14 (33)
	8 (62)
	17 (61)
	1 (50)

	- Moderate
	2 (5)
	0 (0)
	2 (7)
	0 (0)

	- Severe
	27 (63)
	5 (38)
	9 (32)
	1 (50)

	R/R HLH
	16 (37)
	6 (46)
	6 (21)
	2 (100)

	HLH-2004 criteria laboratory findings

	Hemophagocytosis
	38 (88)
	10 (77)
	7 (64)
	2 (100)

	Bi-/pancytopenia
	31 (72)
	12 (92)
	11 (39)
	2 (100)

	Hyperferritinemia
	42 (98)
	10 (83)
	28 (100)
	2 (100)

	Hypofibrinogenemia
	28 (65)
	4 (31)
	12 (43)
	1 (50)

	Hypertriglyceridemia
	25 (58)
	2 (17)
	12 (43)
	1 (50)

	Non HLH-2004 criteria laboratory findings

	Transaminitis
	41 (95)
	9 (69)
	20 (71)
	1 (50)

	Hypoalbuminemia
	33 (77)
	10 (77)
	23 (82)
	2 (100)

	Direct hyperbilirubinemia
	33 (77)
	9 (69)
	10 (36)
	2 (100)

	Overt DIC
	19 (44)
	3 (23)
	8 (29)
	0 (0)

	Hyponatremia
	26 (60)
	6 (46)
	14 (50)
	2 (100)


DIC, disseminated intravascular coagulation; HLH, hemophagocytic lymphohistiocytosis; 
IAHS, infection-associated hemophagocytic syndrome; MAHS, Malignancy-associated hemophagocytic syndrome; MAS-HLH, Macrophage activation syndrome
a Cardiovascular, low mean arterial pressure (adjusted for age and without the need for inotropes).
b Neurologic, Glasgow Coma Scale score of 13 to 14.


Supplemental Table S5 Univariable and multivariable logistic regression analysis of predictors for mortality in children with HLH
	Variables
	Univariable
	Multivariable

	
	OR
	95%CI
	p-value
	Adjusted OR
	95%CI
	p-value

	Age
	0.90
	0.81-1.01
	0.065
	0.99
	0.81-1.22
	0.937

	Severe disease
	6.00
	2.25-15.99
	<0.001
	0.69
	0.05-10.20
	0.789

	HLH-2004 criteria score
	1.47
	0.94-2.30
	0.090
	1.21
	0.41-3.61
	0.728

	H-score
	1.01
	0.99-1.01
	0.169
	0.99
	0.97-1.01 
	0.514

	R/R HLH
	54.17
	14.03-209.15
	<0.001
	252.00
	11.22-5,659.54
	<0.001

	pSOFA score
	1.35
	1.19-1.54
	<0.001
	1.46
	1.05-2.04
	0.025

	Overt DIC
	2.29
	0.92-5.73
	0.075
	0.39
	0.04-3.85
	0.421

	AST
	1.00
	0.99-1.00
	0.741
	1.00
	0.99-1.00
	0.670

	TB
	1.08
	0.97-1.21
	0.141
	0.37
	0.03-4.09
	0.418

	DB
	1.09
	0.96-1.23
	0.172
	2.38
	0.17-34.07
	0.524

	Albumin
	0.47
	0.23-0.96
	0.038
	0.36
	0.08-1.64
	0.187

	Etoposide
	1.71
	0.67-4.39
	0.261
	0.08
	0.01-1.69
	0.104

	Steroid
	2.35
	0.82-6.71
	0.110
	0.74
	0.08-6.73
	0.785


AST, aspartate aminotransferase; CI, confident interval; DB, direct bilirubin; DIC, disseminated intravascular coagulation; HLH, hemophagocytic lymphohistiocytosis; OR, odds ratio; pSOFA score, pediatric Sequential Organ Failure Assessment score; R/R HLH, relapsed or refractory disease; TB, total bilirubin
