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Fig. 1.

Plain chest radiography and chest computed tomography of a patient with acute respiratory dis-

tress syndrome (ARDS) caused by Streptococcus pneumoniae

(A) Plain chest radiograph showing diffuse bilateral pulmonary infiltrates. (B) Chest computed-to-

mographic image showing asymmetric lung injury with dense infiltrates in the left base and patchy

ground-glass infiltrates throughout the right lung.
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FIME % PF O SHEMPRAEE 2 L, WgCLEMEM
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A SIEMEMIRE O A5 & Al TR % B %o &t
FL-C ARDS 12 14EM12300 75 A28 L, 10% 2%
ICU TOWREEZLEE L, ICU Tl 24% 25\ T
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ARDS 2R 2 HBEIZE LN TE Y, KRBT



[#857] BExf/~2 07 7— & ARDS
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THLNAPTR & L CIiBk & AEMRH (hemophago-
cytic syndrome : HPS) /IMMERE £ > 7 SHLRE ERIE
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FTAT) T iz LI ED8I% & H kM
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sepsis-HLH overlap syndrome (SHLHOS) 73&0g
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MAE %2 FBOI W & H 6 HLH2009 7 A K7 A
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(GE#k, JPRE), #MATHE (Eked, 795>
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LAREE L EE, TRETH AU BRI L 2 REE
R R EB W 24T o 7214, B ORI
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BEBRETAZEICRDEER D,
3. BREMERRBICHITD HPS/HLH A HZ X L
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HEE D E W Epstein-Barr virus (EBV) Ti&, Y~
ISERBERRICBE G- 5 IR T REDVPHMSN TV 5, X



INE
it

) Bxf/~o 07 7— & ARDS

Table 1.

Diagnostic criteria for hemophagocytic lymphohistiocytosis (HLH) and macrophage activation syndrome (MAS)

Primary HLH

Secondary HLH and MAS criteria

HLH-2004 criteria
Henter JI. et.al.
(ref. 34)

Proposed HLH diagnostic
criteria, 2009
Filipovich AH.
(ref. 40)

PRINTO criteria
Ravelli A. et.al.
(ref. 41)

H-Score
Fardet L. et.al.
(ref. 42)

1. Molecular diagnosis of he-
mophagocytic
tiocytosis (HLH)

2. Diagnostic criteria for HLH
fulfilled (five out of the eight
criteria below)

« Fever (>7 days)

« Splenomegaly

« Cytopenias (affecting >2 of

3 lineages in the peripheral
blood)
- Hemoglobin <90 g/L
- Platelets <100 X 10°/L
- Neutrophils<1.0 X 10°/L
« Hypertriglyceridemia (fast-

lymphobhis-

ing serum triglycerides >3.0
mmol/L or 265 mg/dL) and/
or hypofibrinogenemia (<
1.5g/L)

« Hemophagocytosis in bone
marrow, spleen, or lymph
nodes; no evidence of malig-
nancy

« Serum ferritin >500 mg/L

+ Low or absent NK cell activi-
ty (according to the local
laboratory reference)

«Serum soluble CD25 (i.e.,
solubule IL-2
2,400 U/mL

receptor) >

1. Molecular diagnosis of he-
mophagocytic lymphohis-
tiocytosis (HLH) or X-linked
lymphoproliferative  syn-
drome (XLP).

2.Or atleast 3 of 4:

a. Fever

b. Splenomegaly

c. Cytopenias (minimum of
2 cell lines reduced)

d. Hepatitis

3.And at least 1 of 4:

a. Hemophagocytosis

b. t Ferritin

c. 1 sIL2a (age based)

d. Absent or very decreased
NK function

4. Other results supportive of
HLH diagnosis:

a. Hypertriglyceridemia
b. Hypofibrinogenemia
c. Hyponatremia

A febrile patient with known
or suspected systemic juvenile
idiopathic arthritis is classi-
fied as having MAS if the fol-
lowing criteria are met:
Serum ferritin >684 ng/mL
and any 2 of the following
-Platelet <181 X
10°/L
-Serum aspartate amino-
transferase >48 U/L
triglycerides > 156

count

-Serum
mg/dL
-Serum

mg/dL

fibrinogen <360

Known underlying immuno-
suppression
-0 (No) or 18 (Yes)
Temperature (C )
-0 (<38.4), 33 (38.4-39.4),
or 49 (>39.4)
Organomegaly
-0 (No), 23 (Hepatomegaly
or splenomegaly), or 38
(Hepatomegaly and sple-
nomegaly)
No. of cytopenias
Defined as a hemoglobin level
of <9.2 mg/dL and/or a leu-
kocyte count of < 5,000/mm?*
and/or a platelet count of <
110,000/mm?®.
-0 (0-1 lineage), 24 (2 lin-
eages), or 34 (3 lineages)
Serum ferritin (ng/mL)
0 (<2,000), 35 (2,000-
6,000), or 50 (>6,000)
Serum triglyceride (mmol/L)
-0 (<15), 44 (1.5-4), or 64
>4
Serum fibrinogen (gm/L)
-0(>2.5) or 30 (<2.5)
Serum aspartate aminotrans-
ferase (IU/L)
-0(<30) or 19 (>30)
Hemophagocytosis
-0 (No) or 35 (Yes)
Best cutoff value = 169

JESE ) > ERYEEE T (X-linked lymphoprolifera-

tive syndrome : XLP-1 & XLP-2)
7% SAP & % W\ XIAP O i {n 142

|2 EBV &4

SN AV AHERR D2

31 UsERIC B
HWTH DN,

%12 398 M © HPS/HLH (2 3 2§
59, EU@)?IE& LT, EBV %5CTLs IZ
Jli$ %2 & T, EBVIZHRY % CTLs 25 +4
RILT 25, EDRE, @%

2R Y LiE

‘L&

WA & A SN TFN-y % 13 Lo & 3 2 e 1t

HLH %3272 16 FEFI O HI T,
HLH 2585 & L% {2 T2
BITH Y, 205 b 265 NK Ml ok

¥ 55T (PRFI)

— W GRIEME) HPS/
HrBHELTWIZDES5
2B 5-

REZH LTz OWmED

» %" EBV LA ORAYIZ BT kM HPS/

HLS # 5] & 2 95
BNP—EBHEIET B EEROSNLD,
ERH DD W H %

DD % Efn+F

WEAET
SIS

A AL UBvra Ty =V rER LIS &
G5 JE RS OHERE, HPS O RETE ik 12 B 5-
ToLEEZLENDY,
L2 L, ZOMmoRmEMAEWIC X 5 k% HPS/
HHODBHE A 7 = XA E AW EBE 0w
2009HINIpdm A ¥ 7 )V ¥ e T kM HPS/

mymowm%f,4y7w1y$@4wzﬁﬁ
B NK M 1 &g LB 5 2 & T, @%mw%

TR =ZACHFEE L, NKHEoEB L OHhE
T L A VAR IR S n 2 A ST
Wz9, T BA Y IV Y HANLIZBWT,
H5 NY 7 I)VF = Y &EIZ & A CTLs O 21
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(a)
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NK cells NK cells
NKT cells cytotoxic NK T cells
activit CTL:
Nl;l(KTcelllsl perform Ny % ’
cells
. -y . cells cells
£ Targot perforin ; \
Pathogens
\cells ) IFN- yT N g IFN- yT or
. Sepsis
IEN-y 1 ) condition
l *y Ap})tosm ApoptOSIS
Apoptosis Persistence Persistence y
Target Proliferatio
cells nmacr()phages T(a;ﬁzt macrophages
Phagocytosis  macrophages ~ @ ’L \
IFN-
NEoell al Inﬂammatory @ IFN-y 1 Inflammatory
cells Cytokines t 1 i
NK T cells yt NK cells Cytokines T 1
CTLs NK T cells
CTLs

Fig. 2. Pathogenic schema of primary and secondary hemophagocytic syndrome (HPS) and hemophagocytic lymphohistio-

cytosis (HLH)

(A) Normal immune responses against the invading target. (B) Primary HPS/HLH: Dysfunction of perforin-mediated cyto-
toxicity exerted by cytotoxic T lymphocytes (CTLs), natural killer (NK) cells and NK T cells lead to impaired eradication of
target cells, and instead, continuous secretion of inflammatory cytokines, especially interferon (IFN)-y. Monocytes/mac-
rophages are activated by IFN-y. (C) Hypothesis for pathogenesis of secondary HPS/HLH: Pathogens and/or a septic state
impair the cytotoxicity exerted by CTLs, NK cells and NK T cells. The persisting target cells enhance secretion of inflam-
matory cytokines, which activate lymphocytes and macrophages. Moreover, pathogens and/or a septic state can also acti-

vate lymphocytes and macrophages directly.

W& N=T 3 ) YORBAIH ENDL Z L LR
HEINTWDY, CTLs ® NK MifgicBi7 57 1 v
AHEBR OFERBAR T & 0 &G L 7o i 23 AE LT
% Z & T, WML CTLs, NK i, NK THI
BLUHIR/ v~ 07 7 — D EEELL S L0
N5 (Fig 2C) DM, IFN-y, TNF-o, IL-1B,
IL-6, IL-18 72 & RIEMEY A M A » 2SfFRE X 71 =
ALDOHFLETERT HWERFTh %o MUEZ &
HEARZ N VAR 0D 2 & TRIEWY A M A 28
AR LAV THIEEEL S, Efbsh
72 T MIREAS IFN-y 2/ L CTHIk/~27u 77— %
HHAL S5 (Fig 2C) o MAZTHNED Y £V A FE

2 & %A HPS/HLH 12 B\ T, Ifi{E  ® IFN-y
ETNF-a BENPFHREMBE T L0HED H
B0 PEX D, BIYRBIZB W TEED 5\ i
BIHEERIC ) v BRI b &, i b ) »
INERDHER/~ a7 7 — Y ORE AL F
9% 2 & CHPS/HLH OFFEKICE S35 & &
Abib,
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4. MEOGERRRAE
M LTeBE
PIANAKEDHFLET HA TNV T A VA
EHEIC BT D, P AV ARG IIE R T
TOHRLPEMEEZZO RN EDS, JREDEA
PZIRRETOIY A W ARG OMRIIRENTH 5
EEZON, BAEDISHT 2 RENEE FIRE L7
RO ZEE SN S, EBV EYLESY, 5™
7 & R %E HPS/HLH (2 %F L C, HLH-1994/2004
HA RIA4 VRSN T W5 etoposide (ET) &
corticosteroid (CS) DPEHDEHTH 5 2 & 2VH
LN TWwh, ETIE, PRAV ATV ZHEL
TRV AZFELIUEA E LA HEAINT
Wb F72, Bl HL ET Evru 77—
REROPE WA SELMEDHMEN TS, I
Wz 7 A Vv A EGHE I BT 2 FRE O W HPS/
HLH OS2 7RIE STV 2 Eh 6, HEOM
ZEE D EIRIEMEE A~ 7 )V T % MERS-CoV %
YefiE 12 X B kM HPS/HLH % 4 66§ 2 BAE B IS
WML, ETBIOCSHEGZHIZEL TnDH>™, L
2L, ERIRJESCi, 2009 4F 12 HINIpdm 1 ~ 7

RIEIC K D 2R HPS/HLH 22— 77
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WI T ANV ADEGIZ LD ARDS % ZEHE L,
extracorporeal membrane oxygenation (ECMO),
PR WL T4 B, HLH-2004 7 5 4
FUT % LET BLXOCSHG THMmTERLE
DFEBIHREDH DL DMK TH AHY, TN F T ARDS
2% % ET 3 X O CS #5503 22T T
B 573, HPS/HLH % & 0F3 %5 ARDS 811 € 7 v
TOMEPEL S NDLY,
.  HPS/HLH = > ARDS € 7 /L U X DYERL
ERBEREDAREN

CNET, BREERA V7V 357 SARS-
CoV*®*  MERS-CoV* % i L 72 ARDS &#) € 7
VAER &AL, FRHE A 1 = X 1 DRI R iG] D
BRZEVPRALN TN L, L2L, I1hH ARDS
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Fig. 3. Treatment with etoposide plus a corticosteroid decreased mortality in fatal acute respiratory
distress syndrome (ARDS) mice and attenuated lung injury
Mice, administered a-galactosylceramide and lipopolysaccharide (LPS) intratracheally, were
treated with PBS, PSL (0.4 mg/kg), ET (10 mg/kg), or PSL (0.4 mg/kg) + ET (10 mg/kg) at 0 h and
24 h after LPS administration. (A) Survival rates. *»<0.001 compared with PBS-treated groups. (B)
Representative images of PBS- (a, ¢, e) or PSL +ET (b, d, f)-treated mice are shown at X40 (c, d)
and X400 (e, f) magnification. PSL: prednisolone; ET: etoposide. (cited by ref. 63)
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The emergence of novel, as well as re-emergence of serious respiratory viral diseases in the current
decade is of particular concern. Fatal acute respiratory distress syndrome (ARDS) with rapid deteriora-
tion of vital organ functions has been observed in some patients infected with the highly pathogenic influ-
enza virus strains, severe acute respiratory syndrome coronavirus (SARS-CoV), and middle east respira-
tory syndrome corona virus (MERS-CoV). The common manifestations of virus-induced fatal ARDS are cy-
tokine storm and activation of monocytes/macrophages, characterized as secondary hemophagocytic syn-
drome (HPS)/hemophagocytic lymphohistiocytosis (HLH). However, infection-induced HPS/HLH is likely
to be under-recognized, which could contribute to the serious progression and high mortality. Since there
are no established criteria for the diagnosis of infection-induced HPS/HLH, early recognition is crucial for
any reasonable attempt at curative treatment. Etoposide (ET), a cytotoxic agent, and corticosteroids (CS),
with their strong anti-inflammatory activities, have been used to treat other diseases with similar patho-
physiology, namely, cytokine-activated macrophages and hemophagocytic activity, but it remains un-
known whether these agents can also influence the clinical outcomes in patients with fatal ARDS and sec-
ondary HPS/HLH. We established an animal model of fatal ARDS, with severe lung injury, hypercytokine-
mia, and hemophagocytosis. Using this animal model, we demonstrated that combined therapy with ET
plus CS, targeting monocytes/macrophages, but not inflammatory cytokines, had the potential to attenuate
the severity of fatal ARDS. Specific treatment against HPS/HLH, including combined ET plus CS therapy,
could be considered in patients with fatal ARDS complicated by secondary HPS/HLH. To improve the
outcomes in patients with infection-induced fatal ARDS, clinical and basic science studies are needed in
the future to elucidate the mechanisms underlying the pathogenesis of ARDS and identify new treatment
targets.
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