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- ~H3
Aling m4 (Influenza Avirus, IAV) B>t & 2k g5 4 £ (Orthomyxoviridae) - #

AFH T 8 B(AB A& 7 &£(C A)E+HE% RNA> 7ie NP 2 M 3% 7 A 4
Az~ B2 CaA-nghHs - BRI FEEFTRHRME - & 2009 = 55 #
FRAFTAE (HINL) L i 2 BT R &8 BFBFRFE2F 7= F B4 68
G R R o T SRk @ RN S BROR TR oK s B S il R R
RERESE o F R EFDRL > Vsl gREAFE I ERN o jEAR RN
BRA 870 Qe 6 £ o0 s A g s s e e N A R R
BHREFREHAFRE A F Aleich #2ERS- o e R iFd 2% (World Health
Organization » WHO ) i3t > & & &% € ¢ A # X 300~500 g - # & 7= X #c ) 25~50
Ao SHcr= FL65KANXE L BRI & LEER L F i 4o
MATAL hfREES BRRBHER L AHARPIRF oI N F AL { FE
SopA B e Vb FILRR A VR AN A G o e TEd Beg o
o B REF 4 Aw e RA R FEAR BAFE e S HAARBEAR L o

B4 B A O A GOELE ER 0 AR ALY 0 T R4 R
REAESRPE S CRE S R ALY T R R A iR A 2
FREFOFEEFEFFRAZ LT AL oG HREF > A - BRATOR RB L R
5B AL PR & SR

Pan o GREAeF RIFPTET TRV RE RS 2T HEBIGRE R
ez 22 0 AR ARL AR HRE AR RS HNEF A DL AT
YEFRAAFRE A I A 2E -
S CREBUEBRE R HINLIRE @9 58 ¢ R finpd sldeb e n g
BFER

ARFAMFE LS NE R B KR g md HONL A% i sl A2 s chd ek en
% 18 %% & Je (Wonderlich et al., 2017) -

i * kR s & el a RE ( Macaca fascicularis ) > £ jite » TAL0TA-D70 5
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h2~6 X PR T ek ki L OB RHRGR c mA R A kRl
¥ A pd REF 0 BAs r dpd s fFRIE L epd i o &
P E G beFaig e (Tablel) o Mg eng it (Fig 1A) > g H {8 2 Ttz v 4 2
P b TR P F Bt FERRS 12 (Fig 1B) - * & 9§ 554
(FDG) G st gimls i * 0 3 F T 'e% A 4 (PET) Ail 2 @& % Tro%r k3
fi (CT) M7 %3 B 2 % B17 40 B o 0 4 2 e ® ORIk » FDG 3
Befort s B AT F A 40 (Fig. 1C > 1D) o RIS BBH W30 > 7 g FIWe po§ L5 )
o ARSI AR AR PR 33 48 (Fig. 2A-C) e IR dhimw £
SR Afo kR A PREL B A4 (Fig.2D) 2 % & RT-PCR faifl & 1%

FAEERFHFLL BB Y L GRG0 BT OL AP ST

|

(Fig.2E) > iz & BleEd » et S HMiep chlmfe P 5 < el o e lm

—=

BN T R L g Y B RRITIES RNA G B0 R 2 PR 3 (Fig,

2F) o BB F R oa R R Y RN e RAK 0w R AR (Fig
3A) B ERMAR LSS - fo¥ - T L ip? o w3ffe T lgER" » a ¥k
chifc® RIAEE 2 (Fig. 3B) o A4 4 § 4 ik > #b ip ¥ wmre 28 (Fig. 3C) 0
R d e B3 TIE AR R o e e XA F e (Fig.3D) 0 i &R (Fig.

3E) > A F F iR A BRI R Eoiim s T E e 2 4RI 0 R AT G 9
50% 5 ¥ j¢ B eifin®e » B A (W Eeime T > B E w4 ARG F
2T Wl et § OB R Y higE X F) S fodB it 13 (Fig. 3F-G) 0 s i ¥ i
U B B F P RRY T R RS oA TS F LS
BAH P IFN-q & RERF T 93000 & (Fig.3H) » f& HENL s 4 i7 it 3542 IFN
AR FI A 0 R B o RSP E R B R e REE T AT 0 A BRI R
kD e P g wmbe s W E B m i s F"WF”TP VA PE s V%’v‘ Mg ’J‘ e AR
A MR AR T ) AR R RIEY o e L mre A LB R K 0 @ W B rlime
R THALFEIRRDEEAPE > B E e 2l IRAI e Bk e
ERIRETRLF AR 0m fﬁﬁﬁm’?éfii}i‘-}‘”}ﬂiﬁm’?éiiﬁdﬂ | ™ "% (Fig. 4A-B) » teip|* e 2 B F ¥
1Ki-67 35 (Fig.4C) > &1 R (Fig.4D) > %% 87 B % & & F @ mi s Ki-
67 v BgF 3 ;WM B end B ¥ k% d (Fig 4E) > i}i&%%&ﬁ*@&éﬁm?éﬁ“ﬁ

SRR RA G BEE N e Ak s e b L e ferk d BIR AR A § AL
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IFN- @ = MCP-1 7% i (Fig. 4F) > fe &.fF F@ Rl AR o sk folo @ HENL g

F vz e (Fig. 5A) » ¥ g Rl & 1312 N A1#e ¢ § L ahpd 5 ha aiied
SR e B 0 %ﬁiﬁ'}f’]:}ﬁai TR RinmE ke g e g ]20%@‘;}[%
FR G e Ewre >30% 0 B P E e I F § 5%k 4 g 4 (Fig.5B-C) » &
Bl P BT R A {8 e b fwve caspase-3 e B (Fig.5D) 0 A T R 4 g S F L w
B o GRS E S ARG E BRI Y hd 3o R B4 20 8 (Fig.5E) 0 &
BRA%4576%0 v ERFFHH > £t iffc" 9 F-v kR AT FIR Ad G ot

Finh b FFEMHS Y o ¥R R AR EA HENL pEo b g3l
A g8 A o FRET FAIE REE 2T T B e W
A RE ARG 0 A T A AR SFOGE Rk~ B E  AR RET 0 8 1
e~ it 5 542 5 um chpd L R > W5 ok 5lAsE A ATAp B ehA L
LR
SONBBERIGRFFED]  EEYRSE RIS E SRR (HIND)
pdm09 fr 38 R}fi&'fi (H5N1) :}iia-%

AR PSRBT REEEF FRHFEEDLRE 2 WREH HONL o &
(Iwatsuki-Horimoto et al., 2018) -

Bz I AR St B A =R HINL M RS2 § B R AR
A HSNL R Bvf BRISE A o wBlEsig @ R B EREA T o 47 > F]

FE OAFE o miFEoried o g e SNALF o &3 fhirl3) MAAL
& (Fig.6) - & % HINL gzl i @ o d jf & (Table2) s § ¥ H/LR %

(F
b d - &R 2GR NRS o FIT AR P R 2 Apa o HINL B % 5
ﬁ?%%%ﬁﬁ(Fm7ﬂwhﬁ$?ﬁﬁ¢ BABLAFTIEG - FR2EEE 7T
3R e X R4 HENL enit el € o F cn% it (Fig.8)" » A% - X xR
ML PR BT B2 BB L F o SRR REET Y ypa F & (Table
) Bz A A R BE ol W A BREY Y ISR RITIF FASHENL > B2
PopsFRRFSIETY TR RG> AP - BEPapa A Y witehe i
AL e T F R PR B e A (6 (Table 4) > BT A G RS Ap ke 0

[ ,173 Tfef B HRITIEE R < RO R B FUR B e e o HENL R
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AR e e h (Fig. 9) 0 403 9% ks ¥ IBIR g o < RO RET T A 20
EME R R e Ak Y o Bor iR LR o BRI & (Fig. 10)
Lok A B A R L i Siev B U E_CI14 ¢ 3 F Wiw o HENL 7
AR EE S R AR A B hCH TR A

FH3n s HENL $xspeng 47 R o 3 B g v~ B A E o
HEYREELFTRERF > §ERBADHIE SR - F 2 > LHFFRIERE F R
& IR AR g T e
= ~ Aerosol 3 3% 4 4 ¢ 4 50 U -‘Iﬁi% g 4

AR EMRBEE BE Y FE A AT 5w 2 %2k (Jegede et al.,
2018) -

i Aerosol ~ AP ST IRE R REFT LRET Y dupd i Wl o FF A
Fhid o LigfFe X p % o Ffip4 - = o % HENL -~ HION7 ~ HI0NS 4~ H13N6
FE NS o IRE L > HENL - HION7 54§ & 5 1.58x10" EIDso/ mL » @ HIONS
o HI3NG 75 4 4.28x10° {r 2.81x10° EID so/ mL ; Aerosol # 46 » # * *f 5 Bfe % B
B H R R RREEEY o F i pd 1504 ERBART 0 F 1o
3 T X o AT RN R @AY TS o Mg R & PR s R TR
AR HBPER 0 F FIOP a SRS B RNA * 30 48 3 cDNA « A F T 5 SR
SR S FEREE BURCHEE N F CIE TS

i # Aerosol ~ # 2 ¢ PR JZR 4 H6N1 ~ HI0N7 - HIONS :ffqi T EpE
44 (Fig. 11) - Aerosol & ff p B % it d chps 4 F R 300 0 JRE % ehit
(Fig. 11A) » & o JRE % 4p2+ > Aerosol & f 4248 H6N1 > HION7 - H1ON8 4 1 7
sp sl4efpenT FIR 4 o i i Aerosol ~ B 2 v JRE 4 HEN1 ~ HION7 4= H10N8 T
& Jpeng g e s oma AR WE R (Fig. 12) - % - fo% = % > & Aerosol g % g
FE e iesd > HONL fo HIONS 5 4 i R AT F % >0 1 & v JRE % ¢hi (Fig. 12A-
B) > 4+t 2 T o Aerosol g # enEE ¢ HIONT 54 4F Tl &g 4 16 % - = § a4
(Fig. 12C-D) - &2 i 1 & v JRR 2484 > Aerosol g % { F »c# # H6NL » HION7 4r
H10NS8 :,}%fr YRi% 3 Freng F {oi o i iF Aerosol ~ B P& T PRRE AR 2 HENDL
H1ON7 { HIONS 54 e % ¢ 4 e4f f (Fig. 13) < HEN1 » H1ON7 - HIONS 7

Ao W e sy e aapd LI B A R 2 % v RE % HIONS 4 i %
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L Rl PE eopa (Fig. 13E) - & v RGP > Fe X Aerosol & f g it
HIONS jF & %4 ¥ { & - i i Aerosol ~ J P & v " S 43 F § oot ¢ ihlme 5]
MRNA # H6N1 =% & (Fig. 14) - g & H6N1 & H1I0ON8 IF%’“* g p ot e ‘* =
e F3 AFIFN-7 - IL-6 fr IL-18eh id o Gl B sk d pd 47 17 BT
£33 g % HION7 & HI3NG 54 crdp? 7 3817 &483™ 5 - i i@ Aerosol ~ ff p
2ov ik o R AL H o0 3 HIONS shimiz F]+ mRNA £ i (Fig. 15) « tff i 7 =
PP K o L BH N ARG ERER S E PR ARBITRERMR - KA K
B G HIONS 4 o B9 3§20 %2 2 0 58 kB0 H 0 HONL 3
G LY F - BN ET
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S

RE R isenpmd @ ager jf v i 8 By o 5 Haf @ anplidi o s e
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1 ¥

R R R A A K RAF A R TIRES SRR RF RS2
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FIGURE 1. Aerosolized H5N1 infection of macaques produces fulminant bilateral
pneumonia. (A) Residual temperature differences relative to preinfection baseline values
determined by radiotelemetry. (B) Respiratory rate, tidal volume, and expiratory time
following H5N1 infection measured by plethysmography. (C) Paired combined PET-CT
images from each animal taken prior to infection (Ul) and at 2 d after HSN1 infection. Red
coloration indicates FDG uptake. (D) Quantification of lung FDG uptake measured as
standardized uptake value (SUV) and of lung volume before and at 2 d after H5SN1 infection.
The p values were determined through Friedman tests, followed by a Dunn multiple
comparison test (B) and Wilcoxon matched-pairs signed rank test (D). *p, 0.05, **p, 0.01.

SUV, standardized uptake value; Ul, uninfected. )
(Wonderlich et al., 2017)
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FIGURE 2. Profound lung inflammation and systemic infection following aerosolized H5SN1
virus exposure. (A) Lungs from an uninfected control and H5N1-infected macaque. Scale bar,
2 cm. (B) H&E staining of control and H5N1-infected lungs at day 2 PI. Scale bars, 100 mm.
(C) Lung weights at necropsy. (D) Total number of cells yielded from enzymatic digestion of
lungs. (E) Semiquantitative real-time RT-PCR of influenza virus in homogenized tissues. (F)
In situ hybridization of paraffinembedded sections from upper lung, hilar lymph node, and
duodenum at day 2 PI. Influenza virus RNA is seen as dark grains in the walls of most
alveoli, in the lymph node paracortex, and in duodenum lamina propria (red arrows).
Counterstaining of lung sections reveals fluid accumulation in alveolar spaces. Scale bars,
100 mm. Horizontal lines in graphs represent medians. The p values were determined through

Mann-Whitney U tests. *p, 0.05. L, lower; M, middle; ND, not detected; U, upper.
(Wonderlich et al., 2017)
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FIGURE 3. Innate immune response in blood and BAL following aerosolized H5N1 virus
infection. (A) Gating strategy to identify blood mononuclear cells (MNC, CD45+ ), CD4+ T
lymphocytes (T cells, CD45+ CD3+ CD4+ ), and intermediate monocytes (CD45+
CD32CD202HLA-DR+ CD14+ CD16+ ) by flow cytometry. (B) Quantification of MNC,
CD4+ T lymphocytes, and intermediate monocytes (CD14+ CD16+ ) in blood. (C)
Quantitation of cells in BAL fluid. (D) Gating strategy to identify alveolar macrophages
(AM, CD163+ CD206+ ), interstitial macrophages (IM, CD163+ CD2062), and granulocytes
(Gr, CD1632CD2062CD11b+ HLA-DR?2) in BAL fluid by flow cytometry. (E)
Quantification of AM, IM, and Gr in BAL samples. (F) Cytokine concentrations measured in
the plasma and (G) BAL fluid through flow cytometric cytokine bead array. (H) IFN-a2
concentrations in BAL fluid as measured by ELISA. The p values were determined through
Friedman tests, followed by Dunn multiple comparison tests (B and F), a Wilcoxon matched-
pairs signed rank test (E and H), and a paired t test (G). *p, 0.05, **p, 0.01, ***p, 0.001.
AM, alveolar macrophage; Gr, granulocyte; IM, interstitial macrophage; MNC, mononuclear

cell. )
(Wonderlich et al., 2017)
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FIGURE 6. Detection of SAa2,6Gal and SAa2,3Gal oligosaccharides in the nasal turbinate
(A), pharynx (B), trachea (C), bronchus (D), and bronchiole/alveolar (E)of a 5-year-old
marmoset. No section reacted with SNA | (A-E, center). In contrast, MAA Il reacted with
epithelial cells in the nasal turbinate, trachea, bronchus,bronchiole, and alveolus (A,C-E,
right). Quantification of MAA 1l-positive cells in each section: none (-), a few (+), several

and partial (2+), many and diffuse (3+).

(Iwatsuki-Horimoto et al., 2018)
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FIGURE 7. Micro-CT of VN1203-infected marmosets. CJ04 was infected via the tracheal
spray route; CJ06 was infected via the conventional route. Images of the lungs of marmosets

CJ04 and CJ06 on 3 dpi. The pink color indicates inflamed areas.

(Iwatsuki-Horimoto et al., 2018)
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FIGURE 8. Change in body weight (A) and body temperature (B) of VN1203-infected

marmosets. On 0 (the day of infection), 1, 3, 5, and 6 dpi, the body weight (A) and

temperature (B) of each marmoset was measured. Three (CJO7, CJ09, and CJ10) or four

(CJ11, CJ12, CJ13, and CJ14) marmosets were euthanized on 3 or 6 dpi, respectively.
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FIGURE 9. Pathological examination of the nasal turbinate (A), trachea (B), lung (C), heart
(D), and liver (E) of VN1203-infected marmosets. a, b, m, n, CJ09; c, d, s, t, CJ11; e, 1, i, , Q,
r, CJO7; g, h, CJ14; k, I, CJ13; o, p, CJ12. Red arrows in (I) indicate antigen-positive cells.
HE, hematoxylin and eosin staining; IHC, immunohistochemistry for the detection of

influenza virus NP antigen.

(Iwatsuki-Horimoto et al., 2018)
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FIGURE 10. Pathological examination of marmoset brain. Cerebrum of CJ07 (A), cerebrum
of CJ14 (B), hippocampus of CJ14 (C), brain stem of CJ13 (D), and cerebellum of CJ13 (E),
which were infected with VN1203. Black arrows in (B) indicate ependyma. HE, hematoxylin
and eosin staining; IHC, immunohistochemistry for the detection of influenza virus NP

antigen.
(Iwatsuki-Horimoto et al., 2018)
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represent the mean viral titres (z SD) in swabs (n =18, 12, 6 on 1, 3, 7 days postinoculation

respectively). *(p < 0.05) and **(p < 0.01) represent significant differences between groups
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expressions (n = 6) were measured by quantitative PCR with reference to the expression of
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FIGURE 15. Cytokine mRNA response in chicken trachea and lung to H1ONS inoculation
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Table 1. Characteristics of infection and virus titers

(Wonderlich et al., 2017)

Virus Titer (log,; PEUmI or PEU/g)

Vires  Time

Dose to Nasal Wash BAL Left Lung Right Lung

(logiy  Death
Animal ID  PFU)  (d) Dayl Day2 Day4 Day6 Day2 Day4 Day6 Upper Middle Lower Upper Middle Lower
132 726 3 070 0 - - M - — 373 433 425 423 436 479
133 17 2 181 100 — - 403 - — 720 664 679 673 460 780
134 707 6" 140 318  1.00 0 745 513 496 669 577 300 572 603 3.65
135 616 3 205 381 — e — 539 55 575 556 577 5.85
136 646 2 0 0 — — 41 — — 58 560 529 536 591 498
137 637 2 0 0 — - 363 - — 529 573 564 566 576 5.6l
138 657 4 0 048 0 — 333 367 — 457 523 551 485 537 420
Mean 6.72 32085 121 050 0 401 440 496 554 556 518 544 540 527

“Humanely sacrificed.
—, not available
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TABLE 2. Virus titers in the nasal aspirate of marmosets infected with Osaka164a.

(Iwatsuki-Horimoto et al., 2018)

Inoculation route Animal ID Virus titers (log4oPFU/mI)
Days post-inoculation
1 3 5 7 9 1 13
Tracheal spray route CJ03 - - - - - - -
GJo4 14 4.7 - 3.2 - - -
Conventional route CJ05 1.0 1.8 21 - 5.2 1.3 -
CJoe 1.6 3.7 28 2.4 - -

@Four- to eight-year-old female marmosets were anesthetized and inoculated with 1.0 x 107 PFU (in 200 ) of Osaka164 via the tracheal spray route (CJ03 and CJ04)
or via the conventional route (CJ05 and CJ06). Undler anesthesia, nasal aspirates from each marmoset were collected every other day for virus titration.
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1  TABLE 3. Virus titers in organs of infected marmosetsa.

2 (Iwatsuki-Horimoto et al., 2018)
Organs Virus titers (log1oPFU/q)
3 dpi 6 dpi
CJo7 CJ0o9 CJ10 CJi1 CJi2 CJ13 CJi4
Left lung Cranial 7.2 33 6.7 b - 3.2 -
Caudal 6.2 3.9 6.6 - - 2.9 -
Right lung Cranial 6.7 44 6.8 - 3.7 3.9 -
Middle 7.6 55 5.6 - 2.7 27 -
Caudal 8.0 4.0 6.2 - 4.3 27 -
Accessary 73 3.7 6.5 - - - -
Trachea 5.6 34 4.7 - 6.0 24 3.0
Left bronchus T 3.2 6.9 - 33 5.0 34
Nasal turbinate 6.1 5.7 46 53 - 6.5 4.4
Cerebrum Frontal - - - - - - 3.0
Temporal - - - - - - 32
Parietal - - - - - - 3.3
Occipital - - - - - - 4.4
Brain stem - - - - - - 6.8
Olfactory bulb - - - - - - 49
Cerebellum 4.5 - - - - 3.7 5.1
Heart 4.2 34 3.6 - - - -
Liver 4.7 - 3.2 - - - -
Duodenum 4.6 45 4.0 - - - -
Colon 4.2 - 6.0 - - - 20
Spleen 3.8 - 41 - - 2 -
Kidney 4.2 - 2.2 - - - -
Serum - - - - - - -
Whole blood ND¢ ND ND - - - -

a\Marmosets were inoculated with 1.0 x 107 PFU (in 200 ul) of VN1203 A(H5NT1) via the tracheal spray route; b_ virus not detected (detection limit: 1.0 log10PFU/m);
¢ND, not done.
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1  TABLE 4A. Pathologic scoresal of respiratory organs by hematoxylin and eosin staining

2 (HE) and the number of antigen-positive cells’ by immunohistochemistry (IHC) in VN1203-

3  infected marmosets.

4 (lwatsuki-Horimoto et al., 2018)
Organs 3 dpi 6 dpi
CJo7 CJ09 CJ10 CJ11 CJi2 CJ13 cJi4
HE IHC HE IHC HE IHC HE IHC HE IHC HE IHC HE IHC
Left lung Cranial 4 4 3 - 5 - 4 =B 4 = 5 = 3 -
Caudal 4 - 3 - 5 - 3 - 4 - 5 - 4 -
Right lung Cranial 4 + 3 - 5 + 3 - 5 + 4 + 5 —
Middle 4 + 3 - 4 - 3 - 5 - 5 + 4 -
Caudal 3 + 3 - 5 + 3 - 5 - 5 - 5 -
Accessary NAd NA NA NA NA NA NA NA NA NA NA NA NA NA
Trachea 1 + 1 - 1 - 1 - 1 + 1 - 1 +
Nasal turbinate 1 + 1 + 2 — 1 + 1 — 1 + 1 +

alung: —, no apparent changes; 1, minimal changes; 2, slight inflammation; 3, mild inflammation including infiltration of neutrophils, monocytes/macrophages, or
lymphocytes; 4, moderate inflammation (>50% of sections examined); 5, marked inflammation including edema and fibrin transudation. The area with edema and fibrin
transudation represents <50% of the section examined; 6, severe inflammation. The area with edema and fibrin transudation represents >50% of the section examined.
bTrachea and nasal turbinate: —, no apparent changes; 1, mild inflammation; 2, moderate inflammation; 3, severe inflammation. ©Detection of influenza virus antigen in
tissue sample sections. The extent of the abundance of virus-antigen-positive cells in the entire section of the sample was defined as follows: —, no antigen-positive cells
found; +, 1-10 virus-antigen-positive cells found; ++, 11-101 virus-antigen-positive cells found; +++, > 101 virus-antigen-positive cells found. ?NA, not available.
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1  TABLE 4B. Pathologic scores of non-respiratory organs by hematoxylin and eosin staining
2 (HE) and the number of antigen-positive cells by immunohistochemistry (IHC) in VN1203-
3 infected marmosets.
4 (Iwatsuki-Horimoto et al., 2018)
Organs 3 dpi 6 dpi
cJo7 CJ09 CJ10 cJi1 cJi2 cJi3 cJi4
HE IHC HE IHC HE IHC HE IHC HE IHC HE IHC HE IHC
Cerebrum Frontal - - - - - - - - — = — — - g
Temporal — — — — - — == = i + = + : +++
Parietal — + = — 1 - = = ~ - 2 = — +++
Occipital = + - - - - - - - — - - - ++
Brain stem - — - - - - - — 1 + 1 + — e
Olfactory bulb — - - - NA?° NA — — - — — — — _
Cerebellum - + - - - - - — - — = + = -
Heart - ++ 1 ot = + = - 1 + = + - NA
Liver 1 —— - - 1 - 1 - = . = = = 23
Duodenum — - — — - — - — - - NA NA NA NA
Colon - - — — — — — - — — — — _ _
Spleen = - - — - - - s — = - - - NA
Kidney - - - - — — — — — — — — — —

g—, No apparent changes; 1, mild inflammation; 2, moderate inflammation,

; 3, severe inflammation. PDetection of influenza virus antigen in tissue sample sections.

The extent of the abundance of virus-antigen-positive cells in the entire section of the sample was defined as follows: —, no antigen-positive cells found; +, 1-10
virus-antigen-positive cells found; ++, 11-101 virus-antigen-positive cells found; +++, > 101 virus-antigen-positive cells found. °NA, not available.
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