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B (Influenza)

K E (Common Cold)
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ek vs. BKE
it (Influenza) B E (Common cold)
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A T
(Influenza virus) *

M1

- (¥R E (orthomyxoviridae) wa
SS(‘) RNAT% M2

S EAR BRI . CEURDEH

- ANENRZSHB2EMRER

- MEKEEE (hemagglutinin: HA), 18 & (MIEMMEIEFATE - 51T FINE)

- HZEIZBEEB (neuraminidase: NA), 11fE(YEE4s - BRERE
AR EBKREARNHAENAR 7R ¢ HIN1, H3N2

Nature Reviews Microbiology 9, 590-603 (August 2011)
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Receptor containing
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IFN-mediated 4
antiviral response
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Endocytosis 1

Nucleus

Fusion and uncoating

SA:sialic acid Nature Reviews Microbiology
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History of Influenza A and B viruses

Replacement

of HIN1
with H2n2  Replacement Replacement
of H2N2 of HIN1/77
with H3N2 with HIN1/09

N o

*image credit CDC

H3N8 HiN1 B virus H2N2 H3N2 HiN1 1918 HIN1 H7NS
Russian Spanish Discovery Asian Hong Kong Children’s B/Yam & seq 2009
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Influenza Virus

Circulation of HIN1 :
Gri2nN2 "o Han2
® ° o Co-circulation of 2009 H1N1
50-100 million ' 2 million I 1 million ' H1N1 & H3N2 emergence

v

Co-circulation of influenza B lineages B/Yamagata and B/Victoria

Viruses 2019, 11, 122; doi:10.3390
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1.WHO. The world health report 2007 : a safer future : global public health security in the 21st
century. WHO; 2007: 45-48.
2.WHO. Influenza (Seasonal). Available at:http://www.who.int/mediacentre/factsheets/fs211/en/
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Neurological
Fever
Headache
Confusion

Respiratory

Dry cough

Sore throat
Nasal congestion

Gastrointestinal
Nausea

Vomiting
Diarrhoea

Musculoskeletal
Myalgia
Fatigue

Up to 75% have no symptoms™

SYMPTOMS

A

COMPLICATIONS

ﬁ

Neurological

Febrile convulsions™ /} L
Reyes syndrome™ \ /
Meningitis/encephalitis 1

Transverse myelitis
Guillain-Barré syndrome

Cardiac

Pericarditis

Myocarditis

Exacerbation of cardiovascular disease

Respiratory

Otitis media*

Croup*

Sinusitis/bronchitis/pharyngitis
Pneumonia (viral, or secondary bacterial)
Exacerbation of chronic lung disease

Pregnancy

Increased maternal complications
Increased infant perinatal mortality
Increased risk of prematurity
Smaller neonatal size

Lower birth weight

Musculoskeletal

Myositis
Rhabdomyolysis

*More common in children

Sam Ghebrehewet et al. BMJ 2016;355:bmj.i6258




FR 3 55 (Severe Complicated Influenza)
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) AN « 3./0\L3€ (Myocarditis) =0 81 i 3¢ (Pericarditis)
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Influenza testing

Method Types Time to Comments

Detected | result

Rapid Influenza Diagnostic tests AandB  15-30 min Low-moderate sensitivity, high
(Antigen detection) tRZR TR R specificity

- BRIFEERE

o MECRTTEARE - REFZMEABEHEBRIMEL

Rapid molecular assay (Influenza AandB <30 min « High sensitivity and specificity

viral RNA or nucleic acid - FALEE#ART-PCR(1-8 hours)R i

detection) RE D F/ZBE 1 H

Direct or Indirect AandB 1-4hours < Moderate high sensitivity, high

Immunofluorescence specificity

%rkk% AA’%/\/\

Serology test [ME2 @82 A and B o FESMHERKEMRINSERLLER -
fEim R fE A EERAIGREER

Viral culture m&E1BE AandB 1-3days - High sensitivity and specificity

7-10 days - ABRNM

MAT IR E R B2 i b - BRI RS 2019



Influenza A/B RNA (ID NOW)
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— M2 proteinfll&| & (M2 protein inhibitor)
e AmantadineZs

- ——

c MENEERE  EAEZBRACFEMEK

— £ R BS B HD &I EIl (Neuraminidase inhibitor)

e [1ART{ ZOseltamivir (Tamiflu® 27 E « Eraflu® S71E)
o I8 AT ZZanamivir (Relenza® 3H%45))

i</

o ;TS Z Peramivir (Rapiacta® ImE1E)
« mBRLAEEEM

— % At EsHI&IEI (Endonuclease inhibitor)
« [1AR= ~Baloxavir (Xofluza® , 471K )
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Influenza A virus DAS181 (Fludase®)

Nitazoxanide |

Neuraminidase
inhibitors

Assembly

Protein synthesis ﬁ T

/ v = | RNP formation
Ouabain r
/ Amandatine “’/ Nucleozin

|I Endocytosis

Fusion S
ViralRNA | Y |
e cRNA
— NS | synthesis ()
Ribavirin . s (replication)

Favipiravir (T-705) |=~ | Synthesis() | . o
b inhibitors

Arch Bronconeumol. 2017 Jan; 53(1): 19-26.



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6889083/

SR REE2Y)

Zanamivir (V)
Peramivir (V)
Long-acting inhaled NI
Fludase (DAS181)

Cynovirin-N
SIRNAs

Falvipiravir (T-705)
Baloxavir marboxil

oA FTEERASAES FRKRAZYRA
A AR AL N E B
& MNzanamivirfV4 R, B —HIE /8%

siladise fusion constructt]] BRIEIRE K7 4 e
fysilic acid receptor

Hemagglutinin inhibitor
short interfering RNAs
#HImERNA polymerase
HiHlImEendonuclease

N

Y
N
N

< < Z Z

N Engl J Med 2009; 360:953-956



Oseltamivir (Tamiflu ~ Eraflu)
- AR - AN B O3 A B D& MR oseltamivir carboxylate

- MERPFRE 6-10 /Mg

- 9%HE R - BRIBRANERELE
- EREERRREL - 'L

- BRAANRE (B2 eHMER )

s PSR Rk 1Y

Adult/child >40kg 75mg bid * 5d
Child 1-12yr 23kg-40kg 60mg bid *5d
15kg-23kg 45mg bid * 5d
<15kg 30mg bid * 5d
Child < 1yr 3mg/kg * 5d

CCr>60
Ccr 30-60
Ccr 10-30
Ccr<10
HD

I

Tamiflu 76mg/Cap

O e

T —
lllllllllllllH,lHl,lllI,HlI,HH’HHIHHIHHIHH

75mg bid

30mg bid

30mg qd

no data

30mg TIW after HD

CDC iR E 2019.6
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Common
Drug class neuropsychiatric Mechanism of neurotoxicity Clinical relevance Notes
side effects

_ , Contraindicated in children < 12
Unclear; evidence regarding

o Irritability, psychosis, - years old. Use in individuals
Neuraminidase . MAOQO inhibition or _ _ o Relevant only for
o mania, more _ , . with a history of psychiatric .
inhibitors , , monoaminergic modulation _ _ _ oseltamivir.
commonly in children _ . disturbances only if benefits
inconclusive

clearly outweigh risk.

1, 2]. Oseltamivir phosphate (OP) is an ethyl ester pro-drug requiring ester hydrolysis for
conversion to the active form of the neuraminidase inhibitor oseltamivir carboxylate (OC).
Oseltamivir inhibits human monoamine oxidase-A (MAO-A), which is related to excitatory
behaviors. Regarding acute and chronic psychotic reactions, receptors such as GABA-A, GABA-
B, N-methyl D-aspartate (NMDA), and Na+, and Ca2+ channels are thought to be other
candidates for investigation. Another study reported that oseltamivir sialylates a serum
glycolipid that stimulates D2 dopaminergic receptor. This mechanism is related to abnormal
behavior reported in some children taking oseltamivir. Unchanged oseltamivir phosphate is

Cureus. 2020 Aug 3;12(8):e9536



Oseltamivir resistance

Host cell

Oseltamivir

e Zanamivir

Virion

\\'d .

L

evolution

Oseltamivir

e Zanamivir

.

¢

| Arg292Lys
Asn294Ser
His274Tyr

\/

N EnglJ Med 2009; 360:953-956



Zanamivir (Relenza) ImZ4)

54
- BZRIRABIE - 39 BRI R A ORANFIKE
» A78% )R AMRER - K915%2E RE Kb
- ORRIERTTAXRE2%  BREERHEBUFE -
- HBIREER AT RELIS
- WHMAKRTE(> 5 %)
- B/ XME - 10mg bid * 5 days

AEEERARALR zanamivir JBERA

KA SR TR ER e A
%rZErA/}Ib}_Z Bh'g/fﬁ %MF@J_ ﬁ
TRERE AR S IEEE AR ARLE

TRHIIR A AR E Y R OB LIRS R ELEZE (W COPD kR
ITPESPAN

i

CDC g & 2019.6
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Peramivir (Rapiacta)im 215

- FlE 5T 300mg/60ml, EZREE
>1597iE

- HOAL Hlﬁ/ﬂ&}\%ﬂ%%ﬁﬁﬁ ik

- OJER R EES oseltamivir $i1
%E@Wr%ﬁWKZﬁA%%Zg

BINEARRBERFRE
- BIfFH: IB)8 - BBk MBE
s BRHBRAR—ERAULRE

- £ s AER300mg ~ /N5E
1Omg/kg,lﬂﬂﬁ—%77x Si#828 600mg

U

hIE
il

++

T C—

RIS iBRRIESR

:
RAPIACTA tnovsous ip s Sy,
[——i—=ee=smne )

S5mg/ ImL

300'“'/
mL
bioryst siscist Phamaceotical ¢ (&) sronoat & o, Lo

Japan! US?
CCr>50 300 mg once 600 mg once
Severe case 600 mg qd *5-10 days
Ccr 30-50 100 mg /d 200 mg/d
Ccr 10-30 50 mg /d 100 mg/d
HD EEARNS 100 mg D1,
then 100 mg
2hrs after HD

1. EBP{hE 2. Sanford’ s quide



Rapiacta® &k
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Peramivir EASE Neuraminidase & & &M (in vitro)

Neuraminidase Inhibitors £l Neuraminidase B34 5 &t

9000 —o— fEFYIEAR
—8— Tamiflu(Oseltamivir)
25000 Rapiacta(Peramivir)
20000 —
~~ &
{H % 15000
0K o
;’E il RIS E AL
;/([m 5000 - peramivir #Hl
[ >90% NAE M
(0] T
3H 0O 05 1 15 2 25 3 35 4 (ho
I & ZEBRIERR
YN
8 100000 - s 5y B 4
o —g@&— Oseltamivir (Tamiflu)
.—9 80000 - —#&— Peramivir(Rapiacta)
E
- s 60000
C &
S |[E 40000 - By Z A A ED
% F25/\F - peramivir
20000 - MHEINAEMHEEZET0%
0 T T T |
o} 5 10 15 20 25 (hr)
eI RF R

Rapiacta EERAAE1—T4+—LA



A(HIN1)pdm09

L 2010/11 (n=185)
; ; ; 2011/12 (n=0)
31 % : : : 2012/13 (n=5)
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2 27 * * : : 2015/16 (n=210)
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Ikematsu et al. J Infect Chemother (2017)



Comparison of Efficacy of Intravenous Peramivir and Oral Oseltamivir for the Treatment of
Influenza : Systematic Review and Meta-Analysis

Mean difference
IV, random, 95% Cl

—_— ——

e Peramivir vs. oseltamivir
Time to alleviation of fever:-7.17 hours
(95% Cl -11.00 to -3.34)

i [ Mortality, length of hospital stay, change in
—'; virus titer 48 hours after admission, and the
incidence of adverse events not significantly
different
¢
-1}00 -FiO 0 5%[] 1[;0

Favours (peramivir) ~ Favours (oseltamivir)

Yonsei Med J 2017 Jul;58(4):778-785



Time to eliminate the influenza virus

Peramivir tended to eliminate the virus sooner.

5.0
e e S 1 -
| ‘ | |
4.0 I | '
: i a
|
32 | ! ! Peramivir: 3.71 &= 1.38 days
10 | | I Laninamivir: 4.09 = 1.23 days
F | i i Zanamivir: 4.33 = 1.38 days
3 ,c | | | Oseltamivir: 4.75 + 1.47 days
) I I
£ i | i
= 2.0 '
ol B
' i . . Bl Fever duration
104 . . . [ Elimination of influenza
0.5
ANl -
0 —

Peramivir Laninamivir Zanamivir Oseltamivir

Takemoto Y, et al. Chemotherapy 2013;59:373-378
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Baloxavir: a cap-dependent endonuclease inhibitor
that prevents viral replication

Site of action of baloxavir

1) attachment/ 2) fusion/ - . 6) release/
3)transcnpt|on][4)repI|cat|on] [ 5) budding ][ I%beration

Viral protein
Host pre- mRN\ synthesis L

-
ViralmRNA i ..,\ <z
\ \ ! \
S LD N ViraITRNA NS
ranscription . ==
e \.h. b l.h ’l O ’] |n|t|at?on Golgi body .
Endoplasmic i
) / reticulum [ -
Viral cRNA 7 \

Influenza virus RNPs \ Ribosome .’...,‘ <
/ 3
™

Nucleus [ Re Ilcatlonof VRNA genome

== Neuraminidase
Hemagglutinin

Host cell

Other envelope proteins
Carbohydrate chainsterminatingin cRNA denotes complementary RNA, mRNA messenger RNA,

< sialicacid-containing cell surface receptor  yRNA viral RNA, VRNPs viral ribonucleoprotein particles.

Noshi et al. Antiviral Res. 2018 Dec;160:109-117 48



Baloxavir is a novel influenza molecule that
Inhibits viral cap-dependent endonuclease activity

2. The PA subunit of the RNA polymerase complex possesses cap-dependent
endonuclease activity — an influenza-specific enzyme that processes host
pre-mRNAs to serve as primers for viral mMRNA transcription by ‘cap-snatching’?

Baloxavir stops
‘cap-snatching’ by
inhibiting endonuclease
activity of the PA subunit.
Downstream viral
replication is prevented3

1. The influenza viral

RNA polymerase

complex consists of:

= viral RNA segments

= multiple NP molecules

= asingle, trimeric
polymerase complex
comprising PA, PB1 and

3. Transcription of the viral
genome starts with the
cellular ‘cap’ as a primer to
transcribe viral mMRNA

PB2 subunits!?

NP: nucleoprotein

1. Eisfeld et al. Nat Rev Microbiol 2015
2. Reich S., et al. Nature. 2014 Dec 18;516(7531):361-6

49
3. Noshi T., et al. Antiviral Res. 2018 Dec;160:109-117
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Comparison of Hospitalization Incidence in Influenza Outpatients
Treated With Baloxavir Marboxil or Neuraminidase Inhibitors:
A Health Insurance Claims Database Study

Comparison Not adjusted Adjusted®
n/N (%) n/N (%) Risk ratio (95% ClI) Risk difference (95% CI)
Oseltamivir 223/92 700 (0.24) 524.3/238 657.8 (0.22) 15‘41 (1.00-2.00) 0.06 (0.01-0.12)
—— — ) - ]
vs baloxavir 189/146 192 (0.13) 373.6/240 341.4 (0.16) : :
Zanamivir 38/18 677 (0.20) 388.7/163 701.7 (0.24) : 1.85(1.23-2.78) : 0.11 (0.02-0.20)
S 3 1 Sl 1
vs baloxavir 189/146 192 (0.13) 211.3/164 892.3 (0.13) : :
Laninamivir 125/81 438 (0.15) 352.3/227 618.3 (0.15)  1.20:(0.96-1.51) 0.03 (-0.01 to 0.06)
—— —a—
vs baloxavir 189/146 192 (0.13) 293.0/227 633.9 (0.13) ; :
r 1 T 1 I T T T T T 1
0 1 2 3 -0.05 0.00 0.05 0.10 0.15 0.20 0.25
<--- m------ > *--- ------- >
NAI superior Baloxavir superior NAI superior Baloxavir superior

The incidence of hospitalization was greater in the oseltamivir
group than in the baloxavir group. RR 1.41 [1.00-2.00]

Clin Infect Dis. 2020; ciaal870



Clinical outcomes of baloxavir versus oseltamivir in patients
hospitalized with influenza A

Baloxavir (n=359) Oseltamivir (n=431) P
Hypoxia resolution, n (%) n=273 n=348 0.052¢
224 (82 0517) 263 (75 575)
Hours from antiviral to hypoxia resolution, median (IQR) n=273 n =348 <0.001°
51 717 (25 3-89 317) 7195 (37 463-123)
Fever resolution, n (%) n=265 n=314 0.241°¢
262 (98.868) 306 (97.452)
Hours from antiviral to fever resolution, median (IQR) n=265 n=314 0.501°
25.067 (8.5-40.183) 25.275 (11.204-41.492)
LOS (days), median (IQR) 4 (3-6) 5(3-6) 0.45°
ICU LOS (days), median (IQR) n=50 n=>52 0.44°
2 (1-4) 3 (2-5)
30 day all-cause mortality, n (%) 12 (3.343) 26 (6.032) 0.079¢

« Patients who received baloxavir had a significantly faster time to hypoxia
resolution

J Antimicrob Chemother. 2020 Oct 1;75(10):3015-3022.



Subgroup of patients who received therapy within 48 h of symptom onset

baloxavir (n =190) oseltamivir (n=232) P
Hypoxia resolution, n (%) n=138 n=183 0.084°
117 (84.783) 141 (77.049)
Hours from antiviral to hypoxia resolution, median (IQR) n=138 n=183 <0.001°
47.025 (22.146-86.433) 71.9(33.925-124.733)
Fever resolution, n (%) n =155 n=188 0.383¢
154 (99.355) 184 (97.872)
Hours from antiviral to fever resolution, median (IQR) n=155 n=188 0.934°
25.183 (8.85-40.117) 24.075(10.158-39.175)
LOS (days), median (IQR) 4 (3-6) 5(3-6) 0.47°
ICU LOS (days), median (IQR) n=24 n=28 0.948°
3 (1-4.25) 3 (2-4.25)
30 day all-cause mortality, n (%) 3(1.579) 14 (6.034) 0.024°

- Baloxavir was associated with a significantly reduced 30 day all-cause
mortality rate and time from antiviral to hypoxia resolution compared

with oseltamivir

J Antimicrob Chemother. 2020 Oct 1;75(10):3015-3022.
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Capsule Suspension
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Probability of survival

1.0+

0.8

0.6

0.4+

0.24

0.0

Influenza A-associated severe pneumonia in hospitalized patients:

Risk factors and NAI treatments

Oseltamivir 300mg/d

Oseltamivir 150mg/d

b_

200 300 400
Time after admission. d

Variables Oseltamivir Peramivir Oseltamivir P values
(n=122) (n=40) + Peramivir
(n=29)
Demographics
Age 64 (48.8.77) 07103 pies 3 839
72.8)
Male (%) 81 (66.4) 32 (80.0) 18 (62.1) 196
((f;;norb'd'ty 84 (68.9) 26 (65.0) 18 (62.1) 748
(0]}
Oseltamivir
administered 6 (4.9) 1(2.5) 0 (0) 243
<48h (%)
SOFA score 7 (6-8) 7 (6-8.5) 7 (7-8.5) 574
Outcomes
60-day
mortality, n (%) 49 (40.2) 15 (37.5) 9(31.0) .658

Int J Infect Dis. 2020 Mar;92:208-213.



Combination treatment with the cap-dependent endonuclease
inhibitor baloxavir marboxil and a neuraminidase inhibitor in a
mouse model of influenza A virus infection

Combination treatment with baloxavir acid and oseltamivir acid in
vitro and baloxavir marboxil and oseltamivir phosphate in mice
produced synergistic responses against influenza virus infections,

suggesting that treating humans with the combination may be
beneficial.

J Antimicrob Chemother. 2019 Mar 1;74(3):654-662.



Oseltamivir and baloxavir: Dual treatment for rapidly developing
ARDS on a patient with renal disease

Admission Intubated

===== « Oseltamivir renally adjusted dosage
(CrCl 14 mL/min), then double dose
oseltamivir

« Baloxavir 40 mg every 72 h for three
doses

« Methylprednisolone *4 days with a
cumulative dose of 1125 mg

ECMO Extubated

IDCases. 2020 May 22;21:e00819.



Impact of corticosteroid treatment on clinical outcomes of
influenza-associated ARDS: a nationwide multicenter study

700 —— Iwilthput early corticosteroid treatment

904 s T %
g 80 -
a.:.‘ 60 with early corticosteroid treatment * Early CortICOSterOId treatment
e s was associated with a
%‘ 0- significantly increased hospital
s ™ mortality in adult patients with
& 20 Log-rank p < 0.001 . .

o influenza-associated ARDS.

0

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
Day

No. at risk
NoearlyCS 156 152 151 149 149 147 140 135 124 116 110 102 97 88 76 68
Early CS 85 83 79 77 75 74 72 65 60 51 43 40 36 34 32 31

MJ Tsai. et al. Ann Intensive Care. 2020 Feb 27;10(1):26.



Use of corticosteroids in influenza-associated acute respiratory
distress syndrome and severe pneumonia: a systemic review and
meta-analysis

Odds Ratio
V. Random, 95% CI

* The meta-analysis results showed that
corticosteroid therapy was associated with
significantly higher mortality (OR 1.53, 95% ClI
[1.16, 2.01]) and incidence of nosocomial infection
(OR 3.15, 95% Cl [1.54, 6.45])

-———
—

e
* Current data do not support the routine use of
g corticosteroids in patients with influenza severe
| pneumonia or ARDS.
@
1 1 ’ 1 1
0.01 0.1 1 10 100

Favours [CS] Favours [no-CS]

Sci Rep 10, 3044 (2020).



Co-infections with Influenza

- Bacterial pneumonia- S. pneumoniae , Staphylococcus aureus
* Invasive Aspergillosis

* SARS-CoV-2
- Influenza and COVID-19 have overlapping signs and symptoms
- Co-infection should be considered, particularly in hospitalized
patients with severe respiratory disease
-Testing can help distinguish; positive SARS-CoV-2 test result does
not preclude influenza virus infection

CDC, NCIRD, May 6, 2021
Clin Infect Dis. 2020 Jan 2;70(2):349-350



SYMPTOMS OF

FLU OR COVID

FEVER
OR CHILLS

CONGESTION OR
RUNNY NOSE

FATIGUE AND/OR
MUSCLE OR
BODY ACHES

SORE THROAT

HEADACHE

SYMPTOMS OF

COVID

NEW LOSS OF TASTE
OR SMELL

NAUSEA, VOMITING
OR DIARRHEA

SHORTNESS OF
BREATH OR

DIFFICULTY BREATHING

] AMERICAN
il SOCIETY FOR

MICROBICLOGY

Virus
Properties

Incubation

Cases in the U.S.

Fatality Rate

Treatment

Influenza Virus

Flu

» 4 strains, multiple subtypes

» () strand, segmented RNA genome
* HA and NA surface proteins

* Enveloped

1-4 days

35.5M

(Egtimated prevalence from
Nov 2018 - Feb 2019)

0.096%

(Deaths/estimated prevalence from
Nov 2018- Feb 2019)

* Supportive Care
« Antiviral Medication
* Seasonal Flu Vaccine

ASM. COVID-19 and the Flu. Oct.27.2020

SARS-CoV-2

COVID-19

*]1strain

« (+) strand, non-segmented RNA
genome

* Spike (S) protein

* Enveloped

2-14+ days

8.6M

(Confirmed cases from
Jan 2020 - Oct 2020)

2.6%

(Deaths/confirmed cases
from Jan 2020 - Oct 2020)

Supportive Care




Thank you for your attention



