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,i,'mi All data were obtained from the US Department of Defense Global Respiratory Pathogen Surveillance Program over

five consecutive respiratory seasons from 2016-2017 through to 2020-2021. \
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In the United States, influenza virus circulation declined sharply within 2 weeks of the COVID-19 emergency
declaration and widespread implementation of community mitigation measures, including school closures,
social distancing, and mask wearing, although the exact timing varied by location
Int J Environ Res Public Health. 2022 May 13;19(10):5942
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The impact of the COVID-19 pandemic on influenza, respiratory syncytial virus, and other

seasonal respiratory virus circulation in Canada: A population-based study

Number positive laboratory tests
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For influenza A and B, the percent positive decreased to
0.0015 and 0.0028 times that of pre-pandemic (2014-2019)
levels respectively
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Table 1

Average weekly testing numbers and percentage positive tests for non-SARS-CoV-2 respiratory viruses at sentinel laboratories in Canada for the 2020/2021
season and 2014-2019 pre-pandemic seasons.

Pre-pandemic 2020/2021 season
Rate ratio of % positivity
Average weekly no. Average weekly Average weekly for 2020/2021 season
of laboratory tests % positive Average weekly no. of % positive tests versus pre-pandemic
Virus (min-max) tests(min-max) laboratory tests(min-max) (min-max) period (95% CI) p-value’
Influenza A 6982 10+40 12856 0012 0-0015 <0+001
(1311 - 17681) (0-11 - 33-97) (4996 - 20971) (0 - 0-04) (0-0009-0-0024)
Influenza B 6892 2-60 12856 (4996 - 20971) 0-006 0-0028 (0-0012-0-0065) <0-001
(1311 - 17681) (0 - 17-02) (0 - 0:04)
Lancet Reg Health Am. 2021 Jul 17;100015
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Influenza data reported to the World
Health Organization’s (WHO's) FluNet
platform from three Southern
Hemisphere countries that serve as
robust sentinel sites for influenza from
Oceania (Australia), South America
(Chile), and Southern Africa (South
Africa) showed very low influenza
activity during June—August 2020, the
months that constitute the typical
Southern Hemisphere

influenza season
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(a.) Influenza E Drop in: During: vs. Country/ Ref.
E H (parameter) (index period) (reference period) Region
E E notifications 2020 (Apr-Sep) 2015-2019 (Apr-Sep) Australia [15]
E E cases in children <16 YOA 2020 (Apr-Aug) 2012 - 2019 (Apr-Aug) Australia [16]
E E crude average annual incidence (/100,000) 2020 2014-2019 China [11)
E E notifications 2020 (Jan-Dec) 2014-20189 (Jan-Dec) China [17]
E E notifications 2020 (Mar-Aug) Jan 2016-Feb 2020 Germany [18]
E S- positi ples in a pediatric clinic 2020 2017-2019 Germany [12)
E E p les in a pedi clinic 2021 2017-2019 Germany [12]
H E mean ber of h italized patic fweek Feb 2020-Jan 2021 Jan 2016~Jan 2020 South Korea  [19]
E E positive samples from hospitalized patients Apr 2020 - Mar 2021 Apr 2016-May 2019 Poland [20]
E E positive samples from ILI patients 2020 (Jan—Oct) 2013-2019 (Jan—Oct) South Africa  [30]
E E positi ples of hospit SR p 2020 (Jan—Oct) 2013-2019 (Jan-Oct) South Africa  [30]
E E cases Oct 2019-May 2020 2016-2019 (Oct-May) Taiwan [21)
E E cases in children <18 YOA Mar-Apr 2020 Mar-Apr 2019 us [22]
E E incidence of hospitalizations (/100,000) 2020-2021 (Oct-May) 2016-2020 (Oct-May) us [23])
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Expert Rev Vaccines. 2022 Nov;21(11):1541-1553.
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How about the co-infection of COVID-19 and
influenza?

m A systematic literature search was performed on September 28, 2019 for original research articles published in Medline, Web of Science, and Embase databases from
December 2019 to September 2020 using relevant keywords.

TABLE 1 | Characteristics of included prevalence studies.

First author Published time Country Patients with Patients with IV-A Iv-B Co-infected patients
COVID-19 OVID-19-Influenza
co-infection (%) Mean age Male/Female

Castillo et al. (8) July, 2020 USA 42 1(2.4) 1 ] 21 1/0
Ding et al. (9) March, 2020 China 115 5 (4.3) 3 2 50.2 2/3
Garazzino et al. (10) May, 2020 Italy 168 1(0.6) 1 nr nr Nr
Hashemil et al. (11) July, 2020 Iran 105 23(21.9) 23 o] nr 14/9
Huetal. (12) March, 2020 China 70 32 (45.7) 32 0 62.8 13/19
Kim et al. (13) April, 2020 USA 116 1(0.9) 1 0 74 Nr
Leuzinger et al. (14) July, 2020 Switzerland 930 2(0.2) 2 0 >16 Nr
de Suoza Luca et al. (15) May, 2020 Brazil 115 1(0.9) 0 1 36 Nr
Ma et al. (16) Jun, 2020 China 250 3(1.2) 2 1 nr Nr
Takahashi et al. (17) Sep, 2020 USA 902 3(0.3) nr Nr nr Nr

15-44 Nr

America
Percentage 0.8 4.5 0.4

Front Med (Lausanne). 2021 Jun 25;8:681469.

Rates of co-infection with SARS-CoV-2 and influenza virus in COVID-19
children and adult patients

18,021 patients infected with SARS-CoV-2 who were tested for influenza viruses.
Of them, 143 patients were co-infected.

Study Events Total Proportion  95%-Cl Group = Children

Group = Adults . Jiang etal. CCLM 0 2. 0.00 [0.00;0.84]
= ; Pigny et al. EJP_Children 0 30— 0.00 [0.00;0.12]

Alharthy et al, JEGH 0 3520 0,00 [0.00;0.01] sggn'ge( al. JAMA 0 54M- o & 0.00 {g,m‘_ 0 97%

Arentz etal. JAMA 2 21 010 {0.01;0.30] Tagarro et al JAMA P 2 41— 005 [0.01:0.17]

Akt i o 2iM— 000 .00, 0:16) Wu etal Pediatrics 13— 0.03 [0.00;0.15]

Blasco et al. JMV 1 103 001 [0.00;005] Xia etal PP 3 20— —— 0.15 [0.030.38]

Chen et al Lancet 0 ool 000 10.00,0.04] Zhang et al. ICHE 1 101 001 [0.00,0.05]

Contou et al. AIC o sl 000 [0.00;0.04] Zhang et al PlosM 9 34 —m— 026 [0.13.044]

Hughes et al. CMI 0 250H8 000 0.0, 0.01] Zheng etal. CMS 2 25— 0,08 [0.01;026]

Le Hingrat et al. IORV 4 80sH 0.00 (0.00;0.01) Random effects model 341 - 0.03 [0.01; 0.11]

Lietal JMV 0 32l 000 [0.00;0.11] iiarocersiy 1P= i o

Lvetal Mi 0 76l 000 [0.00;005] ;

Martines et al. EID etal. 18— 0.12 [0.00; 053] Random effects model P o o0 6

Pigny et al. EJP_Aduit 0 41l 0.00 [0.00;0.09] bl i TSNy s I R RN, 0 0

Pongpirul et al. EID 1 11— 0.09 [0.00; 0.41] . : ¢

Shah etal. ECM 0 33— 0.00 (0.00;0.11]

Zayetetal MI o 70M- 000 [0.00;005]

Random effects model 2005 ¢ 0.00 [0.00; 0.02]

eterogenety. /= 29%, = 38467, p = 17 Children | 3.2%, 95% Cl = [0.9-10.9]

Adult 0.3%, 95% Cl = [0.1-1.2]

J Clin Virol Plus. 2021 Sep;1(3):100036.
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Aerosols

Within and beyond

1 meter

Can float in air for hours

Canbeinhaled

+ <Gpm

= 5-100 pm

Droplets

Can travel less

than 1meter

Fail to the grownd in

under 5 seconds

Cannot be inhaled
>100 pm

Alveclar

Potential host

M Fomites: contaminated surfaces

<lm =lm

Science. 2021 Aug 27;373(6558):eabd9149.
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Table 1

season and 2014-2019 pre-pandemic seasons.

) S

Average weekly testing numbers and percentage positive tests for non-SARS-CoV-2 respiratory viruses at sentinel laboratories in Canada for the 2020/2021

Pre-pandemic

Average weekly no.
of laboratory tests

Average weekly
% positive

2020/2021 season

Average weekly no. of

Rate ratio of % positivity
for 2020/2021 season
versus pre-pandemic

Average weekly
% positive tests

Virus (min-max) tests(min-max) laboratory tests(min-max) (min-max) period (95% CI) p-value®
RSV 6207 596 8890 (4952 -18413) 0-047 0-0169 (0-0122-0-0235) <0001
(1327 - 16348) (0-22 - 17-80) (0 - 0-10)
PIV 3242 3.09 4586 (2034 - 8486) 0067 0-0190 (0+0144-0-0250) <0+001
(1155 - 7187) (1415 - 7.00) (0 - 0-20)
3412 1-85 4551 (2039 - 7986) 0460 |0-2336 (0-2002-0-2725)' <0:001
(1164 - 7207) (0-85 - 3.34) (0-19 - 0-82)
hMPV 3263 1-85 4578 (2077 - 8485) 0-074 0-0379 (0-0243-0-0592) <0-001
(971 - 6890) (0 - 6.74) (0 - 0-19)
2254 1705 4459 (1868 - 8334) 8:463 |o-5331 (0-4795-0.5927)' <0+001
rhinovi (595 - 5980) (4+31 - 41-29) (3+56 - 24-12)
Coronaviruses™™ 2495 3-16 (0 - 8-57) 3789 (2032 - 6743) 0-105 0-0275 (0-0186-0-0406) <0-001
(815 - 6413) (0 - 0-38)

We report an effective absence of the annual seasonal epidemic of most seasonal respiratory viruses in 2020/2021. This dramatic decrease is likely
related to implementation of multi-layered public health measures during the pandemic. The impact of such measures may have relevance for
public health practice in mitigating seasonal respiratory virus epidemics and for informing responses to future respiratory virus pandemics

Lancet Reg Health Am. 2021 Jul 17;100015
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Polio-D-T-PT-HI . e ™ :
pentavalent (third dose) Ape 2020 Apr 2017-Apr 2013 Beazil )
poliavirus voecine (third dose) Ape 2020 Apr 2017-Apr 2019 Brazil (61]
pento/hexavolent [primary voccination)  Mar2020-May 2020 Mar2019-May 2019 France 1561
penta/hexavalent (booster) Mar 2020-May 2020 Mar2019-May 2015 France 1561
56 pentavalent fist dose) Ma200-May 2020 Sep2019-Mar 2020 Pakistan (591 e
50 pentavalent {thid dose) Mar2000-May 2020 Sep2019-Mar 2020 Palistan (591 —
52 orol paliovirus vaccine (first dose) Mar2020-May 2020 Sep2019-Mar 2020 Pakistan 159 _—_—
5 onolpalioudris wacciee (Jowth doe) Mar2010-May 2020 Sep2015-Mar 2020 Pakistan (591 =
maternal TT immunization Mar 2020-May 2020 Sep 2019-Mar 2020 Pakistan 1s9) -
maternal Tdap vaccine uptake 2019 (May-Nov) 2020 (May-Nov) us (63
penta/hexavalent fin polycinics) Apr 2020 apr 2019 singapore 621
pento hexavolent fin hospitls} 9 2020 Ape 2019 siogapore (621
" penta/hexavalent (in private clinics) Ape 2020 Apr 2019 Singapore (62}
hexavalent (fist dose) Mar2020-Apr 2020 Mar2019-Apr 2019 England (601
W 75 s 3 o
hane (%) : Vaccine During ™ Country/  Ret.
_ Other vaccines 0 i A0 o S
G4 BCG Apr 2020 Apr 2017-Apr 2019 Brazil 61
86 Mar200-May 2000 Sep2019-Mar 2020  Pakisman [59)
preumocoscel (primery voccination) Mar 2020-May 2020 Mar 2019-May 2019 France [t0]
preumococcal {booster) Mar 2020-May 2020 Mar 2015-May 2019 France [s6]
‘pneumococcol (first dose) Mar 2020-May 2020 Sep 2019-Mar 2020 Pakistan 159)
pneumocoscal (third dose) Mar2020-May 2000 Sep2019-Mar 2020 Pakisun (59
pneumococcal fin polyclinics) Apr 2020 Apr 2019 singapore  [62]
‘pneumococcol (in hospitals) Apr 2020 Apr 2019 Singapore 1621
prevmocaccal (in private clinkes) Apr 2020 Apr 2019 Singapore  [62]
Vaceine During: . Country/ fef.
index pe Region meningococcal, MenC (primory vaccination)  Mar 2020-May 2020 Mar 2019-May 2019 France 1561
MMR Apr 2020 Apr 2017-Apr 2019 Brazil 161] meningococcal, MenC (booster) Mar 2020-May 2020 Mar 2019-May 2019 France (58]
poes P MU s L 6 rotovirus voceine (first dose] Mar2020-May 2020 Sepl015-Mar2020  Pakisun 59
measles first dose) Mar 2020-May 2020 Sep 2019-Mar 2020 Pakistan 1591 rotavirus voccine (second dose) Mar 2020-May 2020 Sep 2019-Mar 2020 Pakistan 159]
measles {second dose) Mar2020-May 2020 Sep 2019-Mar 2020 Pakistan 159] o B L R
MMR/MMRY (in polycinics) Apr 2020 Ape 2019 Singapore [62] b o
MMR/MMRY {in hospitals) Apr 2020 Apr 2019 Singapore 1621
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Expert Rev Vaccines. 2022 Nov;21(11):1541-1553.
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Expert Rev Vaccines. 2022 Nov;21(11):1541-1553.
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Test positivity rate (%)

Overall influenza \' =
60 1 :

Respiratory virus season

2016-2017
2017-2018
2018-2019
——2019-2020
2020-2021

Epidemic week

Int J Environ Res Public Health. 2022 May 13;19(10):5942

28




Adenavirus

1 coron

irus
-+ Average for previous seasons, 2016-2017 to 20182019

e~ Covid-19 pandemic, 2019-2020

-2021

- Average for previous
—+—Covid-19 pandemic,
Cowid-

2016-2017 102018-2019

Covid-19 pandemic, 2020-

Test positivity rate (%)

47 B I3 e

1 02 22 3

Epidemic week Epidemic week

Human metapneumovirus
>
-~ Average for previous seasons, 2016-2017 102018-2019

for previous seasons, 7102016-2019

~e~Covid-19 pandemic, 20192000
Covid-19 pandemic, 2020-2021

Epidennic week Epidemic week

syneytialvirus Rhiso

age for provious seasons, 2016-2017 1020182019 = Average fos previous seasons, 2 20182019

9 pandemic,

2019-2020 | e Covid-19 pandemic, 20192020

F G viiji:@% (seasonal
coronavirus, parainfluenza, RSV,
rinhovirus/enterovirus)%t ¥ I§ 4t

FCR PR B AR e e o

Covid-19 pandemic, 20202021 z Covid-19 pandemic, 2020-2021
LN
k1
0 - . o 2 i
oo W e ma 47 tu w1 s Wa wa W ®a 47 0 s e w0
— e Int J Environ Res Public Health. 2022 May 13;19(10):5942
29
MEREBLDBABRKRSRHE T
14% — i 35%
1.2% 0%
1.0% 25%

l"

‘,; 0.6%

B

5

kb
0.4%
0.2%
0.0%

2021-2022 .
nza

15% y

5%

0%

40424446485052 2 4 6 8 10121416182022242628303234363840424446485052 2 4 6 8 101214161820222426283032343638

2022-2023

30




FRUHEE RN

BRSO % BE AR 0 B B A2 I3 (1) SRR A2 4 f51 [ 34 EC e 35 f

1250 \

1000

750

500 /

#EA

06
@ 2018: T10A
@®2019:1055A
2020:443A
®2021: 1A

20204 12 2 2021
AR E iR
FEE 1

o
01
02
03
04
05

— 2018 — 2019 2020 — 2021 — 2022 — 2023

Last update: 2021/8/20

31

B FURGFR EAE AL B R AR s S A ] #EPR 0 (20234
[#7 H 2023/01/01-2023/12/30]

0-0

: BB}
Hs5-7
Ws-19
HM20-4a

Taiwan CDC 2023

32




90 %

@ Adenovirus @ rarainfluenza HSV CMV @ Rsv
@ Influenza SARS-CoV-2 ® HMPVY — % Positive
w
U
i 60 %
—= 80 L 1 | ° o
o
3 f 1 f \ r \ g
= )
Y o
o [}
. =
: \
£ 40 : N 30% ©
H N \ \
2 | MooV
= o V
il N il
0 I 1 [Ill HH ! H |i| L] i 0%
O gt O N MPS™WM O MMM OO <0 NS 0OMN WO s 0N WO < 0 N < 0NN WO < 0 N W
S T TN OCO0O A A AN NM MM =N OO A A NN NMMT N0 0O A A NN NMM
SR NANNNNNNNNNANNNNANNNANANRARNANANAARRRNRIRNRANR
O 0000000000000 0O0C0CO00O0000C000C0000O0000 00000 o
NN NN NN N NN NN NN NN NN NN NN NN N NN NN NN NN NN NN NN NN
Year-week of specimen received

Topic4

LA PR kR chd P ?
B B S

‘/‘ﬁ),i‘ ﬁﬁi% kR ? i

34




MNucleic acid

[iw< ]
'S 24 §§ r

) . T [ T
g polymerase (i S RS ISR, R O T o I . IR
| |

¥irion #0-40 B BO-160  BOx  TO-

diameter (nm) | [ 7H0-14000 85 %

. | [ T ]
I

Genome size o 734 Y 9 - 127 13=16 135-2]
{coal in b} 22-17 T B a4 0 1359 111 2 3 151

1
Family name  Beo  Bima  Cakol Picorns Flaw Togs  Retro Corons  Fo  Rhsbdo Bunys | Ortho-] Para.
|

2 Symmetry leosahedral Helical leosahedral Hebeal  Comglex
'E of capsid = — - | | 33 T |
£ Maked or Maked Ermeloped Erveloped Haked Enveloped  MakedEnv, Enveloped Enveloped
loped I | . - | ricg )
§ | | | ] | | | | | | | | I | | |
£ Genome ds & Fhy (M (s (He (s (s Hs e Hes s Fs (s ubeear du s ds ds d dr dv
3 architecture  10-18 liegr cont cont  cont  cont Dcopes cont  cont  cont  Jseg g cont  leeg (Yor{) crosar  linear cirche I firear circular Imear
u g, | | | | | | | fapped | i i Brkond)
| | | | | |
Baltimare class 111 m v w Vi v 4 v n I 1 | I I 1 1

36-38 11 170200 150-350 10

R :f,‘ﬁi 4 RNA:I,%-% A ) :Iﬁai #* (Orthomyxoviridae family)

35

Phylogenetic tree of Infuenza viruses based on
PB2 sequences

. i..z&:)ﬁsi‘v".'“v\%: type A~ type B~ type C~ type D
* ¥ 7 type A~ type B~ type C§ g % % 4% -
o Type Cig xF L > ¥ i S dgfieeht i g 4 o

Virol J. 2021 Nov 22;18(1):230.

Influenza Virus Types

type
n Influenza A Influenza C
H1-18 HEF
N1-N11
m Subtype
Primary infect cattle
U with spillover to . .
other animals
HA
Influenza B
Yamagata & Victoria
N FhoeskEgE 2 (I 4#2R) Lineage

W & (N FuR)

Influenza C

The surface of influenza C virus is defined by a single spike
protein referred to as hemagglutinin-esterase-fusion
glycoprotein (HEF).

This protein has host receptor binding abilities, membrane fusion
capabilities, and enzymatic activity for egress.

Viruses. 2019 Jan 30;11(2):122.
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from host cells
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Lancet. 2022 Aug 27;400(10353):693-706
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* Hemagglutinin (HA) :
* Receptor binding (sialic acid)
* Membrane fusion
* Neutralizing antibody target
* Neuraminidase (NA) :
* Remove sialic acid residues
* Virion release
* lon channel (M2) :
* H*-dependent uncoating
* Influenza only

Nature Structural & Molecular Biology 17,530-538(2010
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A schematic representation showing major events involved in
emergence of an influenza pandemic, from the two major animal
reservoirs to the global outbreak in humans
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Semin Respir Crit Care Med. 2016 Aug;37(4):487-500.
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Origin of 2009 pandemic HIN1 influenza strain

“guadruple reassortant”

Eurasian swine

North American swine
HINZ and HINZ
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Trifonov et al., NEJM 361:115, 2009
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Pandemic Influenza 2009 - Natural history of swine influenza

North American Swine Influenza
(~last 12 years)

trH3N2

—

trH3N2

PB2 = North Am. Avin <

Eurasian Swine Influenza

PB1 = Human
PA = North Am. Avian

HA = Humzghe swine-like HIN1
NP = Classicgl,swine

NA = Human American flu

PB2 = H3N2 swine
PB1 = H3N2 swine
PA = H3N2 swine

HA = Classical swine
NP = Classical swine
NA = Eurasian swine

M = Classical swine
NS = Classical swine
M = Eurasian swine
@- NS = Classical swine
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Origin of the novel avian influenza A H7N9 virus

53

NovellA (H7N9)
Influenza

N Engl | Med 2013; 368:2345-2348
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Timeline of the history of influenza virus
circulation in humans since 1890s

Replacement

of HIN1
with H2N2  Replacement Replacement
of HaN2 of HIN1/77
with H3N2 with HIN1/09
*image credit CDC ! ﬁ ﬁ
H3N8 HiN1 Bvirus H2N2 H3N2 HiN1 H5N1 1918 HIN1| H7NS
Russian Spanish Discovery Asian Hong Kong  Children’s B/Yam & seq 2009
pdm pdm ’ pdm pdm pdm B/Vic pdm
1 I | | I | | | | | |
1891 1918 1933 1942 1957 1968 1977 1987/88 1997 2005 2009 2013
Influenza Virus
[
I Circulation of HIN1
P | —
irH2NZ 1o hang |

- .
50-100 million T 2 million ' 1 million '

9.8,
Co-circulation of
HIN1 & H3N2

2009 HIN1
emergence

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

Viruses. 2019 Jan 30;11(2):122.
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of circulat

Influenza immune imprinting and the history
ing influenza viruses

| |

1.,, P ot
Circulation of HIN1 Cir H2N2  Cir H3N2 Co-éircﬁlatidn of

HINI & H3N2
| | | | |

I | I | |

oo 1891 1918 1957 1968 1977 2009 2018
=Y ®
Worobey 2014 .h &'
Gostic 2016
Hancock 2009 @ b
Miller 2013 Miller 2013
Miller 2013 ,,cq,’ y
¢ Unlike older children and adults, the infant immune system w7 ot
has fewer antigen-presenting cells and soluble immune Gostic 2016 '&.;';
factors. Lessler 2012 it b
* Paradoxically, we know that a person’s first infection with e
the influenza virus during infancy or childhood leads to the Monsalvo 2011 Li 2013 (1983-1996)
establishment of life-long immunity toward that particular Gostic 2016 Andrews 2015 (>1991)  Kosikova 2018 (~2014)
virus strain. This is called influenza imprinting (i g #0757 32)

Viruses. 2019 Jan 30;11(2):122.
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Influenza immune background development following
recurrent infections and vaccinations

Individual Dynamics
A

'/\ /x/k&

B, v Beo
vﬂ é)@v QY %

Several infections are possible over a lifetime

Viruses. 2019 Jan 30;11(2):122.
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Fid B Ry

SARS coronavirus

s ] — ] —
%t 0-4 F’ - i
<] | BeassE| aak |/ smSEmAS
Median oL ‘ — = | . - .
incubation
period o Influe A R Pay Aluen; o Adenovins /_
Influenza A 1.4 % :z /7/ /
Influenza B 0.6 FE“’ [ ) ) /
““:i AR if B & 1 B A-EF 3 1./ JLEE 3
Human coronavirus RSV Measle:
Lancet Infect Dis 2009;9:291-300
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Central Nasopharynx
- Headache - Runny or stuffy
nose

- Sore throat
Muscular

- (Extreme)
tiredness

Systemic

- Fever (usually
high)

Joints

(and throat)

- Aches

Respiratory
- Coughing

Gastric
- Vomiting

Intestinal—{
- Diarrhea |
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Complications

Considerations

Upper-respiratory
complications

Lower-respiratory
complications

Cardiac
complications

Gastrointestinal
complications

Musculoskeletal
complications

Renal
complications

Otitis media, parotitis, sinusitis,
and laryngotracheobronchitis

Bronchiolitis, bronchitis, reactive airway

disease, pneumonia, respiratory failure,
and acute respiratory distress syndrome

Myocardial infarction, myocarditis,
pericarditis, and heart failure

Hepatitis, pancreatitis, and severe acute
abdomen-like pain

Myositis, rhabdomyolysis,
and compartment syndrome

Acute kidney injury and kidney failure

Otitis media, parotitis,
and laryngotracheobronchitis are more
common in children than adults

Bronchiolitis is more common in young
children than in adults

Influenza might precipitate myocardial
infarction or heart failure in people with
coronary artery disease; cardiac
complications can result in critical illness
with fatal outcomes

Hepatic failure is rare

Severe myositis (soleus

and gastrocnemius) can occur in school-
age children; myoglobinuria can cause
acute kidney injury

Can occur with severe pneumonia

Lancet. 2022 Aug 27;400(10353):693-706
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Neurological
complications

Co-infections

Other
complications

Complications

Encephalopathy, encephalitis,
meningoencephalitis, febrile seizures,
cerebrovascular accident, transverse
miyelitis, acute demyelinating
encephalomyelitis, Reye syndrome with
salicylate exposure, and Guillain-Barré
syndrome

Pneumonia, ventilator-associated
pneumonia, tracheitis, and meningitis

Exacerbation of chronic disease,
dehydration, sepsis, toxic shock
syndrome, sepsis-like syndrome or
sudden death in young infants,
premature labour, and fetal loss in

pregnant people

Adapted from Uyeki and colleagues.™

Considerations

Encephalopathy and encephalitis are more
common inyoung children, can be acute
or postinfectious with full neurological
recovery, sequelae, or fatal outcomes;
Reye syndrome is rare in children without
salicylate exposure, and Guillain Barre
syndrome is uncommon

Invasive bacterial, viral, and fungal
coinfections can cause critical illness and
fatal outcomes

People of all ages with chronic disease can
experience worsening of underlying
conditions (eg, chronic obstructive
pulmonary disease exacerbation in adults,
acute chest syndrome with sickle cell
disease, worsening of asthma, and heart
failure)

Table 2: Complications associated with influenza

Lancet. 2022 Aug 27;400(10353):693-706

70




coinfection

The frequency of influenza and bacterial

Study

p c [95% C

Interval] Weight

Ahn S, etal, 2011 (26)
Bender |M, et al., 2010 (27)
Bjarnason A, etal, 2012 (28)
Carr SB, etal., 2012 (29)

Choi §-H, etal., 2012 (30)
Cordero E, etal,, 2011 (31)
Cuquemelle E, etal., 2011 (32)
Dave BM, 2014 (33

Falsey AR, et al., 2012 (34)
Guervilly C, et al., 2010 (35)
Hon KL, et al., 2008 (36]
Ingram PR, et al., 2010 (37)
Johansson N, et al., 2010 (38)
Lopez-Delgado J, et al., 2013 (39)
Malato L, et al., 2011 (40)
Marcos MA, et al., 2006 (41)
Martin-Loeches |, etal,, 2011 (42)
Mermond S, et al,, 2010 (43)
Nguyen T, et al., 2012 (44)
Schnell D, et al., 2013 (45)
Sohn CH, et al., 2013 (46)
Torres JP, et al, 2012 (4]

Van Gageldonk-Lafeber AB, et al., 2013 (48)

Vieira RA, et al., 2003 (49)
von Baum H, et al., 2011 (50)
Yan XX, etal, 2011 (51)
Zhang Q, et al., 2012 (52)
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Figure 3. Frequency of bacterial coinfection in hospitalized patients with labaratory confirmed influenza.

Percent Coinfection

Figure 4. Percent of laboratory confirmed influenza infections that were

coinfected by each bacterial species.

015,038 3.96%
001,003 480%

001,028 3.55%
000, 006 473%
007, 060 2.16%
003,021 424%
037,056 415%
019,051 333%
005,019 446%
005,017 451%

-004.035

=005, 0-17 3.96%
024,076 221%
014,036
008, 0-42 3-17%
004, 046 271%
015,020 474%
047,084 3-05%
039,064 3-85%

004,035 289%
014,037 3.97%
009, 042 327%
000,038 295%
010,050 2.84%
015,028 4-50%
015,022 471%
019,033 443%
018,028]

Streptococcus pneumoniae and Staphylococccus aureus were the most
common pathogens accounting for 35% (95% Cl, 14%-56%) and 28% (95%
Cl, 16%—40%) of identified coinfecting bacteria, respectively

Influenza Other Respir Viruses. 2016 Sep;10(5):394-403.
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TABLE

165.4 Comparative Features of Pulmonary Complications of Influenza

Setting

Clinical history

Physical examination
Sputum bacteriology
Chest radiography

White blood cell count
Isolation of influenza virus

Response to antibiotics
Mortality

Primary Viral Pneumonia
Cardiovascular disease;

pregnancy; young adult
Relentless progression from

classic 3-day influenza

Bilateral findings, no
consolidation

Normal flora

Bilateral findings
Leukocytosis with shift to left
Yes

No

High

Secondary Bacterial
Pneurnonia

Age, >65 y; pulmonary disease

Improvement, then worsening
after 3-day influenza

Consolidation

Pneumococcus, Staphylococcus,
H. influenzae

Consolidation

Leukocytosis with shift to left
No

Yes

Low

Mixed Viral and Bacterial
Preumonia

Any associated with A or B

Features of both primary and
secondary pneumonia

Consolidation

Pneumococcus, Staphylococcus,
H. influenzae

Consolidation

Leukocytosis with shift to left

Yes

Often

Variable

Localized Viral Pneumonia
?Normal

Continuation of classic 3-day
syndrome

Area of rales
Normal flora

Segmental infiltrate
Usually normal

Yes

No

Very low
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* The imaging findings seen in patients with HIN1 infection include:

Consolidations

Ground-glass opacities

Interlobular septal thickening

Small nodules

Findings suggestive of small airways disease

American Journal of Roentgenology. 2011;196: W723-W728
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32-year-old man with HINT pneumonia.
A, Chest radiograph shows normal lungs.
B, CT image obtained on same day as A

shows mild ground-glass opacity in both

lungs that predominates in lower lobes.

44-year-old man with HIN1 pneumonia.

A and B, CT images at carina level (A) and
main bronchi level (B) show bilateral round
consolidations with peribronchovascular
distribution. Also seen is small bilateral
pleural effusion (arrowheads).

35-year-old woman with HIN1 pneumonia.
A-C, Axial CT image (A), coronal reformatted
image (B), and sagittal reformatted image (

A B

Ametican Journal of Roentgenology. 2011;196: W723-W728
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Palache AM. Influenza subunit vaccine - ten years experience. Eur J Clin Res 1992; 3: 117-38.
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Take home message
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7iEAS ( Influenza virus )
- BERRFER (orthomyxoviridae )
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Lipid envelope derived -
from host cells \

Non-structural
...

- NEEERVERER
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+ #ISREEAES ( neuraminidase : NA)
- AR REE B AR HARNAR S 22

)i &4 © Nature Reviews Microbiology 9, 590-603 (August 2011)

%% % 51 B S TAIWAN CDC |

BikH A% & 4k
RNA

111E%Ead

TR A
(Antigenic drift)
HLm A A
(Antigenic shift)

2 H KR

AL~ B~ B E
# FL B ~ &
& %A

= J&

Fiz x5 5] 5%
Br E OF 3R E -
H AT 5] A2 = g
IR X Ay B E
T 3] Ae 2= Aok
AT o ke B
LR A AL ™
IR, W &Y s B 2
A - 4F T AE 5]
A 2 FR K FAT

Bk E A 4k |THRFEALA4E THRER ALt
RNA RNA A% RNA
111E & a " OB & & H IE & a "
PO A B PR A IR e

(Antigenic drift) (Antigenic drift)

LR M IR HAS

(Antigenic drift)

A AL~ FE E= -2

7 5L
A2 - FE S
SE e HR B Bk Y
% = 5 51 5% B
= G e

=T 3] A ZF &k

151

AT ° FT AE B
BE & LR B
i 5] A M & M
&Y FAT

BRI AR B
EHIE- TR EE T
f’Eiﬂ?}(ZOZZ%Hﬁ )

E s -2




EHRITIER

« FAEGEEEEE A 430075005

« FESET NEEI29~658 A > ZEIETE Ry65 A EEFEA

s PR TIREI A RA ~ BRIAY » FrpARI Y DIHINT B H3N 2y oo 8
B BRIV E 4457 FyB/Yamagata k2 B/Victoriafi{[E lineage
G TIIRIEH 11 ARG - 1Y12H £l F3 H R TS,
TR TR A Rl BB [E]

HRAOR R R E I

B IRTE Z O] AEBR AR

faPa Ik
B%%ﬁ:g_ﬁ?x FRER - FROE - B (RE) -
BRW - EW MESEERM - B - WRAE -
[ &M BT MBNT 2\

wESMLL FEHRANGEARH  MEERW

B S E

(ISR EPR B A 10-25%)

LIERN = iz W SR E
[ =t _%t_ _ﬂl‘-ﬁﬁ_ (GREHBELI%-4% .
. (- BEgS - R - W) 0 FREIEERmES )
N _\ ﬂmu&
¥ \ CHET IR
e _ EREDGEM ) '
1-2884
= () N BB — o
. ESBERER (REEREED
ks (40 DA - R - H-¥A%C)
WW - W ERENY ) 8

AEMEME2012E1R6EED




Bf PR AE AR

S50~ XM - MEDESE - PP - BRRELRES -
B mblEIER ~ MEILAEAM -
-yﬁA%*UTﬁl NEE -

ek 7 3§ B TE

 MRAHSBEE(ASNEEZEERHELIBAABEIR)
« BEARFRRAEBEBESIEMSE - B3 - DAL REMERE 743
MRANHMERRERSEREHRE  MBEREE  ERERNT -
T2 BT EE EE
- OJREH REEY SElERE
« BEAN - BUNR - BE
- BAERMW - #KE - OME - b - T BRSEMER
- RENEAEE
- Bl (BREREEREZEBMIZ30)

10




BRI

=~ EiEs
B T E— B

# (Influenza virus) -

(=) BARBILERAMNGHE -

st — A W4 x ya_

~

T FEEEE

— B
&Qﬁﬁ&ﬁ%&%ﬁmhﬁ%ﬁw%%ﬁ%ﬁn#ﬁ%%ﬁ

FE RERARE R ERCABEEF)MEmERE S

(=) BRI o T4 BRI -

= RATRBHES
YHNETREETZETHIALAE Fi48E (close

contact) -

A -

PRk - RlE - REEFRES Y BRI ER

W~ BT K
FEEEARAEE -

-~ RRSR

(=) *FRES ARG CRERSRE) 98T 8T H gk

() BRARAR S A S4UA AR BT © A1 0 PLIRAE BA TR BUR
FhF R E=4 4Lt

(=) Them# :
H A BRARH -

(=) BmTHemp :
FB BRI AR RIRAT R B4R

(2) #RBH:
OB R AR RARIRAR A -

11

Neurological
Fever
Headache
Confusion

Respiratory
Dry cough

Sore throat
Masal congestion

Gastrointestinal
Mausea

Vomiting
Diarrhoea

Musculoskeletal
Myalgia
Fatigue

SYMPTOMS

Up to 75% have no symptoms'™

COMPLICATIONS LN

&

Q
-

Neurological

Febrile convulsions®
Reyes syndrome®
Meningitis/encephalitis
Transverse myelitis
Guillain-Barré syndrome

Cardiac

Pericarditis

Myocarditis

Exacerbation of cardiovascular disease

Respiratory

Otitis media*

Croup™®

Sinusitis/bronchitis/pharyngitis
Prieumonia (viral. or secondary bactenal)
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 comman in children
12
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Sam Ghebrehewet et al. BMJ 2016;355:bmj.i6258
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2022 U.S. CDC
Summary of Influenza Antiviral Treatment Recommendations

Early antiviral treatment can

Shorten the duration of fever and illness symptoms, and may
reduce the risk of complications from influenza (e.g., otitis media)

Clinical benefit is
greatest when
antiviral
treatment is
administered
early, especially

Reduce death for hospitalized patients

Shorten the duration of hospitalization in hospitalized children

Antiviral treatment is recommended as early as possible for

patients with confirmed or suspected influenza who: Y

has severe, . . . '
is complicated, or 'Sf:: mﬁﬂ:rrnzrgk .ﬁf lnfluenzat
itali i illness onse
rogressive HUE
hospitalized : il?ness complications

Antiviral treatment also can be considered for

any previously healthy, symptomatic outpatient not at high risk with
confirmed or suspected influenza on the basis of clinical judgment

US CDC, http://www.cdc.gov/flu/professionals/antivirals/summary-clinicians.htm 16
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Amantadine | Rimantadine Oseltamivir Zanamivir | Peramivir Baloxavir . D
i . ﬁl.?“z‘ﬂtﬁ’iﬁ'é?[ﬂﬂﬁﬂ
Amantadin N =
fAreiin . Tamiflu, ) BRUAEER
Amanta Hlimadins Eraflu Relenza | Rapiacta Xofluza - Oseltamivir(Tamiflu®3EEL
A.rm.mdme Eraf|u®%i§)
Zneil % « RATXZZanamivir(RelenzaTM
D)
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T FAM T T T T o B AT BN HI T
] (Endonuclease inhibitor)
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Cap-dependent endonuclease inhibitor
‘5"‘ 36'03_ baloxavir Release
ghamtel : REA
-0 L ol Mo
P NNE K : '99‘*\ Nucleus fm %:
'3".*“ » ‘e R 20006 &
Adhesion Membrane B )84!8( ) PpgRY
fusion ) Budding V%8
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mRNA transcription g ('S X e X
Adamantanes e . 20000
e.g. amantadine and rimantadine X000 0006 Protein g‘ '%o. FLY
20000 20000 synthesis
0000 0006

Baloxavir is the first globally-
approved influenza treatment
that inhibits cap-dependent
endonuclease activity

NA inhibitors

e.g. oseltamivir, peramivir, zanamivir, laninamivir*

Viral RNA replication

Respiratory epithelial cell

von ltzstein M. Nat Rev Drug Discov. 2007 Dec;6(12):967-74
Noshi T., et al. Antiviral Res. 2018 Dec;160:109-117
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Oseltamivir (Tamiflu®)
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Oseltamivir in seasonal influenza: cumulative experience
in low- and high-risk patients

Regina Dutkowski*

Clinical Development - Virology, Hoffmann-La Roche Inc., 340 Kingsland Street, Nutley, NJ 07110-1199, USA
J Antimicrob Chemother 2010; 65 Suppl 2: ii11-24 Journal of
doi:10.1093/jac/dkq012 Antimicrobial Chemotherapy

Oseltamivir significantly reduces the frequency of secondary illnesses and
exacerbation of underlying conditions; survival is also significantly improved in
seriously ill patients who are hospitalized with severe influenza

23
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Oseltamivir treatment for influenza in adults: a meta-analysis 3 @ @
of randomised controlled trials

Joanna Dobson, Richard | Whitley, Stuart Pocock, Arnold S Monto

Summary
Background Despite widespread use, rema
We aimed to do an individual patient data meta-analy = Findings We included data from nine trials including 4328 pati In the i ion-to-treat infected population, we
of !l infl in adults regarding s|  noted a 21% shorter time to alleviation of all symp for oseltamivir versus placebo recipients (time ratio 0-79,
hods We included all published and o 95%(:](3’7]‘4—0 -85; EEOIOI?O;)S;hCeIm;:u;hm;;l:):l;omg:nwemlW Shfurosdtam:m:h.;dm ThForpla:ebo
u| ifference —. = to - r to-treat
mﬁsm‘;mm:ﬁm:‘:::}uﬁm E'ﬂ'nedpswzs attenuated (time rah‘o 0-85) but remained highly significant {medum difference -17-8 h). In the
Embase, the Cochrane Central Register of C 1l to-treat infected popul: we noted fewer lower respiratory tract complications requiring antibiotics more

trials published before Jan 1, 2014 (search last upd{ than 48 h after mndom:sauon (risk ratio [RR] 0-56, 95% CI 0-42-0.75; p=0-0001; 4 9% oseltamivir vs 8-7% placebo,
intention-to-treat, and safety populations. The primar] risk difference —3-8%, 95% CI —5-0 to -2 2) and also fewer admittances to hospital for any cause (RR 0-37, 95% CI
B s IR * R * ot ] 0.17-0-81; p=0.013; 0-6% oseltamivir, 1.7% placebo, risk difference —1.1%, 95% CI -1-4 to —0-3). Regarding safety,
oseltamivir increased the risk of nausea (RR 1-60, 95% CI 1-29-1-99; p<0-0001; 9-9% oseltamivir vs 6-2% placebo,
risk difference 3-7%, 95% CI 1-8-6-1) and vomiting (RR 2-43, 95% CI 1-83-3-23; p<0-0001; 8-0% oseltamivir vs
3-3% placebo, risk difference 4-7%, 95% CI 2-7-7-3). We recorded no effect on neurological or psychiatric disorders
or serious adverse events.

mao BB D EHEP4,328BBA - HIRMERRBARBNKE

B GEMRRIREAR ~ PRE T IR IR 38 B0 LUK (4 B fal B

Lancet. 2015 May 2;385(9979):1729-1737.
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Guidelines for the clinical management of severe iliness from influenza virus

infections

3.1

Oseltamivir (oral)

RECOMMENDATION 1

In persons with suspected or confirmed influenza virus infection with or at risk of severe
ilness (i.e. indluding seasonal influenza, pandemic influenza and zoonotic influenza), we

suggest administering oseltamivir as soon as p

Y

oseltamivir) (conditional recommendation, low-quality evidence).

‘Outcome
Mortality

Hospitalization

ICU ad:

hanical

Direct

8 observational studies
(n=4725), aOR 0.38 (35%
€10.19-0.75), low-quality
evidence.

2 observational studies
(n=14 445), aOR 0.65 (95%
C10.48-0.87), low-quality
evidence.

4.ob | studies

ventilation

Complications: pneumonia

(n=4074), aOR 1.07 (95%
€10.54-2.13), low-quality
evidence.

2 observational studies
(n=14 445), aOR 0.80 (95%
C10.62-1.04), low-quality
evidence.

(vs not ing
Indirect Conclusion
No data Oseltamivir therapy may

12 RCTs (n=7765), RR 1.07
(95% C10.69-1.64), low-
quality evidence.

No data

12 RCTs (n=6494), RR 0.76
(95% C10.53-1.09), low-
quality evidence.

reduce mortality in this
patient population. Low
confidence.

Oseltamivir may reduce
hospitalization in this patient
population. Low confidence.

Oseltamivir may have little to
no effect on ICU admission/
mechanical ventilation in
this patient population. Low
confidence.

Oseltamivir therapy may
lower the risk of pneumonia
in this patient population.
Low confidence.

March 2022, WHO

RIBIRARE  AEERREF
ZEUSERZ MR R - BEK

B #Foseltamivina &
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https://apps.who.int/iris/bitstream/handle/10665/352453/9789240040816-eng.pdf?sequence=1&isAllowed=y 55
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Prophylaxis with Oseltamivir in seasonal influenza
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@

E
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5 04

M No post-exposure prophylaxis

Oseltamivir post-exposure prophylaxis

“P=0.0002
'P=0.0206

80.1%

84.5% reduction
reduction
All contacts Paediatric contacts
(n=476) (n=117)

Household contacts

W Placebo
¥ 104 Oseltamivir prophylaxis
£ *P=0.002
£_ g iP=0.001
5E
E. (=]
£g 61
S 3
8E
8= 4
58
w £ "
8=
£ 24 929%
= reduction
S 0

All subjects
(n=548)

Elderly nursing home residents

Dutkowski R. Oseltamivir in seasonal influenza: cumulative experience in low- and
high-risk patients. J Antimicrob Chemother. 2010 Apr;65 Suppl 2(Suppl 2):ii11-ii24.
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Oseltamivir phosphate (Tamiflu®)

RARSVE> 13 5R)

CCr >60 30-60 10-30 <10 HD CAPD
Treatment dose 75mg BID 30mgBID | 30mg QD X 30mg stat, | 30mg stat,

then 30mg single

after every dose

HD
Prophylaxis dose 75mg QD 30mg QD 30mg X 30mg stat, | 30mg stat,
QoD then 30mg | then QWK
after
alternate HD

Sanford guide 2023 27
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Oseltamivir phosphate (Tamiflu®)

1mS U ERE
2E REHE BHS X EHE ORGSR EE HD
(6 mg/mL)
<15 F EL - BX2K 5074 BX2% 7.5mg every HD
>15-23 0 F 527 BHBR2K 1S5EH  BR2R 10mg every HD
>23-40 2 F 60257 HER2K 100 24 HR 2R 15mg every HD
>40 2K BERL BR2IX 125 & HER2K 30mg every HD

Sanford guide 2023
v k1 §i2016

28



Oseltamivir phosphate (Tamiflu®)
KimlsE5EE (3mag/kg)

BE REHE HHS R B HE OIRBFREGEF
(6 mg/mL)
3k SR HBRIR 15&#  HFR2R
40K 12&% HR2R 20EH HR2ZR
SR ISZ4 H#R2R 252 HR2IR
6 4 F 1I8E# BR2K 30 BR2R
TR 2087 BR2RK 3sEHA - BER2IKR
LEANI 247 BR2K 40ZH  HER2R
9N 21TERHBR2K 45H HER2R
10 2 F 0EL BR2K 50 BR2R
IbEEZEEE A ERAR I ARR 36 BRIZER FER {1 #2016

29
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Safety

North America, Europe and the Southern Hemisphere
N=11675

Including healthy adults, elderly/ high-risk subjects, and
children aged 1-12 years

Oseltamivir 5 days course

15 4
O Placebo <65 years
O Oseltamivir <65 years

O Placebo =265 years
10 4 B Oseltamivir =65 years

:ﬂ%ﬁmhma

| Nausea Vomiting D\arrhoea Bronchitis Abdominal Dizziness Headache Acute
pain bronchitis

Adverse events (%)

Dutkowski R, Thakrar B, Froehlich E, Suter P, Oo C, Ward P. Safety and pharmacology of oseltamivir in clinical use. Drug Saf. 2003;26(11):787-801.
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Safety

FY T¥e 2 ERAER R HER s g2 L Vil
L L ES.9:Y Oseltamivir ZEH Oseltamivir | & #]
(75 & L% X N=1977 | (75 BLHFX | N=1588
HK) —X)
N=2647 N=1945
H g% &
o 10% 6% 8% 4% Y
"Bk 8% 3% 2% 1% %R
FPLEFBFHLE 5 4 5 &
S 2% 1% 17% 16% EER
S HHEE
TR <1% <1% 4% 3% )

SeIEL EL2016
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Zanamivir (Relenza®)
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Zanamivir

EHERA
A b3 REACTHEHIAE) 15 - t s
B. #gt : BB A R r.v
CfaRgs (HE) SRR - 5 »
DA% WASESR(—FMNER) - ﬂ:‘

ERK: MAEE—@RAH -

BES- o i R
https://www.chimei.org.tw/main/cmh_department/59012/info/5500/A5500265.html

IEE
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Ri&
1. EEBRENERRZREIERR -
2EERTHEE - BHER BR_EHE (108%) - EEQF -
.EMARTHERE - E8—% BR"ZEHE (108%) - EEF+X -
3, . EREE
4 B B {
BES- o i e Gk
https://www.chimei.org.tw/main/cmh_department/59012/info/5500/A5500265.html 34
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JAMA |
Network Ope nm Key Points
Question What antiviral agents for

treating seasonal influenza are
associated with the most safety and best

Comparison of Antiviral Agents for Seasonal Influenza Outcomes RO ————
in Healthy Adults and Children chigren?
A Systematic Review and Network Meta-analysis ndines T netar etz analysof

26 randomized clinical trials, including
Jen-Wei Liu, MS; Shen-Hua Lin, BS; Lin-Chien Wang, MS; Hsiao-Yean Chiu, PhD; Jen-AiLee, PhD

Original Investigation | Infectious Diseases

11897 patients, found that antiviral

agents were associated with
Abstract Lotome (174 {onificonthy grootar officocy than
IMPORTANCE Antiviral reatment 2 i sz, and . 1z- Z ﬁﬁ lti y I'Et @ ﬁE E q_‘l £ﬂ
™ % 5 it
SR N L i
i associated wi  fewest RESULTS A total o 26 trils were denti investigated antivi X ' i N G lis
adverse events. i 11897 participants, 9%) weremd ﬁ AN ﬁ:t }f e
3 N age was 325 (16.9) years. with i = mA : X Ill
OBJECTIVE i d safety of quality evic indic anamivir was associated with the shortest TT)
inhibitorfor nd chid 95% C1,058.0.7, whil balosavi was ascited vith the owest ik of = e 4 EbB ] z"h ¥ = | E
complications (iskratio [RR), 051; 5% 1, 0.12-0.80) based on maderate-q il = = S+ E "‘1§ E ﬁ = -
DATA SOURCES Mediine, Embase, and the Ce g of Clinical Tri: , baloxavir wa risk of total adver
inception to January 2020 (the last search was updated in October 2020). 95%C1, 0, - N . . e =i
3 IN
_ ot o Zanamivirx HY °
STUDY SELECTION al v, which ‘occurrenceof nausea (RR, 1.

e oseltamivi, peramivt, 2anamivi. Of - ng vomiting (RR, 1.88; 95% C1, 147.2.41). U4 =3 T 2% ¥ —3
laninamivir) or an (ie. with other active agents bl '\ ﬁ = IE 4N |_.|

or placebo. Abstract (continued)
V. ,— ALY
CONCLUSIONS AND RELEVANCE In this systematic review and network l| |}I:II:I 9: g‘¥ - [m] I % JE m
antiviral agents assessed were associated with shortening TTAS; zanamivir AA LY LL=00
shortest TTA : influenza-i o
baloxavir -

Frequentist network I formed.

Assessment, D

Octobar 2020.

JAMA Netw Open. 2021;4(8):e2119151
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Inhaled Zanamivir vs Oral Oseltamivir to Prevent Influenza-related Hospitalization or Death:
A Nationwide Population-based Quasi-experimental Study &&&X L%

O 2013-2014, 2014-2015, 20152016 =@t =M FE A E R ERRE N ELERET
O kEHBEREGEFECE % - LB E48/\F A E FHoseltamivirsizanamivirfa 2 14 X A E R B ERR =L L T-RIEL =R

Table 2. Crude and Propensity Score-Weighted Incidence Rates of Hospitalization or Death Within 2 weeks

Principal Diagnosisfor  Crude Propensity Score-Weighted Adjusted Hazard
Hospitalization or Death Ratio (95%
e Number of  Total Incidence  Numberof Total Incidence | Confidence Interval)
E 52 Eﬁ Events Person- Rate Events Person- Rate
Days Days

.
}ﬁ@é *  influenza, influenza-like illness, or pneumonia-
A3 ﬁ

iﬁfﬂ (V0 Zanamivir 10 840 579476 0.019 14993 579 461 0.026 1

; By
EE Hl-ﬁ xK Oseltamivir 6557 250909 0.026 6557 250901 0.026 1.01 (.96-1.06)

— ZanamivirEloseltamivir
;ﬁ @ Zanamivir 1229 579949 0.012 10156 579943 0.018 1 ﬂ % ﬁ E-l- ﬁ % E E

Oseltamivir 4220 251588 0.017 4220 251557 0.017 0.96 (.90-1.02)
_—
;E :'ﬁ Eﬁ Influenza-likellness”
Zanamivir 10083 579564 0.017 13878 579539 0.024 1
Oseltamivir 6072 251053 0.024 6070 250995 0024 1.01(.96-1.06)
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AEAK AT Zanamivir 915

TR R T R

SRR e AR R R B

. AN TE R IR A2

o TIORGOS RSB T B LB U

(40 : COPD 5@l A )

FHIMER 2 2 BTG NFEHEEEE2020 ¢ 31 0 11-17
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Peramivir (Rapiacta®)
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Mechanism of Neuraminidase Inhibitor

Neuraminidase activity

Budding virus

- - Loy ¥
. et S % Neuraminidase cleaves receptor
) %g%%% 5 /Hem:gglminin

s e
e

o

Release of

—

containing — new virions
sialic acid
Neuraminidase

Neuraminidase inhibitor
y02NY I € =8 o )
(o ) Neuraminidase
@5 inhibitors
Receptor
containing = . P -
sialic acid ATy ». 2

No virion
} = * release

Panel A shows the action of neuraminidase in the continued replication of virions in influenza infection. The replication is
blocked by neuraminidase inhibitors (Panel B), which prevent virions from being released from the surface of infected cells.

N Engl J Med 2005;353:1363-73. 39
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Peramivir binds to Most active sites of Neuraminidase

Sialic acid and NAls bind to active sites of neuraminidase
Sialic acid Zanamivir

/§>. glycerol /é. $ glycerol
Carboxylate Carboxylate )
group , group 1 ;
Hydroxyl Guanidino
group group
Oseltamivir Hydrophobic Peramivir Hydrophobic
pocket pocket

Hydrophobic

group §
Carboxylate Carboxylate

group 1 " group
6——Amino group

Gray area: active site of neuraminidase
The orientation of the guanidino group of peramivir is different from that of zanamivir.

Hydrophobic
group

Guanidino
group

Laver WG, et al. Sci Am 1999 Jan; 280(1):78-87.; Babu YS, et al. J Med Chem 2000 Sep; 43(19):3482-6. 40
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Susceptibility to NAls (in vitro)

Virus Susceptibility to NAls in Peramivir-Treated Subjects (ITTI Population)

Virus Subtype

Influenza Af H3N2

Baseline

Last positive culture

Fold change from baseline
Influenza A/ 2009 H1N1

Baseline

Last positive culture

Fold change from baseline
Influenza B

Baseline

Last positive culture

Fold change from baseline

ICs0, Median (Range), nmol/L

Peramivir

0.17(0.12-0.29) (n = 62)
0.17 (0.12-0.55) (n = 61)
1.0 (0.65-2.62) (n =24)

0.18 (0.02-43.92) (n = 50)
0.18 (0.00-38.56) (n = 50)
1.0 (0.00-104.22) (n = 40)

1.09 (0.01-3.33) (n=33)
1.16 (0.24-4.61) (n=33)
1.26 (0.61-40.00) (n=21)

Oseltamivir

0.29 (0.01-0.79) (n=61)
0.28 (0.01-0.79) (n=59)
0.94 (0.33-3.43) In=23)

0.86 (0.13-499.70} (n =50)
0.88 (0.17-416.70) (n =50)
0.95 (0.16-323.17) (n =40)

19.93 (2.36-41.41) (n=32)
19.36 (6.18-51.77) (n=32)

0.98 (0.22-8.11) (n=21)

Zanamivir

0.34 (0.20-0.52) (n =63)
0.35(0.20-1.07) (n=63)
1.06 (0.48-3.57) (n =25)

0.48 (0.09-1.65) (n =50)
0.37 (0.08-1.93) (n =50)
0.94 (0.25-2.97) (n =40)

2.10(0.81-4.48) (n=33)
2.38(0.81-5.97) (n=33)
1.10(0.70-2.75) (n=21)

IC5, median inhibitory concentration; ITTI, intent-to-treat infected; NAls, neuraminidase inhibitors

Clin Infect Dis. 2014 Dec 15;59(12):e172-85 41
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Clinical Study

Chemotherapy 2013;59:373-378
DOI: 10.1159/000362436
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Clinical Effects of Oseltamivir, Zanamivir,
Laninamivir and Peramivir on Seasonal Influenza
Infection in Outpatients in Japan during the
Winter of 2012-2013

Yuji Takemoto® Teizaburo Asai

d

Itsuo Ikezoe? Takako Yano®

Masahiro Ichikawa® Shogo Miyagawa® Jun Matsumoto?

2Kamijyo Clinic, Izumiotsu, Plkezoe Clinic, Kishiwada, “Ichikawa Pediatric Clinic, Kaizuka, and 9Asai Pediatric Clinic,
Mori-Yano Clinic, "Miyagawa Clinic, and 9Matsumoto Clinic, Osaka, Japan
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Al B R 22

AEEN: FEENREENREFZREBEEZUR
EB4EA © Peramivir B A: 300mg; 52&: 10mg/kg IV Infusion over 15-30min once
Oseltamivir 52 & > 37.5 kg A A: 150mg BID PO 5 days;
F2EE < 37.5kg: 4mg/kg/day PO 5 days
Zanamivir > 55552 8 K& A A 20mg BID INH 5 days
Laninamivir > 107% 52 & & A A40mg or 20mg INH once

1914l (Open Label) (6m - 95y)

iE AR ERAEAAE —

EEAMER
1 \ I 1
peramivir 537 laninamivir 44 oseltamivir 51(47*)%l zanamivir 394l

*No records were available for 4 patients.
BRIETR
1. Time to alleviate fever (from > 37.5°C to < 37°C)
2. Time to alleviate symptoms (cough, rhinorrhea, arthralgia, general malaise)
3. Time to eliminate the influenza virus
A EREIZ: Japan (November 2012 to March 2013)
Takemoto Y, et al. Chemotherapy 2013;59:373-378

43

43

Time to alleviate fever

SO
45T 5 i~ Peramivir tended to reduce
40 i fever duration
35 NE
Peramivir: 1.32 = 0.79 days
- 30 Laninamivir: 1.72 = 1.03 days
& Zanamivir: 2.10 = 1.12 days
% 25 Oseltamivir: 1.86 £ 1.02 days
£ L
=20
- L2 *p=0.002
15 —st% #p=0.0059
1.0 | [ Fever duration
[ Elimination of influenza
0.5
B Symptoms
0

. LT . L LT i
Peramivir Laninamivir Zanamivir Oseltamivir
Takemoto Y, et al. Chemotherapy 2013;59:373-378 44
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Recover from symptoms

5.0
[ ] — | Peramivir rapidly alleviated
45 —4— 1 e - S — oo
| EE t clinical symptoms
40 ] — ; =
I ] 1
[ — 1 1
35 1— : = Peramivir: 3.28 =+ 1.35 days
P EE : Laninamivir: 4.31 = 0.92 days
= 30 : : — Zanamivir: 4.46 + 0.84 days
2 | . Oseltamivir: 4.27 = 1.08 days
< ! ! |
g 277 | |
.E 20 ! : ! | *p=0.002
’ #p<0.001
15 | 1p=0.002
10 | Il Fever duration
[ Elimination of influenza
05— —
7] Symptoms
=
Peramivir I Laninamivir I Zanamivir I Oseltamivir I
Takemoto Y, et al. Chemotherapy 2013;59:373-378 45
45
Eliminate the Influenza Virus
5.0
a5 Peramivir tended to eliminate
the virus sooner
40
35
Peramivir: 3.71 = 1.38 days
2 3.0 Laninamivir: 4.09 % 1.23 days
B Zanamivir: 4.33 =+ 1.38 days
3 25 Oseltamivir: 4.75 + 1.47 days
£
= 20

Peramivir Laninamivir

Zanamivir

Oseltamivir

I Fever duration

] Elimination of influenza

[ Symptoms

Takemoto Y, et al. Chemotherapy 2013;59:373-378 46
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Daily Househ

old Secondary Infection Rate

» Compared with no treatment, all NAls reduced the daily SIR of influenza A, with
the extent of daily SIR reduction ranging from 49% with oseltamivir to 75% with

peramivir.
Daily Househ
3.00% .
2.50%
2.00% 75%
1.50%
1.00%
0.50%
0.00%
peramivir
n=378

old Secondary Infection Rates for Influenza A

49%

1.13%
0.90%

oseltamivir  zanamivir  laninamivir  untreated
n=323 n=248 n=170 n=27

(unadjusted estimate)

Hirotsu N., et al. Influenza Other Respir Viruses. 2018 Jul 10. doi: 10.1111/irv.12590.
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HBRARERNRSEYGESE - RapiactaiOseltamivirfF (&

38%

BRERGRANKE

Daily Household Secondary Infection Rate
Type A

Daily secondary Peramivir | Oseltamivir| Z ivir [Laninamivir| U, |

infection rate n=378 n=323 n= 248 n=170 n=27

Unadj estimate|  0.71% 147% 0.90% 1.13% 287%

95% CI 053096 | 1.18-1.83 | 066-1.24 | 0.81-1.58 | 232354

Peramivir vs Oseltamivir D—D'_:—‘

Peramivir vs Zanamivir I—'E—.-—e_' 0.78(0.51-1.22) 0217
Peramivir vs Laninamivit :D_.H g;g Eg:g.&;g{ géﬂg
Oseltamivir vs Zanamivir $ lgﬂ?ggig gg?g
Oseltamivir vs Laninamivir P_F,_.D_‘_| 1133 Eg;?:;g% g;g‘lt
Zanamivir vs Laninamivir $ g; Eg;g};% gggg

W adjusted O

020 030 050 0.7510 1520 3040 60
<-Left drug better  Right drug better -»

unadjusted

Adjusting for the following covariates of patients with infectious ability in a household using the logit link function: age, time from onset to start of treatment,

and influenza vaccine in the same season

Hirotsu N., et al. Influenza Other Respir Viruses. 2018 Jul 10. doi: 10.1111/irv.12590.
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< NEE[REHESRMfE A >
o BERERBERIS/RIAERAEE -
. BMAEZEBE/300 mg - SR&EZASHEBE600 mg 157388
o BRIHFMOLS -
. REEREIER10mg/kg - BREZAEEBIE600 mg - 1578 FEREHEF
RO ST -
. EEREZZBAR -
« BIEEARRA  BIREBINEEERAZEKLANE MRETBABRSTERE

Rapiacta®Z#E EiE K FHIEZRA= —
e ,\&.
BEE: ABEMAR—EBRARU EREZARKBEY ;
MR ES R

Rapiacta® },%Eiégﬁlé‘i

49
49
jacta"BNREAZ BB ZMPREREZRTI=
Rapiacta®&I 2 A% Ll =
(ng/mL) —tr—— B & (Ccr < 30)
FfE (30 = Cer < 50)
100000 #7F (50 < Cer = 80)
——e— % (Cor>80)
(mean)
10000 4o SH|=E -
< RIZE% : LCIMSIMS
m
b 1000
b
=
100
10
1 v v v v g g
0 12 24 36 48 60 72 (hr)
BEAEBEZESRIE
Cer (mLimin) 1 RRAE
cr (mL/min
—HIAT
Ccr250 300 mg
30 = Cer<50 100 mg
10* = Cer< 30 50 mg
Ccr: Creatinine clearance (FLETES B )
*Creatinine clearance <10 mU/min & #R MRBEMHFEE - BEEFHEREE - Peramivir® B MRBHT M RES MPEE - 50 50
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Peramivir dosage recommendations for

impaired renal function

" Moderate Renal Severe Renal .
Recommended Imllgi$;ZiL Impairment Impairment C':: :i::? :::{) T:':’n ’a‘rt ESRD on Intermittent
Dose < P . 30 = Ccr <50 10 = Cer <30 U a Hemodialysis (HD)?
50 = Ccr mL/min . . replacement therapy’
mL/min mL/min
Adult!?
. 300 mg QD 100 mg QD 50 mg QD
Usual
100 mg on Day 1, then
100 mg on Day 1,
followed by 15 mg Qp 00 Me 2 hrs after
o A‘:u“t o thereafterzy g each HD session on
anents atris 600 mg QD 200 mg QD 100 mg QD dialysis days only?
of increased
severity*3

CrCl, creatinine clearance

*Patients with comorbidities, including chronic respiratory diseases (e.g. COPD, bronchial asthma, interstitial pneumonia and
lung cancer), chronic cardiovascular diseases (e.g. congestive heart failure and ventricular dysfunction), chronic kidney
diseases (e.g. undergoing hemodialysis and after renal transplantation) or immunosuppressive state (e.g. taking
immunosuppressive agents, human immunodeficiency virus infection and congenital immunodeficiency), who were
determined to have a risk of increased severity of influenza by the attending clinician.

1. Rapiacta {4, 2. Emergency Use Authorization of Peramivir IV Fact Sheet for Health Care Providers (2009)

https://www.fda.gov/downloads/drugs/drugsafety/postmarketdrugsafetyinformationforpatientsandproviders/ucm187811.pdf

3. Clin Respir J. 2015 Apr;9(2):228-32 51
51
Rapiacta®f R E
s FELRRKRIE :
» [E)5(5.8%) * IE MR MIKE /1 (2.8%) « EHEFR(2.5%)
- Hit AR KRFE :
X EREER] BEER 1%
HibE Q) ~ M@t
JFF i AST(GOT) » ALT(GPT)_tF#+
g EBRK - RPB,MIKER (B,-microglobulin) EF
= NAG tF
m& REEBKIE NN
Hth Mo & i I N
Rapiacta® i B #£O{5 & 52
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Highlight of Adverse Events

Incidence of all adverse events for peramivir was comparable to that for
placebo. Adverse events were generally mild to moderate.

| Peamvir | Placebo _

300 mg QD 600 mg QD N=100
N=99 N=99

I No. (%) of patients with = 1 event 87 (87.9) 90 (90.9) 91 (91.0) I

Adverse events (= 6% in either group)
[ n (%) of patients ]

Monocyte % increased 20 (20.2) 18 (18.2) 31(31.0)
Blood glucose increased 18 (18.2) 17 (17.2) 18 (18.0)

| Diarrhea 14 (14.1) 15 (15.2) 17 (17.0) |
Lymphocyte % increased 14 (14.1) 14 (14.1) 5(5.0)

| Proteinuria present 9(9.1) 11 (11.1) 18(18.0) |
32 Microglobulin in urine increased 14 (14.1) 8(8.1) 11 (11.0)
Blood bilirubin increased 7(7.1) 8(8.1) 7(7.0)
Alanine aminotransferase increased 4 (4.0) 7(7.1) 8(8.0)
Aspartate aminotransferase increased 1(1.0) 7(7.1) 6 (6.0)
Nausea 3(3.0) 6 (6.1) 1(1.0)
-N-Acetyl-D-glucosaminidase 9(9.1) 5(5.1) 5(5.0)

Kohno S, et al. Antimicrob Agents Chemother. 2010;54(11):4568-74 53

53

Rapiacta®f R S (AE)E ) A B E(ADR)

Number of Patients (%)

Peramivir Peramivir Oseltamivir
300 mg (N=364) | 600 mg (N=364) | 75 mg ( 65)

170 (46.7) 174 (47.8) 178 (48.8)
B0 w0 %I
2ee  0E) 208
wan  es 260
neo  weH 1263
wes  sea 16w
N ¢ 2 se2) 20069
209 S8 156
51 (14.0)* 66 (18.1) 73 (20.0)
wey 265 1962
ses  uen 186
AN 205 709 166
AEs, adverse events; ADRs, adverse drug reactions; WBCs, white blood cells (*p=0.0382)

Data are shown only for AEs or ADRs that occurred at a frequency of 3% in any of the three groups

Kohno S, et al. Antimicrob Agents Chemother. 2011 Nov;55(11):5267-76 54
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Post-marketing evaluation - FAE2m A (82252 E) ADRs

* The most frequently reported ADRs were
diarrhea, vomiting, and nausea (1.87%,
0.68% and 0.85%).

*  No ADR was reported as serious.

* Of 78 ADRs, 47.4% (37 events) developed on
the day of administration, 29.5% (23 events)
on the following day, and 14.1% (11 events) at
2 days after administration.

» Apart from the one event whose outcome was
unknown, all ADRs resolved or improved
without after effects.

» Resolution was swift in most cases and noted
on the day of onset (12 events, 15.4%) or 1
day (33 events, 42.3%), 2 days (15 events,
19.2%), 3 days (2 events, 2.6%), or 4-7 days
after onset (13 events, 16.7%), i.e., mostly
within 7 days after onset (75 events, 96.2%).

Incidence rates of adverse drug reactions (ADRs )

Number of patients evaluated for safety
MNumber of patients with ADRs
Mumber of ADRs

1174
H—
78

[Inutl\'nu' of ADRs

4345

Type of ADRs

Metabolism and nutrition diserders
Decreased appetite

Psychiatric disorders
Abnormal dreams
Insomnia

Nervous system disorder
Dizziness
Headache

Respiratory, thoracic,
and mediastinal disorders
MNasal congestion

Gastrointestinal disorders
Abdominal discomfort

Incidence of ADRs [number (%)
3(0.26)
3(0.26)
B(0.51)
1(0.09)
5(043)

(0.34)
1(0.09)

1(0.09]

bdominal pain
Diarrhea
Nausea
Vomiting
Skin and subcutaneous tissue disorders 4(0.34)
Pruritus 2(017)
Rash 2{0a7)
Urticaria 20047
General disorders and 4(0.34)
administration site conditions
Asthenia 1{0.09)
Fatigue 1 (0.09)
Pyrexia 2(017)
Investigations 1 (0.09)
Lymphocyte count increased 1 (0.09)

Takuji Komeda, et al. J Infect Chemother 20 (2014) 689-695 55
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Baloxavir

(Xofluza®)
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Baloxavir marboxil (Xofluza) &% {R %%

- OMREIEL (20mg/tab) - EFERAEREIE

« R2018FHEHAKRERLEINEHFOE LR
1 Baloxavir - $¥8EiNHIR RS Cap &
BRI AT (Cap dependent
endonuclease) IR E1E A 52 8 2|

s BRERAKLZENU ERE
- BIfEABER - RO
« FFEIN8EE: CCr>30, Child A-BEFEHEL

£ - [RER  cHEAARYHER - EBRE
%I Em  SERR 22 BHET

=

- R EE -« RISy O B 7 (B - 55 -
40-80Kg | BRIRA 40mg (2 tab) % - 52 - L) PHR -

&
>80Kg | ERARF 80mg (4 tab)

HRUPHE
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Baloxavir inhibits the viral cycle at a very early stage
by blocking viral replication

Baloxavir is the first in this new antiviral class

Baloxavir blocks viral mRNA transcription by !
that inhibits the viral cycle at a very early stage

inhibiting cap-dependent endonuclease activity

Adhesion -go‘ 36'%_ Membrane

)? 20000 ;( fusion
20000 \ I3
= 20000 ~ o” 20006 Nucleus
@304 )Y % 20000
[} - »
% 000 0000 1D
8 -
Budding ‘AO:)oooo mRNA transcription
20006 o3
> [ Ty 20006
(4
P L e - 20000
«L o o000
_Aolas'c%_ 20000
)? 000G g( Protein
- 0 G synthesis Viral RNA replication
Release * 4
[ 47
8 Respiratory epithelial cell

Noshi T, et al. Antiviral Res. 2018 Dec;160:109-117. 58
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Baloxavir&{) &) HE45M 5 ERORER

FRYPORE

Mean (+ SD) Plasma Baloxavir Acid Concentration-Time Profile 49-91/]\FF!

WLl Median Tp.,.: 2.0 - 3.5 hours
Geometric mean: ty, ,: 49 - 91 hours

g

wome Well tolerated up
\‘\ﬁ\‘\‘ soms  to 80 mg dose

Plasma concentration
=

of baloxavir acid (ng/mL)
-

1
0 35 12 24 36 48 60 T2

Time {h)

T lime 1o plasma cor
1, ;: terminal elimination half-life

GXOFLUZJI' Koshimichi H., et al, Clin Drug Investip, 2018 Dec;38(12):1189-1196. 18
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Xofluzaft#iFI2 i R BAIMR KL EH
(CAPSTONE-1 Study)

Phase lll, randomised, double-blind study of baloxavir vs
placebo or oseltamivir in otherwise healthy adults and
adolescents with influenza

The NEW ENGLAND
JOURNAL o MEDICINE

ESTABLISHED IN 1812 SEPTEMBER 6, 2018 VOL. 379 NO. 10

Baloxavir Marboxil for Uncomplicated Influenza
in Adults and Adolescents

Frederick G. Hayden, M.D., Norio Sugaya, M.D., NubL o Hirotsu, M.D., Ph.D., Nelson Lee, M.D.
Menno D. d D., Ph.D., Aeron C )., Ph.D., Hisaku D

¥ a, M.D., Simon Port M.D., Kei chi, M.Sc., Tikd( Shishido, Ph.D.,
ai, M.Sc., Kenji Tsuchiy al D., and Akir atanabe, M.D

Hayden et al. N Engl J Med. 2018 Sep 6;379(10):913-923
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BaloxavirfF lE B R E K ERBFEEER

Oseltamivirt#
Baloxavir#kOseltamivirt# 3 {Z 5 Baloxavir{E F124/\I5 B BEER
BiF LIRS OseltamivirZ[Z{E100fS YR BE
Time to Cessation of Infectious Virus Detection: Baloxavir vs Oseltamivir!

Baloxavir vs Oseltamivirs
1 —@- Baloxavir (n=352)

- Baloxavir Oseltamivir —@- Oseltamivir (n=359)
£ 10 {n=351) (n=35T) 5

E Median, hrs 24.0 72.0 =

W08 0= -

B Difference, hrs -48.0 '-SD- %

= Y=}

£ o5

B &L

2 e

[ E -

£ 04 68

o =3

e &

= o

c 02 =

]

=

d = +

o

a 0 30 60 90 120 150 180 210 240 270 300 330 360 1 2 3 4 5 6 7 8 9

Time fram start of treatment (hours)

— Baloxavir (M=351) e Osaltamivir (n=357) + Censaor Baloxavir Oseltamivir

Median Reductions from
Baseline 1 day after trial regimen -4.8 -2.8
(1091, TCIDsy/ml)

61
Hayden et al. N Engl J Med. 2018 Sep 6;379(10):913-923
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Baloxavirie B 48 B i BN iE AR BB tE

Baloxavir#Placebo!R— XK 4E R fEAR

Baloxavir (n=455) Placebo (n=230)

Median (95% Cl), hours 93.7 80.2

(49.5, 58.5) (72.6, 87.1)
Difference (95% Cl), hours —26.5 (-35.8, -17.8)
P-value*® <0.001

Baloxavir#PlaceboR—KiE /&

Baloxavir Placebo p value

Median Time to Resolution of Fever* 24.5 hrs 42.0 hrs P <0.001

62
Hayden et al. N Engl J Med. 2018 Sep 6;379(10):913-923
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Xofluzat ¥ XA EEFERA

Multicenter, double-blind, randomized, placebo-controlled trial
2018-2019 season in Japan
374 in the baloxavir group and 375 in the placebo group

The NEW ENGLAND
JOURNAL o MEDICINE

ESTABLISHED IN 1812 JULY 23, 2020 VOL. 383 NO. 4

Baloxavir Marboxil for Prophylaxis against Influenza
in Household Contacts

Hideyuki Ikematsu, M.D., Frederick G. Hayden, M.D., Keiko Kawaguchi, M.S., Masahiro Kinoshita, M.Pharm.,
Menno D. de Jong, M.D., Nelson Lee, M.D., Satoru Takashima, M.S., Takeshi Noshi, M.S., Kenji Tsuchiya, M.S.,
and Takeki Uehara, Ph.D.

63
63
=k =
Xofluzatolig /M XA BRI S
S 100 25
g %0 20
E g0 |
:‘; 20 154 Placebo 13.6%
%] 104
£ 604
:g- 52— > Baloxavir marboxil 1.9%
s 404 0 t T T T T 1 T T T 1
& 10 0 1 2 3 4 5 6 7 8 9 10
Ep 20 Placebo Adjusted risk ratio, 0.14
5 104 _ _ 95% confidence interval
| N R e R L.} (0.06 to 0.30; P<0.001)

0 1 2 3 4 5 6 7 8 9 10
Days since Start of Treatment

Ilkematsu H, Hayden FG, Kawaguchi K, Kinoshita M, de Jong MD, Lee N, Takashima S, Noshi T, Tsuchiya
K, Uehara T. Baloxavir Marboxil for Prophylaxis against Influenza in Household Contacts. N Engl J Med. 64
2020 Jul 23;383(4):309-320
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1. Hayden et al. N Engl J Med. 2018 Sep 6;379(10):913-923

2. Ison MG et al. Lancet Infect Dis. 2020 Oct;20(10):1204-1214.

3. lkematsu H, et al. N Engl J Med. 2020 doi: 10.1056/NEJMoa1915341.
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Combination therapy in

severe Influenza
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Influenza A-associated severe pneumonia in hospitalized patients:

Risk factors and NAI treatments

- Variables Oseltamivir Peramivir Oseltamivir P values
' (n=122) (n=40) + Peramivir
(n=29)
05 Oseltamivir 300mg/d .
Demographics
. Age ] 67 (46.3- ]
E osl ~ 64 (48.8-77) 72.8) 66 (57-73) 839
) 1,
z e Male (%) sLi664)  s2(800)  18(621) .19
g; 041 Oseltamivir 150mg/d :f;)morb'd'ty 84 (68.9) 26 (65.0) 18 (62.1) 748
2 (]
B Oseltamivir
02 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
b 100 200 300 00 00 60 Outcomes
Time after admission. d 60-day
mortality, n (%) 49 (40.2) 15 (37.5) 9(31.0) .658
Int J Infect Dis. 2020 Mar;92:208-213 67
67

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.
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Combining baloxavir marboxil with standard-of-care
neuraminidase inhibitor in patients hospitalised with severe
influenza (FLAGSTONE): a randomised, parallel-group,
double-blind, placebo-controlled, superiority trial

Deepali Kumar, Michael G Ison, Jean-Paul Mira, Tobias Welte, Jick Hwan Ha, David S Hui, Nanshan Zhong, Takefumi Saito, Laurie Katugampola,
Neil Collinson, Sarah Williams, Steffen Wildum, Andrew Ackrill, Barry Clinch, Nelson Lee

Lancet Infect dis.

2022 May;22(5):718-730. doi: 10.1016/S1473-3099(21)00469-2. Epub 2022 Jan 24.

Double blind RCT, 124 centres across 25 countries, Jan 8, 2019 ~March 16, 2020

Patients aged 12 years or older, hospitalization
National Early Warning Score 2 >4

Baloxivir + NAls (208) VS. Placebo + NAls (114)
Aim: Median time to clinical improvement

Combining baloxavir with NAls did not result in superior clinical outcomes compared

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

100 i : :
without early corticosteroid treatment

with early cortic

Probability of survival (%)
32

20 Log-rank p < 0.001

T T T T T T

0 2 4 6

T T T T T T T T T T
& 10 12 14 16 18 20 22 24 26 28 3
Day
No. at risk
MoearyCS 156 152 151 149 149 147 140 135 124 116 110 102 97 88 76 68
EarlyC5 85 83 79 77 75 74 72 65 60 51 43 40 36 34 32 3N

@

* Taiwan, 241 patients, October 2015 -
March 2016, 8 centers

* Early corticosteroid treatment was
associated with a significantly
increased hospital mortality in adult
patients with influenza-associated
ARDS.

M!J Tsai. et al. Ann Intensive Care. 2020 Feb 27;{8(1):26.
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Use of corticosteroids in influenza-associated acute respiratory
distress syndrome and severe pneumonia: a systemic review and
meta-analysis

Odds Ratio
IV, Rand 95% Cl

= : * The meta-analysis results showed that
:_~: corticosteroid therapy was associated with
T e significantly higher mortality (OR 1.53, 95% Cl
I— [1.16, 2.01]) and incidence of nosocomial infection
(OR 3.15, 95% CI [1.54, 6.45])

-

* Current data do not support the routine use of
corticosteroids in patients with influenza severe
pneumonia or ARDS.

. QHH

0.01 0.1 _ 10 100
Favours [CS] Favours [no-CS] Sci Rep 10, 3044 (2020{‘1
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COVID-19 and Influenza
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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°

73

COVID-19 and Influenza co-infection

Unweighted Weighted * UK, Feb 6, 2020 to Dec 8, 2021

OR (95% Cl) p value OR (95% C1) pvalue . SARS-COV-Z, 6965 patients
Invasive mechanical ventilation . . . . .
Adenovirie 122 (072-199) 04 064(018-168) 042 * Co-infection with influenza, 227 patients
Influenza virus 1.68 (1-14-2-45) 0-0073 414 (2-00-8-49) 0-0001 (32%)
Respiratory syncytial  1-05 (0-68-1-59) 082 078(015270) 073 * More in-hospital mortality, and invasive

virus

mechanical ventilation in co-infection

In-hospital mortalit ithi
n-hospital mortality with influenza

Adenovirus 1-60 (1-03-2-44) 0033 153 (067-333) 029
Influenza virus 1-49(1-04-2-12) 0027 2-35(1.07-5-12) 0-031
Respiratory syncytial 1-20 (0-84-1-72) 031 0-60 (0-69-2-10) 0-47

Virus

Model is adjusted for the following confounders: age, sex, number of comorbidities, treatment with
corticosteroids, days since the start of the pandemic, co-infection, and 4C Mortality Score. OR=o0dds ratio.

Table: Multivariable model of the effect of co-infection compared with SARS-CoV-2 monoinfection
Swets MC, Russell CD, Harrison EM, et al. SARS-CoV-2 co-infection with

influenza viruses, respiratory syncytial virus, or adenoviruses. Lancet.
2022 Apr 16;399(10334):1463-1464. 7
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Summary

* Early antiviral agent can shorten the course of influenza and reduce
complication

* Baloxavir can accelerate influenza viral shedding, and alleviate fever
and symptoms faster than Oseltamivir

* The benefit of antiviral agent combination therapy is controversial in
Influenza A-associated severe pneumonia

* The routine use of steroid in influenza-associated acute respiratory
distress syndrome and severe pneumonia is not recommended

* The co-infection of influenza and COVID-19 virus lead to more in-
hospital mortality and invasive mechanical ventilation
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Table 1. Estimated Decline in Influenza Vaccine Effectiveness per Month Postvaccination Among Adults Enrolled in the United States Hospitalized|
Clinical Infectious Diseases Influenza Vaccination Network (HAIVEN), 20152016 Through 2018-2019
BRIEF REPORT Influenza Influenza Seasons No. of Estimated VE Decline per Month, Absolute % P
Type/Subtype Included Cases/Controls (95% C1) value”
X ) . Influenza A(H3N2)”
Waning Vaccine Effectiveness
Against Influenza- Associated Aged=z18y 2016-2017,2017-2018 754/2262 7.5(.3-16.3) 05
Hospitalizations Among Adults, Aged 265y 2016-2017, 2017-2018 395/1185 10.8(2.6-23.8) 02
2015-2016 to 2018-2019, United States | | .o
Hospitalized Adult Influenza Vaccine A(HINL)pdmos®
Effectiveness Network Aged 218y 2015-2016, 2018-2019 373/1119 8.5(3.0-17.0) 003
Aged 265y 2015-2016, 2018-2019 132/396 9.6(-3.3t032.7) 14
Influenza B,‘Vamagatah
Aged =18y 2016-2017,2017-2018 265/795 8.0(14-21.9) 02
Aged 265 y 2016-2017,2017-2018 1347402 10.8 (1.4-33.9) 03
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Flu vaccination with 26% reduction in odds of ICU admission among
(] 1
dUUITS
Source Age (yr) Season OR (95% CI)
Arriola (2017) 18-49 2013-14:H1  0.63 (0.42, 0.93) o |
Arriola (2017) 50-64 2013-14:H1  1.05 (0.80, 1.37)
Arriola (2017) 65+ 2013-14:H1  0.63 (0.48, 0.81) ;-
Casado (2018) 65+ 2013-15: H1/H3  0.34 (0.20, 0.58) —
Joshi (2015) 18+ 2013-14: H1/H3 2.89 (0.97, 8.60) =
Loubet (2016) 18+  2012-15:H1/H3/B 0.50 (0.28, 0.90) oom
Martinez (2019) 18+ 2010-16:H1  0.68 (0.42, 1.10) —u—
Martinez (2019) 18+ 2010-16:H3  0.67 (0.41, 1.10)  E
Martinez (2019) 18+ 2010-16: B 0.57 (0.30, 1.08) ]
Segaloff (2018) 18+ 2014-15; H1/H3  1.00 (0.30, 3.10) -
Taylor (2018) 16+ 2006-09: A/B  1.49 (0.68, 3.33) =
Taylor (2018) 16+ 2009-10: H1  0.74 (0.50, 1.09) — 53—
Taylor (2016) 16+ 2010-12: A/B  1.59 (0.82, 3.03) R S
Thompson (2018) 18+  2012-15: H1/H3/B 0.41 (0.18, 0.96) — -
Total -
Heterogeneity: %2, = 35.82 (P < .001), I* = 64% ] ! ; !
Owerall OR= 0.74 (0.58, 0.93) 0.2 0.5 1 2 5
Odds Ratio (95% CI)

11

Vaccinated patients had 31% reduced risk of death compared with unvaccinated
patients
Source Age (yr) Season OR (95% CI)
Arriola (2017) 18-49 2013-14:H1  0.21(0.05,0.97) —=—+
Arricla (2017) 50-64 2013-14:H1  0.48 {0.24, 0.97) — ]
Avrricla (2017) 65+ 2013-14:H1  0.39 (0.17, 0.66) —-—
Casado (2016) 65+ 2013-14: HI/H3 0.56 (0.29, 1.06) ]
Gutierrez-Pizarraya (2012) 14+ 2010-11: H1 0.21 (0.03, 1.70)
Gutierrez-Pizarraya (2012) 14+ 2010-11: B 0.80 {0.70, 0.90) =
Martinez (2019) 18+ 2010-16: H1  1.02 (0.58, 1.79) —f
Martinez (2019) 18+ 2010-16: H3  1.09 {0.61, 1.96) -
Martinez (2019) 18+ 2010-16: B 1.25 (0.54, 2.90) — -
Suzuki (2018) B85+  2012-14: H1/H3/B 0.42 {0.07, 2.48)
Total <>
Heterogeneity: 32 = 15.45 (P = .08), I* = 42% ) ! J !
Overall OR= 0.69 (0.52, 0.92) 0.1 05 1 2 10
Odds Ratio (95% CI)
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Effectiveness of Influenza Vaccine Against
Life-threatening RT-PCR-confirmed Influenza
Illness in US Children, 2010-2012

Jill M. Ferdinands,"? Lauren E. W. Olsho,® Anna A. Agan,’ Niranjan Bhat,® Ryan M. Sullivan,® Mark Hall,®

Peter M. Mourani,” Mark Thompson,' and Adrienne G. Randolph® on behalf of the Pediatric Acute Lung Injury and
Sepsis Investigators (PALISI) Network

'Influenza Division, US Centers for Disease Control and Prevention, and ?Battelle Memorial Institute, Atlanta, Georgia; 3Abt Associates, Inc., Cambridge, and
“Department of Anesthesia, Perioperative and Pain Medicine (Critical Care), Boston Children’s Hospital, Massachusetts; "Johns Hopkins Bloomberg School of
Public Health, Baltimore, Maryland: ®Division of Critical Care Medicine, Nationwide Children’s Hospital, Columbus, Ohio and “Section of Critical Care
Medicine, Department of Pediatrics, University of Colorado School of Medicine and Children’s Hospital Colorado, Aurora

(See the editorial commentary by Peters and Poehling on pages 671-3.)

Flu vaccination reduced children’s risk of flu-related pediatric intensive care unit (PICU)
admission by 74 percent during flu seasons from 2010-2012.

13

Clinical Infectious Diseases
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Influenza Vaccine Effectiveness in Preventing Influenza-
associated Hospitalizations During Pregnancy: A Multi-
country Retrospective Test Negative Design Study,
2010-2016

Mark 6. Thompson,” Jeffrey €. Kwong,****® Annette K. Regan,™ Mark A Katz,»"™"' Steven J. Drews,"""™ Eduardo Azziz-Baumgartner,'
Micola P. Klein," Hannah Chung,” Paul V. Efler," Becca S. F * Kimberley Si de,"'" Brandy E. Wyant,” Fatimah S. Dawood,”
Michael L. Jackson," Deshayne B. Fell,”™*" Avram Levy,” Noam Barda,” La W. S TENE Rab V. Fink,"™

Sarah W. Ball."™ and Allison Naleway™: for the PREVENT Workgroup®

"Inflenca Division, Centars for Disease Control and Prevention, Atlanta, Georgia; “institute for Clinical Evaluative Sciences, Pubiic Health Ontarin, “Department of Family and Cammunity Medicine:
and *Dalla Lana School of Putific Health, University of Toromo, and “University Ha; N!NA‘:JK_ Ta‘unn: Oneario, Canada; 'School of Public Haalth, Cuntin University, Perth, and "Westarmers Canre of
‘iaccines and Infectious Diseases, Telethon Kids Institute, Subiaco, Western Austi i Prwymician’s Offica, Clalit Health Sarvices, D:Ill Aasazech Instinne, Tel fwi; and ™Sohool of Public
Haaiith, Medical S.J'DCA 0' InlEm:LlorqI I—E‘I'ﬂ 8an Eiunor l.erlSI\' Bershena, Ntnlgan Sclmnlol PLDIILI—ea‘.n Ann Arbor; Llnlnﬂsn- of Afharts, and “Pa nﬂ.ah Alberta,

t Associates. Cambricge. Massachusstts: “Kaiser Parmanente Washington Health
Public Haalth, Liniversity of Ottawa, and 's Hospital of Eastem Ontaria Aessarch Institute, Dttawa, Canada; ~Deparsment
af Micsobialogy, CIEN Wechcal Cerire, Patbiiest Lscratory Wedein, Nedlands, Wstorm Astralia, Aastalia. “Division of Preventve Medicins ard *“Schal af Public Health, University of Alberia,
Edmanon, and “Depanment of Comemunity Heafth Sciances, University of Calgary, Albena, Canada; and *Cantar for Health Research, Kaiser Permanants Morhwest, Porand, Qregan

jary. and "Abarta Hastth, Edmanton, Canad

(See the Editorial Commentary by Munoz on pages 1454-5.)

Getting a flu shot reduced a pregnant person’s risk of being hospitalized
with flu by an average of 40 percent from 2010-2016

14
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US CDC(MMWR)-
Influenza(Flu) Coverage by
Population * Influenza and COVID-19

£ = 79.9% 75.9% 80.7% Vaccination Coverage Among Health
Care Personnel — United States,
2021-22
UKHSA-Seasonal influenza vaccine
o
( 49”9 /Od ‘ uptake in frontline healthcare workers
- (cumulative data HCWs) in England (Final data for 1
+: ] from 1 September 60.5% 76.8% 74.3% (Septem)ber 2031 to 2(8
2022 to 28 February 2022)
February 2023)
= i ) o o o BERISBERERNZEZE
=% 70.1% 70.2% 79.2% 775%  sopacsmre)
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* A/Victoria/4897/2022 (H1N1)pdmO09-
like virus

*  A/Darwin/9/2021(H3N2)-like virus

* B/Austria/1359417/2021
(B/Victoria lineage)-like virus

* B/Phuket/3073/2013 (B/Yamagata
lineage)-like virus

> HREEREAER

*  A/Wisconsin/67/2022 (H1N1)pdmO09-like
virus

* A/Darwin/6/2021(H3N2)-like virus

* B/Austria/1359417/2021
(B/Victoria lineage)-like virus

* B/Phuket/3073/2013 (B/Yamagata
lineage)-like virus
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B m% Flucelvax

R b4 Seqjirus/ 55%¥

| & 0.5 mL BR;E 5 0.5 mL BEZRE5

pu el 0.5 mL FEFTIEE 0.5 mL FEFTIEEE

5 mL ZHEIE (US only) 5 mL ZE|E (US only)

EEL AP 5 AN PS5

EEAER M= MDCK

WHOZ Z Al iR ik Egg-based strain Cell-based strain

HAZ=E SRR E15 ug HA BARIfEE15 ug HA
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& SRl EREEE
BERFERTERY Flucelvax Quad . . HpiEE
ERAT R S FEIEIP 0.5mL 86854,630% (cell-based)

1 D REEREZHERASE 127 BXASASEHRASEE
2 BEPRRMARBEEE ; 820X BA08T RO EER3EU TR
27

EERRERNT

Bl

BeRRRMERE RERRMEREER | REEMREREE  RER2ERHER

b MR BERE - H5%)  SRREERY
g  BETRESEDN
B%{Eif;f‘éfi BRTELE - HE e ‘
uu@irlﬂﬂu i

28



MERERZEINS ?

MREEEZIE MEEEE RAEIER

~BUF SRR B G R S T FETB1£10-50% 0J A5 B AT BT EBAL &
BERANTEREYEEES B 7~ ALNE

SRME - HEHEZEER/ & 1% HIERE EEESEME E

O Z2\EE o T .
e BENRENS S MHBEHKE
FHEENEEARSMH Guillain-BarréfE 1R 2% (GBS) B4 R7E

R R BRI 21T
B R R — A
EREIER - —RBEEL2 K

REC

29

. — 4 2
Centers for Disease Control and Prevention \t W y?-t i u%
MMWR REEERZIE 7

Morbidity and Mortality Weekly Report

Recommendations and Reports / Vol 65/ No. 5

I e v EEEMNEEZEENERN D  RE SO FRAEHREER
Recommendations of the Advisory B B 3y 3 S i = MK 3
Practices — United States, 20 IHIESEMER - EHEREER - flF - PHRESER - BEX—3
Pty i B A R
vaccinations in children aged 6-23 months) enrcll S ’ as 1o 2= ) TV o5& RS ) K 5
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—23 months during 19912003, 1TV 3 was not ass PN — o q qu, o —ts S

i i————— ©  H AR AT AR R R EE R A BB T HVER)EE

medically attended events other than gastriris/d WJ:E% E’\J gzﬂ
I/ =

during the 2 weeks after vaccination compared wit
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Although there was a temporal relationship with vad
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the vaccine did not necessarily cause or prevent thesed
(278). A subsequent V.
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& 7% (Vaccine hesitancy)
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Report of the SAGE working group on vaccine hesitancy (WHO, 2014)
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https://pharmaceutical-journal.com/article/Id/how-to-address-vaccine-hesitancy
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Ref: Global Public Health 2018 ; Lancet 2020; 396: 898—-908
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