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Recorded human pandemic influenza
(early sub-types inferred)
H2N2

H2N2 |'|
n H1IN1 HI1IN1

nup s

H3NS8 H3N2 H1N1
1 ¥ > N>, ! I
895 1QQ 1915 1925 1955 1965 1975 1985 1995 2005 2010 2015

._ 2009
Russian Old Hong Yy Spanish ' Hong Kong Novel

influenza J Kong influenza influenza influenza influenza influenza
H2N2 H3N8 H1N1 H2N2 H3N2 HiN1

Recorded new avian influenzas
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Year

1918

1957

1968

2009

Subtype

HIN1

H2N2

H3N2

HIN1

7AN

1T (Influenza Pandemics)

Estimate Origin of gene

Death

i A A A A 4 4 A
wis 4 4 4 b B R4
Sala B A ST SN BEAE B B
w185 W Vi T P | N | N | N

Reid et al 2004, SOIA Novel et al 2009, Taubenberger et al 2005, Zimmer and Burke, 2009
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s KT ZEWH® WHO Pandemic phases
mEIAYABA
- NEHIIIRBETERET]
' Pandemic phase
j(l}ll 2@%*& Alert phase j Transition phase

_ N Interpandemic phase Interpandemic phase
KRB EIEM MGRBREREFE - { RISK ASSESSMENT )
Severity of pandemic PSAF

Preparedness Response Recovery
N — . . . Pandemic Severity Assessment Framework for the initial assessment
1918 FHE IRk | Very high severity (very severe to extreme pandemic) _ of the potential impact of an influenza pandemic
High T

Ilmll
v

|
1957 or it EL High severity (severe pandemic) _ ;:“ B | i
1968 E 7 Moderate to high severity (moderate to severe f—’ Woderate -_____+ _________
a8 pandemic) : 5 |
B A | <
: |

Scaled measure of clinical severity
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Caused
4 AN by viruses
W P
Symptoms a Symptoms i ¥ # &
are mild 73 % LA 7Y are severe
- Stuffy nose, coughing _
Ca;;stgs mild and sore throat Muscle or body 3% & il 5§
atigue ». aches throughout
the body
i® B8 'E Onsetis gradual Respiratory Onsetis sudden * 7 23 '&
infection
Felt mainly in the PEERE T Invol\{es fever,
hoad and hose exhaustion, loss of
appetite __ A n
o s B W R m%
N THE UNIVERSITY OF

ALABAMA AT BIRMINGHAM
K ledge that will change your world

The University of Alabama
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FEVES headache

2% stuffy nose

FTIE % sneezing

{EBEfs sore throat

Z1§i / i) cough/chest
Ks23pg  discomfort
e fever
A E2%% aches/pains
‘2 fatigue
E55 extreme

exhaustion

Ea1 5775 K iE A BY EC B

Cold
Severity of Symptoms
[ .

Occasional

4 ] ] |m=

Common

= EH = E e
Usual

L 1 1 1 Imm

Common

BB 1]

Mild o moderate

__J N | ..

Sometimes mild

i1
Stight
I
Sometumes

NE3 N e
Never

Flu

Severity of Symptoms

]

Common

B IC 101

Sometimes

B IC 10

Somuimes

BN LI ]

Sometumes

Common, can be severe

) 4] ==

Usual, often higher than 100F

Usual, often seve

Usual, can last 2-3 weeks

[ BN B [ B
Usual
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- 38.8 (102 }—
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= 28.3 (101 — @
= =
S  37.7 (100) — S
= —
= =
E 37.2 (99) |— S
© 3566 (98) L 4
Days after onset of illnesses 0O 1 2 3 4 5 (5% 7 a2
C i

ory=a ST RS RN NN NN INENNCN NN Thn e
Sore throat

o

M lqgi

yargra N~
Headache
C g

oug R N
Anorexia

NN NN e T
e —_—— A . S

Wirus shed (log,, TCIDg,) 30 a5 5 0 a5 30 1.0

per mlbL of blood ) . . . . .
Serum antibody (HI) titer <] e =

*——Coryza is an acute inflammatory condition of the nasal mucous membranes with a profuse discharge

from the nose. -
T—Serum antibody titer was 64 at day 27. Am Fam ’0/7)/5/5/5/7' 2003;67(1):111-118
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B (Avian influenza)
 FEFSHMERITIARR - 7AEKREEEERRNE
« BRREANLE  FESEEA - HSN1oJsEEHEBREABARNBEE S
- NSRRAHIZHIRNBREIRRER  HXEESEEBE
*& e (Swine influenza)
IKE%%EFEUIL’T?E/J/JIL
« BER/DKBAEAEE - B2009FHINIFE R A B ER EZH
% BT
K17 E (Pandemic influenza)

- BB FTEMEESE - ABERE ] - HOABA  EXEIKE
FRMTT - WEREAE T RRITRE

- EVARYFEL(Novel Influenza A Virus Infections)
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Selected comparisons between influenza virus and SARS-CoV-2

Parameter Influenza virus SARS-CoV-2

Receptor usage Hjd Sialic acid ACE2

Viral surface protein Haemagglutinin processing Spike protein processing by host proteases, including

processing FEEH by trypsin-like proteases TMPRSS2, cathepsin L and furin, neuropilin 1

Cellular tropism Respiratory epithelial cells: Respiratory epithelial cells: type Il alveolar epithelial
types | and Il alveolar epithelial cells, ciliated cells and secretory cells; sustentacular
cells; ciliated cells and horizontal basal cells of the olfactory epithelium

Intestinal epithelial cells; endothelial cells;
renal parenchymal cells

Tissues affected and Upper respiratory tract; lower Upper respiratory tract; lower respiratory tract;
pathology respiratory tract (severe cases) intestinal tract; cardiovascular orendothelial system;
S/ 4822 =40 4 kidneys; nervous system

Viral recognitionin TLR3; RIG-I; ZBP1 TLR3; RIG-I; MDAS

airway epithelial cells

Site of viral replication Nuclear Cytoplasmic

Viral evasion of initial N51; PB2: PB1-F2 NSP1; ORF6; NSP13; others? (extrapolated from other
host response coronaviruses)

Extrapulmonary Limited; cardiac: myocarditis (rare); Extensive; olfactory: anosmia; endothelial: thrombosis;
complications neurological: encephalitis (rare) neurological: stroke, encephalitis, neuropsychiatric;

= H R EHEEE gastrointestinal: nausea, vomiting, diarrhoea

Viral evolutionfig & ;@ {E Antigenic shift; antigenic drift Antigenic drift?

and antigenicity

Prior immunity Previous infection; vaccination; No specific SARS-CoV-2 immunity prior to late 2019-2020;
G subtype specificity protective immunity from other human coronaviruses

unclear:; vaccination started December 2020

Flerlage T. Nature Reviews Microbiology 2021;19:425-441
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Distinct airway epithelial immune responses after infection with SARS-CoV-2 compared to HIN1

e Children are less likely than adults to suffer severe symptoms when infected with severe
SARS-CoV-2, while influenza A HIN1 severit?( is comparable across ages except for the
very young or elderly. Airway epithelial cells play a vital role in the early defence against
viruses via their barrier and immune functions. We investigated viral replication and
immune responses in SARS-CoV-2-infected bronchial epithelial cells from healthy
paediatric (n = 6; 2.5~5.6 years old) and adult (n = 4; 47~63 years old) subjects and
compared cellular responses following infection with SARS-CoV-2 or Influenza A HIN1.

* While infection with either virus triggered robust transcriptional interferon responses,
including induction of type | (IFNB1) and type Il (IFNL1) interferons, markedly lower
levels of interferons & inflammatory proteins (IL-6, IL-8) were released following SARS-
CoV-2 compared to HIN1 infection. Only H1IN1 infection caused disruption of the
epithelial layer. Interestingly, HIN1 infection resulted in sustained upregulation of SARS-
CoV-2 entry factors FURIN and NRP1. We did not find any differences in the epithelial
response to SARS-CoV-2 infection between paediatric and adult cells. Overall, SARS-CoV-
2 had diminished potential to replicate, affect morphology and evoke immune
responses in bronchial epithelial cells compared to HIN1.

Stoélting H. Mucosal Immunology 2022;15:952-963



NA
Neuraminidase
Tetramer

HA
Haemagglutinin
Most antigenic
Trimer

O

@

M1

Matrix protein 1
Interacts with ribonucleoprotein,
glycoprotein

lon channel
Tetramer

PB1
Endonuclease, elongation
RNA polymerase subunit (Basic)

PB2
@ Caprecognition
RNA polymerase (Basic)

PA
& RNA polymerase (Acidic)

{
o> NP
Nucleoprotein
P lan M. Mackay, PhD

m RNA binding, RNA synthesis Each coloured RNA segment S s e L
represents RNA enclosed by NP. Colours indicate parental virus donor Last modified: 10JUL2018
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https://figshare.com/articles/Influenza virus/6817112
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Influenza Virus'3

vA-B-C D&
vARGRImRELIMERANEREREEAR
(HINI, H3N2, H2N27?)
vBESRRAE—M;EE - B2 AR
(fnR1E) :

A/California/07/2009 (H1N1)

1. Victoria lineage (42 722 #%) it oorimic ot oot s

Geographic  Strain
type origin number isolation subtype

2. Yamagata lineage (LLFZ1%)
Type A TypeB TypeC TypeD

v

2k KR 1T (pandemic influenza)
&84 71T (epidemic influenza)
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Ecology of influenza viruses

Influenza A virus

Wild birds

H1-H4

Aquatic H7
mammals  H10

H1 ?
H13
Bats
?
H17N10
H18N11
H5,H7
H9,H10
H3Ng
H7N7
H5N1
H5N1
H3NZ2
H3N8
HIMN1, H3NZ
H5MN1, HONZ2
H10N4

‘mh

Influenza B virus Other influenza viruses

Humans

HIN1 H3N2
(HZN2)

Influenza C virus Experimental animals

H1, H3

H5, H6, H7
H9, H10

H1N1/2
H2N3 H3N2

Influenza D virus

Domestic and wild animals

H1N1
H3NzZ
H5N1

Long JS. Nature Reviews Microbiol

2019;17:67~81
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Impact and challenaes of the flu virus

Haemagglutinin (HA)
Promotes binding and entry
into the host cell.

Neuraminidase (NA)
Allows budding and release

ANTIGENIC DRIFT

Genetic mutations in type A viruses can
result in minor changes to the surface
proteins, called antigenic drift, which
makes protection from previous
exposure to similar viruses incomplete.

Eight RNA s

strands each Type B

contain one or viruses also

two genes that unc!ergc?

encode for a The M2 protein antigenic

viral protein. functions asa drift,butto a
proton channel lesser extent
and is essential to than type A
viral replication. viruses.

of the virus from the host cell.

IMPACT OF FLU

The World Health Organization
estimates that flu causes about

d-OMILLION

cases of severeillness, and about

200K-500K

deaths annually worldwide.
3 J

v
6-10%

ATTACK RATE

Influenza has
an annual
attack rate of
about 5-10%
in adults and
20-30%

in children.

20-30%

The Pharmaceutical Journal 29 OCT 2015
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2009-2010 H1N1 Pandemic

»H1N1

FEE RS
(1976~2003)

1968~1969 H3N2 Pandemic
1957~1958 H2N2 Pandemic

1918 H1N1 Pandemic

1

[0 <65 year-old

0% 20% 40% 60% 80% 100%
[0 >65 year-old

2011 Jan 1:52 Suppl 1:544-9
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Number of Outbreaks by Setting— Talwan, 2022

Schodls N
BR

Long-term

care facilities
R

Hospitals m 19
2= b
Military bases [ 4
=214
Travel agencies [ 4
& 1T E] BIEHE XE EEREEKRE RZEREPO
Others™ B @

0| 50 | 100 | 150 | 200 | 250 |

Number of outbreaks
*QOther settings including household, workplace, restaurants, correctional facilities and unknown.

Note: COVID-19 outbreaks were not included in the analysis.

Taiwan CDC Annual Report 2022
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Influenza virus testing methods

Method Typesdetected Acceptable specimens Test time CLIA
waived

Viral cell culture (conventional) A and B? NP swab, throat swab, NP or bronchial wash, 3-10d No
nasal or endotracheal aspirate, sputum

Rapid cell culture (shell vials; A and B? As above 1-3d No

cell mixtures)

Immunofluorescence, direct A and B? NP swab or wash, bronchial wash, nasal or 1-4 h No

(DFA) or indirect (IFA) antibody endotracheal aspirate

staining

RT-PCRP (singleplex and A and B? NP swab, throat swab, NP or bronchial wash, Varied No¢

nultiplex; real-time and other nasal or endotracheal aspirate, sputum (generally

RNA-based) and other 1-6 h)

molecular assays

Rapid influenza diagnostic tests Aand B NP swab (throat swab), nasal wash, nasal aspirate <30 min Yes/No

Abbreviations: CLIA, Clinical Laboratory Improved Amendments; DFA, direct immunofluorescence assay; IFA, indirect immunofluorescence assay; NP nasopharyngeal;

RT-PCR, reverse transcriptase polymerase chain reaction.

aMay be adapted for identification of specific subtypes.

®Including FDA-approved test systems, reference lahoratory testing using analyte-specific reagents or laboratory-developed reagents.

¢Random-access, single-cartridge tests may be moderately complex.

I Immunochromatographic lateral flow and membrane-based immunoassays.

From Centers for Disease Control and Prevention® and Leland DS, et al.*® Chaves SS. August 01, 2013
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Advantages & disadvantages of influenza diagnostic tests

Diagnostic  Description
assay

Virus culture  Virus detected by the
appearance of cytopathic
effect, HA assay or direct
fluorescence antibody staining

RT-PCR Primers to conserved genes can
be used in combination with
those for HA

Rapid Immunoassay detection of the

antigentest  presence of viralantigenin the
sample

Rapid Based onisothermal nucleic

molecular  acid amplification; requires

assay simple heat source and
fluorescence detection

Advantages

* High specificity (>95%)>’
* Enables characterization of novel viruses

* Enables surveillance of antiviral sensitivity and antigenic drift

* High specificity ( >99%)"*°

* High sensitivity (>99%)"”

* Can be multiplexed”®

* Can be automated in relatively high throughput
* Moderately fast (hours)

* Can be used to simultaneously type and subtype viruses*”

* Fast (15 min)

* Low cost

* Point of care

* Candetect both influenza A and influenza B

» Fast (15 min)

* High specificity ( >99%)**

* Good sensitivity (66-100%)"
* Point of care

HA, haemagglutinin; RT-PCR, reverse transcription PCR.

Disadvantages

* Slow (>3 days)

* Requires specialized skills and
equipment

* Lower sensitivity than RT-PCR

* Expensive

* More prone to false positive results
(by nucleic acid contamination) than
virus culture”™

* Low sensitivity (70-50%)"***

* Prone to false negative results
(96% negative predictive value)

* Cannot provide subtype information

41

Expensive

Krammer F. Nature Reviews Disease Primers 2018;4:3
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Recommended dosing of oseltamivir & zanamivir for the treatment / Prophylaxis of influenza

|-13years
Treatment O-Tmonths ~ T-Jmonths  3-I2months  <ISkg 15-23kg 23-40kg >40kg  Adults (13years and over)

Oseltamivir orally Img/kg/dose  25mg/kg/dose  3mg/kg/dose mg  45mg  60mg  TSmg  75mgtwice daily
(ireatment course = 5 days) twicedally ~ twice doily twice daily ~twice daily twice daily twice dally twice daiy

Lanamivir inhaled Not licensed for children <5 years Chidren >5 years 10 mg twice daily |0 mg twice daily
(ireatment course = 5 days)

|~13years
Treafment O-Tmonths ~ T-3months  3-I2months <ISkg 15-23ky 23-d0kg >A0kg  Aduls (13years ond over)

Qseltamivr oall Img/kg/dose  25my/ko/dose Img/kg/dose 0mg  4Smg  G0mg  TSmg  7Smgonce daiy

(prophyloxis course = 10days) oncedaly ~~ onceduly ~ oncedaly  once duly once duly once daily ~ once daiy

Tonamivi inhole Not license for chldren <Syears (hidven >5years 10mg once day 10mg once daily
(prophylaxis course = 10 days)

British J Hospital Medicine 2013;74(10):C157~
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Receptor /
containing

sialic acid . .
Neuraminidase Zanamivir

inhibitors

Oseltamivir
Amantadine Peramivir
Rima ntad | ne Adamantanamine
derivatives
Endocytosis
and fusion
RNA polymerase Favi piravir

inhibitors

. . . IMP dehydrogenase
Ribavirin inhibitors

De Clercq E. Nat Rev Drug Discov. 2006.



Mechanism of Neuraminidase Inhibitor

A“; -‘ |

-

Neuraminidase activity

/—Buddmg virus

Neuraminidase cleaves receptor

Hemagglutinin

: 4l 7,
‘\;.‘/

S = Release of
Receptor | s =
containing — new virions
sialic acid S

4 u‘}.‘;“:-e»"_:"i o' b
IZT 0 Y Neuraminidase

Neuraminidase inhibitor

. BT TR

( *° Neuraminidase

— inhibit
Receptor o€ & i 'j;"'s
containing ——S& n\ o
sialic acid \ 7 \ J et W idtted
\\‘ (k e ~ " release” " }'-.rep‘l’i::tlion‘
Ce" 4 O \' o3
membrane / 7ot

N Engl J Med 2005;353:1363-73.



Sofim e b e —— *M2 protein inhibitor
7}&@2}%%% - Amantadine / Rimantadine
oA L - RInZEMEERE - HAI EHEAROEMRER
Zh% * Fin#ZMlEERE - BaieAHE
_Rtl:@ *E*E — +Neuraminidase inhibitor
« Oseltamivir / Zanamivir / Peramivir
- HBERRENASEINER
. %ﬁﬁﬂ%ﬂﬁ%%@%ﬂﬂ%@ﬂ% - HIEERER 2 AEEERBEEABEA
- OJFARNETR ~ BESIEAN © ABFRIRAE
— RNA polymerase inhibitor
« Favipiravir ( Avigan )
- T RNA BENEREE - IIFIEAREANEESERERDIPILEE

P>
i

T
 BROARGRREABEN (RRRUAREASRDRALLNT
9153 )

« BES HARZERT
Polymerase Acidic Endonuclease inhibitor

 Baloxavir marboxil ( Xofluza® )

- TERRARR S ERBRE P2 FERICap-snatching mechanism (IR 187
hil) - ol SRR ENERIEE - TN ol HENR RSB EE

- BER108EMEVG R E 28T v



MR B EEEIERR

B seanel/Z 5l Relenza Rapiacta Avigan Xofluza
=
(2ES /52xBE HREKAzR MERIFSR X=eEK 20EmEREKEE
x1 300mg T - =it
A4 ElRZ 200mg
B X5
(EJ=EPSE-" 1A R A yast-q i 1A
eSS >=1{EH >=573% >=11EH PN >=5pF HESE >=20kg
7 2 75mgBID - 27.,BID -5 A :300mg 1600mgBID - 20-80AF : CIARER
5 days days ( max 600mg ) 1 day 40mg ; KiR80AfT : M
2-3mg/kg HE . 600mg BID - ArEZR80mg
BID 10mg/kg 4day

SeeAEEE 2 & . - &
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Antiviral resistance of circulating influenza viruses

Influenza virus (strain) Resistance (% of isolates tested)

Adamantanes Oseltamivir Zanamivir

Pre-2009 pandemic

Influenza A (seasonal H1IN1) 0.6 98.8°

Influenza A (H3N2) 100 0

Influenza B N/A 0

2015-2016 season

Influenza A (2009 H1N1) 100 0.8 0
Influenza A (H3N2) 100 0 0
Influenza B N/A 0 0

Data are from the US Centers for Disease Control and Prevention surveillance for the

2008-2009 and 2015-2016 seasons in the United States. N/A, not applicable. *Most seasonal
influenza A H1N1 viruses were sensitive to oseltamivir until late 2007.
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Oseltamivir for influenza in adults and children:
systematic review of clinical study reports and
summary of regulatory comments

S OPEN ACCESS

fellow (biostatistics)®, Peter Doshi assistant
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tl:% j ,2“1ﬁ %E r $E 1E Q % ﬁ BE E‘ = tEIEZI 7] [I E‘J 1’E % E’\J School of Population Health, University of Queensiand, Brisbane,
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Efficacy of oseltamivir treatment started within 5 days of @ “» ®
symptom onset to reduce influenza illness duration and
virus shedding in an urban setting in Bangladesh:

a randomised placebo-controlled trial

Alicia M Fry, Doli Goswami, Kamrun Nahar, Amina Tahia Sharmin, Mustafizur Rahman, Larisa Gubareva, Tasnim Azim, Joseph Bresee,
Stephen P Luby, W Abdullah Brooks

Summary

Background Influenza causes substantial morbidity and mortality worldwide. Few data exist for the efficacy of Lancetinfect Dis 2014;
neuraminidase inhibitors, which are the only readily available influenza treatment options, especially in low-income 14:105-18

settings. We assessed the efficacy of treatment with the neuraminidase inhibitor oseltamivir to reduce patient illness Published Online

and viral shedding in people with influenza, in whom treatment was started within 5 days of symptom onset, in an :t'i'ﬂlie;jfof;ﬁ 016/
urban setting in Bangladesh. 51473-3009(13)70267-6

This online publication

Methods We undertook a double-blind, randomised, controlled trial between May, 2008, and December, 2010. PatientS pasbeen corrected.

with a positive rapid influenza test identified by surveillance of households in Kamalapur, Bangladesh were randomly The corrected version
allocated on a 1:1 basis to receive oseltamivir or placebo twice dally for 5 days Randomisation lists for 1ndmduals first appeared at thelancet,
enrolled less than 48 h and 48 h or longer si

b spcimens o vt 2nd 3. . andJgLE A RERABREIE - BAEAS/EZE T IRE .
pimary endpoins wer duationof i [ A RN LS L U G L DA L = A "{h Ak

48 h since illness onset and the frequency of oseltamivir resistance during treatment. Analyses were intention to treat
unless otherwise specified. This trial is registered with ClinicalTrials.gov, number NCT00707941.

com/infection on January 20,

] Bresee MD, S P Luby MD); and
International Centre for



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

Joanna Dobson, Richard | Whitley, Stuart Pocock, Amold 5 Monto

Summary
Background Despite widespread use, questions remain about the efficacy of oseltamivir in the treatment of influenza.  Lancer2015; 385 172037
We aimed to do an individual patient data meta-analysis for all clinical trials comparing oseltamivir with placebo for  published online

treatment of seasonal influenza in adults regarding symptom alleviation, complications, and safety. January 30, 2015
http://db doi.org/10.1016/

Methods We included all published and unpublished Roche-sponsored randomised placebo-controlled, double-blind i?dﬁ'??3ﬁiliiézfg';u
I5 oniine pulication

trials of 75 mg twice a day oseltamivir in adults. Trials of oseltamivir for treatment of naturally occurring influenza-like =~ o 4
illness in adulls reporting at least one of the study outcomes were eligible. We also searched Medline, PubMed, ersion first appeared at
Embase, the Cochrane Central Register of Controlled Trials, and the ClinicalTrials.gov trials register for other relevant thelancet.com on
trials published before Jan 1, 2014 (search last updated on Nov 27, 2014). We analysed intention-to-treat infected, PP 22015
inlention-to-treat, and safety populations. The primary oulcome was time to alleviation of all symploms analysed with e Comment page 1700
accelerated failure time methods. We used risk ratios and Mantel-Haenszel methods to work out complications, Departmentof Medica
admittances to hospital, and safely outcomes. i hag

OO :: = 17 14 > B2 TR 4, 328 B MA - RIARE R
noted a shorter time to alleviation of all symptoms . ; e — N 22
il et /=X 57 A\ B FA 11 7R 55 SE B RE MR AR AEAR - PRAE R IFIRE
effect was attenuated (time ratio 0-85) but remained 5

vt ettt 1ok o< L K% £ B L B

risk difference —3-8%, 95% CI -5-0 to —2-2) and also fe 1. qz i’:] %% ﬁg H% FEﬁ o 97. 5 h rs / 122 .7 h rs
NIERERKZRE : 4.9% /8.7%

0-17-0-81; p=0-013; 0-6% oseltamivir, 1-7% placebo, ris
EBeEME : 0.6% /1.7%

oseltamivir increased the risk of nausea (RR 1-60, 95% {
risk difference 3-7%, 95% CI 1-8-6-1) and vomiting (
3-3% placebo, risk difference 4-7%, 95% CI 2-7-7-3).
or serious adverse events.

Interpretation Our findings show that oseltamivir in a
alleviation, reduces risk of lower respiratory tract complicatf®
of nausea and vomiting.

2.
3.



Efficacy of Oseltamivir

Outcome Patients (Studies), n Pooled Odds Ratio
(95% ClI)

Mortality 681 (3) - 0.23 (0.13-0.43)

Hospitalization 150 710 (4) 0.75 (0.66-0.89)

Pneumonia 150 466 (3) L 0.83 (0.59-1.16)

Otitis media 78 407 (2) 0.75 (0.64-0.87)
Cardiovascular events 100 830 (2) —I 0.58 (0.31-1.10)
[ | I
0.0 0.5 1.0 1.5
Favors Oseltamivir Favors No

Antiviral Therapy



Evidence summary for Oseltamivir

Outcome
Mortality

Hospitalization

ICU admissionfmechanical
wentilation

Complications: pneumonia

Complications: cardiac
events, induding myocardial
infarction, stroke, angina,
heart failure, sudden cardiac
death

Complications:
neuropsychiatric events,
including hallucination,
psychosis, schizophrenia,
paranoia, aggression/hostility
and attempted suicide

Complications: serious

adverse events (SAEs)

Persistent wiral shedding

Emergence of resistance

https://apps.who.int/iris/bitstream/handle/10665/352453/9789240040816%20eng.pdf?sequence=1&isAllowed=y

Direct
8 observational studies
{n=4725), aOR 0.38 (95%

Cl 0.19-0.75), low-quality
evidence.

2 observational studies
(n=14 445), aOR 0.65 (95%
Cl 0.48—0.87), low-qguality
evidence.

4 observational studies
(n=4074), aOR 1.07 (95%
Cl 0.54-2.13), low-quality
evidence.

2 observational studies
(n=14 445), a0OR 0.80 (95%
Cl 0.62—1.04), low-qguality
evidence.

1 observational study
(n=37 482), aOR 0.41 (95%
Cl 0.34—0.49), low-quality
evidence.

Mo data

Mo data

Mo data

Mo data

Indirect
Mo data

12 RCTs (n=7765), RR 1.07
(95% Cl 0.69-1.564), low-
quality evidence.

Mo data

12 RCTs (n=6494), RR 0.76
(959% C1 0.53—-1.09), low-
quality evidence.

B RCTs (n=3943), RR 0.49
(95% CI 0.25—0.97), low-
quality evidence.

8 RCTs (n=5616), RR 0.93
(95% CI 0.43—2.03},
low-quality evidence and

3 observational studies
(n=359 228), a0R 0.86 (95%
Cl 0.79—0.93), very low-
quality evidence.

13 RCTs (n=7324), RR 0.91
(95% Cl 0.56—1.46), low-
quality evidence.

4 gbservational studies
(n=449), OR 0.51 {(95% CI
0.21-1.23), very low-quality
evidence.

& observational studies
(Nn=3549), OR 1.77 (95% Cl
0.84—3.74), very low-quality
evidence.

Conclusion

Oseltamivir therapy may
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 admissionf
mechanical ventilation in

this patient population. Low
confidence.

Oseltamivir therapy may
lower the risk of pneumonia
in this patient population.
Loww con

Oseltami

35% 1% e & P
20% 72 5= B 3 17 54 7iE B [l Be

It is uncertain whether
oseltamivir has any effect
on persistent wiral shedding.
Very low confidence.

It is uncertain whether
oseltamivir has any effect on
emergence of resistance. Very
lowr confidence.

Oseltamivir PE{&
62%3E T [E b



Zanamivir

« Zanamivir(10mg BID for 5 days) inhaled early in the course in
previously healthy adults and children 5-12 years old shortens the

times to illness resolution and return to usual activities by 1-3
days.
 In individuals with influenza B illness, zanamivir reduces the medial

duration of fever by 32% from 53 hours to 36 hours, compared to
oseltamivir




Evidence summary for Zanamivir

Outcome
Maortality

Hospitalization

ICU admissionmechanical
wantilation

Complications: pnewmonia

Complications: cardiac
events, induding myocardial
infarction, stroke, angina,
heart failure, sudden cardiac
death

https://apps.who.int/iris/bitstream/handle/10665/352453/9789240040816%20eng.pdf?sequence=1&isAllowed=y

Direct
1 ob=ervational study
(n=87), a0R 0.47 (95% Cl

0.02-8.97}, very low-guality
evidence.

Mo data

Mo data

No data

Mo data

Indirect

16 RCTs, incomplate data
leading to inability to
generate a pooled estimate
for all-cause mortality.

1 observational study
[n=4674), aOR 0.58 (95% CI
0.30-1.13), very low-quality
avidence.

1 observational study
{n=87), a0R 1.18 (95% CI
0.29-1.83), very low-quality
evidenca.

13 RCTs (n=AG13), RR 0.E7
{95% C1 0.57-1.32],
low-quality evidence and

1 observational study
n=4674), DR 1.17 (95% CI
0.98-139), very low-quality
avidence.

11 RCTs (in=5204], RR 0.58
{95% CI 0.50-1.91), low-
quality evidence.

Conclusion

It is uncertain whether
inhaled zanamivir therapy
has any effect on the risk
of death in this patient
population. Very low
confidence.

It is uncertain whether
imhaled zanamivir therapy
has any effect on the risk
of hospitalization in this
patient population. Very bow
confidence.

It is uncertain whether
inhaled zanamivir therapy|
has any effect on the risk
KU admission/mechanica
wentilation in this patient
population. Very low
confidence.

Inhaled zanamivir therapy
may have little to no effe
on the risk of pneumonia
this patient population. Low
confidence.

Inhaled zanamivir therapy
may have little to no effect
on the risk of cardiac events
in this patient population.
Low confidence.

Zanamivir : uncertain
SECT R PE - (RS - EEEE

[ P2z



Peramivir

- AR ZE R E A

« Severe hospitalized patients (ICU with organ failure)

 Poor response to the other NAls
 Poor Gl absorption of oral medication
 Lower respiratory tract infection, difficult to using inhaled anti-viral agents

 Avian flu (H7N9 mfluenza)
- MIBEEENEEE - BEER
- NERMERE  KEREEERRER




Favipiravir

« RNA polymerase
o HEGEE - PRFTELM

Inhibitor
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Baloxavir marboxil

« IN&HICAPIREFE M ALK 42 IE R EMRNAR &%

« IEOseltamivirtb® @ EBFMRERTEBENIEE  BHEEE

« MIRZEES] - Baloxavire Il flimE 8= & 3R _ &P EEE B4R A
OseltamivirfRgy#a 2

« mEASHBI38T/M/FER 2 24514’ E (215 Baloxavir#i il ez
R R HEI R AE




Use of Ribavirin to Treat Influenza

TO THE EDITOR: Ribavirin, an antiviral drug with
in vitro activity against both DNA and RNA vi-
ruses, is approved in the United States for the
treatment of hepatitis C and respiratory syncytial
virus.! Hepatitis C is treated with approved oral
formulations in combination with interferon prod-
ucts; respiratory syncytial virus is treated with an
aerosol formulation. Intravenous ribavirin is not
currently approved in the United States.

Clinical data regarding its efficacy have been
Inconclusive; thus, it is not recommended

tion of therapy and the onset of symptoms (or
viral inoculation in challenge studies), and the
reporting of clinical outcomes, microbiologic
data, and adverse events. Reported adverse events
were consistent with the labeling of approved
aerosol and oral formulations.*5

Since the late 1980s, clinicians have requested
access to intravenous ribavirin from the manu-
facturer to treat patients with life-threatening

for the treatment of influenza infection

N Engl J Med 2009; 361:1713-1714



Combination Therapy Dt "™

Day 0 454 230 224
Median viral count, 65 (5-4-7-4) 64 (5-6-7-2) 6-7 (5-1-77)
log,, copies/mL
. . . . .. . . =LLOQ 421 (93%) 221 (96%) 200 (89%)
Oseltamivir, amantadine, and ribavirin vs. Oseltamivir ,LOD, <LLOQ 133%) 42%) 9 (4%)
<LOD 20 (4% 5(2% 15 (7%
» Lower nasopharyngeal swab Day3 437 21 2l
. . Median viral count, 34 (3-2-4-6) 34 (3-2-4-2) 3-9 (3-2-5-0) 0-004
polymerase chain reaction atday 3 1o, copiesim
=LLOQ 152 (35%) 65 (29%) 87 (40%) 0-009
* ! M M LOD, <LLOQ 47 (11% 22 (10% 25 (12%
> No clinical endpoint improvements, *%- ) v 2%
. . ] ) <LOD 238 (54%) 134 (61%) 104 (48%)
including median duration of Doy e T e .
Sym pto ms an d d u rati on Of feve r Median viral count, <32 (<3:2-3-4) <32 (<3-2-3-4) <3-2(<3-2-34) 038
log,, copies/mL
=LLOQ 43 (10%) 19 (9%) 24 (11%) 0-24
>LOD, <LLOQ 11 (3%) 4(2%) 7 (3%)
<LOD 377 (87%) 193 (89%) 184 (86%)
Data are median (IQR) or n (%).Primary endpoint was the percentage of participants with virus detectable by PCR
(ie, 2LLOQ and =LOD, <LLOQ). LLOQ=lower limit of quantification of PCR assay. LOD=limit of detection of PCR assay.
. Table 2: Influenza virus over time in the efficacy population
Lancet Infect Dis. 2017;17(12):1255




Meta-analysis Estimates of Time to Alleviation of
Influenza Symptoms (TTAS) and Complications

% Cl)

Complications, RR (95%

JAMA Network Open. 2021;4(8):€2119151. doi:10.1001/jamanetworkopen.2021.19151

1.25(0.70-2.23)

1.34(1.05-1.71

S : zanamivir >75mg osltivir >1g oelaivir >

0.97 (0.73-1.29)

107 (0.60-1.93

0.90 (0.77-1.05)

Treatment

0.90(0.73-1.09)

0.89(0.70-1.13)

0.84 (0.71-0.99)

0.67 (0.58-0.77)

0.93 (0.71-1.20)

0.92 (0.69-1.23)

0.92(0.71-1.18)

0.87 (0.67-1.13)

0.69 (0.54-0.88)

1.00 {0.86-1.15

0.99 (0.81-1.21

0.94 (0 86-1.02

600mg peramivir > 300mg peramivir > baloxavir
Complication : baloxavir > 75mg oseltamivir >150mg
B oseltamivir > 600mg peramivir > 300mg peramivir > zanamivir

0.82 (0.72-0.92)

0.65(0.37-1.16)

0.61 (0.49-0.75)

0.65(0.41-1.02)

0.67 (0.40-1.12)

0.51 (0.32-0.80)




Inhaled Zanamivir vs Oral Oseltamivir to Prevent Influenza-
related Hospitalization or Death: A I\_IatlonW|de Population-
based Quasi-experimental Study &€ R{FRE R E

« 2013-2014, 2014-2015, 2015-2016 =&KX ErmE AEE RN EERE R ER BRATET
o IKFEREERRAFEHRE - [CEBZE48/ NN EHoseltamivirgkzanamivirfm & 14 X AR

R EERT S SE T RIEE =R
Table 2. Crude and Propensity Score—Weighted Incidence Rates of Hospitalization or Death Within 2 weeks"
Crude Propensity Score-\Weighted

Principal Diagnosis for Hos-  Number of Mumber of Adjusted Hazard Ratio
pitalization or Death Events Total Person- Days Incidence Rate Events Total Person-Days  Incidence Rate J{95% Confidence Interval)
Influenza, influenza-like illness, or pneumonia®

Zanamiwvir 10 840 579 476 0.019 14 998 579 461 0.026 1

Oseltamivir 6557 250 909 0.026 6557 250 901 0.026 1.01 (.96-1.06)
Influenza®

Zanamivir 1

e 7 anamivirEloseltamivirdd SRR TR E =R

Influenza-like iliness®
Fanamiwvir 10 083 R79 Bg4 0.07 12 878 579 539 0.024 1
Oseltamivir 6072 251 053 0.024 6070 250 995 0.024 1.01 {.96-1.06)

0.96 (.90-1.02)

CID 2022:XX (XX XX)
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Clinical Infectious Diseases
LY
IDSA GUIDELINE Ly lDSAM sl H

Clinical Practice Guidelines by the Infectious Diseases
Society of America: 2018 Update on Diagnosis,

Treatment, Chemoprophylaxis, and Institutional Outbreak
Management of Seasonal Influenza®

Timothy M. Uyeki,' Henry H. Bernstein,” John S. Bradiey,™ Janet A. Englund,” Thomas M. File Jr.* Alicia M. Fry,' Stefan Gravenstein,’ Frederick G. Hayden,*
Scott A. Harper,” Jon Mark Hirshon,'® Michael G. Ison,'” B. Lynn Johnston,' Shandra L Knight,” Allison McGeer," Laura E. Riley," Cameron R. Wolfe,"
Paul E. Alexander,” " and Andrew T. Pavia"

RERRARER

Recommendations for the Use of Anti-influenza Agents in Children

SEREELEERT
BExErmEREEBEEERENIEDMN
Pediatric Infectious Diseases Society of Taiwan
Child Health Research Center, National Health Research Institutes
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Inactivated influenza A virus vaccine manufacture

Circulating
strain

Master,
high-growth
strain

Allantoic
fluid

high- growth influenza
A/Puerto Rico/8/1934
(PRS8) virus strain

Embryo

Embryonated egg

Y oy,
W i ‘7
| .
l ° S
I oy SREE
i T = {
I %
f O
I
i

/

/
/
/

Inactivated
influenza
vaccine

Allantoic fluid

Eggs

765

kHawest)

Inactivation
Split
Partial purification

l(Selectlonj CAmphﬁcatlon

J
5 WHO Collaborating Centres

for Reference & Research on

Influenza, which are located in

1.the United States

2.the United Kingdom

3.Australia

4.Japan
5.China

Krammer F. Nature Reviews Disease Primers 2018;4:3
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Supply of eggs Haemagglutinin proteins mutation
Egg allergies H3N2

1. ESMO Open. 2019;4(1):e000481
2. Vaccines. 2018;6(19):E19
3. NPJ Vaccines.2018;3:44
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Unstable l Security of \'|
. supply . supply |
Time \ | Time |
_ (~6 month) i\ (~3 month) |
Selection of | Egg- Cell i/ Rapid
Variants based culture- _ scale-up
Influenza Dases Well-
dyvastel B e Influenza | characterized
2RO Vaccine iMBEEINS, )
Allergic \\ 2 ) Antigenic
reaction | stability
. J/ \. S
 Contami- | | Sterile :
. nation | K process J'

J Bacteriology and Virology March 2013;43(1):9 DOI: 10.4167/jbv.2013.43.1.9



https://www.researchgate.net/deref/http:/dx.doi.org/10.4167/jbv.2013.43.1.9?_sg[0]=ibDR9juxPnh0hme_VvEw6jN_oH8OXFNd1osMBQ2M42vln_VconiGOOkWNoKOHed15Z4yzGZTEKUh3ncTkabJERMhmw.9k34OzR4sVF53vpqbflqyU4XF4TwXncq4qzUzBhGD2EVsUJlVe9OuNErkJ4GBI0Ry1ze6fvS3HPY1zAnJd59Vw

Mean estimates of the increase in IVE In
the absence of egg adaptations

Germany

For all strains per country (TIV & QIV only) for A (H3N2) per country (TIV & QIV only)

Lejarazu-Leonardo RO. Vaccines 2021:9:1255. https://doi.org/10.3390/vaccines9111255
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Solicited local and systemic reactlons in the 7 days after vaccination

Pain

Chills

7% B % 18 ) FEECER (7 X)

B cciv (mild/moderate)
TIV (mild/moderate)

[] Placebo (mild/moderate)
B severe*

Jt_-i:_-u:_“:]_

Erythema Induration Ecchymosis Swelling

Malaise Myalgia Arthralgia Headache Sweating Fatigue Fever

Frey S. Clin Infect Dis 2010;51:997~1004.



MR ENEREGE
Influenza vaccine production timelines and the preparation time of vaccine strains

BNOONanonne.

D D B D
($qirvs IICTTTID ED DD

A CSL Company

.m% Recombinant HA >

R L AL VLPs (Insect cell) »
Release of vaccine  [AFUNSRISE ?iﬂ'ii-fffji?"':i'i'::
T -"‘..v .

Vaccine strain Optimization of Manufacture bulk

preparation and virus growth vaccine, QC test
verification (CDC) condition & pool

https://www.futuretech.org.tw/futuretech/index.php?action=product detail&prod no=P0008700002331&web lang=en-us



https://www.futuretech.org.tw/futuretech/index.php?action=product_detail&prod_no=P0008700002331&web_lang=en-us

.Z:HELI 3}| £ J" ﬁﬁﬂ-L*

Age Group Recommended Live If the preferred vaccine is not
vaccine vaccine available

6m-2yrs QlVc No QlVe

2yrs-17yrs LAIV Yes QlVc

18-64 yrs QlVc No QlVe
QlVr

>65yrs aQlVv No QlVc
QlVr

Flu vaccine (inactivated) | Vaccine Knowledge Project (ox.ac.uk)



https://vk.ovg.ox.ac.uk/inactivated-flu-vaccine#More-information-about-the-vaccine
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Comparative characteristics of selected seasonal influenza vaccines

Egg-based mactwated virus vaccine Cell-based inactivated virus vaccine  Recombinant HA vaccine

#EEH AR ~<”|Lb xI:I:I Illl.l.n xl:tl E’E‘E‘%‘E’Hgg
Immunogen Influenza virions produced in eggs or cell cultures are purlﬁed lysed with Insect cells are lysed with detergent to
production detergent to release hemagglutinin (HA) and neuraminidase (NA) oligomers, release HA oligomers, which form
RS SE which form “rosettes” “rosettes” Does not contain NA
Required seeds Candidate vaccine virus (CVV) “seed” Candidate vaccine virus (CWV) “seed”  Recombinant vaccine virus “seed” must
= | IimE sk must be produced - typically several must be produced - typically several  be produced - typically several weeks; do
weeks; possibly very few suitable CVV's weeks; generally several suitable CVV's not need CVV, just HA sequence
become available become available
Mutation risk Propagation of CVV in eggs selects Production of CVV in mammalian cells Product made from stable (cell isolate)
i [ 22 45 | P mutations that decrease antigenic minimizes risk of mutation and gene sequence, negligible mutation risk,
relatedness to native virus and may potential impact on vaccine but glycosylation may vary depending on
impact vaccine effectiveness effectiveness host cells
Immunogen yields  Variable depending on virus strain - Variable depending on virus strain -  Consistent productivity independent of
nEESE often improved by further passaging or may be improved by further passaging virus strain, additional optimization of
reassorting CVV (with increased risk of  or reassorting CVV process possible

further mutations)
Vaccine manufacture Low - eggs are a relatively inexpensive Greater than egg-based - improvement may be possible with process optimization

cost (FHHg production platform and larger production scale
Current US-licensed GSK Seqirus Protein Sciences Corp. (now Sanofi
manufacturers Sanofi Pasteur Pasteur)
Seqirus
Current share of US  85-90% 10-15% 1-2%

market 3= [ 7 {5 2

®Based on influenza vaccines licensed for use in the United States

https://www.mercurynews.com/2013/02/08/scientists-seek-a-better-longer-lasting-and-more-effective-flu-vaccine/



Y& 4

zs
1L 68

— 3R s
= |

Mn

AEBER

T B

o1& B A 3913 E0.5mL
- FiEN =B EE

- 8% (=) UThEXREE2H - BEERE

- B/ \BEEPEE - TEMIT1IE
5 2 1)

=hEE

V438

== oh
B m3X

2EERFTEERE



114 EIR1T

b=124) )52

=

rERREREENREARF

rEEREHZ

ooon I:II:IEIEIEIEIEI

BEREERE(EEBEMMEBEAE -
65U & -
55U FREFEE -
Z& REIBEB(RB)EHEZZRESEREMBIEAS -
m6E R EZBI/NAZBRINR -
2y
BEEEZEERE - 81E(19-645%)S AMEIERRA - BMI>303& -
FEREREBEEREXERES -
6ERANEBRZRE -
MRBEIEBEAE - TEBEEABREXRREBAE(RE) -
B/ -Bf - -5 S  AFE—E=FHEBLE -
EEHENENHEHEREAS -

502645 ESEZIESERAA -




Sz_z \

=+

114FEaEIIRITREE
7T = ZER B8R 7% Jl, 2 RIER Simmik BERE

Vaxigrip  AdimFlu-S FLUCELVAC  Fluarix Fluad L] FluMist
BLESEM  AE =) (35 (= £S5 AR =
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EARARABMKERAZE (OECD)

Flu vaccination rates OECD countries

Influenza vaccination rates Total, % of population aged 65+, 2021 or latest available Source: Health care utilisation
Show: W Table =Zfullscreen ¥ download ¥
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https://data.oecd.org/healthcare/influenza-vaccination-rates.htm



MR EARREREZERNRERE

Antibody responses induced by natural influenza virus infection and vaccination

EEREES BIEmSES R/ RETEE HARREAEHR
Antibody response type Natural influenza ~ LAIV Whole inactivated ~ Split virus or subunit  Recombinant
virus infection virus vaccine vaccine HA-based vaccine
EHileAECER
Serum antibody response  Strong Moderate induction  Strong Strong v Strong v
M5 mes =& in children
Mucosal antibody Strong Moderate induction Weak or none Weak or none Weak or none
response 7k [ ] Be g jE inchildren ¢/
HA-specific response Strong Moderate Strong Strong v Strong v
NA-specific response Strong Weak Moderate Weak None
Antibodies to M2 Detectable Unclear Unclear; probablynone - Unclear; probablynone  None
Antibodies to internal Detectable Unclear Detectable Detectable None
proteins
Longevity Very long-lived or Moderate ¢/  Mostlikelyshort Short Short
HERE RS A ifelong
Breadth Rzt Moderate Some breadth ¢ Narrow Narrow Some breadth

HA, haemagglutinin; LAIV, live-attenuatedinfluenza virus vaccine; M2, influenza A virus ion channel; NA, neuraminidase,

Krammer F. Nature Reviews Immunology 2019;19:383-97.
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%Z—ﬁ?ﬂia& & O RA KRB ERHRENFREY - EREZNESRAIE
TR MESHEERRZEHRED(18 B LK)
B =2 MR EREEZ MR ER
& {4 B & i (MF 59) $# = 5 (-30~88) 59.2(14.6~80.5)
=EEEE 24(11~36) 27(-1~48)
AfRSERE mE=%(-5.8~21.4) mAER(-75.9~52.3)
SHER 30 (10~47) mEN

https://www.ecdc.europa.eu/en/publications-data/systematic-review-update-efficacy-effectiveness-and-safety-newer-and-enhanced
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> R IREISEEE > RIS Es EAHER
* A/Victoria/4897/2022 (HIN1)pdm09- <« A/Wisconsin/67/2022 (H1IN1)pdmO09-like
like virus Virus
 A/Croatia/10136RV/2023 (H3N2)-like ¢ A/District of Columbia/27/2023 (H3N2 )-
Virus like virus
* B/Austria/1359417/2021 (B/Victoria * B/Austria/1359417/2021 (B/Victoria
lineage)-like virus lineage)-like virus
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Table 1. Estimated Decline in Influenza Vaccine Effectiveness per Month Postvaccination Among Adults Enrolled in the United States Hospitalized
Influenza Vaccination Network (HAIVEN), 2015-2016 Through 2018-2019

Influenza Type/Subtype Influenza Seasons Included No. of Cases/Controls Estimated VE Decline per Month, Absolute % (95% ClI) PValue®
Influenza A(H3N2)®

Aged =18 y 2016-2017 201/7-2018 754/2262 75 (.3-16.3) .05
Aged =65 y 2016-2017 201/-2018 395/1185 10.8 (2.6-23.8) .02
Influenza A(H1N1)pdm09°

Aged =18 y 2015-2016, 2018-2019 373/1119 8.5 (3.0-17.0) .003
Aged =65 y 2015-2016, 2018-2019 132/396 9.6 (-3.3 10 32.7) 14
Influenza BfYamagata®

Aged =18 y 2016-2017 201/7-2018 265/795 8.0 (1.4-21.9) .02
Aged =65 y 2016-2017 201/-2018 134/402 10.8 (1.4-33.9) .03

Clinical Infectious Diseases 2021;73(4):726-9
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Vaccine Efficacy #7# / Effectiveness B4t

Efficacy
(1 - relative risk) x 100

* Relative risk was the ratio of the percentages of vaccine recipients with
influenza to placebo recipients with influenza(P vaccine/P placebo)

Effectiveness
1 — adjusted odds ratio [aOR] x 100

* The result is acquired under normal circumstances in the real world

Drugs (2019) 79:1337-1348



: A-Z Index
Centers for Disease Control and Prevention
@ CDC 24/7: Saving Lives, Protecting People™ Search Q

Advanced Search

Influenza (Flu)

Seasonal Influenza (Flu) > Flu Vaccines Work ‘3 o @ @

M Seasonal Influenza (Flu)

Vaccine Effectiveness: How Well Do the Flu Vaccines

About Flu WO]_‘k.? oy - i
EEKEEERTHRERVYESE - MEER

Who is at High Risk for Flu

Complications Questions & Answer

PR{E &R AV E IR R F40-60%

On this Page

Espafiol | Other Languages

This Flu Season

Prevent Flu

How effective is the flu vaccine?

CDC conducts studies each year to determine how well the influenza (flu) vaccine

. How effective is the flu vaccine?
Flu Vaccines Work

protects against flu illness. While vaccine effectiveness (VE) can vary, recent What factors influence how well
ke B AL EeE s B studies show that flu vaccination reduces the risk of flu illness by between the vaccine works?
. _ 40% and 60% among the overall population during seasons when most
e e circulating flu viruses are well-matched to the flu vaccine. In general, current flu What are the benefits of flu
Networks i et i i i vaccination?
vaccines tend to work better against influenza B and influenza A(H1N1) viruses !

and offer lower protection against influenza A(H3N2) viruses. See “Does flu
vaccine effectiveness vary by type or subtype?” and “Why is flu vaccine typically
less effective against influenza A H3N2 viruses?” for more information.

How Vaccine Effectiveness and

Is the flu vaccine effective against
Efficacy are Measured

all types of flu and cold viruses?




FLU vaccine effectiveness varies by type or

subtype

EIESHHESITTP - H3IN2 : 22-42%; B :

Pooled VE for all study participants irrespective of age.

Influenza type/subtypes
and analyzed subgroups

No. of studies

Pooled VE for all seasons (95% CI)

I-squared statistic (%)

Publication bias (Egger’s test p-value)

A(H1IN1)pdm09

Northern hemisphere

Southern hemisphere

Africa

Asia

Europe

North America

Oceania

Antigenically similar vaccine
Antigenically partially similar vaccine
Antigenically dissimilar vaccine

42-56% ; HIN1 : 56-64%

Vaccine 39 (2021) 1225-1240

North America

Oceania

Antigenically similar vaccine
Antigenically partially similar vaccine
Antigenically dissimilar vaccine

Influenza B

Northern hemisphere

Southern hemisphere

Africa

Asia

Europe

North America

Oceania

Antigenically similar vaccine
Antigenically partially similar vaccine
Antigenically dissimilar vaccine

39
11

22
14
10
45
5

56 (51-60)
64 (53-72)
44 (-63-81)
67 (37-83)
51 (44-56)
60 (53-66)
65 (54-73)
57 (53-61)
42 (-4-68)

29 (20-36)
41 (30-50)
36 (31-41)
22 (14-30)
1(-15to 14)

42 (34-49)
56 (45-64)
32 (—217-85)
18 (-49-54)
40 (29-50)
51 (46-55)
56 (44-65)
51 (47-55)
39 (20-54)
20 (-9 to 41)

46.4
0.0
NA
54.2
0.0
71.9
0.0
44.9
0.0

66.9
0.0

NA

34.8
45.6
774
0.0

18.9
27.2
46.8

713
26

NA

88.1
50.3
20.2
10.4
25.2
39.2
73.1

0.03
0.54
NA
NA
0.66
<0.01
0.40
<0.01
NA

0.83
0.59
NA

NA

0.59
0.25
0.17
0.67
0.12
0.95

0.59
0.70
NA

NA

027
0.46
NA

0.66
023
N/A



Pooled VE for all study participants irrespective of age,

Influenza type/subtypes No. of studies Pooled VE for all seasons (95% C1) [-squared statistic (%) Publication bias (Egger’s test p-value)

and analyzed subgroups

A(HIN1)pdm09

Morthern hemisphere 39 56 (51-60) 46.4

Southern hemisphere 11 64 (53-72) 0.0

Africa 1 44 (-63-81) NA

Asia 3 67 (37-83) 54.2

Europe 22 51 (44-56) 0.0

Morth America 14 60 (53-66) 719

- L W - SRR E RS SRR ARME
Antigenically similar vaccine 45 57 (53-61) 44.9

Antigenically partially similar vaccine 5 42 (-4-68) 0.0 /) | L N E /

Antigenically dissimilar vaccine o qz i/j /] T $ 3 O 800/

A(H3N2) 5 o

Northern hemisphere 38 22 (15-29) 66.9

Southern hemisphere 11 42 (31-51) 0.0 _\__| (= _\_ . «g e —
Africa 1 82 (24 o 97) NA 1$ SZ % / \ == } — E ** 91 ‘t? E’\J
Asia 4 1(-33-27) 348 J A= X == J 3 R 1J
Europe 19 16 (3-27) 45.6

North America 15 29 (20-36) 774 ;‘— == ** ;q:u EIJ = E *E ’~r H 1% -‘-" 5 jj A B J_‘_
Oceania 10 41 (30-50) 0.0 w 11 ’

Antigenically similar vaccine 24 36 (31-41) 189 1= =2 = = N Y4 :l:
Antigenically partially similar vaccine 11 22 (14-30) 27.2

Antigenically dissimilar vaceine 14 1(-15to 14) 46.8 % U ?E 7][] j( ﬁ |3 1EE

Influenza B —_

Northern hemisphere 36 42 (34-49) 713

Southern hemisphere 10 56 (45-64) 2.6

Africa 1 32 (—217-85) NA

Asia 4 18 (-49-34) 88.1

Europe 19 40 (29-50) 503

North America 13 51(46-55) 202

Oceania 9 56 {44-65) 104

Antigenically similar vaccine 27 51 (47-55) 252

Antigenically partially similar vaccine 10 39 (20-54) 39.2

Antigenically dissimilar vaccine 9 20 (-9 to41) 731

All influenza

Morthern hemisphere 58 37 (32-42) 79.8 092

Southern hemisphere 18 54 (48-59) 0.0 011

Africa 5 62 (38-77) 39.4 MN/A

Asia 7 23 (-8 10 45) 834 NJA

Europe 34 34 (25-42) 65.7 042

Morth America 17 45 (39-50) 86.0 0.05

Oceania 13 53 (47-58) 0.0 0.19

Antigenically similar vaccine 46 49 (45-53) G61.5 0,01

Antigenically partially similar vaccine 26 27 (20-34) 434 0.53

Antigenically dissimilar vaccine 4 -9 (-28-8) 30.4 NfA

VE = vaccine effectiveness; NA = nat applicable. Va CCi ne 39 ( 202 1) 1 2 25_1 240




Match and Mismatch
Between the Vaccine
and Circulating Strains
of Influenza B Viruses

Clinical Infectious Diseases® 2014;59(11):1519-24

Lineage- Lineage-
Level Level
Vaccine Vaccine
Vaccine B Circulating B Match, Mismatch,
Season Lineage Lineages % %
1999-2000 Yamagata Yamagata (100%) 100 0
2000-2001 Yamagata Yamagata (100%) 100 0
2001-2002 Yamagata Yamagata (100%) 100 0
2002-2003 \Victoria Victoria (90%), 90 10
Yamagata (10%)
2003-2004 Victoria  Yamagata (60%), 40 60
Victoria (40%)
2004-2005 Yamagata Yamagata (100%) 100 0
2005-2006 Yamagata Victoria (95%), 5 95
Yamagata (5%)
2006-2007 Victoria  Yamagata (100%) 0 100
2007-2008 Victoria Yamagata (100%) 0 100
2008-2009 Yamagata Victoria (100%) 0 100
2010-2011 Victoria Victoria (90%), 90 10
Yamagata (10%)
2011-2012 Victoria Victoria (100%) 100 0
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A) <) Pediatric (19 years old)
100%
Average = 40.4%
sg 60 80%
52 49 52 54 69%
47 49 48 o 60% o
37 41 40 38 39 36 U v
-—— - - - - -——— ——-—59— ———————— > 40% 43%
R
L 21 19 20%
>
10 0%
. H1N1 H3N2 Type B
oS 1 e T N AN B A AN AR A LN N ?‘,\:L'EL,L:L 100%
80%
B) . 73%
0,
oS TR s G T e S e e = 0% 54%
12-13 ‘13-'14 ‘14-'15 ‘16-'16 “16-17 ‘17-'18 ‘18-19 ‘19-'20 w
> 40%
35%
6 g’;’r" 45% 57% 45% 25% 51% 57% 68% 48% 39% 20%
0%
917 yr 58% 39% 53% 25% 59% 36% 32% 7% 43% HIN1 KReH2 Type B
Older Adult (265 years old)
18-49yr  44% 39% 54% 7% 52% 19% 33% 25% 45% 100%
80%
50-64 yr 54% 65% 59% 20% 26% 40% 30% 14% 44% 60% 62% 63%
f’;, 40%
265 yr 43% 26% 50% 32% 42% 20% 17% 12% 34% 20% 24%
0%
VE% 20%
:;r:;;sess 47% 49% 52% 19% 48% 40% 38% 29% 45% o e T Type B
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2019-20 Seasonal Influenza Vaccine
Effectiveness — United States,

TABLE 2. Number and percentage of outpatients with acute respiratory illness and cough (N = 4,112) receiving 2019-20 seasonal influenza vaccine,
by influenza real-time reverse transcription-polymerase chain reaction (RT-PCR) test result status, age group, and vaccine effectiveness* against
all influenza A and B, B/Victoria and A(HIN1)pdm09 — U.S. Influenza Vaccine Effectiveness Network, October 23, 2019-January 25, 2020

Influenza-positive Influenza-negative

Vaccine effectiveness

Vaccinated Vaccinated Unadjusted Adjusted?t
Influenza type/Age group Total no. (%) Total no. (%) % (95% Cl) % (95% Cl)
Influenza A and B
Overall 1,060 390 (37) 3,052 1,682 (55) 53 (45 to 59) I 45 (36 to 53) I
Age group
6 mos—17 yrs 462 142 (31) 934 492 (53) 60 (50 to 69) 55 (42 to 65)
18-49 yrs 413 143 (35) 1,084 452 (42) 26 (6to42) 25 (3to 41)
=50yrs 185 105 (57) 1,034 738 (71) 47 (27 to 62) 43 (19 to 60)
7‘"5[ o 1: *E 60 (52 to 66) 50 (39 to 59)
I}IL /5, J HH X %45 Y0 + TEIE T ° °
8 OJ PR B 1R 5 BX 37t /2K ik 25 [l P
B \5 IS mh gm o 62(51t071) 56 (42 to 67)
é 0 54 (42 to 64) 32(11to 48)
TEEGﬂEIﬁ PUEZ1TmER P IRENREF(>50%) -
40 (25 to 53) 37 (19to 52)
Age group
6 mos—17 yrs 98 35(36) 934 492 (53) 50 (23 to 68) 51 (22 to 69)
18-49 yrs 125 48 (38) 1,084 452 (42) 13 (-27 to 40) 5 (-45to 37)
=50yrs 103 55(53) 1,034 738 (71) 54 (31 to 69) 50 (20 to 68)

* Vaccine effectiveness was estimated as 100% x (1 — odds ratio [ratio of odds of being vaccinated among outpatients with CDC’s real-time RT-PCR influenza-positive
test results to the odds of being vaccinated among outpatients with influenza-negative test results]); odds ratios were estimated using logistic regression.

T Adinictad far chiidv cita ama Arnnin cav rara/athnicity calforatad Aranaral haalth niimhar Af Aavc fram illnace Ancat tn anrnllmant and manth Afillnacc 1icina lanictic ranraccinn

MMWR / February 21, 2020 / Vol. 69 / No. 7
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Influenza Vaccine Effectiveness Against Hospitalization in
the United States, 2019-2020

Mark W. Tenforde,"” H. Keipp Talbot,” Christopher H. Trabue,’ Manjusha Gaglani,’ Tresa M. McNeal,' Arnold S. Monto,’ Emily T. Martin,®
Richard K. Zimmerman,® Fernanda P. Silveira,’ Donald B. Middleton,’ Samantha M. Olson,' Rebecca J. Garten Kondor,' John R. Barnes,’
Jill M. Ferdinands,' and Manish M. Patel"; for the Hospitalized Adult Influenza Vaccine Effectiveness Network (HAIVEN) Investigators

"Influenza Division, Mational Center for Immunization and Respiratory Diseases, Centers for Disease Control and Prevention, Atlanta, Georgia, USA, “Vanderbilt University Medical Center,
Mashville, Tennassee, USA, “University of Tennessee Health Science Center, Saint Thomas Health, Nashville, Tennessee, USA, *Baylar Scott and White Health, Texas A&M University Callege
of Medicine, Temple, Texas, USA, “University of Michigan School of Public Health, Ann Arbor, Michigan, USA, *University of Pittsburgh School of Medicine and University of Pittsburgh Medical
Center, Pittshurgh, Pennsylvania, USA

Background. Influenza causes significant morbidity and mortality and stresses hospital resources during periods of increased circu-
lation. We evaluated the effectiveness of the 2019-2020 influenza vaccine against influenza-associated hospitalization in the United States.
Methods. 'We included adults hospitalized with acute respiratory illness at 14 hospitals and tested for influenza viruses by
reserve-transcription polymerase chain reaction. Vaccine effectiveness (VE) was estimated by comparing the odds of current-season
influenza vaccination in test-positive influenza cases vs test- negatwe controls, adjusting for confounders. VE was stratified by age
and major circulating influenza types along with A(HIN1

Results. A total of 3116 participants were included, inclu 2 O 1 9 - 2 02 O E ; ﬁ 5ﬁ ZEZ I}lL Z:z r ;;‘jl %4 1 %

seven percent (n = 2079) received vaccination. Overall adj S
27%-52%). VE against A(HIN1)pdm09 viruses was 40% (951 !:Z r— __l. |}$z 1&4 ij /}iﬁ !:Y. ﬁf BJ'E J_l, B"" °
A(HIN1)pdm09 subgroups (representing 90% of sequenced T1r8T : >
34%-75%) whereas no VE was observed against the other group (5A + ISGK} { l% [95% CI, -61% to 3?’%])

Conclusions. In a primarily older population, influenza vaccination was associated with a 41% reduction in risk of hospitalized
influenza illness.

Keywords. influenza; vaccine effectiveness; hospitalization; elderly; immunocompromised.
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Influenza Vaccine Effectiveness for Prevention of Severe
Influenza-Associated Illness Among Adults in the United
States, 2019-2020: A Test-Negative Study

Carlos G. [iriialwa,."al Leora R. Feldstein,z" H. Keipp Tallhm,1 Michael Ahnndi,’ Adrienne H. BmlghmamI Samuel M. Brnwn," Jonathan D. Casey,'
Heidi L. Erickson,’ Matthew C. Exline,® D. Clark Files,” Kevin W. Gibbs,” Adit A. Ginde,® Michelle N. Gong,’ Natasha Halasa,' Akram Khan,’
Christopher J. Lim:lsell,' Samuel K. I'iwl:usu,1 Ithan D. Peltan," Matthew E. Plel:lnuar,5 Todd W. Himz,I Nathan I. Shapim,'" Jay S. Steingruh,”
William B. Stuhhllelilelnli,I Mark W. Tenil:lrdle,2 Manish M. Paielf and Wesley H. Sell‘;iul the Influenza and Other Viruses in the Acutely 111 (IVY)
Network”

"anderbilt University Medical Center, Mashville, Tennesses, USA: ZInfluenza Division, Centers for Disease Control and Prevention, Atlanta, Georgia, USA; "Montefiore Medical Center, Albert
Einstein College of Medicine, Brons, New York, USA: “Intermountain Medical Center and University of Utah, Salt Lake City, Utah, USA; *Hennepin County Medical Center and the University of
Minnesota Medical School, Minneapolis, Minnesota, USA, *The Ohio State University, Columbus, Ohio, USA: "Wake Forest School of Medicing, Winston-Salem, North Carolina, USA: qUniwalsit-g
of Colorado School of Medicing, Aurora, Colorade, USA; *Oregon Health and Science University, Portland, Oregon, USA; "Bath Israel Deaconess Medical Center, Boston, Massachusetts, USA; and
""Baystate Medical Center, Springfield, Massachusetts, USA

Background. Influenza vaccine effectiveness (VE) against a spectrum of severe disease, including critical illness and death, re-

mains poorly characterized

Methods. We cunducteci a test-negative study in an intensive care unit (ICU) net 2 O 1 9 2 O 2 O E > = . T L ” TRAS r ;;\Q % IZR 1& 3 2 %
influenza-associated severe acute respiratory infection (SARI) during the 2019-202(
i e BB i B PR - E18 49&59%2 RSB IS -

drifted A/HIN1 and B-lineage viruses. Cases were adults hospitalized in the ICU a
spectrum of severity) with laboratory-confirmed, influenza-associated SARI. Test-n
hospital, timing of admission, and care location (ICU vs non-1CU). Estimates were adjusted for age, comorbidities, and other confounders.

Results.  Among 638 patients, the median (interquartile) age was 57 (44-68) years; 286 (44.8%) patients were treated in the ICU
and 42 (6.6%) died during hospitalization. Forty-five percent of cases and 61% of controls were vaccinated, which resulted in an
overall VE of 32% (95% CI: 2-53%), including 28% (-9% to 52%) against influenza A and 52% (13-74%) against influenza B. VE
was higher in adults 18-49 vears old (62%; 95% CI: 27-81%) than those aged 50-64 years (20%; —48% to 57%) and >65 years old
(—3%; 95% CI: =97% to 46%) (P = .0789 for interaction). VE was significantly higher against influenza-associated death (80%; 95%
CI: 4-96%) than nonfatal influenza illness.

Conclusions. During a season with drifted viruses, vaccination reduced severe influenza-associated illness among adults by
32%. VE was high among young adults.

Keywords. influenza; vaccine effectiveness; critical illness; vaccination; immunization.
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Interim Estimates of 2022-23 Seasonal Influenza Vaccine Effectiveness —
Wisconsin, October 2022-February 2023

Huong Q. McLean, PhD!; Joshua G. Petrie, PhDY; Kayla E. Hanson, MPH!; Jennifer K. Meece, PhD!; Melissa A. Rolfes, PhD;
Gregg C. Sylvester, MD?3; Gabricle Neumann, PhD?; Yoshihiro Kawaoka, DVM, PhD* Edward A. Belongia, MD!

TABLE 2. Estimated 2022-23 influenza vaccine effectiveness* — Wisconsin, October 2022-February 2023

Test-negative case-control study, Community cohort study,
persons aged 6 mos—64 yrs persons aged 1-17 yrs
Positive influenza Negative influenza and
test result SARS-CoV-2 test results Vaccinated Not vaccinated
MNo.of  No.of positive No.of No. of positive
No. of persons No. of persons Adjusted VE,* person- influenzatest person- influenzatest AdjustedVE,T
Influenza type  Total vaccinated (%) Total wvaccinated (%) 9% (95% Cl) days results days results % (95% Cl)
A 116 26 (22) 429 160 (37) 54 (23-73) 7,292 (5] 15,678 28 71 (31-90)
A(H3N2) 86 16 (19) 429 160 (37) 60 (25-79) NE NE NE MNE NE

MMWR Morb Mortal Wkly Rep February 24, 2023 / 72(8);201-205

2021-2022F /R EF =B L B R M MarshfieldFI2 BB i 2 MBI 35 5838 - R61E H 264
PRAIRET - %Eﬁ%}‘,uﬁttﬂﬂﬁirfmi—ﬂ}ﬁ X) ZVERS54% ; EAfﬁ/ﬁﬁISﬁZ%E 15/ DFERE

BATRALABLER ZVERTL% - B B Tl EA RO M ERA e B IR R 52 8
S bR R R BTN e A
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RAPID COMMUNICATION

Vaccine effectiveness estimates from an early-season
influenza A(H3N2) epidemic, including unique genetic

diversity with reassortment, Canada, 2022/23

Danuta M Skowronski*?, Erica SY Chuang!, Suzana Sabaiduc?!, Samantha E Kaweski!, Shinhye Kim?, James A Dickinson?, Romy
Olsha*, Jonathan B Gubbay“5, Nathan Zelyas¢ , Hugues Charest” , Nathalie Bastien®, Agatha N Jassem*>, Gaston De Serres?9:
British Columbia Centre for Disease Control, Vancouver, Canada
. University of British Columbia, Vancouver, Canada

. University of Calgary, Calgary, Canada

. Public Health Ontario, Toronto, Canada

University of Toronto, Toronto. Canada The Canadian Sentinel Practitioner Surveillance

. Pub_lic Healgh LaboratoryzAlbe(ta Precisio’n Labora_tories, Edmonton, Canada . . . .

w;ttlgﬁgﬁ\?ltllcig?nllgl?)gssrll_gebzl#:tl(ﬁ;EPduubﬁgIe-liiclt’hqﬂl‘lggr?ccgrg??ﬁiﬂida,Winnipeg, Canada Network EStlmated vaccine EffECtlveness (VE) durlng

2. Contre Hospitalier Universitaire de Québec, Québec, Canada the unusually early 2022/23 influenza A(H3N2) epi-

Correspondence: Danuta M Skowronski (Danuta.skowronski@bccdc.ca) demic Like VHCCine circulating Vil‘USES were Clade
. ’

3C.2a1b.2a.2, but with genetic diversity affecting hae-

magglutinin positions 135 and 156, and reassortment

2022-2023F B EMEXRHE such that Hi56 viruses acquired neuraminidase from

ZAN o mENEREE 1ﬁL,(J:§-E clade 3C.2a1b.1a. Vaccine provided substantial protec-
EEHREAEBEESEBE=ES tion with A(H3N2) VE of 54% (95% Cl: 38 to 66) over-

2 1 4% o all. VE was similar against Hi56 and vaccine-like S156
A(H3N2)1% i '“’J?'E‘:"54 70 viruses, but with potential variation based on diversity

at position 135.
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Working Group’s Assessment of Influenza Risk

and Influenza Vaccine Characteristics in
EEOTE REREE |RREEEAVE| EHBENES

Risk Group Feasibility of | Disease Vaccine Indirect
AR Delivery Severity Effectiveness | Benefits

Pregnant ++ +++ +++ ++

women @ﬂ%

Healthcare ++ + +++ +

workersEE A S

Children, 2-5 + ++ ++ -

years ZHE ++

Children, < 2 ++ +++ + -

years A + +

Elderly Ex + +++ + -

Underlying + +++ + -

Health EEERK

Conditions

http://www.who.int/influenza/vaccines/SAGE_information/en/#
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Morbidity and Mortality Weekly Report

Recommendations and Reports /Vol. 65 / No. 5 iYRTa

prevention and controlof seaso | B E PR Ee S L I e
Recommendations of the Advisory ‘ s.. " [ . ——
Ermmnpseey REFEER - EHRERR - "in - PEREFER - BA—%E
ey 1 3511600 <hidhen sged <15 peam (it S-S W0 gz R[PSS EARES
raccinations in child d 6-23 hs) ll s
BRI § 1 \ (T8 SR RIS  BRRERSER - BB
atali VS '.h /1 s SLZOVIV: ci afe "/
\w;thtl;l)(durmg l;t(l;}—r‘;\;; C'I'}cu:\m:l:cuizfcsatc:;‘ E_”El- I_xﬁ % W ﬁq:
c dicall ed d s
ks s TV simiiston compred with o QREEE R -3 el b rad WA T P W S =L = b I g g Lk =
2—4 weeksb d C 277). In N
IO S K IT  RE  BIMREESER - EEERETRER
6-23 monthsduring 19912003, ITV3 was not assoc
e ] = £ 1A E TR R AN R BT VR &R
7] B/ 488
time periods before and after vaccination. Most + uu WJ:E‘RE e Sy _
children with a diagnosis of gastritis/duodenitis had s¢ EE ;5‘)‘5 j:i *E ”‘T—t !:2 r §§ EG BS E’J J_l' |;I~Is "’J E % 2 1E Eﬂ: % '%E‘g‘ 17K !Eg

vomiting or diarrhea. Several diagnoses, including ac

respiratory illness, otitis media and asthma, were sig 4’# ;ﬁ !:E 1§ §l¥ E G B S E’J H BAA _I;J_ ﬁ/\ j:# *E ;ﬁ ’Tz r

less common during the 2 wecks after influenza va

ey B 7E O] 14 HACIEHE - AAIEIR - ZRIBIHE - EhEEEHENS
MR EAHEANREENEMEEELERRE

medically attended events other than gastritis/d
during the 2 weeks after vaccination com pared wit

(278). A subsequent VSD study of 66,283 chilc
24-59 months noted diagnoses of fever, gastrointes
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