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National COVID-19 emergency delcared
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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
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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

Average weekly no.
of laboratory tests

Average weekly
% positive

2020/2021 season

Average weekly no. of

Average weekly
% positive tests

Rate ratio of % positivity
for 2020/2021 season
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 0-012 0-0015 <0+001

(1311 - 17681) (011 - 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) <0001

(1311 - 17681) (0 - 17-02) (0 - 0-04)

Lancet Reg Health Am. 2021 Jul 17;100015
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COVID-19 and Influenza Co-infection: A
Systematic Review and Meta-Analysis

TABLE 1 | Characteristics of included prevalence studies

First author

Castillo et al. (8)
Ding et al. (9)

Garazzino et al. (10)
Hashemil et al. (11)

Huetal (12)
Kim et al. (13)

Leuzinger et al. (14)

de Suoza Luca et al. (15)

Ma et al. (16)

Takahashi et al. (17)

Zhuetal. (18)

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

July, 2020 USA 42 1(2.4) 1 0 21 1/0
March, 2020 China 115 5(4.3) 3 2 50.2 2/3
May, 2020 Italy 168 1(0.6) 1 nr nr Nr
July, 2020 Iran 105 23(21.9) 23 0 nr 14/9
March, 2020 China 70 32 (45.7) 32 0 62.8 13/19
April, 2020 USA 116 1(0.9) 1 0 74 Nr
July, 2020 Switzerland 930 2(0.2) 2 0 >16 Nr
May, 2020 Brazil 1156 1(0.9) 0 1 36 Nr
Jun, 2020 China 250 3(1.2) 2 1 nr Nr
Sep, 2020 USA 802 3(0.3) nr Nr nr Nr
May, 2020 China 257 7(2.7) 2 5 15-44 Nr

The prevalence of influenza infection was 0.8% in patients with confirmed COVID-19. The frequency of influenza virus
co-infection among patients with COVID-19 was 4.5% in Asia and 0.4% in the America.

Front Med (Lausanne). 2021 Jun 25;8:681469.
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Rates of co-infection with SARS-CoV-2 and influenza virus in COVID-19

children and adult patients

Study

Group = Adults
Alharthy et al. JEGH
Aventz etal. JAMA
Auvinen etal. ID
Blasco et al. JIMV
Chen et al. Lancet
Contou et al. AIC
Hughes etal. CMI

Le Hingrat et al. IORV
Lietal JMV

Lvetal MI

Martines et al. EID et al
Pigny et al. EJP_Adult
Pongpirul et al. EID
Shah et al. ECM
Zayetetal. MI

Random effects model

Events Total

Proportion  85%-Cl Group = Children
) Jiang etal. CCLM I 0.00 [0.00;0.84]
; Pigny et al. EJP_Children 0 30— 0.00 [0.00;0.12]
0 3528 0.00 [0.00;0.01) Song et al. JAMA 0 54M- 0.00 [0.00;0.07]
2 210 0.10 [0.01; 0.30) Tagarro et al. JAMA P 2 41— 0.05 [0.01;0.17]
o 21'—| 0.00 [0.00; 0.16] Wu etal. Pediatrics 1 3l — 0.03 [0.00;0.15)
1 103. 0.01 [0.00; 0.05] Xia etal. PP 3 20 —l— 0.15 [0.03;0.38]
0 99 0.00 [0.00;0.04] Zhang et al. ICHE 11018 0.01 [0.00.0.05]
0 ’32= 0.00 [0.00,0.04] Zhang et al. PlosM 9 34} 026 [0.13;0.44]
0 250 0.00 [0.00;0.01] Zheng et al. CMS 2 25 —— 0.08 [0.01,0.26]
4 306" 0.00 [0.00,0.01] Random effects model 341 e 0.03 [0.01; 0.11]
0 3oM— 000 [0.00;0.11] ) , :
o 76l 0.00 [0.00;0.05] :
R S i )
(‘} 4’13._ g ;é {g gg‘ ggg} Random effects model 2346 ¢ 0.01 [0.00; 0.02]
: - - — T T T
R Pyl S 009 [0.000.41] Heterogeneity. I~ = 60%, 1" = 4.2786, p <.01
0 33M— 0.00 [0.00;0.11]
o 70M- 0.00 [0.00:0.05)
20056 ‘ 0.00 [0.00; 0.02]

The proportion of co-infection in children was 3.2%, 95% Cl = [0.9— 10.9] and that among adult patients

was 0.3%, 95% Cl = [0.1-1.2]
J Clin Virol Plus. 2021 Sep;1(3):100036.
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Conclusions

* The global trends of season influenza decline because of widespread
implementation of measures to mitigate transmission of SARS-CoV-2.

* Therefore, the co-infection of influenza and COVID-19 remain low.
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Hospitalized patients in Hadassah Medical Center (1100 inpatient beds tertiary medical centre in Jerusalem), April-August 2020.

Table 1
Respiratory pathogen testing and detection rates in April—August 2020 compared to April—-August 20172019

| fpn!fugus: 3?12—!?! | April-August 2020 | Reduction P-value
E

Tests Positive Detection Total Number Detection
yearly mean = yearly rate number of rate
SD mean = SD % of tests positives %
$[Adenovirus 1108.7 + 171 72.3 +£355 6.52 173 1 0.60 91 <0.001
L/ 11080+ 171 470+17.1 424 173 0 000 100 0,001
Influenza A H3N2 11083 = 171 6355 0.57 173 0 0.00 100 0.81
Influenza A HIN1 1106.7 = 171 8.7=+81 0.78 173 ] 0.00 100 0.53
Influenza B 11083 + 171 9.7 +11.5 0.87 173 0 0.00 100 0.39
Parainfluenza 1 11080 = 171 15.7 = 18.0 14 173 1 0.61 556 0.60
Parainfluenza 2 11080 + 171 1.0+1.7 0.09 173 0 0.00 100 0.73
${Parainfluenza 3 11080 + 171 453 +153 4.09 173 1 0.61 85 0007 ]
RSV 11083 = 171 53+40 048 173 (1] 0.00 100 0.88
$[Mycoy preumon 4993 + 1448 28.7 = 11.0 5.74 223 0 0.00 100 0001 |
Bordetella pertussis 62.7 = 184 9.7 +50 15.43 24 2 833 46 0535

Test numbers are presented in yearly means + SD for 2017-2019 and absolute number for 2020; p was calculated for comparing number for positive/totals in 2020 versus the
total numbers in 2017-2019. There was a reduction in vancomycin-resistant enterococcus (VRE) testing from an average of 5836.3 + 1132.1 (mean = standard deviation) in
2017-2019 to 2976 tests in April—August 2020, a reduction of 49%.

HMPV, human metapneumovirus; RSV, respiratory syncytial virus; SD, standard deviation.

Clin Microbiol Infect. 2020 Dec 31;27(5):811-812.
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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

Average weekly no.
of laboratory tests

Average weekly
% positive

2020/2021 season

Average weekly no. of

Average weekly
% positive tests

Rate ratio of % positivity
for 20202021 season
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 0-012 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 00028 (0-0012-0-0065) <0-001
(T31T - 17631) 0 - 17°02) (0 - o0g]
RSV 6207 5:96 8890 (4952 -18413) 0:047 0-0169 (0-0122-0-0235) <0-001
(1327 - 16348) (0-22 - 17-80) (0 - 0-10)
PIV 3242 3409 4586 (2034 - 8486) 0:067 00190 (0-0144-0-0250) <0-001
(1155 - 7187) (1415 - 7.00) (0 - 0-20)
3412 1-85 4551 (2039 - 7986) 0-460 | 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 00379 (0-0243-0-0592) <0-001
(971 - 6890) (0 - 6.74) (0 - 0-19)
2254 17-05 4459 (1868 - 8334) 8:463 | 05331 (0-4795-0.5927) | <0001
rhinovirus (595 - 5980) (4431 - 41:29) (3456 - 24+12)
Coronaviruses' 2495 3416 (0 - 8:57) 3789 (2032 - 6743) 0-105 00275 (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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Influenza Virus Types

Influenza A
H1-18
N1-N11
Subtype

M1

HA
Influenza B
Yamagata & Victoria
Lineage

Influenza C
HEF

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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* Hemagglutinin (HA) :
* Receptor binding (sialic acid)
* Membrane fusion
* Neutralizing antibody target

* Neuraminidase (NA) :
* Remove sialic acid residues
e Virion release

* lon channel (M2) :

* H*-dependent uncoating
* Influenza only

Nature Structural & Molecular Biology 17,530-538(2010
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18 HA subtypes
11 NA subtypes
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Fuh R % (Antigenic Drift)
R i % (Antigenic Shift)
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ik a2 % (Antigenic Drift)
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Fh G52 % (Antigenic Drift )

RNA

Hemagglutinin (4

Neuraminidase
Antibodie
Sialic acid

& k& & % (Hemagglutinin) 4¢ % 5%=g: % (Neuraminidase) #u4# (Antibody)
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. :}’HJ)%! MiE® (Antigenic Shift)
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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

Bird reservoir Swine reservoir

L » "mixing
_ vessels”
Domestic poultry
Wild birds
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Animal to human v oL 2 o 32 2 R
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EPIDEMY ¢ Inter-human transmission T e 1]} mixing vesse 1 S s ¥ ﬁ
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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

FFTAILR B S HAr LV
s 1998 2o & 3 A F R
fo iy CEnid o P e §

f’d; 2 ¥ /ﬁh,‘g\;}%—%‘ A l-;:]—jt‘]—‘:

& (triple reassortant)

5Q Tﬁ )N Z}L ’%' gsg%ﬂiﬁq »E’:‘EI]?

3] (Avian-like) # ik

HAAFL e > A

BRI AL AR

< 7 e A 2k T e f

ene constellation)

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

45

(PR32, PBI}
1 PA; NP,
o

Influenza

N Engl | Med 2013; 368:2345-2348
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HING
precursor

Wild bird
H2Ng/

¥

PB2-627K
PB2-70IN

PB2-591K/R
Chicken HON2 HA-226L/1
sublineage 1

Eurasian
lineage

<

Poultry HGN2 Chicken HON2
lineage in China

sublineage 2

<

Trends in Microbiology xx (2014) 1-9 1




Timeline of the history of influenza virus

circulation in hum

ans since 1890s

Replacement

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

- | M

*image credit CDC
H3N8 H1N1 Bvirus H2N2 H3NZ H1N1 H5N1 1918 H1N1| H7NS
Russian Spanish Discovery Asian Hong Kong  Children’s seq 2009
B/Yam & :
pdm pdm pdm pdm pdm B/Vic pdm
| | ll | | | | | | | | |
1891 1918 1933 1942 1957 1968 1977 1987/88 1997 2005 2009 2013

Influenza Virus

|
| circulation of HIN1 e

Cir H3N2 |

50-100 million T 2 million '

o circu atlon <] 2009 H1N1
1 million ' HIN1 & H3N2 emergence

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

Viruses. 2019 Jan 30;11(2):122.
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1918 “Spanish influenza” s 1957 “Asian influenza” me)

T
1968 “Hong Kong inﬂuenza"!* Next pandemic influenza

H1N1 influenza virus H2N2 influenza virus

-
f

q il HZN2 HINL
| awian virus human virus

Bird- lo—human
transmission of HIN1 virus

3 new genetic segments fram
avian influenza virus introduced
(HA, NA, PE1);
contained 5 RMA segments

All 8 genetic segments
thought to have originated
from avian influenza virus

H3N2 influenza virus

HINZ
human virus Awian wirus

or
Awian virus human virus

H3 avian virus

?

All 8 genes new or further
derivative of 1918 virus

2 new genetic segments from
avian influenza virus introduced
{HA, PEL);
contained 5 RNA segments

from 1918

from 1918
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Influenza immune imprinting and the history
of circulating influenza viruses

.,‘-

“ By o B
#.‘,o 31‘; e N

Circulation of HIN1

Cir H2N2  Cir H3N2

Co-circulation of

HIN1 & H3N2
| l | | | | |
[ | | | [ | |
oo 1891 1918 1957 1968 1977 2009 2018
@
@

Gostic 2016
Miller 2013

Hancock 2009
Miller 2013

7}

¢ Unlike older children and adults, the infant immune system
has fewer antigen-presenting cells and soluble immune
factors.

* Paradoxically, we know that a person’s first infection with
the influenza virus during infancy or childhood leads to the
establishment of life-long immunity toward that particular
virus strain. This is called influenza imprinting (it i c5° 72)

Gostic 2016

Lessler 2012

‘e,

Miller 2013 g,
.Y
°1“3 3
afesn

T t

e
Monsalvo 2011 Li 2013 (1983-1996)
Gostic 2016 Andrews 2015 (>1991)  Kosikova 2018 (~2014)

Viruses. 2019 Jan 30;11(2):122.
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Influenza &

/

p (symptomatic)

%
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Human coronavins

r
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/

Fid B h BRI

Rhinowirus

SARS coronavirs

/. amat

3
Days

4 5

Lancet Infect Dis 2009;9:291-300
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Central

- Headache
nose

Muscular

Intestinal
- Diarrhea

Nasopharynx
- Runny or stuffy

- Sore throat

- (Extreme Systemic
(tiredness) ?:h’i-‘.\_- Fever (usually
high)
Joints 3 | &
(and throat)\l L . —7—Respiratory
- Aches i BN ' - Coughing

Gastric
- Vomiting
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Complications of Influenza

Cardiovascular®® Ocular®®
Cerebrovascular accidents Conjunctivitis (most
Ischemic heart disease common)
Myocarditis Optic neuritis

Retinopathy
Uveal effusion syndrome

Hematologic®®
Hemolytic uremic syndrome

Hemophagocytic syndrome Pulmonary®%
Thrombotic thrombocytope- Acute respiratory
nic purpura distress syndrome
Musculoskeletal'? Diffuse alveolar
< hemorrhage
Myositis : .
Hypoxic respiratory

Rhabdomyolysis failure

Neurologic®®

Acute disseminated
encephalomyelitis

Primary viral pneumonia
Secondary bacterial

pneumonia
Encephalitis Renal?
Guillain-Barré syndrome At ki ey
Postinfluenza encephalopathy (e.g., acute tubulo-
(neurologic symptoms occur- interstitial nephritis,
ring after resolution but within glomerulonephritis,

3 weeks of primary infection)
Reye syndrome
Transverse myelitis

minimal change disease)
Multiorgan failure

Am Fam Physician. 2019;100(12):751-758




The frequency of influenza and bacterial
coinfection

Proportion Coinfected

Figure 3. Frequency of bacterial coinfection in hespitalized patients with laboratery confirmed influenza.

Percent Coinfection

% g
3
v
“

Figure 4. Percent of laboratory confirmed influenza infections that were
coinfected by each bacterial species.

Study p: c [95% C Interval]  Weight
Ahn S, etal,, 2011 (26) i 027[ 015,038 3.96%
Bender M, et al., 2010 (27) [ ] 002] 001,003 480%
Bjarnason A, etal, 2012 (28) —-— 0-14[-0-01,028 3-55%
Carr SB, etal., 2012 (29) - 003 [ 000,006 473%
Choi §-H, et al., 2012 (30) —————y 033[ 007,060 2:16%
Cordero E, etal., 2011 (31) il 012[ 003,021 424%
Cuquemelle E, etal., 2011 (32) —a 047 [ 037,056 415%
Dave BM, 2014 (33 —— 035[ 019,051 3-33%
Falsey AR, etal., 2012 (34) HH 012[ 005,019 4-46%
Guervilly C, et al., 2010 (35) HH Ol [ 005,017 451%
Hon KL, et al,, 2008 (36) —— 0-15 [ -0-04, 035 2
Ingram PR, etal., 2010 (37) —— 006 [ -0-05, 0-17 3.96%
Johansson N, et al,, 2010 (38) [ a— 050 [ 024,076 221%
Lopez-Delgado J, et al., 2013 (39) —a— 025[ 014,036 3.99%
Malato L, etal., 2011 (40) —— 025[ 008,042 317%
Marcos MA, etal., 2006 (41) —— 025[ 004,046 271%
Martin-Loeches |, etal,, 2011 (42) n 0o 015,020 474%
Mermond §, etal., 2010 (43) —e—y 065 047,084 305%

yen T, et al,, 2012 (44) - 052[ 039,064 3-85%
Schnell D, et al., 2013 (45) ] 0-15 [ -0-04,035 289%
Sohn CH, et al., 2013 (46) —.— 025[ 014,037 3.97%
Torres JP, etal,, 2012 (4 om 026 [ 009,042 327%
Van Gageldonk-Lafeber AB, et al., 2013 (48) —— 019 000,038 2:95%
Vieira RA, et al., 2003 (49) ] 030[ 010,050 2:84%
von Baum H HIH 021 [ 015,028 450%
Yan XX, et [ ] 019[ 015,022 471%
Zhang Q, et HH 026[ 019,033 443%
RE Model > 023[ 0-18,028]

LN I N B B

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

Setting

Clinical history
Physical examination
Sputum bacteriology

Chest radiography
White blood cell count

Response to antibiotics
Mortality

Isolation of influenza virus

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

165.4 = Comparative Features of Pulmonary Complications of Influenza

Secondary Bacterial
Pneumonia

Age, >65 y; pulmonary disease

Improvement, then worsening
after 3-day influenza
Consolidation

Preumococcus, 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

Prneumococcus, 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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The frequency of influenza and IPA
coinfection

References Location Influenza Season
. - Belgium and . e
Schauwvlieghe, et al. (2018) [5] The Netherlands 2009-2016 Findings
19% of influenza-infected patients were
‘Wauters, et al. (2012) [10] Belgium 2009-2011 diagnosed with IPA, IPA was
associated with 51% mortality
% of i -i
van de Veerdonk, et al. (2017) [6] The Netherlands 2015-2016 B%of 1nf(;\:|enza mfe(tgd patients were
iagnosed with IPA
. 16% of influenza-infected patients were
Huang, etal. (2020) [11] China 2017-2019 diagnosed with IPA
31% of influenza-infected patients were
Ku, etal. (2017) [9] Taiwan 2015-2016 diagnosed with IPA, IPA was
associated with 58% mortality
17% of influenza-infected patients were
Coste, et al. (2021) [13] France 2009-2018 diagnosed with IPA, IPA was
associated with 66% mortality
o v 5.3% of influenza-infected patients
Schwartz, et al. (2020) [14] Canada 2014-2019 were diagnosed with IPA
. - . 7.2% of influenza-infected patients
Martin-Loeches, et al. (2017) [15] Spain 2009-2015 were diagnosed with IPA
. N % 7.2% of influenza-infected patients
Sharma, et al. (2020) [16] United States 2005-2014 were diagnosed with IPA
W, etal. (2017) [12] Taiwan 2016-2019 0.17% of influenza-infected patients

were diagnosed with IPA

J Fungi (Basel). 2022 Apr 22;8(5):428.
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A 90-day survival influenza cohort
100+
_ No IAPA
2 754
g |APA
2 504
8
Forest plots of risk factors for the development of invasive H 25
- o 2
pulmonary aspergillosis
- 30 60 90
OR(S5% Ch pyalue Days from ICU admission
Male sex R 252(133-479)  0.005
CoPD —_— 110(0:53-226) 0-80
Influenza ——— 519(263-1026)" <0.0001 B Effect covariates on 90-day survival
Per 1.0 point APACHE Il score increase - 1-04 (1-00-1-08) 006
Prednisone (01 mg/kg/day) : —_— 1.84 (1-14-2.98)" 0-013
Body-mass index ... 099 (0.94-1.04) 0-67 CS therapy before ICU Ll
Age i 0-99 (0-97-1:01) 0-26 Immunocompromised (excl. CS) —_—
T t ) D
01 1 10
Age- ]
Female sex b |
APACHE Il score "
IAPA (ti
05 10 15 20 25 30
Hazard ratio
Lancet Respir Med. 2018 Oct;6(10):782-792 Clin Infect Dis. 2020 Oct 23;71(7):1764-1767.
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Table 1 Proposed case definition for IAPA in ICU patients

Entry criteria: influenza-like illness + positive influenza PCR or antigen + temporally relationship

Aspergillus tracheobronchitis

IAPA in patients without documented Aspergillus tracheobron-
chitis

Proven Biopsy or brush specimen of airway plague, pseudomembrane
or ulcer showing hyphal elements and Aspergillus growth on
culture or positive Aspergillus PCR in tissue

Probable Airway plaque, pseudomembrane or ulcer

and at least one of the following:
Serum GM index>0.5

or

BAL GM index> 1.0

or

Positive BAL culture

or

Positive tracheal aspirate culture
or

Positive sputum culture

or

Hyphae consistent with Aspergillus

Lung biopsy showing invasive fungal elements and Aspergillus growth
on culture or positive Aspergillus PCR in tissue

A: Pulmonary infiltrate

and at least one of the following:
Serum GM index >0.5

or

BALGMindex>1.0

or

Positive BAL culture

OR

B: Cavitating infiltrate (not attributed to ancther cause)
and at least one of the following:
Positive sputum culture

or

Positive tracheal aspirate culture

Intensive Care Med. 2020 Aug;46(8):1524-1535.
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Admitted to the ICU,
PCR+ and y infiltrates

¥

Plaque, pseudomembrane or ‘

Galactomannan

ulcer visibile at bronchoscopy in serum or BAL

¥

Negative or not done

¥

Aspergillus not cultured
in BAL (or not done)

‘ Fig. 4. Tracheobronchitis with obstruction in bronchescopy. *Ventral wall.

hyphae consistent with l *
Aspergillus in biopsy
e v Bl
positive sputum or
tracheal aspirate culture '

—

Cavitation in an area of
pulmonary consolitation

Aspergillus is cultured
on sputum or tracheal aspirate

No cavitation in an area of
pulmonary consolitation

Y ]

I Aspergillus not cultured

Fig. 5. Chest computed tomography.

<
<
NoiAPA B

! on sputum of tracheal aspirate

Fig. 1 Flowchart of probable IAPA classification. "If hyphae consistent with Aspergillus are documented in a biopsy of an airway lesion AND Asper-

gillus is grown from sputum or a tracheal aspirate, the case fulfills the definition of proven IAPA

Intensive Care Med. 2020 Aug;46(8):1524-1535.
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Neuraminidase
cleaves sialic acid from
receptors to allow viral
release.

Amantadine blocks
the influx of H* ions
through the M2-proton
channel, inhibiting
uncoating and release of
free ribonucleoproteins
into the cytoplasm,

Amantadine# Rimantadinesw i¥* 3+ 3 % ’3':‘-‘}]%3-
sbagZ b d M2 proteinfe = ehdr+ 3 (ion
channel) -

%ff},i;}riii%}m?ép\%’ > 43 g@»:,;;«,s%ﬁvMZ
proteindf+ il - F3lgmA R S FHA -
Amantadine# Rimantadinei& » M2 protein &t

r
WA o PIAIEETL A g—% 2 proteindt
Wi o Frylpd e pAF g o

N EnglJ Med. 2006 Feb 23;354(8):785-8.
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M2 protein inhibitor

&7 £ ¥ (Amantadine) v AERR
(Rimantadine)

e AR E A AR RE A
(Mechanism) — $Ba) & s 4 & < HBAEE A T
4 481 PER LT E RN AS ] PR BE T S it
(Efficacy)  BE A2 Sepit BE R gepiz
iR SEEE R & 4
(Indications)
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71

* M2 protein inhibitor 334 :

© AR § 2% FIBAE A 7 M2 protein -

s BIEF F AT E o 7 A LR T (CNS side effect £ 0 &
EREC)E BT ERIErE

o LI A AT B ) LU

N

R RIS

1, CDC MMWR April 20, 2001
2, Antimicrob Agents Chemother 1991; 35:1741~7
3, Arch Intern Med 1995; 155:533~7 72
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Table 1. Frequency of recovering drug-resistant influenza A (H3N2) virus
during rimantadine treatment

Reference Year Patient Patients Patients shedding
of study group treated  resistant virus
(m
(n) (%)
HALL et al. (1987) 1983 Children 37 10 27
HAYDEN et al. (1989) 1988 Children 21 6 29
HAYDEN et al. (1989) 1988 Adults 7 2 29
HAYDEN et al. (1991) 1988 Adults 6 3 50
BETTS (personal 1986 Elderly 26 3 11

communication)

$tamantadine & 2 #if chip # $a:
o RisiEARY ?u*«%&g NI H 3 AsR e a2-3% j}u IR, o
EHRORREAT Y A0 AR SHE SRR RAVUEHE AR o
c HERF ESMES Lo high-leveldn# |2k A #  fcirculating influenza A® & &
c HREFPRES AAEP P I T NE RSB RRARLT L@ 2 gL A gk o

Curr Top Microbiol Immunol. 1992;176:119-30

Incidence of M2-Inhibitor Resistance among Human Influenza A (H3N2) Viruses
in the United States.*

No. That Showed

Period No. of Isolates Tested Resistance (%)
1992-1995 991 8 (0.8)
1996-1997 508 2 (0.4)
1998-1999 510 11 (2.2)
2000-2001 283 4 (1.4)
2002 290 4 (1.4)
2003 174 3(1.7)
2004 466 9 (1.9)
October 2004—March 2005 636 92 (14.5)
October-December 2005 209 193 (92.3)

N EnglJ Med. 2006 Feb 23;354(8):785-8.
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The New England Journal of Medicine 2005, 353:1363-1373
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Neuraminidase activity

/—Buddmgvrus

Release of
Receptor

containing —
sialic acid

new virions

g
Nucleus ,J(C ““Neuraminidase

Neuraminidase
€~ inhibitors

\
g - Halted

........ P viral
replication

Receptor
containing ——
sialic acid

Cell
membrane

N Engl ] Med 2005;353:1363-73.
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Antiviral Medications Recommended for Treatment and
Chemoprophylaxis of Influenza — U.S. CDC
- Not
Antiviral Recommended
Use Recommended | Adverse Events
Agent For -
for Use in
Adverse events: nausea,
1 vomiting. Post marketing
Treatment | Any age N/A reports of serious skin
reactions and sporadic,
Ose?t:':livir transient neuropsychiatric
events (self-injury or
Chemo- 3 months and - )
. N/A delirium; mainly reported
prophylaxis | older’ among Japane);e "
adolescents and adults).
Allergic reactions:
people with Lllnderlymg oropharyngeal or facial
Treatment | 7 yrs and older respiratory disease edema.
(e.g., asthma, COPD)” | Adverse events: diarrhea,
Inhaled nausea, sinusitis, nasal
Zanamivir signs and symptoms,
Chemo- peo?'e with \Tlnderlymg bronchitis, cough,
prophylaxis 5 yrs and older respiratory disease , headache, dizziness, and
(e.g., asthma, COPD)” | ear, nose and throat
infections.
Adverse events: diarrhea.
Post marketing reports of
Treatment 2yrs and older NIA serious skin reactions and
Intravenous sporadic, transient
. neuropsychiatric events
Peramivir (self-injury or delirium;
B Chemo- mainly reported among
= prophylaxis N/A N/A Japanese adolescents and
adults).
N/A = not applicable, COPD = chronic obstructive pulmonary disease
US CDC, http://www.cdc.gov/flu/professionals/antivirals/summary-clinicians.htm
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v B A GoREE e A & ek (sialic acid) s

Structural features

Car Glycercl  Guanidi Pentyl
aroup group group (hydrophoblc)
side group
Sialic Acid 4 J
Zanamivir J J J
Oseltamivir 4 4
Peramivir "4 J

Flo s ? R 2Apk > B R

Current Opinion in Virology 2014, 8:22-29
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Table 1 Centers for Disease Control and Prevention (CDC; USA data) and Public Health England (PHE; England data) influenza resistance data

Influenza season CDC

PHE

2013-2014 Influenza A HIN1: 98.8% oseltamivir susceptible to oseltamivir and 100% zanamivir susceptibyl
No specific date for influenza A H3N2 or B identified

‘High-level” adamantane resistance

2014-2015 Influenza A HIN1: 98.4% oseltamivir susceptible to oseltamivir and 100% zanamivir susceptibfle  0.5% neuraminidase resistance
Influenza A H3N2 and B: 100% susceptible to oseltamivir and zanamivir

2015-2016 Influenza A HIN1: 99.2% oseltamivir and peramivir susceptible and 100% zanamivir susceptiffle 0.8% neuraminidase resistance
No specific date for influenza A H3N2 or B identified
‘High-level’ adamantane resistance

20162017 Influenza A (all subtypes) and B: 100% susceptible to oseltamivir, peramivir and zanamivir 0.2% neuraminidase resistance

‘High-level’ adamantane resistance
2017-2018 Influenza A HINI: 99% oseltamivir and peramivir susceptible, 100% zanamivir susceptible -

Influenza A H3N2 and B: 100% susceptible to oseltamivir, peramivir and zanamivir

‘High-level” adamantane resistance

1.9% neuraminidase resistance

o

Eur J Clin Microbiol Infect Dis. 2020 Jul;39(7):1201-1208.
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Influenza Virus Source/NAI Phenotype in NA Inhibition Assays
P NA Used for [o] i Z ivil Py ivi A-315675
HIN1 H274Y Clinic/oseltamivir R S R S
Q138K Clinic/none S R ? ?
pHIN1 N294S Reverse genetics R S IR S
H274Y Clinic/oseltamivir R S R S
H274Y1222V Clinic/oseltamivir R S ? ?
Reverse genetics R S R S
H274YN1222R Clinic/oseltamivir R IR R ?
E119G Reverse genetics S R R R
E119V Reverse genetics R R R R
H5N1 N294S Clinic/oseltamivir R S ? ?
H274Y Clinic/oseltamivir R S ? ?
D198G In vitro/zanamivir I R ? 7
E119G In vitro/zanamivir I R ? ?
H3N2 N294S Clinic/oseltamivir R ? ? ?
R292K Clinic/oseltamivir R ? ? ?
In vitro/zanamivir R R ? ?
Deletion Clinic/oseltamivir R | S R
245-248
D151A/D Clinic/none S R ? ?
Q138K Clinic/none S R ? ?
1222V/E119V Clinic/oseltamivir R S S S
E119V Clinic/oseltamivir R S S S
E1191 Clinic/oseltamivir R /R R IR
B R371K Clinic/none R R ? ?
12227 Clinic/none I | ? ?
D198N Clinic/oseltamivir R R S S
R152K Clinic/zanamivir R R R R

Semin Respir Crit Care Med. 2011 Aug:32(4):400-22, |

80



2022.6.11
SEEEXENRPMCEER
RURR 2ER{E

stareel.w@hotmail.com

Outline

* Introduction

* Influenza with severe complications

* Diagnosis

* Antiviral therapy

* Co-infection of Influenza and COVID-19




Introduction
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Lipid envelope derived —

from host cells \

it a Non-structural
proteins

mERE
(Influenza virus)

- IEFRRSE (orthomyxoviridae) A

K
SS(-), RNATE 5
- RAE - BE - CRLRDH

- NEEESAE2EREEA
- MMEKEE R (hemagglutinin: HA), 18TE(MZEAMEIEFTE - 5|58 RIS
- IR PREEES (neuraminidase: NA), 11%&E (&4 - BRESFE

ARREB KRB ARMNHAKNARG 72228 40 HIN1, H3N2

Nature Reviews Microbiology 9, 590-603 (August 2011)

Receptor containing NA
a-2,3 SA or a-2,6 SA M
o o - — Ea -
=
IFN-mediated —T 0
B antiviral response
Post-translational
3 processing
Packaging
" -'\. J /Tf.;nslarinn
p }u‘k a5 e~ I =~
ELEr A7
— c:-;::-} (-VRNA —— — NP
=\ CaRNA Ny
N (HeRNA ¢
| . > M2 . Nucleus
N “ ?‘usion‘nnf]"un-r-_'onting
SA:sialic acid Nature Reviews Microbiology
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mER |IMEEaHd |IMEA%ad |9E%8H IEE G H
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R LR B eI FLR R
EW:¢ (Antigenic drift) |(Antigenic drift) |(Antigenic drift) |(Antigenic drift)
S RAEW RS
(Antigenic shift)
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HEM &
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1. IR % (Antigenic drift) :
- EEEE
- B & MR 1T (epidemic) B
- HA(H1-18)3kNA(N1-11)E KR &

2. LR B (Antigenic shift) :
- RNiEEER
- AEmBHRSIEMEREH A8 E
- BIEIK K17 (pandemic) B

Antigenic drift Antigenic shift
AY 4 1 j‘\(

S1e,
A " Y

Virus B &

Accumulation of
mutations over
time

KR ERAIZHEREMEREHE ( Reassortment ) E4E

rf 9 %r
V'ms"‘\ \ / Virus A

Host Cell
(Intermixing g of RNA)

1
o212,
&y

o
Virus C @4 %
d
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Swine viruses | €ach confer replication

R143 and K186, or L 226 and 5228,
or R196 or A160 change avian H5
(~39°C) from a-2,3-5A to ©-2,6-SA specificity.

Receptors containing
«-2,3-5A

Avian viruses

Avian H5

Receptors contain
a-2.3-5A and a-2,6

\) K627, N701 and R591

(~40°C)

competence in the upper
respiratory tract at
human body temperature

Human H3

0226 and G228 together change
human H3 from a-2,6-SA to
a-2,3-SA specificity

Human H1

E190 and G225 together change human
H1 from a-2,6-5A to a-2,3-5A specificity

Receptors containing (~33°C)

a-2,6-5A

Receptors containing
@-2,3-SA

(~37°C)

11

History of Influenza A and B viruses

Replacement

of HIN1
with H2n2  Replacement Replacement
of H2N2 of HIN1/77
with H3NZ with HIN1/09

Ao - M

H3NB HiN1 Bvirus  H2N2 H3N2 HiN1 H5N1 1918 HIN1 H7N9
Russian Spanish Discovery Asian Hong Kong  Children's B/Yam & seq 2009
pdm pdm pdm pdm pdm B/Vic pdm
| | | | | | | | | | |
1891 1918 1933 1942 1957 1968 1977 1987/88 1997 2005 009 3013

Influenza Virus

Circulation of HIN1

Cir H2N2 m

50-100 million i 2 million i 1 million i

Co-circulation of
HIN1 & H3N2

2009 HIN1
emergence

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

Viruses 2019, 11, 122; doi:10.3390
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EIRITIER

- BEFREEAHLK300~500%

- BERESETAHL29~658 AN - ZEIFETEROSHEU LRE

- MEEREREMALS~10% - /N24£920~30%

- TERTREBEABA - BRE - HPARNPIHINIKH3IN2/

RAF - BEKINIRME 2 &B/Yamagata(LLUFZHK) &
B/Victoria(#Z |5z #X) M {ElfE % (lineage)

1.WHO. The world health report 2007 : a safer future : global public health security in the 21st
century. WHO; 2007: 45-48.
2.WHO. Influenza (Seasonal). Available at:http://www.who.int/mediacentre/factsheets/fs211/en/
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- BFHNE 14%09 A\ A Ml 5307 B M i B8
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fgi;ﬁ%ﬁ%mu‘%ﬁ%é’? MG EEERT - RRMERIET X

1 BREHIE EORIC R EOREE IR Bk 201 14F 22 201 84R fifi 38 s R I8 R (EReike2 Ao #
2. GRS R R A R A 201 14 22 201 847 e gl (4 EE T E R Bl
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COMPLICATIONS N .
‘f| L: B
x Neurological Y
% Febrile convulsions* /
SYMPTOMS - Reygs syr!dnomm' oo
Meningitis/encephalitis
i : yelitis
Neurclogical Transverse myeliti

" Guillain-Barré syndrome
Fever W o
Headache W A

ERRLE e Cardiac
Confusion . Bericarditis
Myocarditis
Respiratory Exacerbation of cardiovascular disease
Dry cough
Sore thiat \@ Respiratory
Masal congestion Otitis media®

Croup
Sinusitis/bronchitis/phanyngitis
Prieumonia (viral. or secondary bactenal)
Nausea Exacerbation of chronic lung disease
Vomiting
Diarrhoea 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

Gastrointestinal

Musculoskeletal
Myalgia
Fatigue

Up to 75% have no symptoms™

Sam Ghebrehewet et al. BMJ 2016;355:bmj.i6258
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F Rt % & (Severe Complicated Influenza)

— ~ EARMM
SRR K TR R P9 B A (o B SF OF B AP 4R A S
FE ~ Rt b 1 B S LE e BB K F) M F o S 5 6
WRETH

= iR

BA TF 542 — {8 #54

(=) =pREE AR CHRBIERE) st a b Aiam
# (Influenza virus) -

(=) ERAHH o F &4 P adan B -

(Z) Bt RiR M -

(v9) Bh ARl d i e i M P b ¢ B0 i SR A M R E R
i z4 At -

n

v ORAT R R
WM a i EE T 2o 2mb| By Fiks (close
contact) - BpER3§ ~ FlfE - mILefoRil 4indh - MARZ A
15 -
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AL IEK BRI

- 1. BliER 2 AE (Pulmonary

complications)
ME X AR ENEELL - HEEM
B zmA -

- 2. 2 FHEENeurological

complications) : &F& F3ERARMRTED

_IR - WHERRER - EEEHTRRAZ

(D ERmE: « IR BRI - A
TR - A Bt HEDRSE - i
BB 24 N\RE -

(2)EEP = S HED
QEEREZ2RFEMBASBAER -
(4)BsA BB R B A MK BB AR 5/uL -
G)RENBEEL R MGG ERIR -

« 3. L\ (Myocarditis) =% /0 8208 3¢ (Pericarditis)

BERORERBEEZ2HORIBEZR - F5 T3
F—IERARRIR - BB BEniEKR:2 & - 3%
IBAMY) RZE R O KO BERE

(1)L ANEE 2 (CK-MB or Troponin-I/T)EE8HS -
Q)BFEHFNOEBFAMNEERE - FLEEE
BRSO O BIERZE -

GBS RBERAL O ZERBREHOEEER -

« 4 REMMEEZE(Invasive bacterial infection)

"FEFIBARRRED—IEE !
OREEBER T ZEEEERE - 00 MR - KEE
& e - DBEER - SRS - BESEL
ME - SRR EER RSB R -

Q)M MAES FB R EI1EE¥ (sepsis or toxic shock
syndrome) -

+ 5. Efth (Others) 3FfF& Lt 1 ~ 4 JEERFRAEAR - 1B

BREFBRINEREGENFETE -
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- RBREAESFEAEERRE - AFEHER

- MBS EAE

—- BIUHEERR ; BR—ERER
- TEHNAEAEAEER 7 REBBEARMR ZRERSIA] -
VZERRERREER - ATREREEERYSER
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Influenza testing
Method Types Time to Comments
Detected | result
Rapid Influenza Dlagnostlc tests AandB 15-30min < Low-moderate sensitivity, high
(Antigen detection) Rz R specificity
o BRIFRSERRE
- RECRITHIR - REFREMEABEBEBRREL
Rapid molecular assay (Influenza AandB <30 min + High sensitivity and specificity
viral RNA or nuclelc acid + MBEEEHRT-PCR(1-8 hours) R
detection) tRiR5 F/1Z e 1%
Direct or Indirect AandB 1-4hours -+ Moderate high sensitivity, high
Immunofluorescence specificity
RIE E IR R
Serology test M52 Ea 1152 AandB o ERHMERRERMRI SIS LR -
TERRPRE A E AR R 4R

Viral culture 5515 & AandB 1-3days - High sensitivity and specificity

7-10 days - AERMNMH

AT IR S RYRIE 2 i B - B 2R RS 2019
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Influenza A/B RNA (ID NOW)

B ;07082 /

BARTRWIEE .
07082 Influsnza A/B RNA (qualitative)
Nasopharygeal Swab / #8211 F IR #15

HiRiRmGH
LR T
= BERFDOBANEFRRARBEOR
FLep - MAEHERERS - WEREE
EBEXARLFESMR
+ MEERANRATERFEARR - ABS
RHRPED ( WILAFR - ) -
EREE FWEE TR - TR »
2EREAMEETRANRHMGLES -

| wwam : 202027

'WINNER
25
Multiplex assays -
Virus Influenza  Virus
Detection Viruses  Subtypes Other Respiratory Approved
Method  Platform/Instrument  Detected  Differentiated  Viruses Differentiated ~ Specimens®  Test Time?
Nucleic FILMARRAY® 2.0 Influenza | A(H1), SARS-CoV-2, NPS 1 hour
Acid and FILMARRAY® A A(H1)pdm0g, ;
Detection ~ TORCH systems Influenza | A(H3) Coronavirus 229E,
B Coronavirus HKU1,

Coronavirus NL63,

Coronavirus OC43,

Human

Simple: Easy: Fast:

Only 2 minutes of Mo precise Run time of
hands-on time pipetting required about 1 hour

Metapneumovirus,
Human
Rhinovirus/Enterovirus,
Parainfluenza Virus 1,
Parainfluenza Virus 2,
Parainfluenza Virus 3,
Parainfluenza Virus 4,
Respiratory Syncytial
Virus
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=}

PERBENABER ERER

AR

- FE URBHBREE  BRRMNEERNEE - &8 THEARGR , BREREGRERNEE

(RO EEENT) B HETER )
+ PRETEFRERBRZES - BB #RiiE B (BMI>=30)
- KMSEE K65 L S AR A - EEEROERARER (SREEKR) ZRE

- BAGHK REAZEEARENHEE)SNE - ROSEBRBAREAEZREZERNEE B
HIMEER - - BRERAS ZEAREE FHA/BS/EREEAFMRSRE)

FapsiE R
- BiSHESMCARENZSRERDOR - FAARREIR O AL ER G 2 B EEE (1%
EFRMEL EEEMEErRp SR ERSEIL/EIREEN

HEAE A\ BMAIBHAEES)

- FMREBRESEREE TFAB(EREZMEELRAREARL/ABEESNHERZASH
HABRES)

CDC. 109.05.01 7@
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LM B EE YY) {5 A

- BERE - 2% RECMOJ%E A Oseltamivir

- TREERARSBSES  BREREE  KERFEE -
IEmEYHENEREGEERE -

- TR EY)S KB RRER -
WkEESINARE @ LEREEER -
FAZEY) -

- BERBEAEZRACEMASRARBEERA)
B RAKSELNZEY
ARARNE  BERELERBEZENSENEBE

o[ EFMRR (N ERiERE)
BRERER

 BIBE—RAAER -
HEREB

- A

A E

/}.LFKFEE;HF'CHE—:FE
A ii*Lﬂﬁ%%haﬂméﬁéuﬁﬁﬁar
2he - B RIREETE

= SRS ER B S 325
REREE Rtk

ea B 2021
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V=Yl

- RERTR SR

— M2 proteinfl&IZ(M2 protein inhibitor)

« AmantadineZ%

s MEMBERE  SABBRRANGER

EZJ
7

— R IR EE AR HIHI B (Neuraminidase inhibitor)
« (AR=L 2 Oseltamivir (Tamiflu® 527 « Eraflu® S7IE)

« IR ATV ZZanamivir (Relenza® }

* B3AOE 5 2 Peramivir (Rapiacta® 3% B %)

« RERARTM

— #ZE8 WD EE HI I Bl (Endonuclease inhibitor)
« 1A%z ZBaloxavir (Xofluza® , 7R3 )

© XEFEUA -BETR R IR DUEAR B R ELY)

31

Influenza A virus l DAS181 (Fludase®) [

.

0.0 0

Favipiravir (T-705)

f

i?

e S

mRNA
synthesis (+)

in

Release

Neuraminidase

O

hibitors

RNP formation

cRNA
synthesis (-)
(replication)

Endonuclease

inhibitors

Arch Broncon

—

eumol. 2017 Jan; 53(1): 19-26.
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LRPINIREEY)

)

Zanamivir (V) AR TEERARABS ERARAZYHEA N
Peramivir (V) IR A EST Y
Long-acting inhaled NI 1&/llzanamivirfd245R, B —HIE 8% N
Fludase (DAS181) siladise fusion constructt]) BRIFIRE EFAME N
Bsilic acid receptor
Cynovirin-N Hemagglutinin inhibitor N
SiRNAs short interfering RNAs N
Falvipiravir (T-705) H#IEEZRNA polymerase Y
Baloxavir marboxil H#lmEendonuclease Y

N Engl J Med 2009; 360:953-956
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- MERPHFRI 6-10 /N

- BEREIFARRBL - lEht
- BARANRE (B22RAMER )
- 2IERIBHPRELEEZEY)

- 9% HBHEIL - BRIBRANEREESE

Oseltamivir (Tamiflu ~ Eraflu)
- OB - AN RACE R EDE MR oseltamivir carboxylate

Tamiflu 75mg/Cap
S0

T —
_lllﬂflIlIllIlllllllllllllllllllIII]IIHIHH]HH]W

e e

Adult/child >40kg 75mg bid * 5d CCr>60 75mg bid

Child 1-12yr 23kg-40kg 60mg bid * 5d Ccr 30-60 | 30mg bid
15kg-23kg 45mg bid * 5d Ccr 10-30 | 30mg qd
<15kg 30mg bid * 5d Ccr <10 no data

Child < 1yr 3mg/kg * 5d HD 30mg TIW after HD

CDC seift B 1 & 2019.6
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STEEIR

WEHNRE - AZSHBNEHMEVE -

ZWE -

- —EARMAERITREMRRE - MARERNAS
BEMLEE - # 2 Tamiflua B 2R R S

WARERS °

- AREMERNREBRFRZ2NENEVE)ZAZSBTRZES -

- BAMREBAERR A Tamiflu A 2= S0 A0 45 {0035 #e S5 @l Ao @

- WBOBIRAD - IWRSHZEREIMESE - TamifluIREHESHW
EREGRERN - ZIMIARKA TamifluZitBim R EE MRS G

8 BERYREL
TS HRER

7 i=E
N5
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Zanamivir (Relenza) 3m 47

- ZIIRARIR - IREREDEORAFIRE

- K78% )R OIRED - A915%ZEES & E Kb
- ORRERBTIARIE2% - BREEH 5!
- FBNEEEABREEE

- BRERAKRTE(> 55)

- £ 8RME - 10mg bid * 5 days

AEZERRAB zanamivir JAERA
MR B ERUAES
REAEEA R IRET RIS
FElEARL S ERERRARE

MsE A)

[y
P4

BJ 483
=2 o

TRERIR ARIRBLZE ) DI BE S HIR X R E K& E (W COPD K&

sier
2

CcDC
TR B

ImEED 3T E 2019.6
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In 4 Relenza #e:Est{E A 5%

4. J#TE9 RELENZA FE

_ILJ.M'Fﬂi‘E{ﬂ

9. FTEHICHENEAIE  RISTREIE -

37

BRI - AR TE
. BRBAR—BEAN LS
- B ABER300mg - /N5

Peramivir (Rapiacta)in B #

#HE59: 300mg/60ml, BEIEE

>15 7 &

FOAOMR/TMAZ O] Z B RIS

. TT’EZ% R EES oseltamivir #1

B RRRBRERZRA R ZE
REY)

BUEARKREEAB

EEQ nm” %

10mg/kg; BREZAFiEB1E 600mg

2002 60 1o

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

1R 88
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Rapiacta®}52h
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Oseltamivir

IC50: inhibitory concentration

Zanamivir Peramivir Laninamivir

Ikematsu et al. J Infect Chemother (2017)
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Comparison of Efficacy of Intravenous Peramivir and Oral Oseltamivir for the Treatment of
Influenza : Systematic Review and Meta-Analysis

Mean difference
IV, random, 95% CI

*
——
-
¢
¢
-100 -50 0 50 100

Favours (peramivir)  Favours (oseltamivir)

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

Mortality, length of hospital stay, change in
virus titer 48 hours after admission, and the
incidence of adverse events not significantly
different

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

42




Time to eliminate the influenza virus

Peramivir tended to eliminate the virus sooner.

5.0

4.5

4.0

bt
w

b
o

Peramivir: 3.71 += 1.38 days
Laninamivir: 4.09 = 1.23 days

Zanamivir: 4.33 = 1.38 days
Oseltamivir: 4.75 + 1.47 days

n
w

Time (days)

g
o

Peramivir Laninamivir Zanamivir

I Fever duration

[ Elimination of influenza
[ Symptoms

Oseltamivir

Takemoto Y, et al. Chemotherapy 2013;59:373-378
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Baloxavir marboxil (Xofluza) 4% K34

- OAREIE (20mg/tab) - EFRREREE
+ R2018FHEHBNKEBISTERESFF & £

B Baloxavir - ¥2E &R AmER Cap &k
FEEVZBE M tTIB8(Cap dependent
endonuclease) i iR E1E A FE & 224

- BRAMARLEN ERE
- BIERR: IEIR - IR0
- FFETHEE: CCr>30, Child A-BEFRRAEL =

- A
40-80Kg | EXARAH 40mg (2 tab)
>80Kg BERARA 80mg (4 tab)

IRZERS - oS AEBYHR - BREE
%A EM  SHRMR  2F BHET
fEaE -~ BT O AR (HI 5
o 8% e AR -

FRUPLE
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Baloxavir: a cap-dependent endonuclease inhibitor
that prevents viral replication

1) attachment/ 2) fusion/ - ot : 6) release/
3) transcription | | 4) replication 5) budding I]|beration
h Viral protein
- Host pre-mRNA 0 \ synthesis
- \
3 3 i i Viral RNA W e
i /“ L Vi lV“’ﬁllT.lRle\ b \ \ 4 “.
9 l“ ’l O 't "ioitiaton £ Golgibody , .
Endoplasmic S
Vi aIch\ﬂ\ reticulum 3 v -
Influenzavirus I - .
VRNPs \\ Ribosome »"‘ L
=~

P
Nucleus R!ﬁllcatmnuf VRNA genome \
VRNA genome

*= Neuraminidase
Hemagglutinin

Hostcell

Other envelope proteins

Carbohydrate chainsterminatingin CRNA denot Y RNA, mRNA RNA,
sialicacid-containingcell surface receptor  yRNA viral RNA, vRNPs viral ribonucleoprotein particles.

-

Noshi et al. Antiviral Res. 2018 Dec;160:109-117 45
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Baloxavir is a novel influenza molecule that
inhibits viral cap-dependent endonuclease activity

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

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

1. The influenza viral

RNA polymerase

complex consists of:

= viral RNA segments

= multiple NP molecules

= asingle, trimeric
polymerase complex
comprising PA, PB1 and

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

PB2 subunits'?2

NP: nucleoprotein

1. Eisfeld et al. Nat Rev Microbiol 2015
2. Reich S., et al. Nature. 2014 Dec 18;516(7531):361-6 46
3. Noshi T., et al. Antiviral Res. 2018 Dec;160:109-117
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Baloxavir 4524
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R PR E86%
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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. Ikematsu H, et al. N Engl J Med. 2020 doi: 10.1056/NEJMoa1915341.
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A Health Insurance Claims Database Study

Comparison of Hospitalization Incidence in Influenza Outpatients
Treated With Baloxavir Marboxil or Neuraminidase Inhibitors:

C Not Adjusted”
N (%) N (%) Risk ratio (95% CI) Risk difference (95% CI)
Oseltamivir 223/92 700 (0.24) 524.3/238 657.8 (0.22) 1.41(1.00-2.00) 0.06 (0.01-0.12)
—— —
vs baloxavir  189/146 192 (0.13) 373.6/240 341.4 (0.16)
Zanamivir 38M8 677 (0.20) 388.7163 T01.7 (0.24) 1.85(1.23-2.78) 0.11 (0.02-0.20)
—
vs baloxavir 188/146 182 (0.13) 211.3M164 892.3 (0.13)
Laninamivir 125/81 438 (0.15) 352.3/227 618.3 (0.15)  1.2010.96-1.51) 0.03 (-0.01 10 0.06)
—a— ——
vs baloxavir 189/146 192 (0.13) 293.0/227 633.9 (0.13)
r T T L) L) T T L) L) T L)
1] 1 2 3 =005 000 005 010 015 020 025
«+---  eeeeee- > - aee--e- >
MNAI superior Baloxavir superior NAI superior Baloxavir superior

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

Clin Infect Dis. 2020; ciaal870
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Clinical outcomes of baloxavir versus oseltamivir in patients

hospitalized with influenza A

Baloxavir (n=359) Oseltamivir (n=431) P
Hypoxia resolution, n (%) n=273 n=348 0.052°
224 (82 091) 2631 (75578)
Hours from antiviral to hypoxia resolution, median (IQR) n=273 n=348 <0.001"°
01717 (253-89317) 7195 (37.463-123)
Fever resolution, n (%) n=265 n=314 0.241°
262 (98.868) 306 (97.452)
Hours from antiviral to fever resolution, median (IQR) n=265 n=314 0.501"
25,067 (8.5-40.183) 25.275(11.2046-41.492)
LOS (days), median (IQR) 4 (3-6) 5(3-6) 0.45°
ICU LOS (days), median (IQR) n=50 n=52 0.44°
2(1-4) 3(2-5)
30 day all-cause mortality, n (%) 12 (3.343) 26(6.032) 0.079°

» Patients who received baloxavir had a significantly faster time to hypoxia

resolution

J Antimicrob Chemother. 2020 Oct 1;75(10):3015-3022.
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Subgroup of patients who received therapy within 48 h of symptom onset

baloxavir (n = 190) oseltamivir (n=232) P
Hypoxia resolution, n (%) n=138 n=183 0.084°
117 (84.783) 141 (77.049)
Hours from antiviral to hypoxia resolution, median (IQR) n=138 n=183 <0.001"
47,025 (22.146-86.433) 71.9 (33.925-124.733)
Fever resolution, n (%) n=155 n=188 0.383°
154 (99.355) 184 (97.872)
Hours from antiviral to fever resolution, median (1QR) n=155 n=188 0.934°
25.183 (8.85-40.117) 24.075(10.158-39.175)
LOS (days), median (IQR) 4(3-6) 5(3-6) 0.47°
ICU LOS (days), median (IQR) n=24 n=28 0.948°
3(1-4.235) 3(2-4.25)
I 30 day all-cause mortality, n (%) 3(1.579) 14 (6.034) 0.024°

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

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

50




n;’i‘-é_fllb\

FEBSE-N

=) eotlzlulill il oL i e ] Peramivir Baloxavir Marboxil
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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)

Oseltamivir 300mg/d Demographics

| Age ] 67 (46.3- )
E 06 \""w_ 64 (48.8-77) 72.8) 66 (57-73) .839
b H
5 Male (%) 81 (66.4) 32 (80.0) 18 (62.1) .196
g; 041 Oseltamivir 150mg/d (C;)’“”b'd'ty 84 (68.9) 26 (65.0) 18 (62.1) 748
=4 (]
B Oseltamivir
02 administered 6 (4.9) 1(2.5) 0(0) .243
<48h (%)
oo SOFA score 7 (6-8) 7 (6-8.5) 7 (7-8.5) 574
b 1o o o Lo a0 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.
53

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

Admission Intubated

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

 Baloxavir 40 mg every 72 h for three
doses

ECMO Extubated

IDCases. 2020 May 22;21:e00819.
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Impact of corticosteroid treatment on clinical outcomes of
influenza-associated ARDS: a nationwide multicenter study

without early corticosteroid treatment

* Early corticosteroid treatment
was associated with a

with early cortic

Probability of survival (%)
2

40- significantly increased hospital
sl mortality in adult patients with
20+ Log-rank p < 0.001 . ]

| influenza-associated ARDS.

T T T T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
Day
No. at risk

NoeardyCS 156 152 151 149 149 147 140 135 124 116 110 102 97 B8 76 68
Early C5 B5 B3 79 77 75 74 72 65 60 51 43 40 36 34 32 31

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

-

. QHH

0.01

0.1 10
Favours [CS] Favours [no-CS]

100

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

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

Sci Rep 10, 3044 (2020).
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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
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Coinfection with other respiratory viruses in -~
SARS-CoV-2 positive dead patients <

22.30%
20.00%
15.00
9.70% 9.70%
10.00%
5.00% 2.90% 508 il
0.00 [ [7 ‘
N ; W & &
& & e ' S
:\»‘?\\‘ ’ &
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Co-infected COVID-19 and Influenza
11 prevalence studies, 3070 patients
patients with COVID-19 and Prevalence% Number of Number of I-squared
Influenza (95% Cl) studies patients
Overall 11 79 76.6%
g America 0.4 (0.0-0.7) 4 6 43.4%
E Asia 5 70 84.4%
z China 3.1(0.2-6) 4 a7 81.7%
(% USA 0.7 (0.0-1.4) 3 5 52.6%
g Male 5.3(1.3-9.4) ) 30 80.1%
g Female 9.1 (0.6-17.2) 3 31 83.5%
§ Influenza virus A 8 (5.6-10.4) 9 67 62.6%
é Influenza virus B 5.5(2.8-8.3 ) 9 52.9%
<50 years 1.7 (0.4-3) 3 9 51.2%

§’ More than 50 years 3 38 87.6%

M Dadashi. 2021; 8: 681469.
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6965 adults infected with COVID-19, UK

Unweighted Weighted

OR (95% (1) p value OR (95% Cl) p value
Invasive mechanical ventilation
Adenovirus 1.22 (0-72-1-99) 0-44 0-64 (0-18-1-68) 0-42
Influenza virus 168 (1.14-2-45) 0-0073 414 (2:00-8-49)  0-0001
Respiratory syncytial 1-05 (0-68-1-59) 0-82 0-78 (0-15-2-70) 073
virus
In-hospital mortality
Adenovirus 160 (1:03-2-44) 0:033 1.53 (0-67-3-33) 029
Influenza virus 1-49 (1-04-2-12) 0.027 2:35 (1-07-512) 0031
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

Ala
A R

Lancet. 2022 Apr 16;399(10334):1463-1464.
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Treatment and clinical outcome in co-infected cases

| Oseltamivir

Antibiotic therapy

| Remdesivir

| Dexamethasone

Length of hospital stay- days

QOutcome

Case 1

Yes

No

Yes

Yes

Alive

Case 2

No

No

Yes

Yes

Alive

(I

Case 3 Case 4 Case 5
Yes Yes Yes

No Yes Yes
Yes Yes Yes
Yes No Yes

12 3 20
Alive Alive Expired

R Ali. Cureus 13(8): e17597
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Co-infection of influenza B virus and SARS-

CoV-2 in Taiwan @
E‘ ) fgg 48 y/o female, contact with COVID-19

patient
- RIDT: Influenza B (+)
- RT-PCR for SARS-CoV-2 (+)

Oseltamivir -> Baloxavir marboxil
f Hydroxychloroquine

BR Huang.J Microbiol Immunol Infect. 2021
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Considerations in co-infected cases

* Corticosteroids

- cautious use in Influenza due to the negative effects on the
morbidity and mortality

- recommended in COVID-19 : dexamethasone 6mg daily

* Drug-Drug interactions

- new oral antiviral agents for COVID-19: Paxlovid, Molnupiravir

64




Paxlovid (nirmatrelvir/ritonavir) DDI

Oseltamivir
(Tamiflu)

Peramivir
(Rapiacta)

Baloxavir
marboxil
(xofluza)

No Interaction Expected

Nirmatrelvir/ritonavir (5 Oseltamivir ’
days) [Please read the

interaction details as

management of these
interactions may be
complex.]

Oseltamivir Nirmatrelvir/ritonavir (5 days)
[Please read the interaction details
as management of these
interactions may be complex.]

Peramivir iR EESMaR Bn ¥ = EABRHF B2 & Cytochrome P450 (CYP) 1A2,
2A6, 2C9, 2C19, 2D6, 2E1 & 3A4 Wik HIRMNEIER - ¥ CYP1A2,
2A6,2C9, 2D6 K 3A4 TNEFEIEMA -

RIEEEIN ERAE R - baloxavir marboxil&2CYP2B6 - CYP2CS -
CYP3ARVRE MB35 HIHIE - baloxavir marboxiliE 4RI A
CYP2B6 ~ CYP3ABRERIBERITTINHIT -

Liverpool COVID-19 Drug Interactions
Rapiacta, Xofluza 15 &

65

Take home messages

* Risk factors for influenza complications

* Multiplex assays to detect Influenza and SARS-CoV-2

* Neuraminidase inhibitors
- oral Oseltamivir (Tamilfu,Eraflu)
- inhaled Zanamivir (Relenza)
- intravenous Peramivir (Rapiacta)

* Endonuclease inhibitor
- oral Baloxavir (Xofluza), single dose

* Co-infected COVID-19 and Influenza
- increased hospitalization and mortality
- corticosteroid remains controversial
- possible drug-drug interaction
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Thank you for your attention
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A yearly flu vaccine as the first
and most important step in
protecting against flu viruses

FLU VACCINATION

=

Wear short sleeves to expose the arm
Please come alone (unless with a carer)
Practice Social Distancing

Wear a face covering




Why should people get vaccinated
against flu?
* Influenza is a potentially serious disease that

can lead to hospitalization and sometimes
even death.

Why do | need a flu vaccine every year?

1. A person’simmune protection from
vaccination declines over time.

2. Because flu viruses are constantly changing,
the composition of flu vaccines is reviewed
annually

* vaccines are updated to protect against the

viruses that research indicates will be most
common during the upcoming flu season.




Flu vaccination can keep you from
getting sick with flu

* Flu vaccination prevents millions of illnesses and
flu-related doctor’s visits each year.
— during 2019-2020 flu vaccination prevented
¢ 7.5 million influenza illnesses,
¢ 3.7 million influenza-associated medical visits,
* 105,000 influenza-associated hospitalizations,
* 6,300 influenza-associated deaths.
* During seasons when flu vaccine viruses are
similar to circulating flu viruses,

— flu vaccine has been shown to reduce the risk of
having to go to the doctor with flu by 40% to 60%.

Flu Vaccine Reduces Risk of Severe IlIness

The study was conducted over four flu seasons from 2012 to
2015 and found that flu vaccination prevented severe disease

* Flu vaccination among adults reduced the risk of
being admitted to the hospital with flu

— placed in a general ward bed by 37 percent.
* Flu vaccination was even more effective in
preventing the most severe forms of flu

— reduced the risk of being admitted to an ICU with flu
by 82 percent.




Flu vaccines prevented influenza-associated ICU admissions
Have higher effectiveness in ICU than GW hospital settings

Influenza vaccine effectiveness for GW patients was 41%
(95% Cl = 29-51%)
Influenza vaccine effectiveness for ICU patients was 86%
(95% Cl = 54-96%)

In the propensity adjusted models, for all estimated
seasons, influenza virus (sub)types, with or without chronic
medical conditions, and by age group (<65 vs. 65 years)

— influenza vaccine effectiveness point estimates for ICU patients
were > 70% (range = 73-95%) and consistently higher than
influenza vaccine effectiveness point estimates among GW
patients (range = 14—-66%)

Vaccine, 18 September 2018, Pages 5916-5925

Flu vaccination with 26% reduction in odds of
ICU admission among adults

Source

Avrriola (2017)
Arriola (2017)
Arriola (2017)
Casado (2018)
Joshi (2015)
Loubet (2016)
Martinez (2019)
Martinez (2019)
Martinez (2019)
Segaloff (2018)
Taylor (2016)
Taylor (2016)
Taylor (2016)

Age (yr)
18-49
50-64
65+
65+
18+
18+
18+
18+
18+
18+
16+
16+
16+

Thompson (2018) 18+

Total

Season
2013-14: H1
2013-14: H1
2013-14: H1

2013-15: H1/H3
2013-14: H1/H3
2012-15: H1/H3/B
2010-16: H1
2010-16: H3
2010-16: B
2014-15: H1/H3
2006-09: A'B
2009-10: H1
2010-12: AIB
2012-15: H1/H3/B

Heterogeneity: 32, = 35.82 (P < .001), I* = 64%

Overall OR= 0.74 (0.58, 0.93)

OR (95% CI)
0.63 (0.42, 0.93)
1.05(0.80, 1.37)
0.63(0.48, 0.81)
0.34 (0.20, 0.58)
2.89 (0.97, 8.60)
0.50 (0.28, 0.90)
0.68 (0.42, 1.10)
0.67 (0.41,1.10)
0.57 (0.30, 1.08)
1.00 (0.30, 3.10)
1.49 (0.68, 3.33)
0.74 (0.50, 1.09)
1.59 (0.82, 3.03)
0.41(0.18, 0.96)

d

I T T 1
0.2 05 1 2 5
Odds Ratio (95% Cl)

Vaccine 39 (2021) 3678-3695




Vaccinated patients had 31% reduced risk of
death compared with unvaccinated patients

Sourece Age (yr) Season OR (95% CI)

Arriola (2017) 1849 2013-14:H1  0.21(0.05,0.87) i

Arriola (2017) 50-64 2013-14:H1  0.48(0.24,087) — &

Arriola (2017) 65+ 2013-14: H1 0.39(0.17, 0.66) —.—

Casado (2016) 65+  2013-14: H1/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) —i

Martinez (2019) 18+ 2010-16:H3  1.09 (0.61, 1.96) .

Martinez (2019) 18+ 2010-16:B 1.25(0.54, 2.80) ———

Suzuki (2018) 65+ 2012-14: H1/H3/B 0.42 (0.07, 2.48) -

Total <=

Heterogeneity: z2 = 15.45 (P = .08), I = 42% ' ! ! !
Overall OR= 0,68 (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
[llness 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 Thumpsun,' and Adrienne G. Handulph‘ on hehalf of the Pediatric Acute Lung Injury and
Sepsis Investigators (PALISI) Network

"Influenza Divisian, US Centers for Disease Control and Prevention, and “Battelle Memorial Institute, Atlanta, Georgia; 3Abt Associates, Inc., Cambridge, and
‘Bepanment 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.

The Journal of Infectious Diseases 2014;210:674-83
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Clinical Infectious Diseases
LY 2]

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

Mark G. Thampson,' Jefirey C. Kwong,~**** Annette K. Regan,”® Mark A Katz™"™" Steven J. Drews,"™" Eduardo Azziz-Baumgartner,’
Nicola P. Klein," Hannah Chung* Paul V. Effler,” Becca 5. Feldman,® Kimberley Simmonds,'™" Brandy E. Wyant,” Fatimah S. Dawood,'
Michael L. Jackson,™ Deshayne B. Fell, ™' Avram Levy,” Noam Barda,” Lawrence W. Svenson, " 2™ Rehecca V. Fink,”

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

a: “Chif Pryscian's Office. Clalit Health Senvices. Dalit Aesssc
University of Michigan Schoolof Public Hesith, Ann Arbor. “Liniw nd
ser Permanenta Northem Califoia, Oskland. " Disasse Control Directorate, Department af H
Pesth, Australia,"*Cumming School erd At Helth, Edmanion, Canada, ™ iates, Cambricke, Massachusets, Kaiser Pesmanenia Wasfingson Health
Rasaarth Nstinute, Sete, Washing bic Heaith, University of Oriaw, = Hospitalof Eastem Ortario Resaarch Instinute, Drtawis, Canada; “Daparmen
af Micsabiology, CEH Medical Canre, PatiWest Laboratory hiadicing, Neclands, Westem Australa, Auswali n of Frewensive Medicine and *Sthaal of Public Health, Liniersity of Albens,
Edmartton, and “Depertment af Camemrity Hesith Sciences, Unbversity of Calgary, Albertz, Canada; and *Center for Health esearch, Kaiser Permanantz Morthwest, Portiand, Oregon

Vacoine:
Hesfth, Medical School far International H
Edmonton, Canada; *¥aiser Parmas

(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

Clinical Infectious DiseasesR 2018;68(9):1444-53

11

Who Should Vaccinate?

e Everyone 6 months of age and older should
get an influenza vaccine every season with
rare exception.
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How Influenza Vaccines Are Made

* Egg-Based Flu Vaccines

e Cell-Based Flu Vaccines

e Recombinant Flu Vaccines

14
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Recommended composition of influenza virus vaccines for use in
the 2022-2023 northern hemisphere influenza season

Egg-based vaccines

« an A/Victoria/2570/2019 (H1N1)pdmO09-like virus;

= an A/Darwin/9/2021 (H3N2)-like virus;

« a B/Austria/1359417/2021 (B/Victoria lineage)-like virus; and
« a B/Phuket/3073/2013 (BfYamagata lineage)-like virus.

Cell culture- or recombinant-based vaccines

« an A/Wisconsin/588/2019 (H1N1)pdm0$-like virus;

« an A/Darwin/6/2021 (H3N2)-like virus;

« a B/Austria/1359417/2021 (B/Victoria lineage)-like virus; and
« a B/Phuket/3073/2013 (BfYamagata lineage)-like virus.
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Different Types of Flu Vaccines

* Live Attenuated Influenza Vaccine [LAIV] (The
Nasal Spray Flu Vaccine)

e Quadrivalent Influenza Vaccine

* Fluzone High-Dose Seasonal Influenza Vaccine
* Adjuvanted Flu Vaccine

* Cell-Based Flu Vaccines

e Recombinant Influenza Vaccine

* Flu Vaccination by Jet Injector

16



Live Attenuated Influenza Vaccine
(The Nasal Spray Flu Vaccine)
* The nasal spray flu vaccine is approved for use

in healthy non-pregnant people, 2 through 49
years old.

17

Who should not get the nasal spray flu vaccine

Children younger than 2 years old
Adults 50 years and older

People with a history of severe allergic reaction to any ingredient of the vaccine or to a previous
dose of any flu vaccine

Children 2 through 17 years old who are receiving aspirin- or salicylate-containing medications.

Children 2 through 4 years old who have asthma or who have had a history of wheezing in the
past 12 months

People with weakened immune systems (immunosuppression) from any cause

People who care for severely immunocompromised persons who require a protected environment
People without a spleen, or with a non-functioning spleen

Pregnant people

People with an active leak between the CSF and the mouth, nose, ear, or other place within the
skull

People with cochlear implants

People who have taken flu antiviral drugs within a certain amount of time. (48 hours for
oseltamivir and zanamivir, 5 days for peramivir, and 17 days for baloxavir.)

18




Quadrivalent Influenza Vaccine

* Adding a B virus from the second lineage was
done to give broader protection against

circulating flu viruses.
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vaccines.

Fluzone High-Dose Seasonal Influenza Vaccine

* A four-component (quadrivalent) flu vaccine
approved for people 65 years and older.

* Fluzone High-Dose Quadrivalent contains four
times the antigen than Fluzone Quadrivalent
and other standard-dose inactivated flu

— The higher dose of antigen in the vaccine is
intended to give people 65 years and older a
better immune response to vaccination, and
therefore, better protection against flu.

20




Fluzone High-Dose Seasonal Influenza Vaccine

A stronger immune response (i.e., higher antibody levels)
occured after vaccination with Fluzone High-Dose.

The high-dose vaccine was 24% more effective in preventing
flu in adults 65 years and older relative to a standard-dose
vaccine.

People 65 years and older who got Fluzone High-dose had a
lower risk of hospital admission compared with people in
that age group who got the standard-dose Fluzone, especially
those living in long-term care facilities.

Some side effects were reported more frequently after
vaccination with trivalent Fluzone High-Dose than after
standard-dose inactivated flu vaccines.

N EnglJ Med 2014; 371:635-645
Lancet Respir Med. 2017 Sep;5(9):738-746
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Adjuvanted Flu Vaccine

An adjuvant is an ingredient of a vaccine that
helps promote a better immune response.

Adjuvants also can reduce the amount of virus
needed for production of a vaccine,

— can allow for greater supplies of vaccine to be
manufactured.
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Cell-Based Flu Vaccines

* The cell-based vaccine manufacturing process
uses animal cells (Madin-Darby Canine Kidney, or
MDCK cells) as a host for the growing flu viruses
instead of fertilized chicken eggs.

* Growing flu viruses in eggs can introduce changes

(called egg-adapted changes) that can cause

differences between the viruses in the vaccine
and the ones that are circulating.
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Recombinant Influenza Vaccine

* Recombinant influenza (flu) vaccines are
produced using recombinant technology.

a_‘,-’?flﬂblok Clinical Efficacy in Adults 50+

s
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Flu Vaccination by Jet Injector

* A jet injector is a medical device used for
vaccination

— uses a high-pressure, narrow stream of fluid to
penetrate the skin instead of a needle.

25

Are any of the available flu vaccines
recommended over others?

* inactivated influenza vaccine (l1V4),
recombinant influenza vaccine (RIV4), or live
attenuated nasal spray influenza vaccine
(LAIV4) with no preference expressed for any
one vaccine over another.
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Conclusion

* The best way to reduce your risk from seasonal flu
and its potentially serious complications is to get
vaccinated every year.
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