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Respirat x\( are

Wha-t iS Influenza? 4*")(\ [\m erican Association

» Acontagious respiratory illness caused by Influenza A or B viruses.
« Symptoms: fever, chills, cough, headache, fatigue, sore throat and sneezing.

« Barring complications, Influenza usually last less than two weeks!1l,
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Influenza virus

» Influenza viruses belong to the Orthomyxoviridae family, divided in types A, B, C, and D.
Influenza A virus (IAV) has raised public health concern and been intensively studied.

» Enveloped, negative-sense, single-stranded RNA virus.

FkP X k& LRI - [2] Images of the HIN1 Influenza Virus.
- (. The Chinese University of Hong Kong [N Mo https://www.cdc.gov/h1nlflu/images.htm



Etiology

 Viral ribonucleoprotein (VRNP) includes Nucleoprotein (NP) and trimeric polymerase
(PB1, PB2, and PA), responsible for transcription, replication and assembly(3l,

« Matrix protein (M) includes M1- major component of virion, and M2- integral
membrane protein, ion channel.

» Non-structural protein (NS) includes

NS1 and NS2, responsible for RNA

, Globular head domain
(vanable region)

transport, translation and splicing.

Stem or Stalk domain
{conserved region)

. - [3] Braam J, et al. Molecular model of a eucaryotic transcription complex:
AP LK E @ Faculty of Medicine functions and movements of influenza P proteins during capped RNA- §

S&.  The Chinese University of Ho ; hige
- ey, TheChineseUniversity of Hong Kong primed transcription. Cell. 1983 Sep;34(2):609-18.




Etiology

« Hemagglutinin (HA) and Neuraminidase (NA) are viral surface glycoproteins,
responsible for receptor binding, virus entry, and virion release.

 HA & NA determine antigenicity and immunogenicity of 1AV.

« The development of vaccines mainly focuses on HA & NAI,
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[4] Sautto GA, et al. Towards a universal influenza vaccine: different
approaches for one goal. Virol J. 2018 Jan 19;15(1):17.




Influenza pandemics

INFLUENZA MILESTONES « 15,1918, HIN1 subtype.
1917 - 2009
« 21 1957, H2N2 subtype.

% % 31, 1968, H3N2 subtype.
Q .) @ « 4 2009, H1IN1 subtype.

(estimated, inUS.) o«  Estimated by WHO, 1 billion

Vicknamr Deaths
“Spanish” fiu 678,000 flu-like cases, 3-5 million sever
4 12N “Asian” flu 70,000
1968 H3N2 “Hong Kong” flu 30,000 cases, and 0.65 million death
2009 HIN1 “Swine” flu 12,000
cases worldwide, annually!®l,
FHEFLRE @ ;&‘(;‘ky;';uedkim [5] CDC | The 2009 H1N1 Pandemic: Summary Highlights, April 2009-April 2010.
-,C_‘_,_;;fu)g;,_; The Chinese University of Hong Kong o ciu sl Lhmmiktp M Wara e [6] WHO | 70 years of GISRS — the Global Influenza Surveillance & Response System.




Viral evolution of pdmO09

» Genomic analysis of pdm09 indicates close

relationship to swine, human and avian reassortants.

* pdm09 is derived from a triple-reassortant event.

S
S
e The host, swine, functioned as a “mixing vessel”.

Morth Amarican swine
HIN2 and HINZ

Figure 1. History of Reassortment Events

in the Evolution of the 2009 Influenza A (H1N1) Virus.

. ) " [7] Trifonov V, et al. Geographic dependence, surveillance, and origins of the
) srrxxs @ Faculty of Medicine

__ %!Lu £ The Chinese University of Hong Kong

2009 influenza A (H1N1) virus. N Engl J Med. 2009 Jul 9;361(2):115-9. 8



Viral evolution of Novel H7N9

Avtan iofluesza A Vigs T
(M) ¢

* First reported case of H7 subtype cross-species
transmission to human in Asia.

* A novel reassortant avian-origin influenza A
(H7N9) virus was isolated and identified.

» Genomic analysis of novel H7N9 indicates all 6

internal genes from avian influenza A (H9N2)

viruses, while HA & NA from another avian donors.

A Sy

P 1
W lar B ~
Figure 2. Hypothetical Host and Lineage Origins of the Gene Segments

of the Novel Reassortant Human Influenza A (H7N9) Viruses.

AP L k& gukistas . [8] Gao R, et al. Human infection with a novel avian-origin influenza A 9
& The Chinese University of Hong Kong T Cie vkl 45 0vmihip 41 Wirg Woom
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(H7NQ9) virus. N Engl J Med. 2013 May 16;368(20):1888-97.



Local situation of Influenza Activity in HK
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Figure 2.2 Percentoge of respiratory specimens tested positive for influenza viruses, 2019-23 {upper: overoll positive
percentoge, lower: positive percentage by subtypes)

* In HK, Week 45 (5-11 Nov), a total of 7,228 flu-like samples was collected.
« 267 (3.69%) positive for Influenza, including 23 (9%) H1, 194 (74%) H3 and 45(17%) B,

@ kP X k& T [9] COVID-19 & Flu Express.
__ ¥ TheChinese University of Hong Kong D e g e https://www.chp.gov.hk/sc/resources/29/100148.html




Influenza subtypes & hosts
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[10] Chapter 21, Orthomyxoviridae.
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Vaccines

 The inoculation of vaccines is the most important DR S—
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prophylactic method. SR, f
L
; ; ; o e g
» Inactivated vaccine is the most commonly used djed
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flu vaccine, traced back to 1940s. B S *",““ o
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* Others include live attenuated, VLPs, subunit i ﬁ_?f\ /%
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influenza vaccines.

B Ak L k£ 00 PR rerccenes [11] Chen J, et al. Advances in Development and Application of Influerizi
The Chinese University of Hong Kong Faculty of Medicine Vaccines. Front Immunol. 2021 Jul 13;12:711997.
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Inactivated vaccine-H9N2
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HION2 AlVs have 2 distinct sub-lineage with major antigenic difference.

Develop an inactivated HON2 vaccine with cross-lineage protection.

'H7N9
oG8 ou

Genotype S
HON2

W H5N2 ‘- f-é‘ HIN7 ¥

[12] Wang Z, et al. Enhanced cross-lineage protection induced by

recombinant HON2 avian influenza virus inactivated vaccine. VVaccine. 13
2019 Mar 22;37(13):1736-1742.




Inactivated vaccine-H9N2

» Compatibility of HA & NA from

= LPRS, HIN1

different strains.

=== LoW2-17, Y280-like

|' e ‘: SN, Y280-like

SN, Y280-like YZ4, F98-like

recombinant viruses

A from PR8
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Inactivated vaccine-H9N2

HA de-glycosylation

'.:j“"‘: rHA,,-/200
» The effect of de-glycosylation of HA.

= rHA, -/ 280
rHA,, -/, 287
rHA,,- 4295

rHA,,-/\474

" HA,-/\533

AN from PR8
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Inactivated vaccine-H9N2

SN, Y280-like YZ4, F98-like

« The substitution of protective antigenic

epitopes in HA.

« Select optimal candidates by

neutralizing (Nt) antibody titer and rHA“-RG-E%K rHA,“Mss r2340

survival rate of virus challenge. P from PR8
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Inactivated vaccine-H5N1

* |noculation of inactivated vaccine can introduce Nt Abs.
* Serum can’t be distinguished from whether infected or immunized.

» Develop a marked vaccine to Differentiate infected from vaccinated animals (DIVA).

Y >
B sk kg suveranan
. $¥¥?  The Chinese University of Hong Kong facuhyof '.'.’I??Kme,




Inactivated vaccine-H5N1

e JAV’s HA consists of HA1 and HA2.

« HAZ2 is highly conservative among subtypes, making it a possible marker for DIVVA vaccines.

HA
\

{ HA1 HAZ2

N— : I —— C
~ L o 19"
3rd <—>| |‘_’| 18"
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Inactivated vaccine-H5N1

« H5 subtype AIV HA2 specific epitope H5-17™-peptide has been identified by Microarray chips.
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Inactivated vaccine-H5N1

» Epitopes have been designed and modified by Overlap-PCR.

» \accine candidates have been developed based on chimeric HA.

A

{ HA1 HA2 \

Parental strain: DTC H5: QYSEEARLKREEISGVKLES
Candidate: DTC-Lo-171 H1l: KYSEESKLNREEIDGVKLES

Candidate: DTC-L0-173 H3: I'YRDEALNNRFQIKGVELKS

FE P LK E .
[ ;}“u &N The Chinese University of Hong Kong facuhyof !"'I?:iu:lnn‘ 20
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Inactivated vaccine-H5N1
HA

{ HAl HA2 \

N— I e — C

H5-17t™- peptide
Conjugated to carrier protein BSA as an immunogen <= QYSEEARLKREEISGVKLES

\

Routine immunization on BALB/c =P Prepare McAbs from Hybridoma
Antigen Myeloma cells ,4"' V""-,
4 »
o0 . “
(51

Monoclonal
antibody
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Inactivated vaccine-H5N1

« A Competitive ELISA method has been established based on McADb.
» Specificity and broad-spectrum reaction ability of established Competitive ELISA

method has been further evaluated.
» Optimal candidates have been selected by neutralizing (Nt) antibody titer and survival

rate of virus challenge.

 DIVA characteristics of H5 marked vaccine candidates have been further evaluated.

A% P X k& Bl vuvccunen
e The Chinese University of Hong Kong facultyof 'f’l??mnp. 22
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Novel vaccine

« Subunit vaccine: Rational design of an influenza-COVID-19 chimeric protective
vaccine with HA-stalk and S-RBD. By George Fu Gao.

* COVID-19 & Influenza has raised great public health concern.

« Their pathogens: SARS-CoV-2 & IAV are both enveloped RNA virus.

« The Spike (S) protein & HA protein are both major targets for Abs.

SARS-CoV-2

« Two-in-One Vaccine strategy: COVID-19 & Influenza. I

T N [13] Li Y, et al. Rational design of an influenza-COVID-19 chimeric
&% ﬁ ?}ﬁj’ SUC x %‘ _— @ P e ot M protective vaccine with HA-stalk and S-RBD. Emerg Microbes Infect. 23
o - e ese University of Hong Kong Ve cin vmis sy w141y o Was o Pawn 2023 DEC;12(2)12231573.




Novel vaccine

A
H1Delta NNy
f2N i
SP GGGG GGGG Trimer-Tag ’cr){ ol ERE &
A g PR e
D] sooon | 6 (D EEED Sl
— & 8. L g8
18-52 319-537 322-344 1-75 GCN4 90-188  6xHis CYE: i&{
HA stalk VAR
H1Delta S

» SP: Signal Peptide; GGGG: Linker.
 GCN4 & Trimer-Tag is for trimer formation; His-Tag is for purification.
« HAL(18-52, N-terminal)—Delta-RBD—HA1(322-344, C-terminal)—HA2—Tag.

A% P X k& Bl vuvccunen
e The Chinese University of Hong Kong facultyof 'f’l??mnp. 24
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Novel vaccine
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Novel vaccine
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Novel vaccine
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Novel vaccine
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Novel vaccine
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Novel vaccine

Delta challenge BA.2 challenge
-~\;_

~ :'v‘
S

H1Delta-10 pg

* Immune efficacy of the H1Delta vaccine against Delta+Omicron challenge in mice.

F P L k& WU TOREN
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Novel vaccine

Comprehensively, the H1Delta has a correct formation, induces good binding and Nt Abs,
100% prevents lethal challenge of HIN1 and H5N8 in 2 ug/10 pg dosage in mice.
H1Delta extremely significantly decreased viral copies in Delta+Omicron challenge.

Without pathological changes in lungs.

Other studies revealed that RBD Fc dimer, tandem-repeat dimer, HR (heptad-repeat
sequence)-induced trimer could induce high titers of Nt Abs(13.14],

Using polymer formation of antigen as vaccine candidates is better than monomer.

14] Sun S, et al. Interferon-armed RBD dimer enhances the immunogenicity of RBD for sterilizing

HFH#EP LK F Bl vuvccenen immunity against SARS-CoV-2. Cell Res. 2021.
The Chinese University of Hong Kong facuhyof 'f"?.d'('"e, [15] He C, et al. A self-assembled trimeric protein vaccine induces protective immunity agair& lmicron
variant. Nat Commun. 2022;13(1):5459.
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Influenza phylogenetic tree

« Antigenic drift, results in new clades and lineages.

A i
6 « Antigenic shift, results in recombination events
Subtypes .
HA e which lead to new subtypes.

H3 I
Influenza
B

Influenza C

5 3 B e anes Tong S, etal. A distinct lineage of influenza A virus from bats[J].
B P Xk @ B e g g B 5

— X_g _ The Chinese University of Hong Kong

PNAS. 2012.



H5 subtype AlV evolution
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