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Summary of status of development and availability of A(H5N1)
candidate vaccine viruses and potency testing reagents

Antigenic and genetic analyses are performed by the WHO Collaborating Centres of the Global Influenza Surveillance and
Response System (GISRS). Unless otherwise indicated all candidate vaccine viruses posted on this table have passed two-way
haemagglutination inhibition (HI) test. National or Regional control authorities approve the composition and formulation of

vaccines used in each country
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Candidate vaccine viruses*
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(A/Guangdong/17SF003/2016 (IDCDC-RG56N)) M 5H5N8#R (A/Astrakhan/3212/2020
(IDCDC-RG71A)) ICEE GO, 2024 ELHSN1ER (A/Ezo red fox/Hokkaido/1/2022
(NIID-002)) [CEE &> Tz,

o EIMEFIEMRER GR  EEEAKREEMETEE )
HEzo red foxthkz {E@EM{L L. NIID-002% = /F &

. Candidate Developing Available
Antigenic prototype 2L vaccine virus institute from
Wild type virus WHO CCs
A/Vietnam/1194/2004 1
NIBRG-14* MHRA, UK MHRA, UK
A/American wigeon/South Carolina/22- Wild type virus
000345-001/2021-like 2.3.4.4b CDC, USA
IDCDC-RG78A* CDC, USA
A/Ezo red fox/Hokkaido/1/2022-like 2.3.4.4b NIID-002¥* NIID, Japan | NIID, Japan

o AKRIZ2024F(CWHOICE W BA 7 VT FREGER

¥ New CVV shown in blue

*These viruses are candidate vaccine viruses which have passed relevant safety testing and two-way
haemagglutination inhibition (HI) tests. They can be handled under BSL-2 enhanced containment’.
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The role of serum
haemagglutination-inhibiting antibody in protection against
challenge infection with influenza A2 and B viruses

By D. HOBSON axp R. L. CURRY
Department of Medical Microbiology, University of Liverpool
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RESEARCH ARTICLE Open Access

Relationship between haemagglutination-
inhibiting antibody titres and clinical protection
against influenza: development and application
of a bayesian random-effects model

Laurent Coudeville'", Fabrice Bailleux', Benjamin Riche?, Frangoise Megas', Philippe Andre', René Ecochard
" =
Cell Reports Medicine @ CelPress
OPEN ACCESS

Pre-existing Hemagglutinin Stalk Antibodies
Correlate with Protection of Lower Respiratory
Symptoms in Flu-Infected Transplant Patients
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Csl Fl Oprt PI r Perez-Romero,* Mg el Montejo,®'* Joan Gavalda Pt[:laMunoz
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Antibody Correlates and Predictors of
Immunity to Naturally Occurring Influenza in
Humans and the Importance of Antibody to the
Neuraminidase

Robert B. Couch,'? Robert L. Atmar,"? Luis M. Franco,'* John M. Quarles,® Janet Wells? Nancy Arden.® Diane Nifio,2
and John W. Belmont***

'Department of Medicing, 2D of Virology and Microbiology, *Department of Molecular and Human Genetics, *Department of
Pediatrics, *Department of Pathology and Immunology, Baylor College of Medicine, Houston, Texas; and *Department of Microbial and Molecular
Pathogenesis, College of Medicing, Texas ARM Health Science Center, College Station

Clinical Infectious Diseases
MAJOR ARTICLE f%{ir.DsbA rrrrrrrr .

Pre-existing Antineuraminidase Antibodies Are Associated
With Shortened Duration of Influenza A(HIN1)pdm
Virus Shedding and Illness in Naturally Infected Adults

Hannah E. Maier,"” Raffael Nachbagauer,’ Guillermina Kuan,** Sophia Ng.' Roger Lopez.*® Nery Sanchez,” Daniel Stadlbaver? Lionel Gresh 'Amy
Schiller. Arvind Rajabhathor. Sergio Ojeda,’ Andrea F. Guglia” Fatima Amanat>® Angel Balmaseda,*® Florian I(rammer=L and Aubree Gordon™
'Dapartmy nprne inlogy, School of Public Health, Univarsity of Mic nga n, Ann Arbor, Michigan, USA; “Department of Microbialagy, lezhn School of Madi |neaIM nt Sinai, New York,
NakaUSA *Sustainable Sciencos Institut, Man guaNlcaraq ; *Cantro de Salud Secrates Floras Vivas, Min rv!HBaIan , Nicaragua; and *Cantro Na una\d ja Diagnadstico y
Reforancia, Ministry of Haalth, Managus, Nicaragua; and "Gradu: meshm\ of Biological Sciences, Imh School of Medicine at Mount Sinai, New York, New Yol I:USA
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Virology st
3 | Editor’s Pick | Immunology | Full-Length Text
Binding antibody titers against the hemagglutinin and

neuraminidase correlate with protection against medically
attended influenza A and B disease

Marios Koutsakos," Amold Reynaldi,? Malet Aban,? lan G. Barr,"* David S. Khoury,? Miles P. Davenport,? Ali H. Ellebedy,*** Philip A.
Mudd*>*’

FINAITIER L. STHASUfR & (33032 L 7-PAEMEBIIEIE & L CigeE
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(Couch et al., 2013)

HAREGI T lX. NATMAEAZ WL IE E 714 )L ZBEH EB
[l & AEIRIFEHARIAY%E Ly (Maier et al., 2020)

SULHANAR KD [EESZEES | 1700 ¥
RIERDBET LHAT 5 2 eHREn7c (Koutsakos
et al., 2025)
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~NZ/87 A4 )L A (Henipavirus) & 1% 7

PEERKRNIA LR
#} : Paramyxoviridae (/¥5 27 74 ILZR})
J& : Henipavirus

Henipavirus®{&R 7 1 )L R

HEINE
o Nipah henipavirus (NiV) <L—>7 |
Nipah henipavirus (NiV) Ny HSFL 4

100

Hendra henipavirus genotype 1 (HeV-g1) #—x 5 U7
90

® =894 LR (Nipahvirus; NiV) (FHEICHETZA4 ¥ 2—4vF) | " Henda henpavius genoype 2 Hevg2) A= +5y7 |77 gL F

Cedar henipavirus (CedV) F—R+ZUT
o /\s/ I~ 5 .7 'f )bZ (Hendra Virus; HeV) *® Ghanian bat henipavirus (GhV) H—F

Angavokely virus (AngV)* SEHRAANL |
:/\074 }bza)aézsﬁi .--....--....--....G-a;q;k.v.ir;s.(lG.A:(\;).*...--....--.Eé.--....:-.

100 Daeryong virus (DarV) * EE iF - s
BABE #4237 %FY 0 [~ Mojiang henipavirus (MojV) hE 3k
e Langya henipavirus (LayV)* Fi[E |

':F'Fﬁﬁﬁi : 752)(3&': b l‘\ F1FaYEY A blﬁ}rﬁt NN Canine distemper virus (CDV) FE T

*ERTALRSEZES (ICTV) RBH, (BALBAEFEHDr. Posadas Herrera GuillermofERk)

B AZ/XYILALEHEET S /BEFICEDS < RARIT
1ISE

Ei R EEMEEE EILRSYENRAT HP
https://id-info.jihs.go.jp/niid/ja/typhi-m/iasr-reference/11813-516r02.html
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Table 1. Clinical characteristics of Nipah virus infection during different outbreaks in Bangladesh.

o MPIRIAER & MBAERz TR L CRMAEA (3H) T

Outbreak
ﬁ’fi T 6 Meherpur, 2001  Naogaon, 2003  Rajbari, 2004  Faridpur, 2004 All
Characteristic (n =13) (n=12) (n = 31) (n = 36) (n = 92)
. Age, years
® LK ZRTE 1K (.) Mean + SD 402 + 16.2 174 + 135 1563 + 106 354 + 147 27.0 = 17.0
Median (range) 38 (4-60) 12 (4-42) 12 (2-50) 35 (5-60) 26 (2-60)
— R B0 EUGEETR. B, MRk REE A & Fever 13/13 (100) 12/12(100)  31/31 (100)  36/36 (100)  92/92 (100)
. Altered mental status® 13/13 (100) 10/12 (83) 30/30 (100) 29/36 (81) 82/91 (90)
@ Unconsciousness® 3/13 (23) 9/12 (75) 28/30 (93) 27/36 (75) 67/91 (74)
o MEER (@) @ Headache 8/13 (62) 101283  16/27(59)  30/36 (83  64/88 (73)
Severe weakness NC 3/12 (25) 23/28 (82) 25/36 (69) 51/76 (67)
ZHEE SE, ER. KLY @ Cough andjor cold 10113 (77) 6/12 (50) 14/29 (48) 26/36 (72) 56/90 (62)
@ Respiratory difficulty 9/13 (69) 7/12 (58) 19/29 (66) 27/36 (75) 62/90 (69)
Vomiting 7/13 (54) 6/12 (50) 20/30 (67) 20/36 (56) 53/91 (58)
o HILB[EIR Diarrhea 2/13 (15) 112 (8) 8/29 (28) 15/36 (42) 26/90 (29)
: Convulsion 3/13 (23) 3/12 (25) 14/30 (47) 1/36 (3) 21/91 (23)
=] 3 N Planter reflex 3
BAL, TR & Absent ND ND 112 (8) 0/5 (0) 117 (6)
Equivocal ND ND 2112 (17) 2/5 (40) 4/17 (24)
Extensor ND ND 6/12 (50) 0/5 (0) 6/17 (35)
Flexor ND ND 3/12 (25) 0/5 (0) 3/17 (35)
. Deep tendon reflex
Absent ND ND 4/11 (36) 0/3 (0) 4/14 (29)
Diminished ND ND 5/11 (45) 0/3 (0) 5/14 (36)
Exaggerated ND ND 0/11 (0) 0/3 (0) 0/14 (0)
Normal ND ND 2/11 (18) 3/3 (100) 5/14 (36)
Case fatality 9/13 (69) 8/12 (67) 23/31 (74) 27/36 (75) 67/92 (73)

NOTE. Data are proportion (%) of patients, unless otherwise indicated. NC, not collected; ND, not done.

® Altered mental status was defined as lack of orientation to time, place, and person. Unconsciousness was included as
altered mental status.

® Unconsciousness was defined as inability to give meaningful response to any stimuli.

Homaira N, etal. Epidemiol Infect. Hossain MJ, Gurley ES, Montgomery JM, et al. Clin Infect Dis. 2008:46(7):977-984. 9|
2010;138(11):1630-1636.
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® {iERALHHIR Z NiV-G & HTR #H#% 2 NiV-G-hVASP %
X
® (V7T YHHEIINATHWL LN ShVASP
(Vasodilator-stimulated phosphoprotein)
tetramerization domain’ & A L 7=#E2#2 2 NiV-G
( ) EHTHRICERE

Kuhnel K, Jarchau T, Wolf E, Schlichting I, Walter U, Wittinghofer A, et al. Proc Natl Acad Sci

U S A. 2004;101(49):17027-32.

Xu X, Zhu X, Dwek RA, Stevens J, Wilson IA. ) Virol. 2008;82(21):10493-501.

ANV-GR /O BDTHA

A
Full length NiV-G
71 602
NiV-G SP transmembrane NiV-G ectodomain
71 602
I — | I —
SP His-tag Thrombin site NiV-G ectodomain
NiV-G-hVASP
71 602
SP His-tag hVASP Thrombin site NiV-G ectodomain
tetramerization
domain

Fig. 1. Enhanced expression yield of recombinant NiV-G-hVASP compared

with conventional NiV-G.

(A) Schematic representation of full-length NiV-G, recombinant NiV-G, and
recombinant NiV-G-hVASP construct.

21



NiV-G-hVASPIZFEZ SRR ICE W TRIREDIIEMNT 5

® HEK2O3THARIIC F S v R 7 -0y 3 v IHTEELF
DYIREZ7 0Oy b THRIEEX LK

® MEEE L FDONIV-GRIEEIZIHO I R EZRD 7
(Fig. 1B,C)

N . C
EiEHRDWestern Blotting *x
10 -
B 8 ]
NiV-G NiV-G-hVASP = 6 — -l-
® 4-
e .-
2 -
0 T T
<]
\st\' \\??"Q
ox‘
~
S

Fig. 1. Enhanced expression yield of recombinant NiV-G-hVASP compared
with conventional NiV-G.

(B) Expression levels in HEK293T cell supernatants collected 3 days post-
transfection were analyzed by Western blot (n = 3).

(C) Quantification of Western blot band intensities in (B), normalized to NiV-G
(setto1).

Datain (C), (E), and (F) are presented as mean = SD (n = 3). Unpaired two-
tailed Welch'’s t-test was performed: *p < 0.05, **p < 0.01; ns, not significant.
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Fig. 1. Enhanced expression yield of recombinant
(E) Total recombinant protein amounts in purified sam

standards.
Datain (C) and (E) are presented as mean = SD (n=
*p <0.05, **p < 0.01; ns, not significant.

NiV-G-hVASP compared with conventional NiV-G.
ples were quantified by SDS-PAGE with BSA

3). Unpaired two-tailed Welch’s t-test was performed:
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o RIAIC £ Y naivers U (A1 zED 0 0-
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Fig. 3. hWASP fusion increases the proportion of tetrameric NiV-G
assemblies.

(A) Mass photometry analysis of conventional NiV-G.

(B) Mass photometry analysis of NiV-G-hVASP.

(C) Summary of tetramer ratios calculated from the AUC of the tetramer peak.
Measurements in (A)—(C) were independently repeated three times, and results
were averaged for display.
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Fig. 2. Comparable binding reactivity of NiV-G-hVASP and NiV-G to NiV-G-
specific monoclonal antibodies.

Binding of recombinant NiV-G and NiV-G-hVASP to human monoclonal
antibodies m102.4, 41-6, and HENV-32 was assessed by indirect ELISA.
Influenza NA-specific antibody 1G01 served as a non-specific control.
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Fig. 4. NiV-G-hVASP elicits strong systemic and mucosal antibody responses via subcutaneous and intranasal

<+— Tetramer

45 kDa
9.8 kDa
217 counts (6%)

immunization.
(A) Mouse immunization schedule.
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Datain (B) and (C) are presented as mean
0.001, ™**p < 0.0001; ns, not significant.

(B) Serum IgG responses to NiV-G-hVASP, HeV-G-hVASP, and Cambodia-NA-hVASP. NiV-G-hVASP and HeV-G-hVASP
IgG were quantified relative to m102.4 mouse IgG1. Cambodia-NA-hVASP responses are shown as endpoint titers.
+ SD (n=4). One-way ANOVA was performed: *p < 0.05, **p < 0.01, ***p <
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Fig. 4. NiV-G-hVASP elicits strong systemic and mucosal antibody responses via subcutaneous and intranasal

immunization.

(A) Mouse immunization schedule.

(C) Nasal IgA responses against the same antigens. IgA responses to NiV-G-hVASP and HeV-G-hVASP were quantified
relative to m102.4 mouse IgA; Cambodia-NA-hVASP responses are shown as endpoint titers.
Datain (B) and (C) are presented as mean = SD (n = 4). One-way ANOVA was performed: *p < 0.05, **p < 0.01, ***p <

0.001, *™**p < 0.0001; ns, not significant.
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