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Highly Pathogenic Avian Influenza in Mammals: A Case Report of Two Domestic Cats

In January, an outdoor, adult, domestic longhaired cat presented to the University of Nebraska
Veterinary Diagnostic Center for postmortem examination after a history of rapid decline with clinical signs of
anorexia, recumbency, anisocoria, pyrexia, seizures, tremors, nystagmus, loss of proprioception, and
hyperesthesia. Gross necropsy revealed only a few visible changes to the organs including pulmonary congestion
and edema, mild pericardial transudative effusion, and a subtle darkening of areas of the cerebrocortical grey
matter. Complete histopathology examination revealed necrotizing lesions in the kidney, liver, adrenal gland, and
pancreas; encephalitis with patches of extensive neuronal degeneration and necrosis, particularly in the cerebral
cortex; and edema, vessel congestion, and mild inflammation in the lung and epicardium. The lesions were
recognized as suspicious for highly pathogenic avian influenza virus infection, which was confirmed with
molecular diagnostics. The PCR Ct value for avian influenza in the brain of this cat was remarkably low (12),
indicating a very large amount of virus in the brain, as consistent with an acute infection. Highly pathogenic avian
influenz‘a Eurasian strain HON1 was verified by molecular assay at National Veterinary Services Laboratories
(NVSL).

Three other outdoor domestic cats of this household were noted at risk, and one of them developed
clinical signs shortly after the first affected cat. This cat was described as somnolent and had episodes of walking

in circles (circling). The cat was responsive to stimuli and seemed to eat and drink normally. It lived 10 days with
natiroloadic imnairment when the ecat ecuiddenlvy became laterally rectiimbent with continuial tfremore neceeceeitating
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Influenza A(H5N1) in cats — Poland
s See all DONs related to this event >

On 27 June 2023, the IHR National Focal Point of Poland notified WHO of unusual deaths in cats across the country.
As of 11 July, 47 samples have been tested from 46 cats and one captive caracal, of which 29 were found to be
positive for influenza A (H5N1). Fourteen cats are reporied to have been euthanized, and a further 11 died, with the
last death reported on 30 June. The source of the exposure of cats to the virus is currently unknown and epizootic
investigations are ongoing.

Sporadic infection of cats with A(HSN1) has previously been reported, but this is the first report of a high numbers of
infected cats over a wide geographical area within a country.

As of 12 July, no human contacts of A(H5SN1) positive cats have reporied symptoms, and the surveillance period for
all contacts is now complete.

The risk of human infections following exposure to infected cats at the national level is assessed as low for the
general population, and low to moderate for cat owners and those occupationally exposed to HSN1-infected
cats (such as veterinarians) without the use of appropriate personal protective equipment.

WHO continues to monitor the situation and work in close collaboration with the animal and public health sectors,
regional agencies, the Food and Agriculture Organization of the United Nations (FAQ), the World Organisation for
Animal Health (WOAH), and other partner agencies in Poland.

Description of situation
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influenza-outbreaks-in-animals-pose-risk-to-humans
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Ongoing avian influenza
outbreaks in animals pose risk to
humans

Situation analysis and advice to countries from FAO, WHO, WOAH
12 July 2023 | Statement | Geneva/Paris/Rome | Reading time: 6 min (1743 words) Media Contacts

WHO Media Team
Email: mediginquiries@who.int

The current outbreaks of avian influenza (also called “bird flu™) have caused devastation in animal populations,
including poultry, wild birds, and some mammals, and harmed farmers’ livelihoods and the food trade. Although
largely affecting animals, these outbreaks pose ongoing risks to humans.

The Food and Agriculture Organization of the United Nations (FAO), the World Health Organization (WHQO), and the
World Organisation for Animal Health (WOAH) are urging countries to work together across sectors to save as many

animals as possible and to protect people.
WOAH Media Inquiries

Avian influenza viruses normally spread among birds, but the increasing number of HSN1 avian influenza detections Email: media@woah.org
among mammals—which are biologically closer to humans than birds are—raises concern that the virus might adapt
to infect humans more easily. In addition, some mammals may act as mixing vessels for influenza viruses, leading to

the emergence of new viruses that could be more harmful to animals and humans.

The goose/Guangdong-lineage of HSN1 avian influenza viruses first emerged in 1996 and have been causing
outbreaks in birds since then. Since 2020, a variant of these viruses belonging to the HS clade 2 3.4 4b has led to an
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https://www.aphis.usda.gov/aphis/ourfocus/animalhealth/animal-disease-information/avian/avian-influenza/hpai-2022/2022-hpai-
mammags

1J_SDA Detections of Highly Pathogenic Avian Influenza in Mammals
]

Points are approximations based on the county of detection and may represent multiple detections.
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The negative-stranded ssRNA viruses

Mononegavirales
Bornaviridae
Rhabdoviridae

Filoviridae

Paramyxoviridae Paramyxovirinae

Pneumovirinae

Unassigned

Orthomyxoviridae

Bunyaviridae

Unassigned
Arenaviridae

Bornavirus
Vesiculovirus
Lyssavirus
Ephemerovirus
Novirhabdovirus
Cytorhabdovirus
Nucleorhabdovirus
Marburgvirus
Ebolavirus

Rubulavirus
Avulavirus
Respirovirus
Henipavirus
Morbillivirus

Pneumovirus
Metapneumovirus
Varicosavirus
Ophiovirus
Influenzavirus A
Influenzavirus B
Influenzavirus C
Thogotovirus
Isavirus
Orthobunyavirus
Hantavirus
Nairovirus
Phlebovirus
Tospovirus
Tenuivirus
Arenavirus

Borna disease virus

Vesicular stomatitis Indiana virus
Rabies virus

Bovine ephemeral fever virus

Infectious hematopoietic necrosis virus

Lettuce necrotic yellows virus
Potato yellow dwarf virus
Lake Victoria marburgvirus
Zaire ebolavirus

Mumps virus
Newecastle disease virus
Sendai virus

Hendra virus

Measles virus

Human respiratory syncytial virus
Avian metapneumovirus

Lettuce big-vein associated virus
Citrus psorosis virus

Influenza A virus

Influenza B virus

Influenza C virus

Thogoto virus

Infectious salmon anemia virus
Bunyamwera virus

Hantaan virus

Dugbe virus

Rift Valley fever virus

Tomato spotted wilt virus

Rice stripe virus

Lymphocytic choriomeningitis virus
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Understanding the naming of flu viruses

Virus

| Strain subtype
Virus type number \

l 1
A / Sydney / 05 / 97 (H3N2)

] A revision of the system of nomenclature for
l influenza viruses: a WHO Memorandum*

Bulletin of the World Health Organization, 58 (4): 585-591 (1980)

Year

Place virus o . .
_ I SO | at ec i . In ngruary 1980, the World Health Orgqmzatton cqnvened a meeting (o consgt?er
SO ] = ted information relevant to the nomenclature of influenza viruses and to make definitive
proposals for the revision of the system which has been in use since 1971. The WHO recom-
mendations are based on data derived from double immunodiffusion reactions involving
haemagglutinin and neuraminidase antigens. The revised system of nomenclature is similar
to the 1971 system in that it consists of two parts: (a) a type and strain designation, and
(b} for influenza A viruses, a description of the antigenic specificity (subtype) of the surface
antigens (H and N). The strain designation for influenza virus types A, B, and C contains
information on the antigenic type of the virus (based on the antigenic specificity of the
nucleoprotein), the host of origin (for strains isolated from non-human sources}, geographi-
cal origin, strain number, and year of isolation. For influenza A viruses, the antigenic
description, in parentheses, follows the strain designation and comprises two indices
describing the antigenic subtype of the haemagglutinin and of the neuraminidase antigens.
For the influenza A viruses from all species, the H antigens are grouped into 12 subtypes,
HI-HI12, while the N antigens are divided into 9 subtypes, NI-N9. Reference strains of
influenza viruses are maintained by the WHO Collaborating Centres for Reference and
Research on Influenza and the WHO Centres for the Study of Influenza Ecology in Animals,

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2395936/
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PB2:

PB1-F2:
PB1:

PA:

HA:

NP:

NA:

Mi:

M2:

NS1:

Component of RNA polymerase,
cap recognition

Pro-apoptotic activity
Component of RNA polymerase,
endonuclease activity, elongation

Component of RNA polymerase,
protease

Surface glycoprotein, receptor
binding, fusion activity,
major antigen

RNA binding, RNA synthesis,
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Figure 3 Genome structure of influenza A/Puerto Rico/8/34 virus. RNA segments (in nucleotides) shown in positive sense and their
encoded proteins (in amino acids). The lines at the 5" and 3’ termini represent the noncoding regions. The PB1 segment contains a
second ORF in the +1 frame resulting in the PB1-F2 protein. The M2 and NEP/NS2 proteins are encoded by spliced mRNAs (the introns
are indicated by the V-shaped lines). Adapted from Palese P and Shaw ML (2006) Orthomyxoviridae: The viruses and their replication. In:
Knipe DM and Howley PM (eds.) Fields Virology, 5th edn., pp. 1647-1689. Philadelphia, PA: Lippincott Williams and Wilkins.
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Figure 1 Electron micrographs of purified influenza virus virions (A/Udorn/72) (a—c) and A/WSN/33 virions budding from the surface of
infected MDCK cells (d, e). Scale=100nm (a—c), 500 nm (d, e). Data provided by Dr. George Leser, Northwestern University,
Evanston, IL, USA.
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Fenner’s Veterinary Virology. 4th ed.

TABLE 21.1 Distribution of Hemagglutinin (HA) Subtypes Between Different Birds (Class Aves) and Mammals
(Class Mammalia)

HA Subtype Host of Origin
Mammalia Aves
Humans Swine Equines Anserifonnes Charadriiformes and Gallifonnes
(e.g., Dabbling Procellariiformes (e.g., (Domestic
Ducks) Shorebirds, Gulls, Seabirds) Poultry)
H1 + ++ + + Eaft
H2 (++)2 + + +
H3 ++ ++ ++ ++ ++ =aft
H4 + ++ + +
H5 + + + + ++b
Hé ++ + +
H7 = az (++)° == + +4b
Ha + +
H9 + + + ++ ++
H10 + + +
H11 + ++ +
H12 + + +
H13 + ++ +
H14¢ *
H15°¢ == £
H16° +

*, sporadfc; +, several reports; ++, most common.

Previously common but now not reported.

bBoth low-pathogenicity and high-pathogenicity viruses.

“Primarily swine influenza virus infections of domestic turkeys.

[From Avian Influenza (D. E. Swayne, ed.), p. 63. Copyright © John Wiley & Sons (2008), with permission.]
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. 1959 H7N7 USA https://do1.org/10.1101%2Fcshperspect.a038620

B 1977 H7N7 USA

P 1979 H7N7 USA
P 1996 H7N7 UK

1997 H5N1 Asia and Africa

1998 HIN2 Asia
> 2002 H7N2 USA
D 2002 H7N3 ITA
P 2003 H7N7 NLD
P 2004 H7N3 CAN
P 2004 H7N3 CAN

P 2004 H10N7 EGY
P 2006 H7N3 UK
P 2007 H7N2 UK
B 2010 H10N7 AUS
\ P 2012 H7N3 MEX

A P 2013 H10NS CHN
P 2013 H6N1 CHN

’ 2013 H7N7 ITA

2014 H5N6 CHN
2016 H7N9 cHN [IEEGED>
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Figure 2. Areas with confirmed human cases of avian influenza virus (AIV) infection since 2000. The affected countries are
colored in red. Labels indicate cases other than H5N1; imported cases are shown in blue. The map was created with
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CHAPTER 3.3.4.

AVIAN INFLUENZA
(INCLUDING INFECTION WITH HIGH
PATHOGENICITY AVIAN INFLUENZA VIRUSES)

SUMMARY

Influenza A is caused by specified viruses that are members of the family Orthomyxoviridae and
placed in the genus Alphainfluenzavirus (Influenzavirus A or influenza A virus). There are seven
influenza genera but only influenza A viruses are known to infect birds. Diagnosis is by isolation of
the virus or by detection and characterisation of fragments of its genome. This is because infections
in birds can give rise to a wide variety of clinical signs that may vary according to the host, strain of
virus, the host’'s immune status, presence of any secondary exacerbating organisms and
environmental conditions.

Detection of the agent: Suspensions in antibiotic solution of oropharyngeal and cloacal swabs (or
faeces) taken from live birds, or of faeces and pooled samples of organs from dead birds, are
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Figure 2 Virus attachment to the host cell is mediated by interaction of the HA protein with sialic acid-containing receptors.

During endocytosis the interior of the endocytic vesicle becomes acidified. This induces conformational changes in HA which triggers its
fusion activity and leads to fusion between the viral and endosomal membranes. The interior of the virus also becomes acidified due the
ion channel activity of the M2 protein. The low pH dissociates the M1 protein from the RNP complexes, which are then transported
into the nucleus. Viral RNAs are transcribed into mRNA and are replicated through a cRNA intermediate. Following export into the
cytoplasm, the mRNAs are translated into viral proteins. The HA, NA, and M2 proteins are transported to the surface via the
endoplasmic reticulum and Golgi (where they undergo post-translational modification). The remaining viral proteins are transported into
the nucleus where they are required for either replication or nuclear export of newly synthesized vRNA. Virus assembly takes place
at the apical plasma membrane which involves packaging of the eight RNPs into budding virus particles. Efficient release of budding
particles requires the activity of the viral neuraminidase.
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Figure 3. Airway tract tissue tropism illustration and the receptor-binding profiles of seasonal influenza viruses,
avian H5N1 viruses, and influenza A(H7N9) viruses.
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Table 1. Distribution of sialic acid receptors in different animal species.

Host Distribution of SA «2,6-Gal Distribution of SA «2,3-Gal References
Ciliated and non-ciliated cells 11?(11112;[32;;1212;Zorlltcl?elﬁfl;
Humans in respiratory tract; ileal ‘ ' ! P ’ [22,30,36,38-41,56]

epithelium

endothelial cells of blood
vessels and inflammatory cells

Goblet cells of submucosal
glands and submucosal

Goblet cells of submucosal
glands and submucosal

Non-human primates connective tissue; . : _ [22,37,41,42]
. ) X ) connective tissue; Type 11
ciliated cells on epithelium in neumocvtes in lunes
URT p Y &°
Ciliated epithelia and goblet
. cells in trachea and bronchus; Alveolar epithelium;
Swine - . TOTE P [31,43-45]
alveolar epithelium; duodenum; colon
duodenum; colon
) Along nasal mucosa to Ciliated nasal mucosa; o
Equines ) ) [49]
bronchus; goblet cells trachea; bronchus; goblet cells
Bovines Deficient in trachea; Trachea [45,47-49]
. Nasal respiratory epithelium;
Camelidae Not reported prratory €p [50]
alveolar epithelial cells
. . Nasal mucosa; trachea;
Goblet cells and sub-epithelial > . : -
. bronchi; alveoli; goblet cells
. regions of nasal mucosa and , ) ' -
Canines and sub-epithelial regions of [51,52]

trachea; lamina propria; large
intestine

nasal mucosa and trachea;
large intestine
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Fig. 3 Diagram of the evolutionary routes of H7/N9 HA. H7 HA with different residue combinations at receptor binding sites (G186/
Q226, V186/L226, G186/L226, and V186/Q226) are represented by surface sheets and colored cyan, violet, wheat, and orange. SA
receptor analogs are shown as sticks and colored on the basis of elements (carbon, yellow; oxygen, red; nitrogen, blue). The positions of

residues 186 and 226 are highlighted in purple.


https://doi.org/10.1007%2Fs11684-020-0814-5

https://doi.org/10.1007%2Fs11684-020-0814-5

Table 2 Critical amino acid residues in H7NO9 Proteins associated with viral virulence in mammals
Protein Amino acid position Potential biological functions
HA® SI138A Responsible for the acquisition of human receptor binding capacity [70]
T221P
G186V Responsible for the acquisition of human receptor binding capacity [70,72]
Q226L Critical for binding the a-2,6-linked receptor and enables transmission in mammals
[70,72,174,175]
Insert-KRTA-at the HA cleavage site Contributes to disease in mice [176]
HA2-K64E Reduces viral stability and replication in mice [176]
NA 19- to 20-amino-acid deletion in the NA stalk Enhances virulence in mice [60]
PB2 T271A Enhances viral replication in mammalian cells in vitro [175]
K526R Enhances viral replication in mammalian cells and in mice [56]
A558V Promotes mammalian adaptation [58]
E627K Associates with increased virulence of AIVs in mammals [33,175,177-179]
Q591K Increases pathogenicity in mice [177,178]
D701IN
NP V411 and/or D210E Promotes the replication capability of H7N9 viruses at low temperature and thus might
contribute to viral transmissibility [180]
A286V Attenuates the virulence of H7N9 viruses in mice [181]
T437TM
NSI1 V1781 Promotes viral replication in mice [182]
P212S

“H3 numbering.
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Table 2. Genetic comparison of HA molecules from different H7N9 isolates.

Viral strains Collection date Host Cleavage peptide Pathogenic 138aa 186aa 221aa 226aa*
A/Shanghai/1/2013 March, 2013 Human PEIPKGR/GL LP S G T Q
A/Anhui/1/2013 February, 2013 Human PEIPKGR/GL LP A \Y P L
A/Kunming/KMCDC-YHY/2017 March, 2017 Human PEIPKGR/GL LP A \Y P L
A/chicken/Yunnan/SD210/2017 November, 2017 Chicken PEVPKRKRTAR/GL HP A A P Q
A/China/LN/2017 December, 2017 Human PEVPKRKRTAR/GL HP A I P Q
A/chicken/Hunan/SD083/2017 February, 2017 Chicken =~ PEVPKRKRTAR/GL HP A I P Q
A/chicken/Hunan/SD130/2017 March, 2017 Chicken PEVPKRKRTAR/GL HP A I P Q
A/Guangdong/17SF039/2017 February, 2017 Human PEVPKRKRTAR/GL HP A I P Q
A/Guangxi/18910/2017 March, 2017 Human PEVPKRKRTAR/GL HP A I P Q
A/Hunan/25351/2017 April, 2017 Human PEVPKRKRTAR/GL HP A I P H
A/Beijing/28707/2017 June, 2017 Human PEIPKGR/GL LP A I P L

“H3 numbering.
HP, highly pathogenic; LP, low pathogenic.
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Table 1 Analysis for genetic determinants of HPAI H5N1 HA and NA compared to the H5N1 genetic change inventory (Centers for Disease
Control and Prevention, 2012).

Protein Amino acid observed Amino acid mutation Association and function
in Thai HPAI H5N1 isolates previously reported
190E (100%) and 225G (100%) D190E and D225G 190D and 225D - human
receptor preference
190E and 225G - avian receptor
preference
226Q (100%) and 228G (100%) Q226L and G228S 226Q and 228G - receptor
binding site for avian receptors
| 226L and 228S - receptor binding
HA® site for human receptors
RE RRRKKR | GLF (81%) RRRKK (329-333) Polybasic amino acid insertion at HA
RE KRRKKR|GLF (10%) cleavage site: RRRKK - indicator for
IE RRRKKR | GLF (4%) HPAI and systemic infection
RE RKRKKR | GLF (3%)
RE RRRKR | GLF (1%)
RE RRRKR | GLF (1%)
20-amino acid deletion 20-amino acid Contributes to the high pathogenicity of
NAD at stalk region (100%) deletion at stalk region* H5N1 viruses
274H (100%) 274H Oseltamivir sensitive
274Y Oseltamivir resistance
Notes.

TAmino acid position on HA based on H3 numbering,
® Amino acid position on NA based on N2 numbering.
“NA of A/goose/Guangdong/1/96 (H5N1) contained CNQSIITYENNTWVNQTYVN at stalk region, but it was not present in NA of HPAI H5N1 Thailand isolates.
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Appendix 2 Table 5. Mutations detected in the clade 2.3.4.4b H5N1 viruses that contributed to increased binding to human-type receptors and virulence in mammals

Amino acids in HA that may increase the
affinity to human-type receptor

Mutations in different genes that may increase virulence in mice

(H3 numbering) PB1-F2 M1 NST
Virus Genotype S137A N158D T160A T192I NG66S N30D 143M T215A P42S L103F [106M
MD/HLJ/HL-1/2021 GO7 A N A I N D M A S F M
MD/HLJ/HL-2/2021 Go7 A N A I N D M A S F M
WS/SX/14/2021 G10 A D A I S D M A S F M
WS/SX/20/2021 G10 A D A I S D M A S F M
WS/SX/601/2021 G10 A D A I S D M A S F M
WS/SX/608/2021 G10 A D A I S D M A S F M
WS/HeN/2/2021 G10 A D A I S D M A S F M
WS/HeN/6/2021 G10 A D A I S D M A S F M
WS/HeN/8/2021 G10 A D A I S D M A S F M
WS/HeN/14/2021 G10 A D A I S D M A S F M
WS/HeN/15/2021 G10 A D A I S D M A S F M
WS/HeN/28/2021 G10 A D A I S D M A S F M
WS/HeN/44/2021 G10 A D A I S D M A S F M
WS/HeN/45/2021 G10 A D A I S D M A S F M
WS/HeN/46/2021 G10 A D A I S D M A S F M
WS/HeN/424/2021 G10 A D A I S D M A S F M
MD/HeN/426/2021 G10 A D A I S D M A S F M
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Table 2. Mutations detected in the H5N6 viruses that contribute to the increased binding to human-type receptors and virulence
in mammals.

Amino acids in HA that Amino acids that increase the replication and virulence of avian influenza
increase affinity to human- viruses in mammals
type receptors (H3
numbering) HA PB2 PB1 M1 NS
Virus Genotype 137/158/160/186 192 225 89/309/389 /598 292 622 30/43/215 42/106
DK/GD/S4879/2020 GT A/N/A/N I G V/D/R/T v G D/M/A S/M
DK/GD/SE195/2021 G2 A/N/A/N I G V/D/R/T v G D/M/A S/IM
DK/SC/S1805/2021 G3 A/N/A/N I G V/D/R/T /P G D/M/A S/M
CK/SN/SD001/2021 G3 A/N/A/N I G V/D/R/T / G D/M/A S/M
CK/CQ/SD001/2021 G3 A/N/A/N I G V/D/R/T / G D/M/A S/IM
DK/SC/SD002/2021 G3 A/N/A/N I G V/D/R/T / G D/M/A S/M
GS/CQ/SD003/2021 G3 A/N/A/N I G V/D/R/T / G D/M/A S/IM
DK/YN/S4318/2021 G3 A/N/A/N I G V/D/R/T / G D/M/A S/M
A/5C/06681/2021° G3 A/N/A/N I G V/D/R/T / G D/M/A S/IM
A/SC/06689/2021° G3 A/N/A/N I G V/D/R/T / G D/M/A S/M
DK/GX/530428/2021 G4 A/N/A/N I G V/D/R/T V G D/M/A S/M
DK/GX/S31116/2021 G5 A/N/A/N I G V/D/R/T v G D/M/A S/IM
DK/HUN/S40268/2021 G6 A/N/A/N I G V/D/R/T / G D/M/A S/M
DK/GZ/54702/2021 G6 A/N/A/N I G V/D/R/T / G D/M/A S/IM
DK/ZJ/54854/2021 G6 A/N/A/N / G V/D/R/T / G D/M/A S/IM
A/GX/11151/2021° G6 A/N/A/N I G V/D/R/T / G D/M/A S/IM
A/HZ/01/2021° G6 A/N/A/N I G V/D/R/T / G D/M/A S/M
A/HuN/09285/2021° G6 A/N/A/N I G V/D/R/T / G D/M/A S/IM
A/HuN/09911/202° G6 A/N/A/N I G V/D/R/T / G D/M/A S/IM
A/HuN/10117/2021° G6 A/N/A/N I G V/D/R/T / G D/M/A S/M
DK/HUN/S40199/2021 G7 A/N/A/N / G V/D/R/T v G D/M/A S/IM
GS/GD/S4751/2021 G7 A/N/A/N I G V/D/R/T v G D/M/A S/M

?Sequences of human H5N6 viruses were downloaded from the GISAID.
PNo such mutation.
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Protein

Amino acid position/motif”

- b
Phenotypic consequences
Increased virus binding to a2-6; enhanced virus

https://www.cdc.gov/flu/avianflu/hSn1/inventory.htm

H5N1 virus tested"

d
References

PMID®

Asp94Asn fusion A/chicken/Fujian/1042/05 Su et al., 2008 19020946
Serl21Asn Increased virus binding to a2-6 A/Vietnam/1203/2004 Wang et al., 2010 20427525
Serl33Ala Increased psuedovirus binding to a2-6 A/Thailand/KAN-1/2004 Yang et al., 2007 17690300
Increased infectivity in SIAT Cells ; emerged in
Alal34val the course of virust:e lication in a atieﬁt (fatal A/Cambodia/408008/2005 & Naughtin et al.,, 2011; 21343450;
, P P A/Thailand/KAN-1/2004 Kongchanagul et al., 2008 |18632950
case
Gly139Arg Increased virus binding to a2-6 A/Vietnam/1194/2004 Yamada et al., 2006 17108965
Ser155Asn Increased virus binding to a2-6 A/Vietnam/1203/2004 Wang et al., 2010 20427525
iet 1203/2004 &
Increased virus binding to a2-6 and increased =L - / Wang et al., 2010; Gao et
Thrl56Ala transmission in guinea bigs A/duck/Guangxi/35/2001 & A/bar-headed al. 2009 20427525
- - goose/Qinghai/3/2005 Y
Increased virus binding to a2-6 ; emerged in the |A/Vietnam/1194/2004 & Yamada et al., 2006 ; 17108965
Asnl82Lys/Asnl82Asp course of virus replication in a patient (fatal AfIndonesia/05/2005 & A/Thailand/KAN-  |Chutinimitkul et al., 2010 ; 2{]392847‘
case) 1/2004 Kongchanagul et al., 2008
Aspl83Gly Increased virus binding to a2-6 A/Vietnam/1203/2004 Chen et al., 2012 22056389
Glul86Gly Increased virus binding to a2-6 A/Vietnam/1203/2004 Chen et al., 2012 22056389
Thrigslle Increased psuedovirus binding to a2-6 A/Thailand/KAN-1/2004 Yang et al.2007 17690300
Lys189Arg Increased virus binding to a2-6 A/Vietnam/1203/2004 Wang et al., 2010 20427525
A/Vietnam/1194,/2004 &
Y da et al., 2006 ; Chen|17108965;
GIn192Arg Increased virus binding to a2-6 A/chicken/Indonesia/N1/2005 & e?:;a ;Oiza en 99056389
A/Vietnam/1203/2004 ”
GIn192His Increased virus binding to a2-6 A/fduck/Egypt/D1Br12/2007 Watanabe et al., 2011 21637809
iet 1194/2004 &
Asnl93Lys Increased virus binding to a2-6 A'NH_E nam/ / . Yamada et al., 2006 17108965
A/chicken/Indonesia/N1/2005
Val210lle Increased virus binding to a2-6 A/duck/Egypt/D1Br12/2007 Watanabe et al., 2011 21637809
— Al-tered pathocgﬁnltcll]ty and tISSI.;e .tr0p|sml-|n . A Thaand/KAN-/2004 Manz et al., 2010 : 20519408;
s u mice, emerged in the course of virus replication ailan -
- _ e - Kongchanagul et al., 2008 |18632950
in a patient (fatal case)
iet 1203/2004 & A/H
GIn222Leu Increased virus binding to a2-6 AfVietnam/1203/ /Hong Chutinimitkul et al., 2010 |20392847
Kong/156/1997 & A/Indonesia/05/2005
Gambaryan et al., 2006; |16226289;
Increased virus binding to a2-6, emerged in the |A/Hong Kong/212/2003 & A/Hong Shinya et al., 2010; 20130132;
Ser223Asn course of virus replication in a patient (fatal Kong/213/2003 & A/Vietnam/1203/2004 & |Chutinimitkul et al., 2010; |20392847;
case) A/Indonesia/05/2005 Chen et al., 2012; 22056389;
Kongchanagul et al., 2008 |18632950
Stevens et al., 2006 ; 16543414;
o A/Vietnam/1203/2004 & A/Hong o ' :
Gly224s | d binding to a2-6 Chut tkul et al., 2010; |20392847;
y er ncreased virus binding to a Kong/156/1997 & A/Indonesia/05/2005 utinimitkul et a
Wang et al., 2010 20427525
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H5N1 virus tested®

d
References

PMID®

Pro235Ser Increase in SAa2,6Gal binding A/duck/Egypt/D1Br12/2007 Watanabe, 2011 21637809

Glu251Lys Increased virus binding to a2-6 A/Vietnam/1203,/2004 Chen et al., 2012 22056389

Bosch et al., 1981 ; Perdue|7023022;

et al., 1997 ; Webster & |9213392;

Polybasic cleavage motif sequence required for i

al., 1998 ; Horimoto & 9430591;

323 to 330 (R-X-R/K-R high pathogenicity of HSN1 avian influenza i g ! ! !

( /K-R) Vfuszs g ¥ All H5N1 viruses Kawaoka 1994 : 8151777:
Schrauwen et al,, 2012 ; |22278228;
Sugitan et al., 2012 ; 22205751;

Zhang et al., 2012 22496231
D d pH of fusion, i d HA stability, . Reed et al., 2009 ; K 19193808;

Lys388lle (Lys58lle in HA2) ecreased pri ot usion, increased RA SEEBIY: | njietnam/1203/2004 cedeta renn

increased replication efficiency in mice etal., 2011 21490925

Glud35Llys Decreased pH of fusion A/fchicken/Vietnam/C58/2004 Reed, 2009 19193808

Asndd4lys Increased pH of fusion A/chicken/Vietnam/C58/2004 Reed, 2009 19193808
Glu75Lys/Ser123Pro . Increased virus binding to a2-6 A/fVietnam/1194/2004 Yamada et al., 2006 17108965
Glu75Lys/Ser123Pro/Argd97Lys f Increased virus binding to a2-6 A/Vietnam/1194/2004 Yamada et al., 2006 17108965
G|u75Lys,"5er123ProfAsniS?aLyszrEdB?Lvs & Increased virus binding to a2-6 A/fVietnam/1194/2004 Yamada et al., 2006 17108965
Glu75Lys/Asn193Lys " Increased virus binding to a2-6 A/Vietnam/1194/2004 Yamada et al., 2006 17108965
Glu75Lys/Asn193Lys/Argd97Lys © Increased virus binding to a2-6 A/Vietnam/1194/2004 Yamada et al., 2006 17108965
Glu75Lys/Argd97Lys 0 Increased virus binding to a2-6 A/Vietnam/1194/2004 Yamada et al., 2006 17108965

His103Tyr, Thr156Ala, GIn222Leu, Gly224Ser’  |H5 virus transmissible among ferrets A/Indonesia/05/2005 Herfst et al., 2012 22723413
5er123Prn,’Asn193Lysf Increased virus binding to a2-6 AfVietnam/1194/2004 Yamada et al., 2006 17108965
Ser123Pro/Asn193Lys/Argd97Lys f Increased virus binding to a2-6 A/Vietnam/1194/2004 Yamada et al., 2006 17108965
5er123Pro,-"Arg497Lysf Increased virus binding to a2-6 A/fVietnam/1194/2004 Yamada et al., 2006 17108965
Leul29Val, Ala134Val f Increased virus binding to a2-6 A/Thailand/676/2005 Auewarakul et al., 2007 17626098
Watanabe et al., 2011 ; 20427525;
f | dvi binding to a2-6 duck/Egypt/D1Br12/2007 ! ! '

Lol ST e L A/duck/Egypt/D18r12/ Auewarakul et al., 2007 |17626098
Ser133Ala/Thrigsglle ' Increased psuedovirus binding to a2-6 A/Thailand/KAN-1/2004 Yang et al.2007 17690300
. Lo AfVietnam/1194/2004 & Yamada et al., 2006; 17108965;

f Increased virus binding to a2-6
e - A/Indonesia/05/2005 Chutinimitkul et al., 2010 |20392847
Asn154Asp, Asn220Lys, GIn222Leu, Thr315lle |H5 HA virus transmissibl ferret AT TR R e DL Imai et al., 2012 22722205
virus transmissible among ferrets mai et al.,
sn SP, Ash ¥s, Gin eu, Thr & 6 background (A/California/04/09)

Asn154Ser, GIn222Leu f Increased virus binding to a2-6 A/Vietnam/1203/2004 llyushina et al., 2008 18404209
Asnl1545er, GIn222Leu, Asn244Aspf Increased virus binding to a2-6 A/Vietnam/1203/2004 llyushina et al., 2008 18404209
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Amino acid position/motif”

Phenotypic conseq uences’

H5N1 virus tested®

HA

Ser155Asn, Thrl56Ala E Increased virus binding to a2-6 A/Vietnam/1203/2004 Wang et al., 2010 20427525
| d virus binding to a2-6, reduced
Ser155Asn, Thr156Ala, Ser223Asn’ "Uea.se viTus B !ng o - re. Hee A/Vietnam/1203/2004 Yen et al., 2009 19116267
lethality and systemic spread in mice
Thrl56Ala, GIn222Leu f Increased virus binding to a2-6 A/Vietnam/1203/2004 Wang et al., 2010 20427525
A/Vietnam/1203/2004 & Stevens et al., 2008 ; 18672252;
T | d virus binding to a2-6 y ! '
e feee B s nereased virus inding fo o A/Indonesia/05/2005 Wang et al., 2010 20427525
Thr156Ala, Ser223Asn g Increased virus binding to a2-6 A/Vietnam/1203/2004 Wang et al., 2010 20427525
Asnl82lys, GIn192Arg, GIn222Leu, Ser223Asn,
- Increased virus binding to a2-6 A/Indonesia/05/2005 Chutinimitkul et al., 2010 |20392847
Gly224Ser
Asn182Lys, GIn222Leu, Ser223Asn, Gly224Ser©  |Increased virus binding to a2-6 AfIndonesia/05/2005 Chutinimitkul et al., 2010 |20392847
Asn182lys, GIn222Leu, Gly224Ser Increased virus binding to a2-6 A/Indonesia/05/2005 Chutinimitkul et al., 2010 |20392847
Glu183Gly, Glul86Asp, Lys1895er, GIn222Leu,
5 Increased virus binding to a2-6 A/Hong Kong/486/1997 Maines et al., 2011 21397290
Gly2245Ser
Glu183Gly, GIn222Leu ,Gly224Ser ' Increased virus binding to a2-6 A/Egret/Egypt/1162/NAMRU-3/2006 Chen et al., 2012 22056389
Asp183Gly, Ser223Asn’ Increased virus binding to a2-6 A/Vietnam/1203/2004 Chen et al., 2012 22056389
Glu186Gly, GIn222Glu, Gly224Ser’ Increased virus binding to a2-6 AfEgret/Egypt/1162/NAMRU-3/2006 Chen et al., 2012 22056389
Stevens et al., 2008 ; 18672252;
f | d virus binding to a2-6 iet 1203/2004 ) ! !
Lys189Arg, GIn222Leu, Gly224Ser ncreased virus binding to a A/Vietnam/1203/. Maines et al., 2011 o
GIn192Arg, GIn222Leu, Ser223Asn, Gly224ser’ |Increased virus binding to «2-6 AfIndonesia/05/2005 Chutinimitkul et al., 2010 [20392847
AfEgret/Egypt/1162/NAMRU-3/2006 & Chutinimitkul et al., 2010; [20392847;
! Increased virus binding to a2-6 ’ ! '
GIn192Arg, GIn222Leu, Gly224Ser 5 A/Indonesia/05/2005 Chen et al., 2012 22056389
iet 1203/2004 &
. L A/Vietnam/1203/ Chutinimitkul et al., 2010; [20392847;
GIn192Arg, Ser223Asn Increased virus binding to a2-6 A/Vietnam/1194/2004 & Chen et al. 2012 22056389
en et al.
A/Indonesiaf/05/2005 !
Asnl193Lys/Argd97Lys f Increased virus binding to a2-6 A/Vietnam/1194/2004 Yamada et al., 2006 17108965
GIn222Leu, Ser223Asn, Gly224Ser’ Increased virus binding to a2-6 A/Indonesia/05/2005 Chutinimitkul et al., 2010 |20392847
14671130;
gta e ettal'l’ 2;;];; 16543414;
evens et al., B
18672252;
A/Vietnam/1203/2004 & Stevens et al., 2008; T
i o AfIndonesiaf05/2005 & llyushina et al., 2008; '
Increased virus binding to a2-6; decreased i 21397290;
GIn222Leu, Gly224Ser’ antiviral response in host; reduced tissue AfEgret/Egypt/1162/NAMRU-3/2006 & Maines et al., 2011; Wang 20427525;
necsteu, Glysstoer cropiem | = e A/Hong Kong/156/1997 & A/Hong et al., 2010; Chutinimitkul 20392847‘
ropism in guinea pigs ;
= Sk Kong/486/1997 & A/duck/Guangxi/35/2001 et al,, 2010; Ramos et al,, |5~ = 2!
& A/Vietnam/1194/2004 2011; Chen et al., 2012; '
22056389;
Gao et al., 2009; Ayora-
20041223;

Talavera et al., 2009

19924306



https://www.cdc.gov/flu/avianflu/h5n1/inventory.htm

Table 2. Equivalent amino acid numbering for subtypes currently circulating in humans or have pandemic potential.

https://doi.org/10.1371/journal.pone.0112302

Mutation H1lpdm H3 H5 H7 H9 Phenotype Reference
Tyr — His 7 17 7 7 7 Increase in fusion pH [13]
His — GIn 8 18 8 8 8 Decrease in fusion pH; increased stability [13]
Asn — Any 1 21 1 11 1 Loss of N-glycosylation; increased virulence [14]
Glu—Lys 75 83 75 73 75 Increased virus binding to «2-6 glycans [15]
His — Tyr 103 110 103 100 103 Increased stability [2]
Ser— Asn 122 126 121 116 121 Increased virus binding to «2-6 glycans [16]
Ser—Pro 124 128 123 118 123 Increased virus binding to 22-6 glycans [15]

Ala — A 130 A 129 A A Increased virus binding to «2-6 glycans [17-18]
Ser — Ala 134 137 133 127 131 Increased virus binding to «2-6 glycans [19]
Ala— Val 135 138 134 128 132 Increased infectivity in SIAT Cells [20]
Gly—Arg 140 143 139 132 A Increased virus binding to 22-6 glycans [15]
lle— Thr 152 155 151 144 145 Increased virus binding to «2-6 glycans [17-18]
Asn— Asp 155 158 154 147 148 Loss of N-glycosylation; increased binding and transmission [2]
Thr— Ala 157 160 156 151 150 Loss of N-glycosylation; increased binding and transmission [1]
Asn—Lys 183 186 182 177 176 Increased virus binding to 22-6 glycans [15,21]
Asp—Gly 184 187 183 178 177 Increased virus binding to «2-6 glycans [22]
Glu—Gly 187 190 186 181 180 Increased virus binding to 22-6 glycans [22]
Thr—lle 189 192 188 183 182 Increased virus binding to «2-6 glycans [19]
Lys—Arg 190 193 189 184 183 Increased virus binding to «2-6 glycans [16]
Gln—Arg/His 193 196 192 187 186 Increased virus binding to «2-6 glycans [15,18,22]
Asn—Lys 194 197 193 188 187 Increased virus binding to 22-6 glycans [15]

Val — lle n 214 210 205 204 Increased virus binding to «2-6 glycans [18]
Gln—Leu 223 226 222 217 216 Increased virus binding to «2-6 glycans [21]
Ser—Asn 224 227 223 218 217 Increased virus binding to 22-6 glycans [21-23]
Gly—Ser 225 228 224 219 218 Increased virus binding to 22-6 glycans [14-15,24]
Pro—Ser 236 239 235 230 229 Increased virus binding to «2-6 glycans [18]
Glu—Lys 252 255 251 246 245 Increased virus binding to «2-6 glycans [22]
Thr—lle 316 318 315 309 309 Increase in fusion pH [1
Insertion of Arg or Lys 327 329 326 321 320 Poly-basic cleavage; increased pathogenicity [25]
Lys — lle 385 387 384 379 378 Increase in fusion pH; increased stability [13,26]
Asn — Lys 44 443 440 435 434 Increase in fusion pH; decreased stability [13]
Asn — Asp 444 446 443 438 437 Increase in fusion pH [271]
Arg — Lys 494 496 493 488 487 Increased virus binding to 22-6 glycans [15]



https://doi.org/10.1371/journal.pone.0112302

m,httES [IWWW. nelm org/doi/10.1056/NEJM0a040419?url_ver=739.88-
2003 &rfr 1d= 0r1 rid:crossref.org&rfr _dat=cr pub%20%200www.ncbi.nlm.nih.gov

e NEW ENGLAND
JOURNAL of MEDICINE

ESTABLISHED IN 1812 MARCH 18, 2004 VOL.350 NO.12

Avian Influenza A (H5N1) in 10 Patients in Vietnam

Tran Tinh Hien, M.D., Nguyen Thanh Liem, M.D., Nguyen Thi Dung, M.D., Luong Thi San, M.D.,
Pham Phuong Mai, M.D., Nguyen van Vinh Chau, M.D., Pham Thi Suu, M.D., Vo Cong Dong, M.D.,
Le Thi Quynh Mai, M.D., Ph.D., Ngo Thi Thi, M.D., Dao Bach Khoa, M.D., Le Phuc Phat, M.D.,

Nguyen Thanh Truong, M.D., Hoang Thuy Long, M.D., Ph.D., Cao Viet Tung, M.D., Le Truong Giang, M.D., Ph.D.,

Nguyen Dac Tho, M.D., Le Hong Nga, M.D., Nguyen Thi Kim Tien, M.D., Ph.D., Le Hoang San, M.D.,

Le Van Tuan, M.P.H., Christiane Dolecek, M.D., Tran Tan Thanh, B.Sc., Menno de Jong, M.D., Ph.D.,
Constance Schultsz, M.D., Ph.D., Peter Cheng, M.Sc., Wilina Lim, M.B., B.S., Peter Horby, M.B., B.S., for the World

Health Organization International Avian Influenza Investigative Team,* and Jeremy Farrar, F.R.C.P., D.Phil.


https://www.nejm.org/doi/10.1056/NEJMoa040419?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200www.ncbi.nlm.nih.gov
https://www.nejm.org/doi/10.1056/NEJMoa040419?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200www.ncbi.nlm.nih.gov

https://www.nejm.org/doi/10.1056/NEJMo0a040419?url_ver=739.88-
China . .. . . .
e N 2003&rfr_id=ori:rid:crossref.org&rfr dat=cr pub%20%200www.ncbi.nlm.nih.gov
Lpaticns Table 1. Epidemiologic Data.
Hanoi Patient  Location
o No. in Vietnam Occupation Epidemiologic Information
o— N Ha Nam 1 Ha Nam Student Family members are farmers who do not keep poultry, but many chickens in
® 1 patient neighborhood unexpectedly died in the preceding 2 wk; mother died of in-
Laos . fluenza A (H5N1) Jan. 9, 2004; father and younger sibling healthy.
P\ian;tizl:th 2 Nam Dinh Not available No information available on exposure to sick poultry; 7-yr-old sister died of
g P acute respiratory illness on Dec. 29, 2003; parents and two other siblings
By . A Tay healthy.
1 patient 3 Bac Ninh Student Family members are farmers who kept chickens, which died unexpectedly
5 days before onset of illness; parents and older sibling healthy.

4 Ha Tay Student Family members are farmers who kept chickens, which died 2 wk before onset
of illness; chickens died in patient’s house and neighbors’ houses during
week before onset of illness; parents and 7 other siblings healthy.

5 Ho Chi Minh Student Patient bought duckling as pet and cared for it in her house for 5 days; duck

Thailand City had diarrhea and died, patient buried it, dug it up a day later and reburied
it; both patient and brother handled duck; patient also ate barely cooked
eggs (Vietnamese delicacy) 2 days before onset of illness; neighbors kept
40 chickens, but no illness reported in these birds; fever developed in pa-
tient 3 days after she bought duck; no other poultry or animals at home;

. no other household members or relatives sick.
Vietnam - . . .
6  Ho Chi Minh Student Frequently attended cockfights, held roosters and chickens; no illness report-
City ed in the chickens or in 20 people involved in cockfighting; patient walked
through live-poultry market 50 m from house on his way to school.
Cambodia 7 Soc Trang Student Extensive exposure, including handling of 10 dead or dying chickens in pa-
tient's homestead; father and patient prepared dead chickens for eating
- (removed feathers, washed, cut meat) 3 days before onset of illness; no
other household members or relatives sick; no other poultry or animals at
home.
o Lam Dong 8 Lam Dong Farmer Direct handling of 50 chickens, including dead chickens, at home (which was
3 patients also a restaurant); patient and father prepared chickens for eating; no oth-
er household members or relatives sick; no other poultry or animals at
Ho Chi Minh City home.
2 patients 9 Lam Dong Farmer Direct handling of chickens in patient’s homestead 3 days before onset ofill-
ness; he prepared dead chickens for eating; no one else in family sick.
Slc)c Trang 10 Lam Dong Farmer Direct handling of sick ducks and chickens in patient's home; many sick poul-
patient . 5" : : :
try in the district; no other illness in family.
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Table 2. Clinical Characteristics of the Patients on Admission.
Variable Patient 1 Patient2 Patient3 Patient4 Patient5 Patienté Patient7 Patient8 Patient9 Patient 10
Days between exposure — — — — 3 2 3 4 3 3
to poultry and onset
of illness
Days since onset of ill- 3 7 7 5 8 6 5 6 5 7
ness
Sex Female Male Male Female Female Male Female Male Male Male
Age (yr) 12 5 10 8 8 13 16 18 24 23
Cough Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Dyspnea Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Sputum No No No No Yes No Yes Yes Yes Yes
Diarrhea Yes No No No Yes Yes Yes Yes Yes Yes
Rash No No No No No No No No No No
Myalgia No No No No No No No No No No
Conjunctivitis No No No No No No No No No No
Fever Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Temperature (°C) 39.5 38.8 39.0 38.5 38.5 39.6 40.0 40.0 39.5 38.7
Blood pressure (mm Hg) 90/60 112/54 105/80 80/40 104/64 110/70 110/60 100/60 110/60 120/80
Respiratory rate 65 70 64 60 40 40 40 60 50 28
(breaths/min)
Crackles Yes Yes Yes No Yes Yes Yes Yes Yes Yes
Wheeze No No No No No Yes No No No No
Other Enlarged — — Bleeding — — — — — —
liver gums
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Table 3. Laboratory Values at Presentation.*

Patient  Patient Patient  Patient Patient  Patient Patient Patient Patient Patient

Variable 1 2 3 4 5 6 7 8 9 10

Hemoglobin (g/dl) 13.4 12.6 12.4 12.3 11.3 13.4 11.9 14.5 15.8 17.6

Leukocyte count 2,100 3,400 2,800 1,900 1,200 2,700 3,000 1,700 1,900 2,100
(per mm3)

Lymphocyte count 1,100 710 860 250 300 900 500 500 800 700
(per mm3)

Neutrophil count 850 2,410 1,900 780 700 1,300 2,500 1,100 1,100 1,300
(per mm3)

Platelet count (per mm3) 45,000 174,000 135,000 91,000 117,000 81,000 70,000 69,000 62,000 62,000

CD4:CD8 ratio NA NA NA NA 071 NA 0.62 0.75 0.59 1.08

ALT level (U/liter) 53.7 NA NA 265 354 254 47 NA NA 89

AST level (U/liter) 278 NA NA 1,217 320 1,058 20 NA NA 110

Serum creatinine 50 64 NA 27 34 14 71 89 43 121
(umol/liter)

Serum glucose NA NA NA NA NA NA 19.0 13.5 11.7 4.9
(mmol/liter)

Oxygen saturation during 50 70 86 50 95 85 67 81 80 90

receipt of 40%
oxygen (%)

Day of illness on which PCR 5 7 9 6 12 6 5 6 5 7
for HSN1 performed

Viral culture + + NA NA Pending Pending Pending Pending Pending Pending

Influenza antigens NA NA NA NA + - - + - -

Blood culture = = - - - - _ _ _

Outcome Died Died Died Died  Recovered Died Died Died Died  Recovering
(day 6) (day17) (day14) (day?7) (day9)  (day 14) (day 9) (day 6)
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Table 1. Characteristics of 12 confirmed, 21 suspected, and 577 excluded human cases of avian influenza A (H5N1) in Thailand, 2004

Characteristic Confirmed Suspected Excluded
No. 12 21 or7
Median age (y) (range) 12 (2-58) 33 (1-67) 12 (1-92)
Sex (% male) 67 71 29
Poultry contact (%) o8 o2 43
Adequate* specimen (%) 100 90 81
Death (%) 67 38 4

*Adequate was defined as a respiratory specimen obtained 2-14 days after onset of fever.
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Table 2. Characteristics and clinical findings of confirmed avian influenza A (H5N1) cases in Thailand, 2004*

Patient no.
Characteristics 1 2 3 4 5 6 7 8 9 10 11 12 %
Age (y), sex 2, M 27,F 3M,M 46 F 5 M 6, M 6, M 6, M 7M 13, M 39 F 58 F 67(M)
Symptoms
Fever + + + + + + + + + + + + 100
Rhinorrhea + - - + + + - - - - 33
Cough + + + + + + + + + + 100
Sore throat + - + + - + + + - + 5
Myalgia - + + + - - - + - - + - 42
Dyspnea + + + + + + + + + + + 100
Diarrhea + - + - + - - + - - + - 42
Abdominal pain - - - - + - + - - - - - 17
Conjunctivitis - - - - - - - - - - - - 0
Vomiting - - - - - - - + - + + - 25
Laboratory values
Hematocrit (vol%) 30 39 38 46 39 32 39 40 41 37 33 38
Total leukocyte 4200 13600 4660 7360 5600 1,200 2200 4900 4,100 2,000 3,300 5,680
count
Total lymphocyte 2,646 3,400 513 2429 2296 624 638 1,763 1435 580 660 454
count
Platelet count 214 306 171 272 94 89 140 111 304 150 380 185
(x10%
Treatment
Oseltamivir + - + - + + - + + + - - S8
Corticosteroids + - + - - + + + + + + - 67
Outcome
ARDS - - + - + + + + + + + + 75
Inotropic support - - - - + - - + + + - + 42
Peak AST (U) 129 18 74 NA 70 790 175 280 120 34 394 NA
Peak ALT (U) 57 23 41 NA 47 150 43 50 52 47 106 NA
Peak BUN (mg/dL) NA 8 10.7 NA 12 NA 14 22 10 132 37 39
Peak creatinine NA 0.8 1.07 NA 0.7 NA 1.7 1.1 0.7 8.1 36 23
(mg/dL)
Survival + + + + -(13) —-@20) -(18) - -(29 -(16) —(13) —(8) 33
(day of death)

*M, male; f, female; +, yes, —, no, NA, not applicable; ARDS, acute respiratory distress syndrome; AST, aspartate aminotransferase; ALT, alanine
aminotransferase; BUN, blood urea nitrogen.
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Table 1. Demographic and Epidemiologic Characteristics of 111 Patients

Infected with H7N9 Virus in China.

Characteristic
Age
Median (range) — yr
Subgroup — no. (%)
0—4 yr
5-14 yr
1549 yr
50-64 yr
=65 yr

Female sex — no. (%)

Value

https://www.nejm.org/doi/10.1056/NEJMoal305584?url_ver=739.88-
2003&rfr_id=ori:rid:crossref.org&rfr dat=cr pub%20%200www.ncbi.nlm.nih.gov

Coexisting condition — no. (%)

Any 68 (61.3)
Hypertension 51 (45.9)
Diabetes 18 (16.2)
Coronary heart disease 11 (9.9)
Immunosuppression*® 10 (9.0)
Chronic obstructive pulmonary disease 8 (7.2)
Cancery 6 (5.4)
Cerebrovascular disease 4 (3.6)
Hepatitis B infection: 4 (3.6)
Chronic renal disease 2 (1.8)
Pregnancy 2 (1.8)
Current smoker — no. (%) 27 (24.3)
Exposure to live poultry
In previous 14 days — no. (%) 62 (55.9)
Median incubation time since exposure (interquartile 5 (2-8)

range) — days

Hospitalization — no. (%) 109 (98.2)
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Table 2. Clinical Characteristics and Selected Laboratory Abnormalities of 111 Patients Infected with H7N9 Virus *

Characteristic
Fever
Any — no. (%)
Maximal temperature — °C
Subgroup — no. (%)
37.3-38.0°C
38.1-39.0°C
>39.0°C
Fatigue — no. (%)
Conjunctivitis — no. (%)
Cough — no. (%)
Sputum production — no. (%)
Hemoptysis — no. (%)
Shortness of breath — no. (%)
Diarrhea or vomiting — no. (%)
White cells
Median — per mm?
Interquartile range — per mm?
Subgroup — no. (%)
>10,000 per mm?
<4000 per mm?
Lymphocytes — per mm?
Median
Interquartile range
Lymphocytopenia — no. (%)
Hemoglobulin — g/dl
Platelets — per mm?
Median
Interquartile range
Thrombocytopenia — no. (%)
C-reactive protein >10 mg/liter — no. (%)
Procalcitonin >0.5 ng/ml— no. (%)
Aspartate aminotransferase >40 U/liter — no. (%)
Creatinine >133 pmol/liter (1.5 mg/dl) — no. (%)
Lactate dehydrogenase >250 U/liter — no. (%)
Creatine kinase >200 U/liter — no. (%)
Myoelobulin >80 pe/ml— no. (%)

Value

111 (100.0)
39.2+0.8

100 (90.1)
2 (55.9)
7 (24.3)
2 (55.9)
5 (13.5)

—

4450
2900-6230

5 (4.5)
51 (45.9)

460
320-700
98 (88.3)
12.943.1

115,500
82,000-149,500

81 (73.0)
85 (76.6)
28 (37.3)
73 (65.8)
10 (9.0)
91 (82.0)
49 (44.1)
16 (55.2)
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PaO,:FIO,
Median 144.0
Interquartile range 107.1-226.9
Potassium — mmol/liter 3.8+0.5
Sodium — mmol/liter 136.8+6.0
p-dimer >0.5 mg/liter — no. (%) 47 (90.4)
Chest radiologic findings — no. (%)
Involvement of both lungs 60 (54.1)
Ground-glass opacity 62 (55.9)
Consolidation 99 (89.2)

* Plus—minus values are means +SD. A complete list of ranges of laboratory measures in this table is provided in Table S4 in the

Supplementary Appendix. Lymphocytopenia was defined as a lymphocyte count of less than 1500 per cubic millimeter.
Thrombocytopenia was defined as a platelet count of less than 150,000 per cubic millimeter. Procalcitonin was mea-
sured in 75 patients, myoglobulin was measured in 29 patients, and total b-dimer was measured in 52 patients.
PaO,:FiO, denotes the ratio of the partial pressure of arterial oxygen to the fraction of inspired oxygen.
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Table 3. Complications, Treatment, and Clinical Outcomes in 111 Patients

Infected with H7 N9 Virus.*

Variable

Complications

Pneumonia

Acute respiratory distress syndrome
Shock

Acute kidney injury

Rhabdomyolysis

Treatment

Bacteria isolation from culture
Administration of oseltamivir or peramivir

Timing from onset of illness to administration
of antiviral therapy

0-2 days

3-5 days

=6 days
Oxygen therapy

Value

no. of patients (%)

108 (97.3)
79 (71.2)
29 (26.1)
18 (16.2)
1

9

29 (26.1)
108 (97.3)

11
32
65
111

9.9)
28.8)
58.6)

(
(
(
(100)

https://www.nejm.org/doi/10.1056/NEJMoal305584?url_ver=739.88-
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Mechanical ventilation
Noninvasive
Invasive
Admission to an intensive care unit
Extracorporeal membrane oxygenation
Continuous renal-replacement therapy
Artificial-liver-support-system therapy*
Antibiotics
Antifungal drugs
Glucocorticoids
Intravenous immune globulin
Clinical outcome
Death
Cause of death
Refractory hypoxemia
Shock
Acute heart failure
Secondary bacterial or fungal infection
Arrhythmia
Discharge from hospitaly

27.9
58.6
76.6)
18.0)
26.
15.

)
)

71,
0.9)

62.2)
53.2)

1)
3)
2)

1
69
)

31
65 (
85 (
20 (
29 (
17 (
79 (
(
(
29 (
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Conjunctivitis Conjunctivitis+ILI Conjunctivitis total ILI only Other Total
Final laboratory results
Negative 198 (63:1%/66-9%) 39 (12-4%/73-6%) 237 (715:5%/67-9%) 27 (8:6%/72-9%) 50 (15:9%/74-6%) 314 (100%/69-3%)
A/H3 positive 2 (33:3%/0-7%) 3(50-:0%/5-7%) 5(83-3%/1-4%) 1(16-7%/2-7T%) 0 6 (100%/1-3%)
A/HT positive 718 (87-:6%/26-4%) 5 (5:6%/9-4%) 83 (93:3%/23-8%) 2 (2:2%/5-4%) 4 (4-5%/6-0%) 89 (100%/19-6%)
Influenza A positive, 8 (57-2%/2-T%) 2 (14-3%/3-8%) 10 (71-4%/2-9%) 2 (14-3%/5-4%) 2 (14-3%/3-0%) 14 (100%/3-1%)
no subtyping data
Not tested 10 (33-3%/3-4%) 4 (13-3%/7-5%) 14 (46-7%/4-0%) 5 (16-7%/13-5%) 11 (36-7%/16-4%) 30 (100%/6-6%)
Total 296 (65:3%/100%) 53 (11-7%/100%) 349 (77-0%/100%) 37 (8:2%/100%) 67 (14-8%/100%) 453 (100%/100%)*

ILI=influenza-like illness. Data are n (% of row total/% of column total). *322 men, 128 women, data missing for 3.

Table 1: Results of laboratory testing for influenza in people possibly exposed to HPAI A/H7 in the Netherlands, grouped by

presenting symptoms
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Table 3 Levels of chemokines and cytokines in the peripheral blood

H5N1

H5N12 (n = 16) pb H3/H1 (n = 6) pPc Controls (n = 15) Fatal (n = 11) Not fatal (n = 5) P
IP-10 5.1(3.5-6.3) 0.005 3.8(3.4-4.6) 0.001 2.7 (2.4-3.8) 5.4 (3.5-6.3) 4.2 (4.0-5.0) 0.031
MCP-1 2.4 (1.5-4.0) 0.083 1.9 (und.—2.4) 0.045 1.4 (und.-2.0) 2.8 (2.04.0) 1.8 (1.5-2.3) 0.015
MIG 4.3 (3.1-5.2) 0.013 3.2 (2.9-3.9) 0.002 2.6 (2.2-3.3) 46 (3.3-5.2) 3.3(3.1-4.2) 0.011
IL-8 2.0(0.7-3.2) 0.001 0.8 (0.4-1.5) 0.34 0.7 (und.-1.0) 2.4 (1.1-3.2) 1.7 (0.7-1.9) 0.020
IL-10 1.5 (und.-2.8) 0.002 —-1.0 (und.-0.4) 0.85 -1.0 (und.-1.0) 1.6 (und.-2.8) 0.8 (und.-2.2) 0.6
IL-6 2.1 (und.-3.7) 0.001 -0.2 (und.-0.7) 0.30 -1.0 (und.-1.0) 2.2 (1.5-3.7) 1.0 (und.—2.4) 0.054
IFN-y 2.0 (und.-4.2) 0.029 0.1 (und.—-2.4) 0.42 -1.0 (und.-1.4) 2.3(1.04.2) 2.0 (und.-2.6) 0.2

Levels of chemokines and cytokines in the peripheral blood of patients with influenza HSN1 and H3N2 or HIN1. Levels are given as median logip pg per ml (range).
3Plasma levels of chemokines and cytokines in HSN1 patients were all higher than in healthy controls at <0.001 significance levels. ®Comparison between H5N1 and H3/H1 patients. cComparison
between H3/H1 patients and healthy controls. und., undetectable.
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Influenza Therapeutic Landscape
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Normal cap snatching Antiviral inhibition of viral polymerase
and transcription

()PB1 @PB2 QPA Pimodivir Baloxavir & AL-794 Favipiravir
Capped host mRNA

Inhibition of Inhibition of
binding endonuclease
capped host activity
MRNA
l Inhibition of
A correct mRNA
elongation

Transcribed
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ZANAMIVIR

Chemical Formula

IUPAC Name

(2R,3R,45)-3-acetamido-4-
(diaminomethylideneamino)-2-[(1R,2R)-1,2,3-
trihydroxypropyl]-3,4-dihydro-2H-pyran-6-
carboxylic acid

Year/Period Mutations Conferring Region

Strains of Time Resistance of the World Ref.
A(HIN1) N/D E119V, H126N, Q136K N/D [39]
H3N2 N/D E119V N/D [4]
A(HIN1)pdm09 2012-2022 Q136L/R/K Asia—Pacific region 45]
A(H3N2) 2013-2022 Q136L/K Asia—Pacific region
A(HIN1) 2006-2008 Q136K Australasia, Southeast Asia [46]
A(H7N9) 2013 R292K China [40]
A(HINT)pdm09 2014 1223R Denmark [47]
A(HIN1)pdm09 2014-2015 [223R Bolivia [48]
A(H3N2) 2014-2015 Q136K(NA)N1425(NA) WESE;‘;?;ZE“ [45]
Influenza B viruses 2004-2005 R371K Hong Kong [49]
Influenza B viruses 2014-2015 D197N(NA)I221T(NA) ﬁE;:;t‘]}fiﬁ hina, [45]
T146K Philippines
Inﬂ.uenza B 2018-2020 T146R N169S, G247D, ‘ [50]
viruses 1361V, G108E, H101L, Malaysia

A200T, H439P

N/D: no data.


https://doi.org/10.3390%2Fijms232012244

https://doi.org/10.3390%2F11ms232012244

OSELTAMIVIR

Chemical Formula
CHy

o7 N

B
o : NH,
IUPAC Name
ethyl (3R,4R,55)-4-acetamido-5-amino-3-pentan-3-
yloxycy clohexene-1-carboxylate
0 0

J

HyC
e Year/Period Mutations Conferring Region
Strains of Time Resistance of the World Ref.
A(HIN1) HZ74Y
A(H3N2) 2005-2008 E119V, R292K, N294S Germany [51]
A(H5N1) H274Y
A(HINI) 2009 1223V USA [52]
. ) Oceania, South Africa, -
A(HIN1) 2007-2008 HZ74Y South Fast Asia [53]
A(HINTD) 2007-2008 H275Y Europe, Asia, USA
A(HINIL)pdm09 2009-2016 H275Y Germany .
39
A(H3N2) 2012 R292K Germany 139]
A(HIN1)pdm(9 2013-2014 HZ75Y China, Japan, USA
5 5Y/G
AHINDpdm09 2014 H275%, HI5Y /GI4TR, Denmark [47]
1223R
A(HINI)pdm(9 2014-2015 H275Y(NAJ223R(NA)  Avstralia, Ha‘gf‘flii; ,[;Lkmi”“' France, [46]
1222T/S331R Western
) E119V(NA) Pacific,
A(FBN2) 2014-2015 R292K(NA), G320E(NA) Americas, Europe (48]
NI425(NA) USA
A(HIN1)pdm09 2009-2010 H275Y(NA) Greece [54]
A(H7N9) 2013 R292K China [40]
Influenza B viruses 2004-2005 R371K Hong Kong [49]
Influenza B viruses 2011 HZ3Y Canada [55]
. I21T(NA) Hnndum-s
Influenza B K152M(NA) Bangladesh
viruses 2014-2015 - Australia, USA, China, [48]
DI197N(NA) :
221T(NA) Ukraine
Japan, Russia, China
A(H3N2) 2011-2013 Q136L, Q136K Asia-Pacific region [45]
Influenza B viruses 2016-2019 T146K, TI46F, T146F, Asia [50]

N1695, G108E, A200T

N/ D: no data.
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PERAMIVIR

IUPAC Name

(15,25,35,4R)-3-[(15)-1-acetamid o-2-ethylbutyl]-4-
(diaminomethylideneamino)-2-
hydroxycyclopentane-1-carboxylic acid

Chemical Formula
0

OH HN).I\CHa

HaN

NH

Mutations Conferring

Region

Strains Year/Period of Time Resistance of the World Ref.
. Australasia, P
A(HIN1) 2006-2008 Q136K(NA) Southeast Asia [46]
A(HIN1)pdm09 2011-2012 Q136R(NA), Q136K(NA) As‘rae;’;‘gf‘“ [45]
A(HIN1)pdmo09 2014 H275Y/G147R Denmark [47]
o Australia, Hawaii, ._
A(HIN1)pdmo09 2014-2015 H275Y(NA) Ukraine, France [48]
. E119V(NA), R292K(NA) Japan __
A(H3N2) 2014-2015 N1425(NA) USA [48]
T106P, G104R/G, G145E Japan
1221T(NA) Honduras
Influenza B viruses 2014-2015 . Australia, USA, China, [48]
DI97N(NA) Ukraine
[221T(NA) Japan, Russia, China
A(HIN1)pdm09 H275Y(NA)
Influenza B 2009-2012 221T, A245T, K360E, A395E, Asia, Africa, Oceania [40]
viruses D432G, G145R + Y142H
Influenza B viruses 2011 H273Y Canada [40]
A(H7N9) 2013 R292K China [55]
T146K, T146P, N169S, G247D,
Influenza B viruses 20162020 1361V, G108E, H101L, A200T, Asia [50]

D432G, H439P
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LANINAMIVIR
Chemical Formula
O OH
NH
IUPAC Name /x\ OH
(2R,3R,4S)-3-acetamid o-4- U
(diaminomethylideneamino)-2- o NH O\CHS
[(1IR,2R)-1,2,3-trihydroxypropyl]-3,4- Y
dihydro-2H-pyran-6-carboxylic acid CH,
Strains Year/Period (l;jczl)l:lfae?z?ls Region Ref
of Time . 5 of the World )
Resistance
A(HINI)pdm09 2011-2012 Q136R/K Asia—Pacific region [45]
H3N2 wt E119G N/D N/D [50]
A(H3N2) 2014-2015 N142S(NA) USA [48]
T146P(NA),
2019 N169S(NA) Malaysia
Inf}}lenza B T146K (50]
VIFUSes 2018 T146K Philippines
2019 A200T Malaysia

N/D: no data.
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BALOXAVIR MARBOXIL

Chemical Formula

IUPAC Name
[(3R)-2-[(11S)-7,8-dilﬂuoro-6,1l-
dihydrobenzol[c][1]benzothiepin-11-yl]-
9,12-dioxo-5-oxa-1,2,8-triazatricyclo
[8.4.0.03,8]tetradeca-10,13-dien-11-
ylJoxymethyl methyl carbonate

Strains Year/Period (P;/(I)l;tfaet;grrls Region Ref
of Time L ering of the World '
Resistance
PA-I38T, PA-I38F, .

A(HIN1)pdm09 2018 PA_T38M USA [84]

PA-I38T
A(H3N2) 201280/128019 PA-138M, Japan [87,88]

PA-I38F

Influenza B viruses 2020 PA-I38T, Reported only [89]

PA-I38M in vitro
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FAVIPIRAVIR

IUPAC Name
5-fluoro-2-oxo-1H-pyrazine-3-
carboxamide

Chemical Formula

O
F N
AN NH,
A
N OH

Strains Year/Period (I;il)lrlltfaet::iﬁs Region Ref
of Time i & of the World e
Resistance
AHIN1)pdm09
| K229R Reported only
A(H3N2), 2018 P653L in vitro [93]

A(H7NDY)
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Table 1. Overview of influenza polymerase inhibitors

https://doi.org/10.1101%2Fcshperspect.a038687

Favipiravir Pimodivir Baloxavir marboxil
Alternative name T-705 JNJ-63623872, VX- S-033188
787
Molecular formula CsH,FN-0, C,oH 9F>N:505 C,-H,3F>,N;0-S
Molecular weight 157.1 399.4 571.6
Active form Favipiravir-RTP - Baloxavir acid
Target protein PB1 PB2 PA
Target influenza viruses Types A, B, C, D Type A Types A, B, C, D
Current status Approved in Japan for In Phase III clinical Approved in several
influenza trials countries (Japan,
pandemic USA, etc.)
preparedness

Route of administration

Inhibition of M2 inhibitor-resistant viruses

Inhibition of NA inhibitor-resistant viruses

Emergence of variants with reduced
susceptibility in vitro

Emergence of variants with reduced
susceptibility in clinical trials

BID oral dose for 5 d
Yes
Yes
Yes

No

BID oral dose for 5 d
Yes
Yes
Yes

Yes

Single oral dose
Yes
Yes
Yes

Yes

(Favipiravir-RTP) Favipiravir-ribofuranosyl-5’-triphosphate, (PB1) polymerase basic protein 1, (PB2) polymerase basic
protein 2, (PA) polymerase acidic protein, (BID) twice daily, (M2) matrix protein 2, (NA) neuraminidase.
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Table 1

Antiviral drugs for treating influenza virus infection.

https://doi.org/10.1016/j.antiviral.2022.105499

Inhibitor Trade name Drug class Viral protein Mechanism of action Clinically relevant resistance
target (influenza A viruses)
Amantadine Amantadine: Adamantane M2 (influenza Interferes with virion and endosomal acidification. M2 protein: S31N
Rimantadine Symmetrel A only) Inhibits downstream HA conformation change, (predominant), L26F, V27A,
Rimantadine: endosomal fusion, and release of viral genomes into the A30T, G34E
Flumadine cytoplasm
Oseltamivir Tamiflu Neuraminidase NA (influenza Blocks NA enzymatic cleavage of host cell sialic acid NA protein: E119D/G/1/V,
phosphate inhibitor A and B) receptors. Inhibits progeny virus budding [222R, S246N, H274Y, R292K,
N294S
Zanamivir Relenza NA protein: E119D/G, [222R,
S246 G/R, R292K, E119G +
H274Y
Peramivir Rapivab/ NA protein: S246 G/R, H274Y,
Rapiacta/ R292K, G147R + H274Y
PeramiFlu
Laninamivir Inavir A longer-lasting formulation of this class of drug NA protein: G147R + H274Y
Favipiravir Avigan Nucleoside analogue PBI1 (influenza  Preferentially incorporated by PB1 into viral RNA. Leads = N/A
A and B) to chain elongation termination and/or lethal
mutagenesis
Baloxavir Xofluza Cap-dependent PA (influenza Blocks PA endonuclease activity necessary to cleave PB2-  PA protein: I38T
marboxil endonuclease A and B) bound, capped host mRNAs. Halts viral mRNA (predominant), I38M/F/L/N/S,
inhibitor transcription E23G/K, A37T, E199G

N2 NA numbering.
N/A, not applicable.
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Table 1. Antiviral susceptibilities of avian influenza A viruses isolated in Japan

Neuraminidase inhibitor!? Polymerase inhibitor®
Subtype Isolate name GISAID isolate ID  IC5 (nM) IC50 (nM)  ICsp (uM)
Oseltamivir Peramivir  Zanamivir Laninamivir  Baloxavir  Favipiravir
Representative avian influenza viruses®
A(HS5N1) A/duck/Hyogo/36/2001 EPI ISL 3697081 2.22 0.08 0.42 0.26 0.41 1.72
A(H5N2) A/chicken/Tbaraki/1/2005 EPI ISL 360 0.13 0.22 1.20 1.31 0.53 0.79
A(H7NT) A/duck/Fukui/2/2004 EPI ISL 3707554 0.34 0.23 1.85 2.88 0.36 0.92
A(HTNO) A/duck/Gunma/466/2011 EPI ISL 4105027 0.40 0.12 0.77 1.12 0.64 1.44
A(H9N1) A/duck/Fuku1/3/2005 EPI ISL 3707749 2.05 0.10 0.20 0.21 0.43 1.62
A(H9N2) A/chicken/Japan/AQ-HE28-28/2016 EPI ISL 280895  0.09 0.11 0.71 1.24 0.73 2.05
Recently isolated avian influenza viruses
A(H5NE) Alchicken/Kagawa/11C/2020 (Clade 2.3.4.4b) EPI ISL 681286 0.44 0.06 0.15 0.13 0.26 0.59
A(H5NE) Alchicken/Miyazaki/E3T/2020 (Clade 2.3.4.4b) EPI ISL 4105028 0.53 0.04 0.16 0.10 0.32 0.59
A(H5NE) A/swan/Niigata/151118/2020 (Clade 2.3.4.4b) EPI ISL 4105052 0.31 0.05 0.33 0.33 0.25 0.57
A(H9N2) Alchicken/Japan/AQ-HE31-26/2020 EPI ISL 700743 0.11 0.10 0.72 1.15 0.39 1.00
Reference human influenza viruses
A(HIN1)pdm09 A/KANAGAWA/AC1926/2019 (NAH275Y mutant)”  EPI ISL 408551  236.53 19.13 0.24 0.86 222 1.27
A/KANAGAWA/IC1890/2019 (PA I38T mutant)” EPI ISL 345217 0.29 0.07 0.33 0.30 60.18 0.89
A/KANAGAWA/ZC1931/2019 (Wild-type) EPI ISL 403549 0.24 0.09 0.24 0.19 2.35 1.60

Mean ICsp values® (Wild-type)

036=0.16 0.09=003 031=+0.12 0.44=0.23

590222 1.08=042
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Table 1. Characteristics of Pediatric Influenza Patients Studied

Table 2. Summary of Influenza Viruses Possessing a Neuraminidase (NA) Substitution

Date of sampling |Cso for oseltamivir,® nM
Amino acid Subtype of Age of (day after beginning  Proportion of viruses
Virus ID  substitution in NA  virus patient, years of treatment) with substituted NA, %® Parental virus  Mutant virus
1 Arg292Lys H3N2 5 3 0 0.21 33,390
5 25 0.21 33,390
2 Arg292Lys H3N2 9 3 0 NT® NT
5 50 NT® NT
3 Arg292Lys H3N2 13 4 8 NT NT
4 His274Tyr H1N1 4 5 8 1.63 1115
7 75 1.63 1115
5 His274Tyr H1N1 9 4 16 NT NT
6 Glu119Val H3N2 5 4 41 0.43 230

® For each virus isolate, we analyzed the nucleotide sequences of the NA genes of at least 12 molecular clones and calculated the proportion of cDNA clones
encoding substituted NAs.

©® Median inhibitory concentration (ICsq) values are the mean of duplicate reactions.

¢ NT indicates samples not tested because infectious viruses were not isolated from the corresponding specimens.
INO. (7o) OT patients SU (44£) Z/ (\30) .01

with vaccination
history
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STN: 125692

Proper Name: Influenza A (H5N1) Monovalent Vaccine, Adjuvanted
Tradename: AUDENZ

Manufaecturer: Seqirus, Inc.

Indication:

o AUDENZ is an inactivated vaccine indicated for active immunization for the
prevention of disease caused by the influenza A virus H5N1 subtype contained in the
vaccine. AUDENZ is approved for use in persons 6 months of age and older at
increased risk of exposure to the influenza A virus H5N1 subtype contained in the
vaccine.

Product Information

» Package Insert - AUDENZ

» Demographic Subgroup Information - AUDENZ

Refer to Section 1.1 of the Clinical Review Memo for information about participation
in the clinical trials and any analysis of demographic subgroup outcomes that is
notable.

Supporting Documents

» November 17, 2021 Approval Letter - AUDENZ

¢ October 29, 2021 Approval Letter - AUDENZ
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Table 5. Desired attributes of Al vaccines addressing the smallholder segment.

Desired attribute

Inexpensive

Use in multiple avian
species

Single dose protection
Mass application
Identify infected birds in

vaccinated population (DIVA)

Overcome maternal
antibody interference

Given at 1 day of age in
hatchery or in ovo

Universal vaccine

Thermostable

Current situation

Current cost for inactivated AIV vaccine: $0.03-0.10/dose plus cost of administration
($0.05-0.07 per dose for individual handling and injection)

Most vaccines are used in meat, layer and breeder chickens although a large number of
doses also used in ducks; minor amounts in turkeys, geese, quail, etc.

Most situations require a minimum of 2 doses; prime-boost scenario is optimal with
revaccination in long-lived birds at 6-12-month intervals

95.5% is inactivated vaccine administered by handling and injecting individual birds and 4.5%
as vectored vaccine given by mass spray vaccination

Serological differentiation tests are available, but only minor use. Most vaccine applied
without using a serological DIVA strategy for surveillance

Maternal antibody to AIV hemagglutinin or virus vector inhibits primary immune response.
Initial vaccination must be timed for declining maternal antibody titers to allow optimal
primary immune response

Inactivated vaccine provides poor protection when given at 1 day of age. Vectored vaccines
can be given at 1 day of age, but generally require a boost with inactivated vaccine 10 days
or more later

The majority of inactivated whole ALV vaccines use reverse genetic generated vaccine seed
strains to antigenically match field viruses. The vaccinal strain of virus should also be a
strong immunogen

Killed Al vaccines, rNDV-AI and rFPV-AI vaccines require refrigeration and rHVT-AI vaccine
must be stored in liquid nitrogen


https://doi.org/10.12688%2Fgatesopenres.13171.1
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Figure 3. Antigenic difference
of avian influenza (HSN1) virus
isolates with H5 vaccine strains
and protective efficacy of HS
vaccine against the challenge
of HON1 virus. A) Antigenic
cartography of HoN1 viruses.
The map was generated by using
Antigenic Cartography software
(https://acmacs-web.antigenic-
cartography.org); 1 unit (grid)
represents a 2-fold change in
the HI assay results (Appendix
2 Table 7, https://wwwnc.cdc.
gov/ElD/article/29/7/22-1149-
App2.pdf). B) HI antibody titers
of vaccinated chickens against
the vaccine seed virus and

the challenge strain. C) Virus
shedding from chickens on
postchallenge days 3 and 5. D)
Survival patterns of chickens

in the vaccinated and control
groups after challenge with the
indicated HON1 virus. EID,,
50% eqgg infectious dose; HI,
hemagglutination inhibition.
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Supplementary Table 1. Virucidal effects of disinfectants on AIV H7N9 and HSNS8

Virus titer (Log TCIDs¢/mL)

Disinfectant
H7N9 H5N8
(Working concentration)
2 min 5 min 8 min 2 min 5 min 8 min

Household bleach (50mg/L) U U U U U U
Ethanol (75%) U U U U U U
Hand soap solution (1:49) 2.2040.19 U U 2.4340.07 U U
Peracetic acetic acid (0.015%) U U U U U U
Lactic acid (0.5%) 2.1040.10 U U 2.4040.10 U U
Acetic acid (1%) U U U U U U

Note: U, undetectable. Each data shows the means +SD of three triplicates.


https://doi.org/10.1016/S2666-5247(21)00333-5

https://doi.org/10.1016/S2666-5247(21)00333-5

Supplementary Table 2. Stability of chicken-attached H7N9 A1V at 4° C25° Cand -20°C.

Virus titer (Log TCIDsy/ml)

Day 25°C 4°C -20°C

Sample 1 Sample 2 Sample 3 Mean +S8D Sample 1 Sample 2 Sample 3 Mean 8D Sample 1 Sample 2 Sample 3 Mean 8D
1 4.61 4.50 4.50 4.54 0.06 5.00 481 4.70 4.84 0.15 5.11 5.00 5.23 5.11 0.12
2 421 4.71 430 441 0.27 423 423 4.00 4.15 0.13 4.67 4.67 429 4.54 0.22
3 3.71 3.39 3.19 3.43 0.26 3.88 3.30 3.30 3.49 0.34 3.80 3.88 4.10 3.93 0.16
4 2.28 2.10 U 2.19 0.13 3.11 2.80 3.00 2.97 0.16 3.24 3.61 3.20 3.35 0.23
5 U U U 2.71 2.70 2.50 2.64 0.12 3.00 2.61 229 2.63 0.36
6 U U U 2.50 2.50 2.40 2.47 0.06 2.42 2.77 2.29 2.49 0.25
7 U U U 2.20 2.00 2.00 2.07 0.12 2.25 2.41 2.40 2.35 0.09
8 U U U U 9] u 2.39 2.35 2.00 2.24 0.22
9 U U U U 9] u 2.20 9] 242 2.31 0.16
10 U U U U U u U U u

Note: U, undetectable. The detection limit of a typical TCIDs; assay is 100 TCIDsy/mL.


https://doi.org/10.1016/S2666-5247(21)00333-5
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Maxwell® RSC Viral Total Nucleic Acid

QlAamp Viral RNA Mini Kit Purification Kit (O XHJ)
(QIAGEN)

QlAamp’ Viral RNA
Mini Kit (50)

Caot. Mo, 52904
are ol ream tempercture [15-25'C)

https://www.qiagen.com/jp/spotlight- https://www.promega.ijp/products/nucleic-acid-
pages/ias/automated-gpcr- extraction/viral-rna-extraction-viral-dna-
workflow/purification/qiaamp-viral-rna-mini- extraction/maxwell-rsc-viral-total-nucleic-acid-purification-

giacube-kit/ kit/?catNum=AS1330
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53}

53}

Type A/M264R3/08
PCR E#OES: 244bp

(H5 R E A)
H5 HA B TFRHAZ 71~—:
H5/ 248-270F 5 - GTGACGAATTCATCAATGTRCCG
H5/ 671-647TR 5’ - CTCTGGTTTAGTGTTGATGTYCCAA
PCR EfInEE: 424bp

;i_;ﬁﬁfﬁ@}%%é‘@?%ﬂz v X —Hft https://www.niid.go.jp/niid/images/lab-
JEAEH (tokyo.lg.jp) manual/avian_influenza 2003.pdf
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- H1,2,3,5,6,7,9,10 (ANI(CRkZr9 BdERY) D 8fEFEZ B (CHRE

Serotype No. of samples testing positive via:

GeXP assay RRT-PCR Sequencing Coincidence rate

H1 2 2 2 100%
H2 1 1 1 100%
H3 8 8 8 100%
H5 2 2 2 100%
H6 14 14 14 100%
H7 5 5 5 100%
H9 14 14 14 100%
H10 1 1 1 100% https://www.ncbi.nlm.nih.g
Mix 20 20 20 100% ov/pmc/articles/PMC59066

57/
Total 66 66 66 100%



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5906657/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5906657/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5906657/

<ILFT L w I XPCRE

- H5,N1,N2,N6,N8% [E] i} (CiR
H5N1, H5N2. H5N6. H5N8%Z —[BlDX/LTIRE

TANA A v IRy FET AL LAEE B4 v 7T A ARTERE
g +v TN
RRT-PCR  GeXP7 vt A4 RRT- GeXP7 vt 4
PCR M H5 N1 N2 N6 N8

H5N1 29/30 29/30 1/30 1/30 1/30 1/30 0/30 0/30 0/30
H5N?2 29/30 28/30 1/30 2/30 2/30 0/30 2/30 0/30 0/30
HON? 39/42 38/42 3/42 4/42  0/42 0/42 4/42 0/42 0/42
H6N? 34/35 34/35 1/35 1/35 0/35 0/35 1/35 0/35 0/35
H6N6 41/43 41/43 2/43 2/43 0/43 0/43 0/43 2/43 0/43

https://www.ncbi.nlm.nih.gov/pmc/articles/P
MC4746555/
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Subtype
H5
H5N1 hp
H5N1 hp
H5N1 hp
H5N1 hp
H5N1 hp
H5N1 hp
H5N1 hp
H5N1 hp
H5N1 hp

H5N1 hp

H5N1 hp

HZN3

HE6NS

Virus isolate

Name

Alchicken/Indonesia/R60/05
Alchicken/Indonesia/R134/03
Alcat/Germany/R606/06
Alduck/Vietnam/AG40-02/05
Alduck/Vietnam/TG24-01/05
Alchicken/Vietnam/P78/05
A/chicken/GXLA/1204/04
Alturkey/Turkey/R11/06
A/Cygnus olor/Germany/R854/06

A/Cygnus
cygnus/Germany/R65/06

Alchicken/Scotland/59

A/mallard/Germany/Wv672/04

Alturkey/Grub/R41/98

H5 real-time
RT-LAMP

Undiluted (min)

10.6

10.7

13.0
13.1
13.5
14.3
15.4
20.6

24.2

49,

=

R T Z 72 WHS,
DD H T

757 BERR

e UJ7)LIA LAPCRIEELEE L
R HME LY

6 0 7J1&lE TRt

FERFRRIT https://doi.org/10.1177/104
IEFFERIG 063871002200110
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Subtype
H7
H7Nx
H7Mx
H7Mx
H7Mx

H/N1
hp

H7N1

H/N1
H7N1
H7N3
H7N3
H7/N3
H7/N3

H7N3

MName

A/teal/Fohr/Wv180/05
Alteal/Fohr/Wv177/05
Afmallard/Fohr/Wwv190/05
Afalexandria tyrode/T145

A/FPV/Rostock/45/34

Afchicken/Brescia/19/02

Afturkey/ltaly/472/99
A/mallard/NVP/41/04
A/duck/Italy/636/03
Afturkey/Italy/2043/037
Afturkey/ltaly/2043/03°
Afswan/Potsdam/64/81

Alduck/Alberta/48/76

Undiluted (min)

17.8
18.8
29.5

Neg.

36

10.5

15.8

14.8

15.5

RHEEd
6 0 DiEIE TR

6 0 DiElE TR
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Target Oligonucleotide® SequenceS—ﬂ

M M1-f-245
M1-r-332

H5 h5c-f-729
h5c-r-808

ch5a-f-244

ch5a-r-318

H7 c2h7-f-520

c2h7-r-609

CCAGTGAGCGAGGACTGCAG

GGATCCCCATTCCCATTGAG

AGATCCAAAGTAAACGGGCAAA

TCGAAGTTGATTGCATCATTCG

GGAAACCCAATGTGTGACGAA

ATTGGCTGGATTGGCCTTCT

CTGAGCAGCGGCTACAAAGA

GAAGACAAGGCCCATTGCAA

https://doi.org/10.1128%2F
JCM.01090-08



https://doi.org/10.1128%2FJCM.01090-08
https://doi.org/10.1128%2FJCM.01090-08

.

EaEE
B R M |W |5 |Y K | H B D W M
EEOEE | Ag|AC AT|Cg CT|g, T ATC|gTC|gAT| ACO|ACGT
Primer No. of No. of
identification Primer Product mixed genes used
Gene no. or probe size (bp) Sequence® bases for design
HE5 491 H5-918F 249 CCARTRGGEKGCHKATAAAYTC 5 1,439
820 H5- GTCTGCAGCRTAYCCACTYC 3 1,439
1166R
547 H5-Probe FAM- 5 1,439
ACCATECCYTGCCAYCCYCCYTCT-
BHQ

https://doi.org/10.1128%2FJCM.01264-10



https://doi.org/10.1128%2FJCM.01264-10

No. of genes detected by use of?:

Primer” Probe® Primer/probe set®
Gene No.of AlIVs

Without mixed bases With mixed bases Without mixed bases With mixed bases Without mixed bases With mixed bases®

Early Late Neg. Early Late Neg. Early Late Neg. Early Late Neg. Early Late Neg. Early Late Neg.
H5 20 9 7 - 20 0 0 19 1 0 20 0 0 5 9 6 19 1 0
H7 19 11 3 5 160 2 1f 14 2 3 19 0 0 10 2 7 165(19) 3f(0) 0f(0)

https://doi.org/10.1128%2FJCM.01264-10
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HARIZL ﬁBu TRIREDHETE

HA
1 NA
2 NA
3 1 —
4 2 —
S 3
6 4 —
7 5 —
8 6 —
9 7 —
10
11 8
12 ?
13 BEtDsrF~—T—
14
15
BIRRED S F~—H—
BWRIRE  RETR*GLF
EiFEFE RRKKR*GLF
w==_ Tsukamoto, K. et al. 2008. === Tsukamoto, K. et al. 2009.
J. Clin. Microbiol. 46:3048-3055 J. Clin. Microbiol. 47:2301-2303

Lee, M. S.. et al. 2001.
J. Virol. Methods. 97:13-22

https://doi.org/10.1128%2FJCM.02386-07



https://doi.org/10.1128%2FJCM.02386-07

HABHZGARDL IR Pk D HExE

v A b Ak i HAR 25 r o 7 3/ MACY) RO 5 E
A/tk/MN/3689-1551/1981 H5N2 PQRETR/GLF 155
A/ck/Tbaraki/1/2005 H5N2 PQRETR/GLF 155
A/ck/Yamaguchi/7/2004 H5N1 PQRERRKKR/GLF =
A/ck/Suphanburi/1/2004 H5N1 PQRERRRKKR/GLF =
A/ck/Miyazaki/H358/2007 H5N1 PQGERRRKKR/GLF =
A/ck/Pennsyl/21525/1983 H5N2 PQKKKR/GLF =
A/ck/Puebla/8623-607/1994 HG5N2 PQRKRKTR/GLF =
A/ck/Ttaly /3301997 H5N2 PQRRREKKR/GLF =
A/tern/South Africa/1961 H5N3 PQRETRRQKR/GLF =
A/ck/NY/119055-7/2001 H7N2 PEKPKPR/GLF 155
A/dk/Shimane/18/2006 H7N7 PEIPKGR/GLF 155
A/tk/Ttaly /45801999 H7N1 PEIPKGSRVRR/GLF =
A/tk/England/1963 H7N3 PETPKRRRR/GLF =
A/ck/Pakistan/447/1995 H7N3 PEIPKRKRKR/GLF =
A/ck/Chile/184240-2/2002 H7N3 PEKPKTCSPLSRCRKTR/GLF =
A/ck/Netherland/2586/2003 H7N7 PEIPKRRRR/GLF =

https://doi.org/10.1128%2FJCM.02386-07



https://doi.org/10.1128%2FJCM.02386-07

Log cDNA copies/mi

Supplementary Figure 1. Pharyngeal virus load in relation to onset of iliness
during H5N1 influenza and human influenza. Viral RNA loads were measured
in throat swabs obtained at admission from 18 HSN1 patients (circle), and

eight patients with H3N2 or H1N1 influenza (triangle).
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Table 2 Detection of influenza virus in respiratory and non-respiratory sites
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' H5N1
H5N1 H3/H1 P Fatal Not fatal P
Nasopharynx
Virus isolation rate (positive/tested; %) 12/162 (75) NA 8/12 (67) 4/4 (100)
Detectable RNA (positive/tested; %) Nose 13/17 (76) 6/8 (75) 10/12 (83) 3/5 (60)
Throat 18/18 (100) 8/8 (100) 13/13 (100) 5/5 (100)
Viral load (median; range) Nose 5.5 (und.-8.1) 4.5 (und.-7.7) 0.59 5.8 (und.-8.1) 4.5 (und.-6.4) 0.20
Throat 7.0(4.3-8.2) 4.8 (4.2-5.8) 0.003 7.5(4.7-8.2) 5.9 (4.3-7.0) 0.058
P 0.001 0.87
Rectum®
Virus isolation rate (positive/tested; %) 1/7 (14) NA 1/7 (14) NA
Detectable RNA (positive/tested; %) 5/7 (71) NA 517 (71) NA
Viral load (median; range) 4.8 (3.6-5.8) NA 4.8 (3.6-5.8) NA
Blood®
Virus isolation rate (positive/tested; %) 1/6 (17) NA 1/6 (17) NA
Detectable RNA (positive/tested; %) 9/16 (56) 0/6 (0) 0.046 9/11 (82) 0/5 (0) 0.005
Viral load (median; range) 4.5 (3.2—-5.7) Und. 4.5 (3.2-5.7) Und.

Rates of virus isolation, detection of viral RNA and viral loads in nasopharyngeal, rectal and blood specimens of patients with influenza H5N1 and H3N2 or H1N1. Viral loads are

given as log;g cDNA copies per ml of viral transport medium. Und., below detection limit; NA, not assessed.
3Virus isolation was not performed in two cases due to insufficient specimens. PRectal swabs were obtained after 6-11 d (median 8) of illness. °Blood specimens were obtained after 5-9 d

(median 7) of illness.
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Supplementary Figure 2. Nasal, pharyngeal and tracheal virus load during
the course of iliness in two H5N1 patients. Viral RNA loads were measured in
nasal swabs (triangle), throat swabs (circle) and tracheal aspirates (square)
from two H5N1 patients and revealed higher viral RNA loads and more
prolonged detection of viral RNA in tracheal specimens compared to nasal and
pharyngeal specimens. Both patients received a five-day course of oseltamivir
upon admission. The dashed horizontal line signifies the lower limit of
detection of viral RNA.
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