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Influenza A — genome and structure

Table 1: Influenza A virus genes and proteins

Gene Segment Protein Protein
] name function
1 Polymerase B2 Polymerase B2 Internal protein,
(PB2} {PB2} virus replication
2 Polymerase Bl Polymerase Bl Internal protein,
(PET) (FB1) virus replication
FB1-F2 Mitochondrial targeting
and apoptosis
3 Polymerase A Polymerase A Internal protein,
(PA) (PA) wvirus replication
4 Hemagglutinin - Hemagglutinin Surface glycoprotein, viral
attachment, antigenic
determinant, subtype specific
{H1 through H18)
5 Nucleoprotein  Nucleoprotein Mucleocapsid protein,
(MNP} (MNP} RMA. coating, nuclear targeting,
RMNA transcription, type (A.B,C)
specific
6 Meuraminidase Meuraminidase  Surface glycoprotein, antigenic
(MA) (MA) determinant, viral release from
host cells, subwﬁe spedific
(N1 through NB)
7 Matrix Matrix 1 Membrane protein stability, type
) (M1) {ABC) specific
Matrix 2 Membrane protein, viral
(M2} uncoating, type (A,B,C) specific
8 Mon-structural  Nen-structural 1 Internal proteins
(N5) (NST)
Mon-structural 2 Regulation of virus life cycle,
(NS2) especially mRNA transcription

Shi et al. Nature, 2014

and localization of wviral
ribonucleic proteins

Adapted from Lamb and Krug,2001.2

The FIuA contains two major transmembrane glycoproteins . The antigenic
and genetic diversity of these two glycoproteins are used to determine the IAV subtype.
At present, 18 hemagglutinin subtypes (H1-H18) and 11 neuraminidase subtypes (N1-
N11) are recognized.
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Key concepts on HA and NA

* These two glycoproteins recognize the same host cell molecule: the sialic
acid (SA) (generic term for the N- or O substituted derivatives of
neuraminic acid) and have a complementary role in the replication cycle.

* The HA initiates the virus entry by binding to the SA and the NA facilitates
the virion release from infected cells through its sialidase activity.

 These two glycoproteins are also linked to infectivity, transmissibility,
virulence, host specificity and resistance to antiviral treatment.

* The equilibrium between the HA binding affinity and the NA enzymatic
activity, also called the HA/NA functional balance, has to be optimal for
good viral fitness (i.e. an efficient replication and transmission).
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The balance between HA affinity and NA activity as a critical factor
in host adaptation.
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HA role on receptor attachment - sialic acid

v" Binds to cell surface carbohydrate - sialic acid

Qe
v Ubiquitous receptor —
v' Can be present as part of glycoprotein or glycolipid
ATTACHMENT TO ADHESION RECEPTOR BINDING TO ENTRY RECEPTOR
:g:li’?; . " ' Diffusion ) ?
Heparan sulfate \ | h ialic aci Ly ) %MH %&
S S ..;, °
u k;LL\‘ 5 g 5 \E U f ke : & *' l; Sla"‘i acid Galactose
-----ln...-------- VR . . )

S HO CHZOH
Entry receptor Viral entry H OH H -00C¢

| Neuraminidase
CH,

HA has an important role in determining host tropism, as it binds to host
cell receptors that contain terminal a-2,6-linked or a-2,3-linked sialic acid
(a-2,6-SA or a-2,3-SA) moieties.
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Role of receptor binding specificity in influenza A
virus transmission and pathogenesis

Miranda de Graaf & Ron A M Fouchier
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Figure 5. Cartoon representation of a human influenza hemagglutinin (database code 2YP4) receptor binding site with the 130-loop, 190-helix, and 220-loop and the
conserved residues, 98-Tyr, 153-Trp, 183-His, and 195-Tyr in complex with the human receptor analog LSTc in cis conformation (A). Amino acid alignment of the 130-loop,
190-helix, and 220-loop of human (Hu), avian (Av), pig (Pi) influenza viruses, and an airborne transmissible HSN1 virus (Tr) (B). The sequences are derived from the
following virus strains: A/Teal/NL/10/2000 (CY060178), A/Memphis/7/2001 (CY020149), A/SC/1/1918 (F116575), A/Mallard/SW/50/2000 (CY060308), A/HK/01/1968
(CY112249), A/Mallard/NL/5/1999 (CY064950), A/NL/0S6H1/1960 (CY077786), Allndo/5/2005 (CY116646), airborne transmissible A/indo/05/2005 (CY116686), A/Mallard/12/
2000 (GU053030), A/NL/219/2003 (AY338459) and A/Shanghai/02/2013 (KF021597).
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Receptor specificity involved on pathogenicity

 The HA specificity for a 2,3 or a 2,6 SA depends on the HA origin.

e The HA of human-adapted influenza preferentially recognizes receptors
with a terminal a 2,6 SA whereas avian influenza preferentially recognizes
receptors with a terminal a 2,3 SA.
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Receptor specificity involved on pathogenicity

e The predominance of the a 2,6 SA in the upper respiratory tract of
humans is likely to contribute to the limited avian to human transmission.

* It has also been suggested that mucus in the human airway is rich in
soluble a 2,3 SA, which can trap the avian viruses and inhibit replication

and spread.

Recettori
a2,6

Globular domain

b Avian receptor analogue

g GleNAc3 H
5 ; P Recettori
5 S P [ saLs ,
& 220400p\} | £1304c0p 220-loop ‘J Q’{so-loop az ,3
Hydrophilic b Hydrophobic N\\
glycosidic C6 atom
oxygen atom
Shi et al. Nature Reviews, 2014 .
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Evolution —

Genetic drift

o Each year’s flu vaccine contains three flu strains —

two A strains and one B strain - that can change from year to year.

Antibody

o After vaccination, your body prodt infection-fighting antibodies
against the three flu strains in the vaccine.

9 If you are exposed to any of the three flu strains during
the flu season, the antibodies will latch onto the virus’s
HA antigens, preventing the flu virus from attaching to - r - - - - T T r
healthy cells and infecting them. 1970 1975 1980 1985 1990 1995 2000 2005 2010
@ Influenza virus genes, made of RNA,
are more prone to mutations than
genes made of DNA.

1970 1975 1980 1985 1990 1995 2000 2005 2010

~
Mutation

A e a— :
v These are small changes in the genes of influenza
viruses that happen continually over time as the
virus replicates.

Link Studio for NIAID

v’ But these small genetic changes can accumulate

e If the HA gene changes, so can the
igen that it d ing
it to change shape.

o If the HA antigen changes shape, antibodies that
normally would match up to it no longer can, allowing
the newly mutated virus to infect the body’s cells.

This type of genetic mutation is called “ANTIGENIC DRIFT.”

Ry, over time and result in viruses that are
' antigenically different (further away on the
phylogenetic tree).

v' Small changes allow evasion of the immune
response the antibody response can be escaped

and infection can occur
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bles a flu strain to jump from

Evolution - Genetic shift S——

The new strain

o Without may further
dergoing evolve to spread
Bird influenza Astrain | genetie change, i from person to

person. If so, a

a bird strain of
flu pandemic
could arise.

influenza A can
jump directly
from a duck

- orotheraquatic
bird to
humans.

v Antigenic shift is an abrupt, major change in
the influenza A viruses, resulting in new
hemagglutinin and/or new hemagglutinin and
neuraminidase proteins in influenza viruses
that infect humans. was

a bird strain of

A duck or other

aquatic bird passes a bird
strain of influenza A to
an intermediate host
such as a chicken or pig.

M M M E:Eif:::i:m‘ A
v" Shift results in a new influenza A subtype or a sy ® Lo |

an intermediate

virus with a hemagglutinin or a hemagglutinin  zmaiesan
and neuraminidase combination that has
emerged from an animal population that is so
different from the same subtype in humans
that most people do not have immunity to the
new (e.g. novel) virus.

same chicken or pig. (Note that reassortments can
occur in a person who is infected with two flu strains.)

@ When the viruses infect the same cell,
the genes from the bird strain mix
with genes from the human

strain to yield a new strain.

umans.

Genetic mixing

Link Studia for NIAID

host (pig)
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Biogenesis pandemic virus

Virus non umano Virus umano

. Virus riassortenti
Functional
match - - Polymerase
HA/NA 28 =256 complex
o Possibile PB1, PB2, PA
Combination! .
specificity ™ / Efficency of

replication

3 A VirRoLOoGY UNIT | FonDazionE IRCCS PoLicLINICO San MaTTEO




Human may accelerate the process'-’

Lﬂm

ay
77 AN, T

\

L]

- el e
= [ S
A o ﬂ"‘"

|}

e

GleINZAN W= =le]Relcy @8Il | FOMNDAZIONE IRCCS POLICLINICO San MaATTEO




History of pandemic influenza strains

H1N1
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MP c— NP o
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NS e
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NP o i TA G—
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MP e— NP e— PO S—
NS e Ns—ﬁ MP—R
PB2 cxm— NS emmm
North American PB1 o
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NP e
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:g— P82 :2—
™ Avian ot —
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Human Pandemic ;
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Cleavage site

LPAI HPAI

Proteasas localized in respiratory and Ubiquitous proteases

% HAD *
e A j: e

&
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Copyright @ 2005 Mature Publishing Group
MNature Reviews | Microbiology

Horimoto T, Kawaoka Y. Nat Rev Microbiol. 2005 Aug;3(8):591-600.

The HAs of LPAI viruses possess a single basic residue at the cleavage site and are usually
cleaved by proteases found in only a limited number of organs, whereas the HAs of HPAI

viruses possess a series of basic amino acids at the cleavage site, which are cleaved by
proteases present in a range of different host cells.
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Cleavage site
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Avian isolates
Avirulent strain (H5)

Avirulent strain (H7)
Virulent strain (H5)

Virulent strain (H7)

Cleavage site
PQ————@ETE‘G

PEXP---KIXR ¢

- EREESRCESEEE G

o
L®)
[

PEPSEKEREKEKER G

Human isolates: pandemic strains

1918 Spanish flu (H1N1)
1957 Asian flu (H2N2)
1968 Hong Kong flu (H3N2)

1977 Russian flu (H1N1)

PS----1IQS[R ¢
PQ----IESI|R G
PE----KQT|R G
PS----I0QSIR G

Human isolates: avian strains from humans

1997 Hong Kong (H5N1)
1999 Hong Kong (HON2)
2003 the Netherlands (H7N7)

2004 Asian (H5N1)

PQRIERRRKKR G

PQ----RssR ¢
PEIP-KRERRRE G
PQREMRRREKKR G

Copyright © 2005 Nature Publishing Group

Nature Reviews | Microbiology

Horimoto T, Kawaoka Y. Nat Rev Microbiol. 2005 Aug;3(8):591-600.
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Fundamental question in influenza research (2013): can H5-HA-
possessing viruses support transmission in mammals?
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Bird flu: how two mutant strains led to
an international controversy

The row over whether scientific journals can publish details of
mutant strains of the H5N1 bird flu virus that can spread to
other animals is about to come to a head in Washington

* None of the recipient ferrets died after airborne infection with the mutant A/H5N1
viruses.

* Four amino acid substitutions in the host receptor-binding protein hemagglutinin,
and one in the polymerase complex protein basic polymerase 2, were consistently
present in airborne-transmitted viruses.
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Receptor specificity involved on pathogenicity

JOURNAL OF VIROLOGY, Sept. 2003, p. 11533-11536 Vol. 79, No. 17

TABLE 1. Critical amino acids for the receptor binding specificity 0022-538X/05/$08.00+0  doi:10.1128/JV1.79.17.11533-11536.2005
of the influenza HA® Copyright © 2005, American Socicty for Microbiology. All Rights Reserved.

Amino acid position (H3 numbering)

77 138 186 190 194 225

Viral HA

A Single Amino Acid Substitution in 1918 Influenza Virus
Hemagglutinin Changes Receptor Binding Specificity

Laurel Glaser,' James Stevens,” Dmitriy Zamarin,' Tan A. Wilson,®> Adolfo Garcia-Sastre,’
Terrence M. Tumpey,” Christopher F. Basler,! Jeffery K. Taubenberger,*
and Peter Palese'*

A/South Carolina/1/1918 D A P D L D
A/New York/1/1918 D A P D L G
Avian H1 consensus D A P E L G

“ The avian consensus sequence of the H1 HA was determined by comparing
human and avian HA sequences (14). The above amino acids are conserved in
most avian H1 HAs. Boldface type indicates a change from the A/South Caro-
lina/1/18 HA sequence.

A 10 D190 D190 E190
D225 G_|Z_25 G225
E3

The HA of the 1918 A(HIN1) IV had ¢ | 0 Al

£ 80/
the E190D substitution, that conferred 2 eo Dozs
S 401 [CJcrBC

a double affinity for a2,3 and a2,6 SA
and is likely to have participated in

N
2

| i [

GFP Duck HA  Moscow HA] 1918 SC 1918 NY 1918 "avian"

o

crossing the species barrier from avian WA~ HAha
empty
reservoir to humans. The G222D (H1 B ' assemieme o zhars . kDa

numbering) substitution allowed to
restrict the HA specificity to a2,6 SA.
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Segregation of Virulent Influenza A(H1N1) Variants in

Severe outcome of influenza A/HIN1/09v infection associated with the Lower ReSpiratory Tract of Critically lll Patients
222G/N polymorphisms in the haemagglutinin: a multicentre study during the 2010-2011 Seasonal Epidemic

Antonio Piralla’, Elena Pariani?, Francesca Rovida', Giulia Campanini', Alba Muzzi®, Vincenzo Emmi*,
Giorgio A. lotti®, Antonio Pesenti®, Pier Giulio Conaldi’, Alessandro Zanetti?, Fausto Baldanti'* and the
Severe Influenza A Task Force

F. Baldanti', G. Campanini', A. Piralla', F. Rovida', A. Braschi?, F. Mojoli?, G. lotti®, M. Belliato®, P.G. Conaldi®,

A. Arcadipane®, E. Pariani®, A. Zanetti®, L. Minoli’ and V. Emmi®

1) Molecular Virology Unit, 2) Intensive Care Unit I, 3) Intensive Care Unit Il, Fendazione IRCCS Policlinico San Matteo, Pavia, 4) Institute of Microbiology
and Virology, 5) Intensive Care Unit, ISSMET, Palermo, 6) Dipartimento di Sanita Pubblica-Microbiologia-Virologia, Universita degli Studi di Milane, Milan and

7) Institute of Infectious Diseases, Fondazione IRCCS Policlinico San Matteo, University of Pavia, Pavia, Italy
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nasal swab BAL
C paired samples
(n=13)?
Patient Sample ILI NS BAL AlPavia/1/2011 222D 222N
no date A/Pavia/15/2011 222D 222N
1 27/10/2009 severe 222E 222E AlPavia/18/2011 222D 222E
2 05/11/2009 severe 222D/N 222D/G/N AlPavia/21/2011 222D 222E
A/Pavia/74/2011 222D 222E
3 09/11/2009 severe 222D 222D/G/IN A/Pavia/82/2011 o0 —
16/11/2009 222D 222D/N AlPavia/113/2011 222D 222E
4 25/11/2009  severe 222E/D 222E/D A/Pavia/132/2011 222D 222G
5 6/11/2009 severe ND 222D A/Pavia/189/2011 222D 222G
A/Palermo/1/2011 222D 222E
6 21/11/2009 _moderate _ ND 222D/G APaermomod - | 2220 0250
7 5/11/2009 moderate 222D 222D A/Palermo/4/2011 nd® 222E
8 18/11/2009 severe 222D 222D/G A/Palermo/5/2011 nd® 222G
21/11/2009 222D 222D URTI, upper respiratory tract; LRTI, lower respiratory tract; ARDS, Acute respiratory syndrome; NS, nasal swab;
BAL, bronchoalveolar lavage
9 18/11/2009 severe 222E 222E/G # Two patients with 222N (A,?Paviaf59f201 1) and 222G (A/Pavia/127/2011) in the BAL were excluded from analysis
due to imparied samples or nasal swab unavailable.
b nd, not done due to low viral load
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Severe cases of influenza 2017-18 season

58 A/H1IN1pdmO09 cases on ICUs in Lombardy

Overall, mutations (G/N/A) at codon 222 were observed in 5/58 (8.6%) influenza
A/H1IN1pdmO9 strains.

* 3/9(33.3%) A/HIN1pdmO09 strains detected in LRT carried D222G/N

 2/49 (4.1%) A/HIN1pdmO09 strains detected in URT carried D222G/N

10105 FIUA (n=7) " FIuB (n=1)
0=0.01 g o —

109_
108_
107_
106_
105_
104_
103_
102_
101_
neg

8 &

Influenza RNA copies/ml

LRT URT LRT LRT

In 5/7 (71.4%) A/HIN1pdmO09 ICU cases the URT sample was negative with at least viral
load >10% RNA copies/ml in LRT samples
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TABLE |. Quasi-species haemagglutinin diversity and position 222 polymorphisms in 28 clinical samples from patients with

Detection of haemagglutinin D222 polymorphisms in

influenza A(HINI)pdmO09%-infected patients by ultra-deep

pyrosequencing

M. Selleri', A. Piralla?, G. Rozera', E. Giombini', B. Bartolini', I. Abbate', G. Campanini?, F. Rovida?, L. Dossena?,
M. R. Capobianchi' and F. Baldanti?

Clin Microbiol Infect. 2013

Jul;19(7):668-73.

severe (group A) and moderate=mild (group B) clinical presentations of influenza A(HINI )pdm0? infection

Position 111 variant detected

Patient Sample Viral load™ Frequency of vadant

Group [1s] type (log o coplesiml) Sanper UDPS® estimated by UDPS (%) Coverage® Diversiey®
A I BAL 601 E EDIG 98.93/0.8000.27 734% a7
2 BAL 5.75 D DiN/GIEA 34.03/43.82/19.06/2 280,65 4466 41.78
3 BAL FAL D D 100 16 100 059
4 NS 544 D D 100 11 340 138
5 MNS 437 VG VG 65.79/33.18/1.00 14231 1929
1 NS 547 E ED 9.63/037 7310 063
T NS 684 D D 100 16 205 1.93
8 NS a4 D D 100 8615 093
Median (IQR) 588 (5.45-674) 166

(0.95-15.2%)
B 9? NS 486 D D 100 21 257 1.06
BAL 766 D D 100 2651 057
10 ME 824 D D 100 15 446 069
1 NS 66T E ED F3.5710.43 14 176 086
12 NS 584 D D 100 13118 1.22
13 NS 674 D D 100 15 &81 029
14 NS 707 D D 100 12 416 052
15 M3 6.86 E ED F9.60/0.40 5545 050
16 ME 8ls D D 100 16 425 052
17 NS 62l D D 100 13 762 147
18 NS 6.00 D D 100 2020 406
19 NS 562 E ED F5.58/0.42 16 045 2162
20 NS 817 E ED 99.37/0.63 15 806 041
21 M3 832 D D 100 19 536 044
] NS a6l D D 100 13 802 084
i} NS 758 E ED 939061 15721 041
24 M3 736 E ED F9.34/0.66 18 026 029
25 NS 726 D D 100 1170 042
26 NS 89 E ED 9.3410.66 22 042 1810
7 NS a9 D D 100 5931 069
Median (IQR) 731 (633-823) 069
0.43-1.18)

p(A va B)" 0.0l 002

BAL, bronchoalvestsr bvage IQR. interquartile range; NS, nasal swab: UDPS, ultra-deep pyresequending.

*Viral load alss represents the number of cDMNA copies subjected to UDPS, a there was | mL of starting material, and sl of the extracted RNA was reverse transeribed

and sequenced.

“The order of the varants is in sccordance with their relative frequency in eaeh patient
“Mumber of complete reads obrained from each sample by UDPS
“Diversity was caleulsted by the use of DNA distance (Phylip package), and is expressed a3 mean substitutiony/site = 107%
“Caleulsted by Mann—Whitney Litest
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TAELE L Frequency of non-D222 substitutions detected by

ultra-deep pyrosequencing

in the patients with

severe

(group A) and moderate-mild (group B) clinical presenta-

tions; the substitutions that have never been reported in

the literature are in bold

Group A (n = B)

Group B (n = 10)

Frequency Patient Frequency  Patient

" (&) Ty (%) Lt
Ql8Bsop - - - I L0 11
DI%sG [ 084 4 - - -
VIFRA - - - I 9547 ]
SH3= [ 0327 [ - - -
SI03IR - - - 2 0.33;0.38 1917
R205G [ 033 [ - - -
RD5E 2 9436, F964 L6 I 9953 &
PLIBL [ 031 2 - - -
W1I0mM [ 022 5 - -
R221K [ 0.58 ] - - -
E235K [ 029 [ - - -
E235G 2 0.3%; 027 I;5 - - -
K13%Q [ 028 5 - - -
T241K I LTt ¥ (MS)
W145H [ 027 3 - - -
M2571 - - - I 052 18
E258K [ 040 2 - - -
Gle45 [ 036 2 - -
T1T0A [ 029 5 - - -
P2TIL - - - I 035 1%
WITLA [ 029 5 - - -
WaTl [ 197 T - - -
MN2T&D [ 038 5 - - -
TIT7 [ 031 [ - - -
NS, nasal swab.

*n, number of patients show ing the indicated substorton.
"The frequency of S201T, present as a majority variant in all of the samples, has

been omited.
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r and lower respiratory tract samples and 3 lower respiratory samples analyzed wit

1) No. reads 222 polymorphisms No. variants
respiratory tract of patients admitted to the NGS (%) Sanger
ICU NA - - -
B £ B MO s D_
Alessandro R. ,Zaneni‘, Fausto Baldanti"®* ' ' ' (1 UU) D 7
4725 D (100) D 17
3 A/Pavia/42/2015 NS 1.8x10? ND LVL - - -
BAL  1.2x10° 5503 |D(@89B,NEBIA@IN DN (12
4 A/Pavia/171/2015 | NS 5.2x10° 6493 D (100) D 8
BAL 6.4x108 5993 D (100) D 16
5 A/Pavia/180/2015 | NS 1.7x10° 5155 D (100) D 11
BAL 2.9x10° 6463 D (100) D 11
6 A/Pavia/24/2015 NS 7.1x10° ND, LVL - - -
Brasp  1.3x10° 7969 |D(61.06),N(2128),G(17.71) |DNG |21
7 A/Pavia/160/2015 NS negative NA - D -
BAL 5.3x10° 7092 D (100) D 8
8 A/Pavia/271/2015 | NS 1.0x10° 6818 D (100) D 4
Brasp 2.7x10° 6847 D (100) D 16
9 A/Pavia/247/2015 | NS 4.5x10° ND, LVL - - -
Brasp 9.0x10* 4798 D (100) D 3
10 | A/Pavia/55/2015 NS 1.1x10* NA - - -
Brasp  1.7x10° 5473 D404, NE598) DN (18
11 A/Pavia/25/2015 BAL 5.3x10* 428 D (100) D 2
12 | A/Pavia/196/2015 BAL 2.8x10° | 4895 D (100) D 7
13 A/Pavia/267/2015 BAL 1.8x10? ' ND, LVL - - -

NS, nasal swab; BAL, bronchoalveolar lavage; Brasp, broncho aspirate; NA, not applicable, ND, not done; LVL, low viral load

MoLECcuLAR VIROLOGY UNIT

FonDazionE IRCCS PoLicLINICO San MaTTEO




RESEARCH ARTICLE

Frequency of respiratory virus infections and
next-generation analysis of influenza A/
HT1N1pdmO09 dynamics in the lower
respiratory tract of patients admitted to the

ICU
Antonio Piralla’, Francesca Rovida', Aleseia Rirallnl Marta Dramali! Erancaccn Mainli2
Mirko Belliato®, Antonio Braschi?, Giorgi
Alossandro R, Zanet, Feusto Baidant’ #1 #2 #3 #4
Strain A/Paviaf11/2015 AfPavia/15/2015 AfPaviaf42/2015 A/Pavia/55/2015
Viral load | 3.8x107 5.5x10° 1.8x109 [1.9x10° 2.8x10°2.7x10° |1.2x10° 4.4x10*4.3x107 |[1.7x10” 5.1x10*
30—_
25 _: G222
] G222
c -
S .7 | 222
e; 15 -
> ] IN222 IN222
g . A222 W
10 —
] D222 N22
5 D222 - p222 IN222
] D222 D222 0222 222 D222
04 NA D222
Days after 2 8 15 0 8 15 0 6 11 6 10
admission
Antiviral treatment 3 oseltamivir > 18 1 oseltamivir > 18 0 oseltamivir 15 NA

(start—>stop days)

Fig 4. Frequencies of 222 polymorphisms are displayed as a stacked histogram for four patients with sequential lower
respiratory tract samples. The number of variants observed and the corresponding viral load are reported above each histogram, while
the time after admission and the antiviral treatment period are reported below each histogram. NA, not available.
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Polymerase mutation (Avian E627 vs human K627)

* Avian influenza A virus polymerases almost universally contain
a glutamic acid (E) residue at position 627 of PB2, whereas this
residue is frequently mutated to lysine (K) in mammal-adapted
polymerases.

* It has been shown that changing the glutamic acid residue at
position 627 of PB2 to lysine (E627K) restores activity of avian
polymerases in mammalian cells.

 Although adaptive mutations have been demonstrated to
enhance the activity of avian influenza virus polymerases in
mammalian cells, there is disparity in the literature regarding
the mechanism through which these mutations enhance
polymerase activity.
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Host Susceptibility Factors

* In recent years there has been an increasing focus on how host genetic
factors can lead to changes in resistance or susceptibility to influenza A
viruses.

* In recent studies, the single nucleotide polymorphism (SNP) rs12252-C
allele of interferon (IFN)-induced transmembrane (IFITM) has been
shown to shorten IFITM3, leading to decreased inhibition of virus
replication in vitro.

* A single-nucleotide polymorphism (SNP) in the IFITM3 gene, rs12252-C,
has been shown to strongly correlate to worsened disease progression,
as this SNP leads to a truncated splice-variant that affects the protein’s

ablllty to localize to the membrane (Yang X et al., PLoS One (2015) 10(5):e0124985.; Zhang et al.,
Nat Commun (2013) 4:1418.
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Conclusions

* Human and avian influenza viruses are in constant evolution but this
evolution may be driven according to specific roles.

 HA and NA are key proteins for virus evolution and adaptation.

* Influenza variants with mutations conferring HA specificity for a a2,3 SA
(LRT-specificity) have been detected in LRT of patients hospitalized in ICU.

* Host genome implication on virus pathogenicity is still debated.
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