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Summary

This is the fourth report for the 2018-19 influenza season. As of week 8/2019, 147 766 influenza detections
across the WHO European Region had been reported. Detections were 99.2% type A viruses, with
A(H1IN1)pdmO09 prevailing over A(H3N2), and 0.8% type B viruses, with 63 (70%) of 90 ascribed to a lineage
being B/Yamagata-lineage.

Since the December 2018 characterisation report!, a further 16 EU/EEA countries have shared influenza-
positive specimens with the London WHO CC, the Francis Crick Worldwide Influenza Centre (WIC). A total of
899 virus specimens, with collection dates after 31 August 2018, have been received.

203/204 (99.5%) A(H1N1)pdmO09 test viruses characterised antigenically showed good reactivity with
antiserum raised against the 2018—-2019 vaccine virus, A/Michigan/45/2015 (clade 6B.1), as did the single
A(H1N2) reassortant virus. The 210 test viruses with collection dates from week 40/2018 genetically
characterised at the WIC have all fallen in a 6B.1 subclade, designated 6B.1A, defined by HA1 amino acid
substitutions of S74R, S164T and 1295V. The majority of recently circulating viruses also have HA1 S183P
substitution, often with additional substitutions in HA1 and/or HA2.

Since the last report only 33 A(H3N2) viruses successfully recovered had sufficient HA titre to allow antigenic
characterisation by HI assay in the presence of oseltamivir. These viruses were poorly recognised by antisera
raised against the currently used vaccine virus, egg-propagated A/Singapore/INFIMH-16-0019/2016, in HI
assays. Of the 177 viruses with collection dates from week 40/2018 genetically characterised at the WIC, 159
were clade 3C.2a (with 14 3C.2a2, six 3C.2a3, five 3C.2a4 and 134 3C.2alb), and 18 were clade 3C.3a.

All B/Victoria-lineage viruses with recent collection dates carry HA genes that fall in clade 1A but encode HA1
amino acid substitutions of 1117V, N129D and V1461 compared to a previous vaccine virus,
B/Brisbane/60/2008. Of the five viruses characterised antigenically, two reacted well with antisera raised
against the current vaccine virus, B/Colorado/06/2017, which belongs to a subclade defined by deletions of
two (A162-163, 1A(A2)) amino acids in HA1. The other three reacted well with an antiserum raised against a
virus of African origin with deletion of three (A162-164, 1A(A3)) amino acids in HA1. HI analyses with panels
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of post-infection ferret antisera have shown these virus groups to be antigenically distinguishable.

A162-163 viruses spread globally, in low numbers, during previous seasons while A162-164 viruses of the
African subgroup have been detected outside West Africa in the course of the present season. Of six viruses
characterised genetically, two have been A162-163 and three A162-164 of the African subgroup.

All B/Yamagata-lineage viruses with recent collection dates, including the seven characterised here, have HA
genes that fall in clade 3 and encode HA1 amino acid substitutions of L172Q and M251V compared to the
vaccine virus B/Phuket/3073/2013. HI analyses with post-infection ferret antisera raised against
B/Phuket/3073/2013 have shown such viruses, including the seven characterised here, to be antigenically
similar to the virus recommended for use in quadrivalent vaccines for current and subsequent northern
hemisphere influenza seasons.

Table 1 shows a summary of influenza virus detections in the WHO European Region reported to ECDC's TESSy
database since the start of the 2018—-19 season (weeks 40/2018-8/2019). Since week 1/2019, the cumulative
number of detections has increased from 18 049 to 147 766, with type A (99.2%) predominating over type B
(0.8%) viruses, which is a common pattern, unlike the 2017—-18 season when type B predominated over type A at
the start of the season and throughout most of it. Of the type A viruses subtyped (n = 56076) and the type B
viruses ascribed to a lineage (n = 90), A(HIN1)pdm09 (n = 35009) have continued to prevail over A(H3N2) (n =
21067) viruses and 63 of 90 B viruses have been B/Yamagata-lineage; these relative proportions have increased in
favour of A(H3N2) and B/Yamagata-lineage viruses compared to the summary in the December 2018
characterisation report!. Overall, the ratio of type A to type B detections is dramatically increased compared with
the 2017-18 season (0.8:1 to 124:1), and of the influenza A viruses that have been subtyped, an increase in the
proportion of A(HIN1)pdmO09 has been seen (62.4% in 2018-19 compared with 50.6% in 2017-18).

Table 1. Influenza virus detections in the WHO European Region from the start of reporting for the
2018-19 season (weeks 40/2018-8/2019)

Cumulative number of detections Totals* Totals for 2017-18 season*

Virus type/subtype/lineage Sentinel sources Non-sentinel sources Totals % Ratios Number % Ratios
Influenza A 16794 129790 146584 99.2| 124:1 106003| 44.1 0.8:1
A(H1IN1)pdmO09 7454 27555 35009, 624 23121 50.6
A(H3N2) 5358 15709 21067| 37.6| 0.6:1 22568 49.4 1:1
A not subtyped 3982 86526 90508 60314

Influenza B 156 1026 1182 0.8 134618 55.9
Victoria lineage 8 19 27| 30.0 301 1.9
Yamagata lineage 44 19 63| 70.0, 2.3:1 15701| 98.1| 52.2:1
Lineage not ascribed 104 988 1092 118616

Total detections (total tested) 16950 (41191) 130816 (535831)| 147766 (577022) 240621 (903182)

* Percentages are shown for total detections (types A & B [in bold type], and for viruses ascribed to influenza A subtype and influenza B lineage).
Ratios are given for type A:B [in bold type], A(H3N2):A(HIN1)pdmO09 and Yamagata:Victoria lineages.

Since week 40/2018, 42 shipments of specimens (virus isolates and/or clinical specimens) from 34 centres across
29 EU/EEA countries have been received at the Crick Worldwide Influenza Centre (WIC); they have contained a
total of 899 individual virus-related samples with collection dates after 31 August 2018 (Table 2). The proportions
of received samples are similar to those reported to TESSy (Table 1) in terms of virus type and virus subtype or
lineage. The genetic and antigenic characterisation data generated at the WIC for many of these viruses was
presented at the WHO influenza vaccine composition meeting for the northern hemisphere 2019—20 season.
Recommendations emerging from this meeting, held 18-21 February, have been published [1].
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Table 2. Summary of clinical samples and virus isolates, contained in packages received from
EU/EEA Member States since week 40/2018

MONTH TOTAL RECEIVED H1N1pdmO09 B Victoria lineage B Yamagata lineage
Seasonal
Country viruses Number ~ Number |Number  Number | Number Number Number ~ Number |Number Number |Number  Number
received propagated® |received propagated® |received propagated’ |received propagated*|received propagated®|received propagated*
2018
SEPTEMBER
France 7 6 3 3 1 1
Spain 1 1 1
Sweden 1 1 in process
OCTOBER
Czech Republic 2 2 2
Denmark 2 2 0 2
Estonia 3 1 0 1 0 1 0 1
Finland 2 1 1 1 0 1
France 11 3 3 7 in process 1 in process
Germany 1 1 0 1
Iceland 2 1 0 1 1 1
Ireland 3 2 1 1 0 1
Latvia 1 1 1
Netherlands 1 1 0 1
Norway 29 12 7 14 0 8 3 1
Portugal 2 2 2
Slovenia 1 1 1
United Kingdom 3 1 1 2 0 2
NOVEMBER
Austria 4 1 1 3 1 2
Belgium 5 3 in process 2 in process
Bulgaria 1 1 0
Croatia 1 1 in process
Czech Republic 1 1 1
Denmark 12 8 8 3 0 3 1 1
Estonia 3 3 in process
Finland 4 2 2 2 0 2
France 17 10 10 7 in process
Germany 8 4 in process 4 0 4
Iceland 15 4 3 11 7 3
Ireland 17 12 10 4 0 3 1 1
Italy 10 2 2 8 5 3
Latvia 2 2 1 1
Lithuania 5 5 0 4
Netherlands 3 2 2 1 0 1
Norway 26 14 in process 12 1 10
Portugal 1 1 0
Spain 8 2 in process 6 in process
Sweden 1 1 in process
United Kingdom 14 6 in process 6 2 1 1 0 1 1
DECEMBER
Austria 1 1 0 1
Belgium 6 2 in process 4 in process
Bulgaria 9 5 in process 4 4
Croatia 8 6 in process 2 0 1
Cyprus 3 3 1
Denmark 7 5 5 2 0 2
Estonia 18 1 0 16 in process 1 0
France 33 17 in process 14 in process 1 1 1 in process
Germany 11 5 in process 6 0 6
Greece 11 8 in process 3 0 1
Hungary 6 4 4 2 1 1
Iceland 3 3 3
Ireland 3 3 3
Italy 1 1 1
Latvia 6 5 5 1 1 0
Lithuania 14 1 0 5 3 8 0 3
Netherlands 5 4 4 1 in process
Norway 15 6 in process 7 in process 2 in process
Poland 1 1 0
Portugal 18 8 8 9 0 9 1 1
Romania 12 2 in process 10 1 9
Slovenia 3 1 1 2 2
Spain 28 15 in process 13 in process
Sweden 11 7 in process 4 3 1
United Kingdom 8 5 in process 3 1
2019
JANUARY
Belgium 47 8 in process 39 in process
Bulgaria 8 7 5 1 0 1
Croatia 2 2 1
Cyprus 17 17 in process
France 26 11 in process 15 in process
Germany 32 15 in process 17 in process
Greece 27 19 in process 8 in process
Hungary 2 2 2
Italy 4 3 3 1 0 1
Lithuania 1 1 1
Luxembourg 25 10 in process 14 in process 1 1
Malta 42 24 in process 18 in process
Netherlands 12 8 8 4 2 2
Norway 19 10 in process 7 in process 2 in process
Poland 6 6 3
Portugal 5 1 1 4 3 1
Romania 13 11 in process 2 1 1
Slovenia 11 8 8 3 0 3
Spain 73 30 in process 43 in process
United Kingdom 38 3 0 31 in process 4 in process
FEBRUARY
Germany 3 2 in process 1 0 1
Greece 7 5 in process 2 in process
Malta 8 5 in process 3 in process
899 6 0 474 126 396 35 106 0 0 7 4 16 8
29 Countries 52.7% 44.0% 0.8% 1.8%
97.4% 2.6%
1. Propagated to sufficient itre to perform Hiassay (the totalled number does not include any from baiches that are in process
2. Propagated to sufficient ttre to perform Hi assayin the presence of 20nM oseltamivir (the totalled number does not include any from baiches that are in process)
Numbers in red indicate viruses recovered but with insufficient HA ttre to permit Hlassay
rs ‘completed’ sample sets. Under a 3 possible had been collected in lysis buffer; (ii) where sequencing failed, despite
samples having good Ct values, virus propagation was attempted for only a few samples; and (i) where multip shared the same HA selection were propagated to allow assay by Hi

1virus is HIN2
As of 20190304
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Influenza A(H1N1)pdmO09 virus analyses

Tables 3-1 to 3-7 show the results of haemagglutination inhibition (HI) assays of A(H1IN1)pdmQ9 viruses, against a
panel of post-infection ferret antisera, carried out since the December 2018 characterisation report. Test viruses in
each table are sorted by genetic group (where known at the time of preparing this report) and then by date of
collection. A summary of the HI results for all test viruses is shown in Table 3-8 and a summary for viruses sorted
by genetic group is shown in Table 3-9.

The vast majority of A(HIN1)pdmQ9 test viruses, 203 of 204 (99.5%), were antigenically indistinguishable from
the egg-propagated vaccine virus for the northern hemisphere 2018-19 influenza season, A/Michigan/45/2015 [2],
as assessed with post-infection ferret antisera, being recognised at titres within twofold of the titre of the
antiserum with the homologous virus (Table 3-8). The virus that was recognised poorly, A/Cyprus/F886/2018
(Table 3-5), carried three unusual HA1 amino acid substitutions of K130N, N156K and K211R.

Antisera raised against eight reference viruses (A/Bayern/69/2009, A/Astrakhan/1/2011, A/Hong Kong/5659/2012,
A/Slovenia/2903/2015, A/Paris/1447/2017, A/Switzerland/3330/2017, A/Norway/3433/2018 and
A/Ireland/84630/2018) recognised >85% of test viruses at titres within twofold of the titres of the antisera with
their homologous viruses and over 97% at titres within fourfold of the respective homologous titres (Table 3-8).
The antiserum raised against A/Switzerland/2656/2017 recognised 95% of test viruses at titres within fourfold of
the titre of the antiserum with the homologous virus and 74% within twofold. The antisera raised against egg-
propagated A/California/7/2009 and cell culture-propagated A/Lviv/N6/2009 recognised 72% and 14%,
respectively, of test viruses at titres within twofold of the homologous titres, and 88% and 56%, respectively,
within fourfold. The antiserum raised against A/Lviv/N6/2009 is an unusual virus/antiserum combination, with
A/Lviv/N6/2009 encoding HA1 amino acid substitutions of G155G/E, with E predominating, and D222G. The
seasonal A(H1N2) reassortant virus recovered in Sweden, A/Ystad/1/2018 (Table 3-4), reacted at titres equivalent
to or better than the respective homologous titres with all antisera in the panel, with the exception of that raised
against A/Lviv/N6/2009.

All test viruses for which HA gene sequencing had been completed fell into clade 6B.1, which is defined by the
amino acid substitutions S84N, S162N (introducing a potential N-linked glycosylation site) and I216T in HA1,
with all recently circulating viruses clustering in a genetic subclade designated as 6B.1A and defined by the HA1
amino acid substitutions S74R, S164T (which alters the glycosylation motif at residues 162 to 164) and I295V.
A number of genetic subgroups defined by specific amino acid substitutions have emerged, but the great majority
of viruses in the various subgroups have remained antigenically similar to A/Michigan/45/2015 as shown in the
December 2018 and earlier characterisation reports, as assessed with post-infection ferret antisera.

Figure 1 shows a phylogenetic tree for the HA genes of A(H1IN1)pdmQ9 viruses sequenced at the Francis Crick
Institute, with collection dates since the start of the 2018-19 influenza season, and other representative viruses.
Within subclade 6B.1A, clusters of viruses (genetic groups) encoding a range of HA1 amino acid substitutions
have emerged, e.g. TL120A, or N260D in combination with N129D, many with T185I, or N260D with E235D
and V193A in HA2, or N129D with A141E, or K302T and N169S and E179D in HA2, or L1611 and I77M in
HA2. The HA of most recently circulating viruses carry the substitution S183P in HA1, although this is not
retained in all genetic groups, and the phylogenetic tree is annotated with HA1 S183P substitution groups
assigned for the February 2019 WHO Vaccine Consultation Meeting [1]; 6B.1A/183P-1 to -7, abbreviated to 6B.1A1
to 6B.1A7 in Figure 1. The location of vaccine viruses, A/Michigan/45/2015 and the recently recommended
A/Brisbane/02/2018 for the northern hemisphere 2019-20 influenza season [1], are indicated on the phylogeny
(Figure 1).

Table 3-9 shows that test viruses from EU/EEA countries in subclade 6B.1A and viruses in each of the genetic
groups 183P-1, -2, -4, -5, -6 and -7 show similar patterns of recognition by the panel of post-infection ferret
antisera. Generally, test viruses showed good reactivity, 280% reacting within twofold of respective homologous
titres, with all but two of the antisera (those raised against A/California/7/2009 and A/Lviv/N6/2009).
Nevertheless, panels of post-vaccination human antisera recognised viruses containing the HA1 substitution S183P
less well and based on these results A/Brisbane/02/2018 was recommended as the A(H1N1)pdm09 vaccine
component for the northern hemisphere 2019-20 influenza season [1].
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Figure 1. Phylogenetic comparison of influenza A(H1N1)pdmQ09 HA ge
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Influenza A(H3N2) virus analyses

As described in many previous reports?, influenza A(H3N2) viruses have continued to be difficult to characterise
antigenically by HI assay due to variable agglutination of red blood cells (RBCs) from guinea pigs, turkeys and
humans, often with the loss of ability to agglutinate any of these RBCs. As was highlighted first in the November
2014 report3, this is a particular problem for most viruses that fall in genetic clade 3C.2a.

Since the December 2018 report of the viruses recovered, based on positive heuraminidase activity, only 33
retained sufficient HA activity to allow antigenic analysis by HI (Tables 4-3 and 4-6). Of the 33 test viruses, only
three were recognised at titres within fourfold of the homologous titre by the antiserum raised against the
currently used vaccine virus, egg-propagated A/Singapore/INFIMH-16-0019/2016 (subclade 3C.2al). Test viruses
were analysed with antisera raised against five cell culture-propagated subclade 3C.2al viruses for which no
homologous titres are given, due to the inability of these cell culture-propagated reference viruses to agglutinate
RBCs, that reacted with the majority of reference viruses at titres of >160. Those raised against
A/Norway/4436/2016, A/Greece/4/2017 (both subgroup 3C.2ala viruses), A/Norway/3275/2018,
A/Netherlands/10260/2018 and A/La Rioja/2202/2018 (three subgroup 3C.2alb viruses) recognised, respectively,
3/4 (75%), 0/4 (0%), 8/27 (30%), 5/18 (28%) and 13/33 (39%) test viruses at titres of >160. An antiserum
raised against egg-propagated A/Netherlands/10260/2018 recognised test viruses poorly, all 27 yielded titres at
least thirty-twofold reduced compared to the homologous titre.

Antisera raised against subclade 3C.2a2 viruses generally recognised the test viruses poorly. Those raised against
cell culture-propagated viruses, A/Bretagne/1413/2017 and A/Hong Kong/656/2018, recognised 2/27 (7%) and
0/4 (0%) viruses, respectively, at titres within fourfold of the homologous titres, with all others having titres at
least eightfold reduced. Antisera raised against egg-propagated A/Switzerland/8060/2017, the vaccine virus
recommended for use in the 2019 southern hemisphere season, recognised only 1/33 (3%) test viruses at a titre
within fourfold of the homologous titre.

Antiserum raised against a cell culture-propagated clade 3C.2a virus, A/Hong Kong/5738/2014, recognised all 33
test viruses at titres within fourfold of the homologous titre and 12 (36%) within twofold. Antisera raised against
cell culture-propagated cultivars of A/Stockholm/6/2014 and A/England/538/2018, clade 3C.3a viruses, recognised
23 (70%) and 8/29 (28%) test viruses, respectively, at titres within fourfold of the titres of the antisera with their
homologous viruses, and 15 (45%) and 5/29 (17%) within twofold.

A summary of the HI data presented in Tables 4-1 to 4-6 is presented in Table 4-7 and for those test viruses with
known HA sequences at the time this report was prepared this is broken down by virus clade/subclade in Table 4-
8. The latter shows (i) the poor recognition of test viruses by post-infection ferret antisera raised against egg-
propagated vaccine/reference viruses, (ii) the 3C.2a2 subclade specificity of antisera raised against clade 3C.2a2
viruses, (iii) antigenic drift in the clade 3C.3a viruses from 2014 to 2018 with the response to A/England/538/2018
being more clade 3C.3a specific and (iv) of the antisera raised against cell culture-propagated viruses that raised
against A/Hong Kong/5738/2014 gives the broadest cross-clade/subclade reactivity.

HA gene sequences of the test viruses characterised antigenically in the December 2018 report are now available
and the genetic clades are shown in updated Tables (4-1 and 4-2) and most are included in the HA phylogenetic
analysis (Figure 2). Viruses in clades 3C.2a and 3C.3a have been in circulation since the 2013-14 northern
hemisphere influenza season, with clade 3C.2a viruses having been dominant since the 2014-15 influenza season,
notably subclade 3C.2a2 viruses, though subgroup 3C.2alb viruses have predominated in recent months

(Figure 2). The HA gene sequences of viruses in both clades continue to diverge. Notably, clade 3C.3a viruses
have evolved to carry HA1 amino acid substitutions of L3I, S91N, N144K (loss of a N-linked glycosylation motif
at residues 144-146), F193S and K326R, compared to A/Stockholm/6/2014, and numbers of detections in
January 2019 have increased in some WHO European Region countries (e.g. France, Israel, Netherlands and
Spain) (Figure 2) and North America. New genetic groups have also emerged among the clade 3C.2a viruses,
designated as subclades/subgroups. Amino acid substitutions that define these subclades/subgroups are:

. Clade 3C.2a: L3I, N144S (resulting in the loss of a potential glycosylation site), F159Y, K160T (in the
majority of viruses, resulting in the gain of a potential glycosylation site) and Q311H in HA1, and D160N
in HA2, e.g. A/Hong Kong/7295/2014 a cell culture-propagated surrogate for A/Hong Kong/4801/2014 (a
former vaccine virus)

. Subclade 3C.2al: Those in clade 3C.2a plus: N171K in HA1 and I77V and G155E in HA2, most also
carry N121K in HA1, e.g. A/Singapore/INFIMH-16-0019/2016 (2018-19 northern hemisphere vaccine
virus)

. Subgroup 3C.2ala: Those in subclade 3C.2al plus T135K in HA1, resulting in the loss of a potential
glycosylation site, and also G150E in HA2, e.g. A/Greece/4/2017

2 For example, the September 2013 report: European Centre for Disease Prevention and Control. Influenza virus
characterisation, summary Europe, September 2013. Stockholm: ECDC; 2014. Available from:
https://ecdc.europa.eu/sites/portal/files/media/en/publications/Publications/influenza-virus-characterisation-sep-2013.pdf

3 European Centre for Disease Prevention and Control. Influenza virus characterisation, summary Europe, November 2014.
Stockholm: ECDC; 2014. Available from: http://www.ecdc.europa.eu/en/publications/Publications/ERLI-Net report November

2014.pdf
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. Subgroup 3C.2alb: Those in subclade 3C.2al plus K92R and H311Q in HA1, e.g. A/La Rioja/2202/2018,
with many viruses in this subgroup carrying additional HA1 amino acid substitutions

. Subclade 3C.2a2: Those in clade 3C.2a plus T131K, R142K and R261Q in HA1, e.g.
A/Switzerland/8060/2017 (2019 southern hemisphere vaccine virus)

. Subclade 3C.2a3: Those in clade 3C.2a plus N121K and S144K in HA1, e.g. A/Cote d'Ivoire/544/2016

. Subclade 3C.2a4: Those in clade 3C.2a plus N31S, D53N, R142G, S144R, N171K, I192T, Q197H and
A304T in HA1 and S113A in HA2, e.g. A/Valladolid/182/2017

. Clade 3C.3a: T128A (resulting in the loss of a potential glycosylation site), R142G and N145S in HA1
which defined clade 3C.3 plus A138S, F159S and N225D in HA1, many with K326R, e.g.
A/England/538/2018.

Globally, the great majority of viruses with collection dates from 1 September 2018 have HA genes that continue
to fall into genetic groups within clade 3C.2a, with those in subgroup 3C.2alb having been more numerous than
those in subclade 3C.2a2 for the period September 2018 to January 2019 (Figure 2). Notably, a significant number
of the subgroup 3C.2a1lb viruses have fallen in a recently emerged cluster defined by substitutions T131K and
K135T (a reversion resulting in re-establishment of the 133-135 glycosylation sequon) in HA1 with V200I in
HA2. Further, as indicated above, numbers of clade 3C.3a virus detections have been increasing in recent weeks
in a number of countries/regions.

The location of A/Singapore/INFIMH-16-0019/2016 (3C.2al), the A(H3N2) virus recommended for inclusion in
vaccines for the northern hemisphere 2018-2019 influenza season [2], is indicated in Figure 2, as is
A/Switzerland/8060/2017 (3C.2a2) the A(H3N2) virus recommended for inclusion in vaccines for the southern
hemisphere 2019 [3].

16



Influenza virus characterisation, February 2019

by HI

iruses

f A(H3N2) vi

IS O

lys

igenic ana

Table 4-1. Ant

6T-8T0Z HN saa.) o118uabolAyd ul seouanbas
6T0Z HS 8T0Z HS
ERRIETN ETTRRIETN Ob>=> (Pasn wniasnue Jo uonn|ip 1S9Mo| 8y} 0} saejal >) saladoud wnJasiue oy 19ja1 sydudsIadns

09T 08 08 09T 09T oze 08 08 08 TLVIS/TMOAW ¥0-21-810¢2 el 8T0Z/vvSe/Sied/v
08 o 09T 09T 09T o0ze 08 08 08 TLVIS/TIOAW ¥0-21-8102 el 8T0Z/8E52/S1ed/Y
0ze 09T or9 09T o0ze 0ze or9 09T 09T TLVIS/TIOAW £0-21-8T02 4-rare L 8T0Z/SEZS00-ZT/RINET/Y
09T o 08 09T 09T oze 08 08 08 TLVIS/TIOAW 62-11-8T02 el 8T02/TTSZ/SHed/Y
08 0ze or 09T 09T 09T 08 08 09T TLVIS/EMOAN 02-11-8T02 qrez'oe 8T02/90TZ/U0A 1Y
08 oze o 09T oze oze o 08 09T TLVIS/TLVIS 9T-11-8T02 qrez'oe 8T02/69620TT/2LISNV/Y
o 09T > 08 09T 08 > o o TLVIS/TIOAW £1-11-8T02 arez'oe 8T02/80T/PU|99I/Y
09T 09T 08 09T 0ze oze 08 09T 09T TLVIS/EMOAN 10-T1-8T02 £ez'08 8T02/2902/Pue.Ia4-1uoW 3|y
or9 08 or9 09T 09T o0ze or9 09T 09T TLVIS/ZMOAW 10-T1-8T02 20208 8T0Z/7ZE6TO-TT/RINET/Y
S3ISNHIA 1S3L
0952 09T 0952 or9 09T oze 0952 09T o 1313 21-21-2702 2ez'0e 1§ 8U0[d £T02/0908/PUR[I9Z)MS/Y
or9 08 08zT 0z€ o0ze 0zg or9 09T 09T €LVIS/TIHOAW 10-70-8T02 20208 8102/959/6U03| BUOH/Y
08 09T or or9 09T 09T or or > €3/53 ¥T-¥0-9T02 TeZ'0E 9T02/6T00-9T-HWIANI/210debuls/yY
08zT 09T 08zT 0z€ ozg o0ze 08zT 09T 09T YLVIS/THOAW 60-0T-2T02 28708 LTOZ/ETrT/ouUbRIRIgNY
0ze 09T 0ze 0zg oze oze 09T 09T 09T ZLVIS/ZIOAW/TMOAN  0E-+0-#T0Z ©zZ'Og ¥102/8L5/6u0d BuoH/ v
oze 09T 09T oze oze oze 09T 09T 0ze ELVIS/TLVIS 90-20-7T02 el ¥T0Z/9/WI0UMO0IS/Y
SISNAIA IONIHIATN

22708 qrezog 227’08 TeZ' 08 eTez o 162’08 227’08 ©z'0g eg'og dnoib onsus

L.81/L24 L.81/924 L.81/524 LLT/ThA ATIEZE LLT/€04 .8T/T04 LyT/0ed LYTYTS Jequinu j9.1194

663 1vis 1vis ,-0T 663 1vIS 1vIS 1vIS MOAn 1vIS Kiois1y abessed

/T/0908 81/2022 8T/959 9T/6T00 1T 9T/9EhY LT/ETYT vT/8ELS v1/9 Kioisiy arep uonew.ojul

2UMS/Y elod eV MHN alodebuis/y 899819y  IONN aubewlgy  MHIV %901S/Y abessed uonos|109 18Y10 SasnIIA

BJ9SIIUE 13119} UOIIDBJUI-1SOd

24111 uoliqiyul uoyreunn|bbewseH

~
—



Influenza virus characterisation, February 2019

iruses by HI

f A(H3N2) v

IS O

lys

igenic ana

18

6T-8T0Z HN saa.) o118uabojAyd ul seaouanbas
6T0Z HS 8T0Z HS
QUIdJeA BUIJJOBA or>=>, (pasn wniasiue Jo uonn|Ip 1S8MO| 8y) 01 sale|al >) salliadoid wniasiue 0] J9jal sydiiosiadng
08 or 08 08 oy 09T > ov 08 TLVIS 90-21-8T02 el 8T02/2.52/S1ed/Y
09T oce 08 09T 091 oce oce 08 091 TLVIS €0-21-8T02 qrezog 8T02/SELE/ReMION/Y
08 oce or 09T 09T 08 08 08 08 TLVIS 62-TT-8T0C qTezog 8102/899€/AemioN/v
> 09T > ov 08 08 > or oy ZLVIS/TMOANW 60-TT-8T02 arez og 8T02/LOT/PUe[R21/Y
> 09T > 08 08 o > or > TLVIS/TMOAW S0-TT-8T0C 8T0Z/Y0T/PUBDII/Y
> 09T > 08 08 08 > oy o TLVIS/TMOAW €0-TT-8T0C qrezog 8T0Z/E0T/PUR[RII/Y
> 09T > 08 oy ov > or oy TLVIS/TMOAW 20-11-8102 qrezog 8T02/20T/PUeR21/Y
ov 09T 09T ov 08 o > 08 o TLVIS/TMOAW T0-TT-8T0C arezog 8T02/00T/PURR2I/Y
> 08 > or ov ov > or > TLVIS/TMOAW T0-TT-8T02 qrezog 8T0Z/TOT/PUB[RII/Y
> 08 > > 08 or > or > ZLVIS/ZMOan 22-0T-8102 arezog 8T0Z/S9€EZ/2URII0TY
ov oce 09T ov 08 08 or 08 o TLVIS/ZHOan 02-01-8T02 arezog 8T02/€002/S191110d/Y
ov 09T > > 08 08 > or ov TLVIS/EXOANW 60-0T-8T02 qrez o 8T0Z/9L6T/S
o 09T > ov 08 08 > ov oy TLVIS/ 2XOan 80-0T-8T02 arezog 8T0Z/8L6T/S
ov oce > or 08 09T or ov 08 TLVIS/ZMOan L0-60-8T0C arez og 8T0Z/ZT6T/AUUSNI- RS/
S3ISNYIA LS3L
08zT 09T 0821 09T 09T 09T 0821 09T ov 13/.3 21-21-L102 2ez’oe 1§ 8uo|d LT0Z/0908/PUR[IZIMS/Y
0v9 09T 0821t oze o0ze oce ov9 oze o0ze €1VIS/THOANW L0-¥0-8T02 2ez'oe 8T02/959/6U03 BuoH/v
08 09T or 09T 08 08 or or > €3/53 ¥T-¥0-9T0C TeZ'OE 9T0Z/6T00-9T-HWIINI/210deBUIS/ VY
0v9 09T ov9 09T 09T oce ov9 09T 091 vLVIS/TMOANW 60-0T-L102 2ez’oe LTOZ/ETYT/oubeRIg/Y
09T 09T 09T 09T 091 o0ce 09T 09T 091 ZLVIS/ZHOAW/THOAN  0E-v0-¥T0Z ©Z'OE ¥T02/8ELS/BUON BUOH/Y
09T 091 091 091 09T oce 09T 09T oze €1VIS/TLVIS 90-20-¥T02 egOe 7T0Z/9/W|0YAI0IS/V
S3SNYIA 3ONIHY343Y
2ez’oe qTez og [4:Tael TeZ'OE BTeZ'Og TeZOE [4:Tasel ©Z'0E egOg dnoib onsusn
1.8T/L2d .87/924 .8T/52d .8T/STS nLTied nLT/€04 .8T/T04 s LYTIvT J2quinu 181194
663 1vIS 1vIS ,0T 663 1vIS 1vIS 1vIS MOaw 1vIS Kioisiy abessed
LT/0908 81/202¢ 81/959 9T/6T00 LTy 9T/9EYY LTIETYT vT/8ELS vT/9 Kioisiy arep uolyew.ojul
ZUMS/V elogely  MHV alodefuig/y 829919/ JON/V aubeaigiv  MHV MO0IS/VY afessed uonvs(|0d 8yio SaSNIIA

BISSIIUE 18119} UOI}08)UI-1SOd

Table 4-2. Ant

81311 uoigiyul uoreunn|bbewseH




Influenza virus characterisation, February 2019

by HI

iruses

f A(H3N2) vi

IS O

lys

igenic ana

Table 4-3. Ant

6T-8T0C HN s9aJ] onjouabolAyd ul seouanbas
6T0Z HS 8T0Z HS
QUIDoBA au122eA Ov>= >, (Pasn Wniasfue Jo UolN|ip 1S3MO| 8y} 0] Salefal >) saliadold wniasijue 0} 1ajal sydudsIadns

08 or 08 08 or 09T ov 08 08 TLVIS/TIOANW €0-T0-6T0Z ©eOE 6102/620/s!ed/V
08 or ov 08 08 09T ov 08 08 TLVIS/TIOAN 20-T0-6T0Z eeog 6T0z/9z0/ubelsig)y
or > or 08 ov 09T ov ov 08 TLVIS/TMOAN 11-21-8T02 eeog 8102/TL92/S\ed/V
or 09T ov 08 08 08 ov ov ov TLVIS/OMOAN T0-2T-8T0C qrez og 8T0z/E/Ueney||oiL/V
SASNYIA 1S3L
082T 08 08z1 ov9 08 09T 0821 09T > 13/.3 21-21-L102 zez’oe LG 8Uo|d /T0Z/0908/PUR|IBZIMS/Y
ov9 09T 0821 oze 09T oze ov9 oze 09T ELVIS/TIOAN 10-¥0-8T02 zez 08 8T02/959/Buo BuoH/v
08 091 or ov9 ov 08 ov ov > €3/53 ¥1-¥0-9T02 TeZ'OE 9T02/6T00-9T-HWI4NI/210debuls/v
ov9 08 ov9 09T 09T oze 0821 09T 09T PLVIS/THOANW 60-0T-2T02 2ez’og LT0Z/ETYT/oubRIRIg)Y
oze 09T 09T ov9 09T oze 09T 09T 0ze ZLVIS/ZIOAW/TIOAN  0£-70-7T0Z TAe 1 ¥102/8€2G/6U0M BuoH/v
09T 08 08 oze 09T oze 08 08 oze ELVIS/TLVIS 90-20-7T0Z el ¥T0Z/9/W[0Y001S/V
S3ASNYIA IONIFYIFT

zez ot qrez og zezog TeZ'OF eTeZ" O TeZ'OE zez’0e ©Z'0Og egog dnoib onsua

n.8T/Led .81/924 n.87/52 LLT/974 wlTiled nLT/€04 n8T/T04 ! LPTvTd Jaquinu 181184

663 1vIS 1vIS ,-0T bb3 1vIS 1vIS 1vIS MOAW VIS K10181y abessed

/T/0908 81/202¢ 8T/959 9T/6T00 LTy 9T/9 VY LTIETYT ¥T/8ELS ¥T/9 Aio1siy arep uolrew.oyul

ZIMS/Y elord eV MH/Y alodebuig/v 809810/ JON/Y aubelaig/v MH/V A00IS/V abessed uoo9||00 18y10 SaSNIIA

BI9SIIUR 19143} UOI103)UI-1SOd

21113 uonigiyul uoireunn|bbewseH

19



Influenza virus characterisation, February 2019

by HI

iruses

f A(H3N2) vi

IS O

lys

igenic ana

Table 4-4. Ant

6T-8T0C HN saa.) ailauabolAyd ul seouanbasg
6T0C HS 8T0¢C HS
aulooeA aulooeA auod 10N = AN '0F> = >, (P3SN WnIasiue Jo UoHN|IP 1SAMO| 3} 0} Salejal >) saliiadoud wniasnue o) Jsja sidiidsiadns

> > 0v9 08 ov 08 > 09T TLVIS/TLVIS ST-T0-6T0C 'EOE 6T0Z/TE/S0BINg/Y
09T > ov ov 09T oy ov 08 TLVIS/TMOAN 10-T0-6T0Z qrez 0g 6T0Z/9tT/[ebniiod/v
0ze > 09T 08 oze 09T 08 09T TLVIS/TLVIS 90-T0-6T0Z qrez 0g 6T02/TST/febniiod/ v
08 > 09T 08 08 08 > 09T TLVIS/TMOANW ¥0-T0-6T0C €e2'0¢ 6T02/6ET/[eBN1I0d/Y
anN anN oze > > > > ov TLVIS/OMOAN €0-2T-8T02 eEOE 8T0Z/T/I[eASPUNS/Y
anN anN 0ze > > > > ov TLVIS/OMOAN T0-2T-8T02 ©E'OE 8T02/2/I[eASpuUns/yY
S3ASNYIA 1S3L
09T 09S¢ 08 08 0ze 09T ov ov 53 G1-20-8T02 qrez 0g 8T02/0920T/SPuUB|IaYIaN/Y
anN anN 08zT ov anN anN anN 08 TLVIS/TIOAN 92-20-8T02 BEOE 8T0z/8€S/pue|bul/Y
08 ov 09T 082t 09T ov9 08 oy 13/.3 21-21-.102 zezoe /G 8uo|d /T02/0908/PUe|I18ZUIMS/Y
oy ov 08 08 09T 0v9 ov ov €3/53 ¥T-70-9T02 TeZOE 9T02/6T00-9T-HWIANI/10debuls/Y
0ze ov 0ze oze 09T 0ze 08 09T ZLVIS/ZAOAW/THOAN  0E-¥0-7T10Z ©Z' 0L $102/8€.G/6U0 BuoH v
08 > 0ze 09T 08 09T ov 0ze €1VIS/TLVIS 90-20-¥102 BEDE #T102/9/W[0Y%201S/Y
S3ASNYIA IONIHIHTY

qrez 0g qrezoe 'EOE ez 0e qrez'og TRZ'OE ©Z'Og BE'OE dnoub anaus

.6T/€04 .6T/204 L8T/TES n8T/Led .,81/924 T«LT/9%4 V04 LTt Jaquinu 191184

1vIS 663 VIS 663 VIS ¥-0T 663 MOawW VIS K10ys1y abessed

8T/GL2E 8T/0920T 8T/8€ES LT/0908 81/2022 9T/6T00 vT/8ELS ¥T/9 Kioisiy alep uolrewoyul
J0N/Y YIBN/Y Buzv Z1MS/Y eloryely  asodebuis)y  MH/Y 001S/V abessed uono’||0o SEINTe) S9SNIIA
M3AN M3AN

®I9SIIUR 18119} UOIIOB)UI-ISOd

84313 uoiqIyus uolreunn|bbewseH

20



Influenza virus characterisation, February 2019

by HI

iruses

f A(H3N2) vi

IS O

lys

igenic ana

Table 4-5. Ant

6T-8T0C HN s9aJ} o11auabolAyd ui seouanbas
6102 HS 8T0C HS
QUIJdJBA BUIdJBA or>=> 1 (pasn wnJiasiue Jo uolin|ip 1S8MO| 8y} 0] saje|al >) salluadold wniasiiue 01 19jal sidiudsiadns,

> > 0v9 > > ov ov > ov TLVIS/ZXIN-XOaW ¥1-T0-6T02 BEOE 6T02/9000T/SPUB|JaUYIaN/Y
> > 0v9 > > ov ov > 08 TLVIS/ZXIN-XOaW L0-T0-6T0C 'EOE 6T02/2000T/SPUe|IaUIaN/Y
08 ov 08 08 o0ze 08 ov ov 091 TLVIS/XO L0-T0-6T0C qrez'oe 6T02/9¢/ArebunH/y
08 > o > 08 08 > > 08 TLVIS/XO €0-T0-6T0C qTez'oe 6T02/8¢/ArebunH/y
091 > ov > 09T 08 > > 091 TLVIS/XO 6T-2T-8T02 qrez-og 6T02/S/ArebunH)y
S3ISNYIA LS3L
09T 0821 08 09T 0ze 09T 08 > ov s3 ST-20-8T0C qrez'oe 8T02/0920T/Spue|IayIaN/v
ov > 0821 08 ov 08 ov > 08 €1VIS/THOAN 92-20-810¢ ee'og 8T0z/8€5/pue|BUa/Y
09T ov 09T 08zT 09T 0821 0952 08 08 13/.3 2T-2T-L102 2eeoe 1G8U0|d £T02/0908/PUB|ISZ)MS/Y
oy > 08 08 09T 0v9 ov > 014 €3/53 ¥1-¥0-9T0Z TeZ'O¢ 9T02/6T00-9T-HIANI/210debuIS/Y
091 ov 09T 0v9 08 o0ce ov9 ov 09T YLVIS/THOAW 60-0T-LT02 [4ael> LT0Z/ETYT/RUBRIDIgNY
091 ov 091 09T 09T oze 09T 08 091 TLVIS/ZHOAW/THOAN  0E-¥0-¥T0Z ®Z'OE ¥T02/8€L5/Bu0Y BuOH/Y
08 > o0ze 09T 08 oze 08 ov oze E1VIS/TLVIS 90-20-¥102 BEOE ¥T02/9/WI0Yx201S/V
SISNYIA IONIHIATY

qrez e qrez-oe BEOE 28z 0e qrez-oe TeZ'OE 28z 0e ©Z'Og BgOE dnoub onsuso

.6T/€04 1.61/204 ..81/1ed ..8T/Led ..81/924 L1197 ».8T/104 L yr/oed V4L lequinu 18184

1vIS 663 1vIs 663 VIS ,-0T 663 1vIS MOanw 1vIS Kiois1y abessed

8T/5L2€ 81/0920T 8T/8€S LT/0908 81/202¢ 9T/6T00 LT/ETYT vT/8ELS vT/9 Kiosiy ayep uolrew.ojul

JONNV UIaN/Y Buz)v ZIMS/V eloyey  alodebuigiy aubelpig/y  MHV A0ISIV abessed uond3||0d lay10 SOSNIIA

RISSIIUE 12148} UOIIOB)UI-ISOd

21313 uoniqgiyui uoreunn|bbewaeH

i
o



sation, February 2019

Influenza virus characte

Table 4-6. Antigenic analysis of A(H3N2) viruses by HI

6T-8T0C HN
6T0C HS 8T0Z HS saa.) o13duabolAyd ui seouanbas
ETERELT ETTEET 2uoQ 10N = AN ‘0v> = > (PASN WNISSIIU. JO UONN|IP ISBMO] B} 0} SBJe[a) >) SB111900.d WNISSIUE 0} J9jal S1dIIdsIadnS

09T 08 > o 08 09T 08 08 ov 08 TLVvIS 60-T0-6T0C 6702/9€86€Z/!SeI/Y
(014 08 > > > 08 > > > > TLvIS 80-T0-6T0C 6T02/S0T/sled/v
> > > 08 ov > oy > > > TLVIS/TMOAN L0-T0-6T02 610Z/E/PUR|BUT/Y
08 08 > oy (014 09T 08 > > or TLvIS L0-T0-6T0C 6T0Z/vS0/stefed ap sed pION/V
> ov > oze > > > > > > TLVIS L0-T0-6T02 6T02/S80/2!PURWION 8INeH/
09T 08 > (94 08 09T ov 08 > 08 TLvIS 0-T0-6T0C 6T02/010/24107 8p sked/v
ov 09T > > > 09T 08 > > 09T TLVIS 20-T0-6T02 6T0Z/ETO/RNUBD/Y
> or > oze > > > ov > ov T1VIS 20-T0-6T0Z 6102/v20/9ubobinog/y
o or > ov 08 08 o > > 08 TLvIS 9¢-¢1-810¢ 8T0¢/9¢/L2¢/se[ed ap sed PION/V
> > > 08 ov > > > > > TLVIS/TMOAN £T-21-8102 8102/vG./pue|buz/y
(014 o > > > 08 > > > > CLVIS/TLVIS £0-¢T1-8T0¢C 8T02/S9T6€EZ/eIURISUOD/Y
08 08 > > > 08 > > > > TLVIS/ZLYIS 82-11-8102 8102/9v9/pue|buz/y
09T 08 > 09T 0v9 09T 09T o9 ov 09T TLVIS/ELVIS 8¢-11-8T0C 810¢/Lce/owIsed/vY
09T 08 > oy 09T 08 08 09T ov 08 TLVIS/TLVIS €2-11-8102 810z/0€9/pue|buz/Y
08 09T > oy ov 09T ov > ov 09T TLVIS/TLVIS 22-11-8102 8T0Z/v.LT/ew.red/ Y
08 09T > oy ov 09T 08 > ov 09T TLVIS/TLVIS 22-11-8102 8T02/6.T/ewred/v
08 09T > oy ov 08 08 > ov 08 ZLVIS/TLYIS 12-11-8102 8T0z/08T/ewW.red/Y
09T oce > 08 09T oce 09T oy 08 09T CLlVIS/ZLVIS 02-TT-8T0C 8T0¢/LLTrewled/v
S3SNYIA LS3L
09T oce 08¢T 08 08 0ce 08 08 > or T3/53 GT-20-8T0¢C qrezoge 8T02/0920T/Spue|IaylaN/Vv
> 08 > ov9 (014 > 08 oy > or ELVIS/THOAN 9¢-20-810¢C egoe 8T0Z/8€5/puR|BUz/Y
ov 08 ov 08 082T 08 oze 0821 ov > 13/23 2T-21-2102 2ez'0e PRl £T02/0908/PuUeISZIMS/Y
> ov > oy 08 08 0v9 oy > > 23/s3 ¥1-¥0-9T02 Tez'og 9T0Z/6T00-9T-HINI4NI/240debuIS/ Y
09T 08 > 08 ov9 08 09T 0v9 > 08 YLVIS/TMOAN 60-0T-2T02 2eeoe LT0zZ/ETYT/2uBeIRIg/NY
09T 08 > 09T 09T 08 09T 09T 08 09T ZLVIS/ZHOAN/THOAN  0E-¥0-¥T0Z Tael ¥T02/8€LG/BU0Y BuoH/v
08 ov > 09T 09T 08 09T 08 ov 09T €LVIS/TLVIS 90-20-¥102 ee'OE ¥T0Z/9/W0YX201S/Y
S3SNYIA IONIHIHIY

qrezoe qrezoe qrez-oe ee'OE 28z 0e qrez'oe TeZ'OE zezoe ©Z'OE BE'OE dnoub onauso

1.67/€04 ,61/L04 ,61/204 1.87/1e4 1.8T/Led ,81/92¢4 7, LT/974 1.8T/104 .71/0e4 74 =] Jaquinu 31184

1vIS 1vIS 663 1vIS 663 1vIS 407 663 1vIS MOan 1vIS Kio1s1y abessed

8T/SL2E 81/0920T 81/0920T 8T/8es LT/0908 81/2022 9T/6T00 LT/ETYT vT/8ELS vT/9 Kioisiy alep uoleuoul

J1ON/Y YIeN/Y YloN/v buzy Z)IMS/)Y elory ey alodebuis)y  subelaig)y MHIY 30018/ abessed uol199]|0D BY10 SOSNIIA

©I3SIIUR 19119} UOI}I3JUI-}SOd

4111 uoniqiyur uorreunn|bbewsey

22



sation, February 2019

Influenza virus characte

‘pawioyiad alam sAesse |H 1ey) sAep ay) U0 PaAIaSO SUOIIONPaI-P|O) UO Paseq aJe WNISSIIU. Yoes J0) sallewwns "sajdwexa se sajgel [enpIAIpul WoJj usxe) aJe S}NSal SNUIA 90UaIajoy

6T-8T0C HN
6T0C HS 8T0C HS
UMOYS aJe BI9SIUE
[UIdDJeA QUIDJeA
: : aAnoadsal ay} yym 0913 Jo saa |H BuipjaiA sasnuia 10j synsai Ajuo - ajgejieAe Jou sani |H snobojowoH ,

926 0°00T v'eL ¥'96 6'8S 006 S'LE %
14 yx4 e S €€ S 1c Pl0§-82 UolIONPAI 8433 YIM ON
70T 8T ¥'0E (k4 TLS 0'se %
€ T LT T 43 vT PIo}-p= UonoNpal a1 yum oN
962 8'TS Loy 6'TS 8.2 vi LT 8T L0T 08 62y SLE %
8 6C 1T vT S 4 S T 9 v ve 114 PIO}-Z5 UORONPaI 3 PIM ON
LT 9§ */Z LT 8T 1’z Iz 6¢ 95 9§ 0§ 9§ 9§ «Pa1Sa] SASNUIA JO JBGUINN
S3ASNHIA 1S3L
an 08 oze oze an 0821 an an or9 oze ov9 09T 09T 2eZ'0e 8102/959/6U0X BUOH/v
09T oze anN aN oze an 0821 08 08 08 08 > ov qrez o 8102/0920T/SPUeIaYIaN/Y
> > anN an 08 an > 0v9 ov 08 ov > ov BEOE 8102/8eS/pue|Buz/y
ov 08 09T oze 08 0952 or 08 0821 oze 0821 or > 2ez'0e LS 8uopd LT02/0908/PUe|19Z1IMS /Y
> 08 091 091 ov ov > ov 08 0v9 ov > > TEZ'OE 9T02/6T00-9T-HWIANI/210debuIS/ Y
09T 08 oze oze 08 0821 > 08 or9 09T ov9 > 08 2ez'0e LT0Z/ETYT/2ubRIIgNY
09T 08 oze oze 08 oze > 09T 09T 09T 09T 08 09T ®Z'OE ¥T0Z/8ELS/BuU0M BUOH/Y
08 08 oze oze ov 09T > 09T 09T 09T 08 or 09T BE'OE ¥T0Z/9/WI0UMD0IS/ Y
S3SNYIA JONIHIAIY

qreeoe qrecoe e1eZ Og TeC’oe qrecoe 2eecoe qrecoe ®EgOE [ATAe) TeC’oe e oe ezoe egoe dnoub onsusn

1.6T/€04 1.8T/924 BATYZ] 1.LT/E04 1.6T/L04 1.8T/5¢4 1.6T/204 .87/1ed 1.8T/Led nLTI9vH 1.8T/104 T YT 1Bquinu ja.1194

1vIs 1vIs 1vIS 1vIs 1vIS 1vIS 663 1vIS 663 4,07 663 1vIs Moaw 1YIS Kioys1y sbessed

8T/5.2€ 81/2022 LTy 9T/9EVY 81/0920T 8T/959 81/0920T 8T/8€S LT/0908 9T/6T00 LT/ETYT YT/8ELS vT/9 uoleuojul

JONIY eloiy ey 9293I9/V JONVY UIaN/Y MHNY BN/ buay ZUMS/Y aiodebuis/y  aubelaigly  MHNV 4001/ IEe] SasNIIA

ue 19149} uo1d8jul-}1sod

Table 4-7. Antigenic analysis of A(H3N2) viruses by HI — Summary all test viruses

21113 uoniqiyul uoiyeunn|bbewseH

s8]
o



Influenza virus characterisation, February 2019

by test virus genetic group

RISSIUR }2118) UOI}IBJUI-ISOd

6T-8T0C HN
8T0C HS 6T0C HS
QUIDJBA QUIdJBA umoys ale eirasijue w>_a0wnwwh 9yl yim p9j< jo sann |H mc_ﬁ_m_> S8SNUIA 10} s}jnsal >_:O = d|qejleAe jou sain |H w:cmO_OEOI *
& 0°00T 2'99 0°00T 0°00T 0°00T 0'se %
m € 8 1) L 6 € Pl0j-83 uononpal anl yjm oN
0’5z €85 oov 1'99 %
m € A Z 8 Pl0J-¥= uononpai 8l yim oN
.w (k47 0°00T €8 LTy 009 €8 %
€ L T S € T PI0J-Z5 UoiONpal a) UM oN
I € 4 € L L @ @ L 6 4 S 4 eE'OE paisa) JequinN
m 0°00T T'8E 0°00T 0°00T L'v6 0°00T v'eS %
S 8 14 9T 8T S 1T Pl0j-83 uononpal anl yym oN
.W. (%44 T'.S 06T %
™ 6 2T 14 P|0J-t= uononpal ailll yum oN
1] 0'09 1'58 €1e 0’5z 06T €g 62y 9'8¢ %
m € 8T S 14 14 T 6 9 Pl0J-Z5 uononpal aiy yjm oN
fFed S |14 S 9T 9T T2 T2 9T 6T 12 S 12 qrez'og pajsa} JaquinN
'S 0°00T 005 0°00T 0°00T 0°00T 0°00T %
~ T T @ T T T PI0J-82 UOHONPaAI a3 UM ON
(o] 005 005 %
4 T T PI0J-p= UOIIONPaI 811} Y)IM ON
[w] 005 0°00T 0°00T 0'0S 0°00T %
mu\ T T T T Z P10}-Z5 uononpal any ypm oN
< T z T T T z z T T z T 4 £e2'0¢ pa}se) JequinN
Y 005 %
o 1 PI0J-82 UORONPaAJ a3 UM ON
i) 0°00T %
W @ PI0j-p= UOIIONPaI 811} Y)IM ON
= 005 0°00T 0°00T 005 0°00T 0°00T 0°00T 0°00T %
c T 4 4 T Z Z Z Z Pl0}-Z5 uononpal any ypm oN
m© 0 z 0 z z 4 4 z z z 0 z 440l pa3sa} JequinN
(¢}
‘e 6 *L€ 6 X9 ¥92 L€ L€ 9z 1€ 1€ TT 1€ palsal Jaqinu [ejoL
.W. S3SNYIA 1S3L
-]
| darecoe qrez oe qrez og BTz OE TeZ'O¢ TeZ'O¢ 2eCoe 2eCoe 2eCoe ©Z'OE eE'OE BEOE dnoib aneus
A. .,6T/€04 .,87/924 .,6T/204 LT/l ,LT/€04 1 LT/9v4 .8T/L24 .,87/52d .,87/T04 ., yT/0ed .,8T/Ted LY Jaquinu ja11a4
o_o 1vIs 1vIsS 663 1vIsS 1vIs ,.0T Bb3 663 1vIs 1vIs MOawW 1vIs 1vIs Ki0is1y abessed
o | 81/5.2¢ 81/202¢ 81/0920T LTy 9T/9evy 9T/6T00 LT/0908 8T/959 LT/ETYT vT/8ELS 8T/8€S vT/9 uoleuwoul
@ |_JoNv eloy ey YION/V SREEIDN JON/Y aiodebuiS)y  ZIMS/Y MH/Y subelaig/ v MH/Y Buzv 3001/ 18y10 SaSNIIA
o)
(]
=

24313 uonigIyul uolreunn|fbewsaeH

24



Figure 2. Phylogenetic comparison of influenza A(H3N2) HA genes
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Influenza B virus analyses

Influenza B viruses represented only 2.6% of the samples received with collection dates after 31 August 2018 and
were received from NICs in 10: Croatia, Denmark, France, Iceland, Ireland, Luxembourg, Norway, Portugal,
Slovenia and the United Kingdom (Table 1). Of the small number received 16 were B/Yamagata-lineage and seven
were B/Victoria-lineage.

Influenza B/Victoria-lineage

HI results for the five test viruses propagated to date are shown in Table 5, sorted by date of collection. The HA
genetic group of the test viruses is indicated and those included in phylogenetic trees are highlighted. All but one
(B/Denmark/3938/2018) of the test viruses reacted poorly with sheep hyperimmune serum raised against egg-
propagated B/Brisbane/60/2008 (clade 1A), and all reacted poorly with post-infection ferret antisera raised against
clades 1A and 1B reference viruses. Two reactivity patterns were observed with other post-infection ferret
antisera. Two viruses reacted with antisera raised against viruses carrying a two amino acid deletion in HA1
[1A(a2)] viruses (cell culture-propagated B/Norway/2409/2017 and B/Colorado/06/2017, and egg-propagated
B/Colorado/06/2017). Three viruses reacted with an antiserum raised against a virus of African origin carrying a
three amino acid deletion in HA [1A(A3)] (cell culture-propagated B/Cote d'Ivoire/1662/2018) and showed low
reactivity with the antiserum raised against cell culture-propagated B/Colorado/06/2017. HA gene sequencing
supported these antigenic profiles in terms of genetic subclade identified.

A relatively small number of HA sequences for viruses collected from 1 September 2018 have been deposited in
the GISAID EpiFlu database, and the great majority of these have been from China and the USA, with only six
from EU countries (Denmark 1, France 1, Slovenia 2 and Sweden 2; Figure 3). All recently collected viruses
continue to have HA genes that fall in the B/Brisbane/60/2008 clade (clade 1A; Figure 3), with virtually all falling
in a subclade defined by HA1 amino acid substitutions I117V, N129D and V1461 within clade 1A. Two new
groups within this subclade have deletions in the HA gene. A major group seen in Europe, the Americas, Asia, and
Oceania have HA genes encoding an HA with deletion of residues K162 and N163 of HA1 (1A(A2) in Figure 3).
These viruses have additional substitutions of D129G and 1180V in HA1, and R151K in HA2, with a recent
cluster in China also carrying N178S in HA2. This group of viruses is more prevalent than the subclade viruses
that show no deletions. Of the low numbers of B/Victoria-lineage viruses detected recently, those with HA genes
encoding a deletion of three HA1 amino acids, K162, N163 and D164 (1A(A3) in Figure 3), are predominant;
this group splits into an Asian subgroup with viruses carrying additional substitutions of I180T and K209N in
HA1 and a West African subgroup with viruses carrying the HA1 substitution K136E, often with additional HA1
substitutions of K52N and E198G or E198K (within the 197-199 glycosylation site) or G133R. Viruses in the
latter subgroup have been detected recently in China, and viruses from France, Slovenia and Sweden fell in this
subgroup. It was noted in the September 2018 characterisation report*, and earlier ones, that the clade 1A viruses
without deletions, the 1A(A2) group and the 1A(A3) subgroups are antigenically distinct from one another.
Following the emergence and spread of viruses in the 1A(A2) group a representative, B/Colorado/06/2017, has
been recommended for use in trivalent influenza vaccines for the 2018-19 and 2019-20 northern hemisphere
[1,2] and 2019 southern hemisphere [3] seasons.

Influenza B/Yamagata-lineage

HI results for the seven B/Yamagata-lineage viruses characterised since the December 2018 report are shown in
Table 6, sorted by date of collection. The antiserum raised against egg-propagated B/Phuket/3073/2013,
recommended for inclusion in quadrivalent vaccines for the 2018-2019 and 2019-20 [1,2] northern hemisphere
and the 2019 [3] southern hemisphere seasons, recognised the 5/7 (71%) test virus at a titre within twofold of
the titre of the antiserum with the homologous virus, and six within fourfold. An antiserum raised against the cell
culture-propagated cultivar of B/Phuket/3073/2013 recognised the test viruses less well, 1/7 (14%) at a titre
within twofold of the homologous titre of the antiserum, and 4 within fourfold. Antisera raised against two other
egg-propagated clade 3 viruses, B/Wisconsin/1/2010 (a former vaccine virus) and B/Stockholm/12/2011,
recognised all seven and 3/7 (43%) test virus, respectively, at titres within twofold of the homologous titres. An
antiserum raised against a recently circulating clade 3 cell culture-propagated virus, B/Mauritius/1791/2017,
recognised 6/7 (86%) test viruses at titres higher than, or within twofold of, the titre with the homologous virus.

Antisera raised against cell culture-propagated clade 2 viruses, B/Estonia/55669/2011 and
B/Massachusetts/02/2012, each recognised 5/7(71%) test virus at titres within twofold of the homologous titres,
while that raised against egg-propagated B/Massachusetts/02/2012 recognised only 1/7 (14%) test viruses at a
titre within twofold of the homologous titre.

# European Centre for Disease Prevention and Control. Influenza virus characterisation, summary Europe, September 2018.
Stockholm: ECDC; 2018. Available from: https://ecdc.europa.eu/sites/portal/files/documents/ECDC-Flu-Characterisation-Report-
Sep-2018.pdf
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All test viruses carried an HA gene in genetic clade 3 (Table 6). Figure 4 shows a phylogenetic analysis of the HA
genes of representative B/Yamagata-lineage viruses, including recently circulating ones. Worldwide, all HA genes
from viruses collected in the 2017-2018 season and since have fallen in clade 3, the B/Wisconsin/1/2010—
B/Phuket/3073/2013 clade. All viruses with collection dates after 31 August 2018, including those from EU/EEA
countries, as deposited in the GISAID EpiFlu database, fall in a subgroup defined by HA1 L172Q and M251V
amino acid substitutions compared to B/Phuket/3073/2013. Some subclustering of sequences, defined by specific
amino acid substitutions (e.g. HA1 S120T or D229N or D232N [introducing a potential N-linked glycosylation
site]), is occurring. It has been noted in previous characterisation reports for 2018 that none of these amino acid
substitutions have any obvious antigenic effects based on HI assays using post-infection ferret antisera raised
against egg-propagated B/Phuket/3073/2013 which has been recommended for inclusion in quadrivalent vaccines
for the 2018-2019 and 2019-20 [1,2] northern hemisphere and the 2019 [3] southern hemisphere seasons.
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Figure 3. Phylogenetic comparison of influenza B/Victoria-lineage HA genes
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Figure 4. Phylogenetic comparison of influenza B/Yamagata-lineage HA genes
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Summaries of data submitted to TESSy

Genetic characterisation

For the 2018-19 season, as of week 8/2019, 1793 viruses had been characterised genetically and ascribed to a
genetic clade:

. 1041 A(H1N1)pdm09 were subclade 6B.1, represented by the vaccine virus A/Michigan/45/2015, with a
further 3 attributed to a subgroup not listed;

. 716 were A(H3N2) viruses, with 469 being subgroup 3C.2alb represented by A/Alsace/1746/2018, 41
being subclade 3C.2a2 represented by A/Switzerland/8060/2017, 16 being subclade 3C.2a3 represented by
A/Cote d'Ivoire/544/2016, 111 being clade 3C.3a represented by A/England/538/2018 (this represents a
15-fold increase in the proportion of 3C.3a viruses compared to the same period in the 2017-18 season),
46 being subclade 3C.2al represented by A/Singapore/16-0019/2016, 4 being clade 3C.2a represented by
A/Hong Kong/4801/2014, 3 were attributed to a subgroup not listed in current TESSy reporting categories
and 26 were not attributed to a clade;

. 19 were B/Yamagata-lineage clade 3 represented by the vaccine virus B/Phuket/3073/2013;

. 14 were B/Victoria-lineage viruses, with 2 being clade 1A represented by B/Brisbane/60/2008, 4 being
subclade 1A.A2 with a two amino acid deletion in HA represented by the vaccine virus B/Colorado/06/2017,
7 being subclade 1A.A3 with a three amino acid deletion in HA represented by B/Hong Kong/269/2017 and
1 was not attributed to a clade.

Antiviral susceptibility

For viruses collected in the course of the 2018-19 season, as of week 8/2019, 796 A(H1N1)pdm09, 387 A(H3N2)
and 17 type B have been tested for susceptibility to neuraminidase inhibitors. Six A(H1N1)pdmOQ9 viruses carried
NA H275Y amino acid substitution indicative of highly reduced inhibition (confirmed phenotypically for 2), 1
A(H3N2) virus showed reduced inhibition (RI) by oseltamivir only and 1 type B virus showed evidence of RI by the
zanamivir only.

At the WIC for this season 413 viruses from EU/EEA countries have been assessed phenotypically against
oseltamivir and zanamivir: 216 A(H1N1)pdm09, 184 A(H3N2), 7 B/Victoria-lineage and 6 B/Yamagata-lineage. All
but one virus showed normal inhibition (NI) by the two neuraminidase inhibitors. B/Norway/3241/2018 (Victoria-
lineage) showed reduced inhibition (RI) by the inhibitors and the NA gene encoded D197N amino acid
substitution.

Influenza A(H7N9) virus

On 1 April 2013, the World Health Organization (WHO) Global Alert and Response [4] reported that the China
Health and Family Planning Commission notified the WHO of three cases of human infection with influenza
A(H7N9). A description of the characteristics of H7N9 viruses can be found on the WHO website [5]. Increased
numbers of cases were reported over the course of the following seasons and cases were reported in 2017,
including the fifth (2016—-17) and largest wave to date, which included the emergence of highly pathogenic avian
influenza (HPAI) strains that have caused some zoonoses, though few human cases were reported during the
2017-18 season [6]. WHO posted an analysis of information on A(H7N9) viruses on 10 February 2017 [7]; a
summary and assessment of influenza viruses at the human-animal interface on 12 February 2019 indicates that
there have been no publicly available reports from animal health authorities in China of influenza A(H7N9) virus
detections in animals in recent months [8], with the latest human case having occurred early in February 2018
[9]. The latest overview of avian influenza by ECDC in collaboration with the European Food Safety Authority and
the EU Reference Laboratory for Avian Influenza was published on 27 September 2018 and can be found on the
ECDC website [10].

Influenza A(H5) virus

The most recent monthly risk assessment of influenza at the human—animal interface was published by WHO on
12 February 2019, indicating that various A(H5NXx) subtypes continue to be detected in birds in Africa, Europe and
Asia, notably A(H5N6) viruses; no new human cases were detected since the last update published on 21 January
2019 [8]. By 12 February 2019, no cases of human infection by A(H5N1) viruses had been reported to WHO in
2018-19 [11]. On 18 November 2016, ECDC published a rapid risk assessment related to outbreaks of highly
pathogenic avian influenza H5N8 viruses in Europe [12]. As described above, the EU Reference Laboratory for
Avian Influenza, in collaboration with ECDC and the European Food Standards Agency, published on 27 September
2018 the latest overview of avian influenza, which can be found on the ECDC website [10].
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WHO CC reports

A description of results generated by the London WHO CC at the WIC and used at WHO vaccine composition
meetings held in 1) WHO Geneva, 19-21 February 2018, and 2) CDC Atlanta, 24-26 September 2018, can be
found at:

https://www.crick.ac.uk/sites/default/files/2018-07/crick feb2018 report for the web.pdf [accessed 5 Mar 2019]
and

https://www.crick.ac.uk/sites/default/files/2018-10/September%202018%20interim%?20report opt.pdf [accessed
5 Mar 2019]

Note on the figures

The phylogenetic trees were constructed using RAxML, drawn using FigTree and annotated using Adobe Illustrator.
The bars indicate the proportion of nucleotide changes between sequences. Reference strains are viruses to which
post-infection ferret antisera have been raised. The colours indicate the month of sample collection. Isolates from
WHO NICs in EU/EEA countries are marked (#). Sequences for most viruses from non-EU/EEA countries were
recovered from the GISAID EpiFlu database. We gratefully acknowledge the authors, originating and submitting
laboratories of the sequences from the GISAID EpiFlu database, which were downloaded for use in the preparation
of this report (all submitters of data may be contacted directly via the GISAID website), along with all laboratories
who submitted sequences directly to WHO CC London.
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