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Résumé — Zusammenfassung — Summary

Résume

L’épidémie d’influenza a débuté plus tét que les saisons précédentes cette année en
Suisse. Similairement, le pic de I'épidémie est survenu plus tét au cours de la
semaine 2/2017. En dépit d'un début précoce, la durée (11 semaines) de la phase
épidémique était similaire aux saisons précédentes. En Suisse, la saison de grippe
2016/17 était comparable en termes de consultations médicales pour un état grippal

et de types de virus en circulation a la saison 2014/15.

Neuf-cent-huitante-deux prélévements nasopharyngés ont été analysés cette saison
pour la présence du virus de la grippe et 49% étaient positifs. Une forte
prédominance de virus de la grippe A a été observée par rapport a ceux de la grippe
B, ces dernier étant plus abondants vers la fin de la saison. La plupart des virus de la

grippe A isolés appartenaient au sous-type A (H3N2).

La majorité des A(H3N2) isolés en 2016/17 appartenaient au groupe génétique
3C.2a et au sous-groupe génétique 3C.2al. Ceux-ci ont été bien reconnus par des
antisérums dirigés contre la souche vaccinale A/Hong Kong/4801/14 (3C.2a). Peu de
viruses de la grippe A(H1N1 09) et de la grippe B des lignées B/Yamagata/16/88 et
B/Victoria/2/87 ont circulé en Suisse cette saison. Fait intéressant et rare en Suisse,
un virus A(HIN1)v a été isolé cette saison a partir du prélevement nasopharyngé
d’'un employé agricole. Les virus A(H1N1 09) étaient généralement antigéniquement
similaires a la souche A/California/7/2009 contenue dans le vaccin 2016/17. Mais
certains virus étant distincts de cette derniere, une substitution de la souche
A/California/7/2009 par la souche A/Michigan/45/2015 a été décidée pour le futur
vaccin 2017/18. Les virus de la lignée B/Yamagata/16/88 étaient plus abondants que
ceux de la lignée B/Victoria/2/87 en Suisse. Les deux lignées étaient

antigéniquement et génétiquement comparables a leur souche vaccinale respective.

Tous les virus de la grippe A testés pour une résistance aux adamantanes en Suisse
ont présenté la mutation de résistance S31N. En revanche, aucun n'était résistant

aux inhibiteurs de la neuraminidase.
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Zusammenfassung

Die Influenza Epidemie begann in der Schweiz dieses Jahr friher als in den
vorangegangenen Jahren. Vergleichsweise wurde das Maximum der Epidemie
dieses Jahr auch fruher erreicht, genauer gesagt im Laufe der Woche 2/2017.
Ungeachtet des friheren Beginns war die Dauer der Epidemie (11 Wochen)
vergleichbar mit denjenigen vorangegangener Jahre. In der Schweiz war die
Grippesaison 2016/17 vergleichbar mit der Saison 2014/15 in Bezug auf die
Haufigkeit der Arztkonsultationen fir grippeartige Erkrankungen und der Art der Viren

welche zirkulierten.

Neunhundert und Zweiundachtzig nasopharyngeal Abstriche wurden in dieser Saison
untersucht um Grippeviren nachzuweisen. 49% der Proben waren positiv. Influenza
A Viren zeigten eine starke Dominanz gegenuber Influenza B. Letztere waren
hingegen Ende der Saison haufiger nachzuweisen. Die meisten der nachgewiesenen

Influenza A Viren gehdrten zur Untergruppe des Typs Influenza A(H3N2).

Die Mehrheit der in der Saison 2016/17 nachgewiesenen Influenza A (H3N2) Viren
gehorten zur genetischen Gruppe 3C.2a und zur genetische Untergruppe 3C.2al.
Diese Stamme wurden gut vom Antiserum erkannt welches gegen den Impfstamm
Influenza A/Hong Kong/4801/14 (3C.2a) gerichtet ist. Nur wenige der Stamme
Influenza A(H1N1 09), Influenza B/Yamagata/16/88 und B/Victoria/2/87 zirkulierten in
dieser Saison in der Schweiz. Die Influenza A(H1IN1 09) Viren waren antigenetisch
verwandt mit dem Stamm A/Kalifornien/7/2009 welcher im Impfstoff 2016/17
enthalten ist. Jedoch zeigten einige dieser Stamme Veranderungen, sodass
beschlossen wurde, den Stamm A/Kalifornien/7/2009 durch den Stamm
A/Michigan/45/2015 fur den Impfstoff der nérdlichen Hemisphare fir die Saison
2017/18 zu verwenden. In der Schweiz waren Influenza B Viren der Linie
B/Yamagata/16/88 zahlreicher als diejenigen der Linie B/Victoria/2/87. Die Viren
dieser zwei Linien waren antigenisch und genetisch vergleichbar mit den

entsprechenden im Impfstoff enthaltenen Stammen.

Alle Influenza A Viren welche auf eine Resistenz gegen Amantadine untersucht
wurden, wiesen die Resistenz Mutation S31N auf. Dagegen wies keiner der

gepriften Stamme eine Resistenz gegen Neuraminidase Inhibitoren auf.
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Eine interessante und seltene Beobachtung ist, dass ein Virus vom Typ A (HIN1)v
diese Saison aus einem Nasen-/Rachenabstrich eines Landwirtschaftsarbeiters

nachgewiesen wurde.

Summary

The 2016/17 influenza outbreak started earlier than the in previous years in
Switzerland. The epidemic peak also occurred earlier at week 2/2017 but the duration
(11 weeks) of the epidemic phase was similar to prior seasons. Apart from the earlier
epidemic start, the 2016/17 influenza season in Switzerland was comparable to the
2014/15 season in terms of the overall rate of medical consultations for influenza-like

illness and dominant types of circulating viruses.

Of 982 samples screened for influenza, 49% were positive. The outbreak was
marked by a large dominance of influenza A over influenza B viruses. Most of the
influenza A viruses identified were of A(H3N2) subtype. The majority of A(H3N2)
viruses characterized in 2016/17 belonged to clade 3C.2a and subclade 3C.2al and
were recognized well by antisera raised against A/Hong Kong/4801/14 (3C.2a clade).
Few influenza A(H1IN1 09) and influenza B viruses of both B/Yamagata/16/88 and
B/Victoria/2/87 lineages circulated in Switzerland this season. Influenza B viruses
were more abundant towards the end of the season. In general, A(H1N1 09) viruses
were generally antigenically similar to A/California/7/2009 the 2016/17 vaccine strain.
However, some viruses were distinct from A/California/7/2009 and this observation
led to the replacement of the actual vaccine strain by the A/Michigan/45/2015 strain
in the 2017/18 Northern hemisphere vaccine. B/Yamagata/16/88 viruses were more
abundant than B/Victoria/2/87. Both lineages were antigenically and genetically

comparable to their respective vaccine strain.

All influenza A viruses tested for adamantanes resistance in Switzerland exhibited
the S31N resistance mutation. In contrast, none was resistant to neuraminidase

inhibitors.

Interestingly, an A(H1N1)v virus was isolated this season from a farm employee.
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1. Introduction

Influenza virus infections are a major medical and economic burden worldwide.?* In
Switzerland, the Sentinel surveillance system is a network of primary care medical
practitioners who report medical consultations for influenza-like illnesses (MC-ILI) to
the Federal Office of Public Health (FOPH). In addition, a subgroup of these
practitioners randomly collects respiratory samples from patients diagnosed with ILI
and sends them to the National Reference Centre for Influenza (NRCI) in Geneva for
virologic characterization. This report summarizes the virological surveillance data

from samples processed and analyzed during 2016/17 influenza season.

2. The influenza virus

Influenza viruses are orthomyxoviruses, a family of enveloped negative single-
stranded ribonucleic acid (RNA) viruses (Figure 1) known to be causative agents of
respiratory tract infections referred to as influenza disease or “flu”. Influenza viruses
are divided into four genera, A, B, C and D.** Influenza A viruses have a wide host
tropism, while influenza B viruses are only found in humans.® These two latter
influenza types are responsible for the annual influenza epidemics. Influenza C
viruses can be isolated from swine and humans, in whom they can cause minor

symptoms, while influenza D are mainly found in swine and cattle.’

Figure 1. The structure of influenza
viral particles. Hemagglutinin (HA),
neuraminidase (NA), hemagglutinin-
esterase-fusion (HEF) and the ion
channel M2, BM2 and C/DM2 proteins
for influenza A, B and C/D, respectively.
Their respective roles are virus
attachment for HA and HEF to sialic
acids, virion detachment from the
cellular surface by cleaving the HA on
the virus surface for NA (HEF), and
virion acidification required for fusion for
M2, NB and CM2. The RNA segments
PB1, PB2, PA, HA or HEF, NP, NA (not
present in influenza C and D), M and NS
are present inside the viral capsid,
protected by nucleoproteins. Influenza D
is structurally closer to influenza C than
to Aand B.!

Influenza C/D
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3. Methodology
3.1. Clinical identification of influenza cases

During the 2016/17 influenza season, 155 primary care practitioners participated in
the national influenza surveillance network (Figure 2, yellow circles). The number of
participants per Sentinel region is related to the population density. Medical
practitioners notify MC-ILI on a weekly basis. ILI is defined by fever >38°C with or
without a feeling of sickness, myalgia, or an alteration of general status, together with
at least one acute respiratory symptom, such as cough and/or sore throat’. A
subgroup of 74 Sentinel practitioners (47.8%) (Figure 2, red circles) collected
nasopharyngeal swabs from patients with ILI for subsequent viral detection and
characterization. The sampling procedure of specimens is done according to the

following rules:

1) During the pre- and post-epidemic phases: when the number of MC-ILI
reported by Sentinel practitioners remains below the annual pre-defined
epidemic threshold, screening for influenza viruses is performed in all cases

that fulfill the ILI case definition.

2) During the epidemic phase, defined as when the number of MC-ILI is above
the epidemic threshold: screening is only performed in a subgroup of cases.
In general, every fifth ILI case per practitioner is sent to the NRCI and

screened for the presence of influenza.

The threshold value is defined by the FOPH based on data collected over the past 10
years (excluding the pandemic season 2009-2010). It corresponded to =64

suspected influenza cases per 100,000 inhabitants for the 2016/17 influenza season.
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Figure 2. Geographic distribution of the Swiss Sentinel Network practitioners (2016/17). Yellow
circles: location of participants (155) conducting clinical surveillance. Red circles: participants
conducting both clinical surveillance and specimen collection (74). Circle size: participants per
community (range 1-8).

3.2. Virological detection of influenza viruses

Nasopharyngeal swabs received at the NRCI are submitted to virus screening and
subtyping tests. For screening, a one-step real-time reverse transcription polymerase
chain reaction (rRT-PCR) adapted from the 2009 United States Centers for Disease
Prevention and Control (CDC) protocol is used to detect the presence of influenza A
and/or B viral genomes in the clinical samples. The rRT-PCR targets are the matrix
protein (M) and the non-structural protein (NS) genes for influenza A and B viruses,
respectively. Influenza A and B positive samples are then subtyped using rRT-PCRs
targeting the HA genes in order to discriminate between influenza A H1 and H3

subtypes, and B Yamagata (Yam) and Victoria (Vic) lineages, respectively.

During the pre- and post-epidemic phases, a random selection of rRT-PCR-negative
specimens are inoculated on cells for viral culture. This strategy allows to detect

potential influenza strains that would have “escaped” rRT-PCR detection. For
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example, this could be the case in the presence of drifted mutants carrying mutations

in the genomic regions targeted by the rRT-PCR screening.

3.3. Antigenic and genetic characterization of influenza viruses

A selection of influenza viruses are submitted to phenotypic and genotypic analysis
(Figure 3). Briefly, during the pre- and post-epidemic phases all positive samples with
sufficient HA titers are phenotypically characterized using the hemagglutination
inhibition (HAI) assay, which evaluates the antigenic similarity between reference and
circulating influenza strains. During the epidemic phase, the first 5 positive samples
per week, with a cycle threshold (Ct) value <30 and sufficient HA titers, are analyzed.
Similarly, a microneutralization (MN) test can be used for samples that do not (or only
poorly) hemagglutinate red blood cells (RBC). Reference antisera and corresponding
viral strains used for the HAlI and MN were kindly provided by the World Health
Organization (WHO) Collaborating Centre Reference Laboratory at the Francis Crick
Worldwide Influenza Centre (WIC, London, UK). HAIs are performed with
glutaraldehyde fixed guinea pig (Charles River, Lyon, France).

To assess the phylogeny of the circulating strains and to determine how genetically
close they are to vaccine strains, the HA genes, in particular the HAL1 part, of the
samples previously chosen for phenotypic characterization with a Ct <30 are
submitted to Sanger sequencing (around 5 per week). NA genes are also sequenced
and to a lesser extent, influenza A M and influenza B NS genes. The NA gene
sequence allows to detect key mutations previously described as conferring
resistance to NA inhibitors (NAI). M and NS genes sequencing allows to control the

adequacy of rRT-PCR influenza A and B screening respectively.
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Figure 3. Flow chart of Sentinel sample collection and processing. Numbers (n) represent the
number of samples submitted to the described step during the 2016/17 season.
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3.3.1. Cell culture

As HAI analysis requires a high concentration of influenza virus, a viral amplification
step is performed by inoculating the clinical samples on Madin-Darby canine kidney
(MDCK) cells and MDCK-sialic acid-enriched (MDCK-SIAT1) cells in parallel.
According to our predefined selection criteria, a subgroup of five specimens per week
detected positive by rRT-PCR and with a Ct value lower than 30 are inoculated on
cells. In brief, 0.4 ml of transport medium containing nasopharyngeal swab are
incubated for 7 days under 5% CO, at 33°C on MDCK cells and 37°C on MDCK-
SIAT1. The presence of virus is confirmed by the presence of a cytopathic effect
(CPE) under visible light (Nikon®, Tokyo, Japan) and/or by an immunofluorescence
test using monoclonal influenza A and B antibodies combined with mouse FITC-
conjugate (Merck-Millipore, Chemicon®, Schaffhausen Switzerland). Positive samples
are submitted to a hemagglutination test in order to determine the virus titer. The HA
and HAI assays are dependent on the ability of the viral HA to bind to sialic acids
present at the surface of RBCs.

3.3.2. Hemagglutination inhibition assay

A two-fold serial dilution is performed using 50 pl of viral suspension buffer in SALK
solution (5%) and 25 pl of glutaraldehyde-fixed guinea pig RBC (1.5%) are added for
a 1 h incubation at 4°C. HA titer is defined as the last dilution in which the complete
HA is still observed. After titer determination, HAI is performed as follows. 25 pl of
reference antisera are added in the first two wells of a 96-well plate. Two-fold
dilutions are prepared by adding 25 pl of SALK solution (5%) in the second well. 25 pl
are then collected from the same well and the procedure repeated to the end of each
line. 25 pul of viral suspension containing 4 HA units are added to the antisera dilution
and incubated for 1 h at room temperature. 25 ul of guinea pig RBC are then added
to each well. The plates are incubated for 1 h at 4°C. The HAI titer corresponds to the
last antiserum dilution for which HA is still inhibited. This titer is compared to the
homologous titer obtained with reference strains submitted to their corresponding
antisera (antigenic table). The antigenic tables are influenza strain-specific (Figure 4),
and are therefore adjusted each year. As the serum is initially diluted 1/8, the titers
provided in Figure 4 and Annexes 2a to 2d should be multiplied by 8 to obtain the
final titers.
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) ; . . A/St A/Hong Kong
a. HIN1 09 / antisera A/Brisbane/59/07 A/California/07/09
Petersburg/27/11 /3934/11
A/Brisbane/59/07 1024 <16 <16 <16
A/California/7/09 <16 1024 64 256
A/St Petersburg/27/11 <16 128 128 128
A/Hong Kong/3934/11 <16 256 128 512
) A/Switzerland/ A/Hong-Kong )
b. H3N2 / antisera AlTexas/50/12 A/Slovenia/3188/15
9715293/13 /4801/14
AlTexas/50/12 512 256 128 256
A/Switzerland/
256 128 128 256
9715293/13
A/Hong-Kong/4801/14 64 64 64 64
A/Slovenia/3188/15 32 32 32 32
B/ B/ B/ B/ B/ B/ B/
c. B/ antisera Brisbane/ | Odessa/ | Johannesburg | Wisconsin/ | Novosibirs | Massachusett | Phuket/
60/08 3886/10 /3964/12 01/10 k/1/12 s/02/12 Egg | 3073/13
B/Brisbane/60/08 128 64 128
B/Odessa/3886/10 512 512 256 <16
B/Johannesburg/3964
32 32 64
/12
B/Wisconsin/01/10 64 64 32 64
B/Novosibirsk/1/12 <16 256 256 64 16
B/Massachusetts/02/
128 64 256 128
12 Egg
B/Phuket/3073/13 256 128 256 128

Figure 4. HAI titers of reference influenza strains tested with the 2016/17 reference antisera. HAI
reaction is performed as described in the methodology section. HAI titers mentioned in tables correspond to
the highest dilution where an inhibition is still observed. In red: 2016/17 flu vaccine strains. a, b and ¢
correspond to A(H1N1 09), A(H3N2) and B influenza virus antigenic tables, respectively. The first line and
column of each influenza type/subtype table correspond to the antiserum and virus strain tested, respectively.

Antigenic similarity

A strain is considered as being antigenically related to a reference strain when its HAI

titer is no more than 4-fold below or above the titer obtained with the reference strain.
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3.3.3. Microneutralization assay

The MN (neutralization) assay represents an alternative to the HAI assay for
antigenic characterization of influenza viruses, specially for viruses that do not
agglutinate RBCs. MN allows not only to measure the ability of antibodies to inhibit
virus infection to host cells (binding process), as HAI does, but also to assess their
potential to block virus-induced cytopathic effects (virus entry, internalization and
fusion processes). MN was shown to be more sensitive and specific than HAI, though
in a strain-specific manner®. It is also more expensive and time-consuming.
Therefore, at the NRCI, it is used for isolates that could not be characterized by HAI.

The MN test protocol used at the NRCI was kindly provided by Katja Hoschler in
2012 (Health Protection Agency, London, UK). In brief, a two-fold dilution of
reference antisera are prepared on 96-well plates (Figure 5). A standardized amount
(10 TCIDsp) of viruses to be characterized is added to the diluted reference sera and
the mix incubated for 1h at 37°C 5% CO,. A MDCK-SIAT cell suspension (5x10*
cells/well) is then distributed in each well. After 16 h of incubation at 37°C and 5%
CO,, the supernatant is removed and cells are fixed for 20 min with a methanol/H,0,
(0.6%) solution at room temperature. Viruses are detected using a monoclonal anti-
NP antibody and revealed by a secondary antibody HRP-conjugate in presence of
the 3,3'5,5-Tetramethylbenzidine substrate. After stopping the chromogenic
enzyme-substrate reaction by the addition of 0.5M HCI, the optical density is
measured by a spectrophotometer. Antisera-dependent virus growth inhibition
(neutralization) is determined by the ratio between viral suspension with and without

antiserum.

Z;Ilczllc; L 1. Add heat inactivated sera
S et % At e Figure 5. Schematic

100 TCID/well representation of a
microneutralization assay.
Reproduced from

- http://www.who.int/influenza/gi
-
- o5 s srs_laboratory/2010_12_06_s

1hr@37C

- = erological_diagnosis_of influe
nza_by_microneutralization_a
3. Add MDCK cells - ssay.pdf
1.5 x 10* cells/well 18-20 hr @ 37°C R S BT.CO

5. ELISA
a-NP Ab

4. Wash/Fix
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3.3.4. Influenza genes sequencing

A subset of the influenza samples isolated at the NRCI are genetically characterized
by sequencing the HA 1 part of their HA genes. As HA genes tend to evolve rapidly,
comparing HA sequences of the circulating strains with reference sequences,

including those from the vaccine strains, allows to evaluate viral diversity.

Viral genomes of samples selected for sequencing are processed as follows. 400 pl
of the initial respiratory specimens are extracted using the NucliSens easyMAG
magnetic bead system (BioMérieux, Geneva, Switzerland) according to the
manufacturer's instructions and viral RNA is recovered in a 50 pl elution volume.
After sample screening and subtyping by rRT-PCR, viral genomes of samples with a
Ct value <30 are used for the synthesis of cDNA using the SuperScript® Il Reverse
Transcriptase (Invitrogen, Carlsbad, CA, USA) with influenza A/B-specific primers.
Strain-specific HA1 cDNAs are further amplified using either a nested PCR for
influenza B/HAL or a first-round PCR with strain-specific primers, followed by two
independent hemi-nested PCRs for influenza A(HIN1 09) and A(H3N2) HAL,
respectively. The amplified products are then sequenced with strain-specific primers
using conventional Sanger sequencing performed with the ABI 3500xL Genetic
Analyzer (Applied Biosystems, Foster City, CA, USA). A list of primers used for
sequencing analysis is presented in Annex 19. Primer sequences and PCR
conditions are described in the standard operating procedures of the WHO
Collaborating Centre at the National Institute for Medical Research (London, UK).
Similar sequencing procedures are applied for NA, M and NS genes sequencing but

with gene-specific primers (Annex 19).

HA1, NA, M and NS sequences are edited and stored in the Smartgene ISDN
database (SmartGene, Switzerland; www.smartgene.com) and analyzed with the
software platform Geneious 6.1.6.° The MAFFT v7.017*° programme is used for
sequence alignments and maximume-likelihood trees (Figures 12-15) are estimated
using the PhyML programme®*. Reference sequences used in the phylogenic trees
were imported from the Global Initiative on Sharing Avian Influenza Data (GISAID)

platform (http://platform.gisaid.org, restricted access).
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3.3.5. Antiviral resistance

The evolution of influenza viruses is known to be very rapid, thus allowing them to
escape from immune responses and/or infection inhibition by therapeutic molecules.
Known mutations conferring antiviral resistance to a given influenza
type/subtype/lineage can be monitored by sequencing the NA genes for NAI
resistances and M genes for the M2 inhibitors. Viral sequences are manually and
semi-automatically (FluSurver http://flusurver.bii.a-star.edu.sg/) screened for the

presence of mutations known to be associated with antiviral resistance™?.

New antiviral resistances to NAIs can be identified by combining NA
genotyping/sequencing and phenotypic NA enzyme-inhibitor (NAI) assays. At the
NRCI, phenotypic antiviral resistance of influenza stains are be performed if needed
and/or upon request using the NA-Fluor™ Influenza Neuraminidase Assay Kit
(Thermo Fisher Scientific, Ecublens, Switzerland). Briefly, a titration of the viral NA
activity is performed for each test by serial two-fold dilutions. The optimum virus
dilution to be used in subsequent inhibition assays is determined by plotting the virus
dilutions against the relative fluorescent units (RFU)/minus background values. In
black 96 well plates, 25 pl of each NAI dilution to be tested are mixed with 25 pl of
diluted virus; the plates are then covered and incubated for 30 min at 37°C. After
incubation, 50 ul of 200 uM NA-Fluor™ substrate working solution are added to each
well and the plates incubated again for 1h at 37°C. The substrate-enzyme reaction is
terminated by adding 100 pl of NA-Fluor™ Stop Solution to each well. The plates are
read using a Fluoroskan Ascent™ FL Microplate Fluorometer (Thermo Fisher
Scientific, Ecublens, Switzerland). The excitation wavelength is of 355 nm and the
emission wavelength was of 460 nm. Data are plotted as log inhibitor concentration

against fluorescence inhibition and the IC50s are read from the graph. (Table 2)
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4. 2016/17 Influenza season results

4.1. Detection of influenza in nasopharyngeal samples

The winter influenza surveillance lasted 29 weeks. It started on 3 October 2016
(week 40/2016) and ended on 21 April 2017 (week 16/2017). The epidemic threshold
of 264 suspected influenza cases per 100,000 inhabitants was exceeded from weeks
50/2016 to 8/2017 with a peak of MC-ILI during week 2/2017. Of the 155 practitioners
participating in clinical surveillance, 74 sent a total of 982 nasopharyngeal swabs

from 979 patients for influenza screening. Overall, 481 (49%) were positive for

influenza by rRT-PCR (Figure 6a; Annex 1). Four hundred and sixty-two of 481 were
of type A (96%) and 19/481 (4%) of type B. Four hundred and fifty-three (98.1%)
influenza A were A(H3N2), 8/462 (1.7%) were A(H1N1 09), and 1/462 (0.2%) could

not be further characterized due to a low viral load. Concerning the influenza B

viruses, 15/19 (79%) belonged to the Yamagata lineage, 2/19 (10.5%) were
Victoria, and 2/19 (10.5%) could not be attributed to a specific lineage (Figure 6b).

" IRT-PCRA/B-
51%
n=501

rRT-PCRB +
2%
n=19

B/Yamagata

B/Nictoria 3.1%

0.4%

B

Figure 6. Distribution of influenza viruses detected in nasopharyngeal specimens collected
during the 2016/17 season. a. Percentage of rRT-PCR A and B-positive versus rRT-PCR-negative
specimens (n=982). b. Distribution of the different subtypes (influenza A) and lineages (influenza B) of
the viruses in % (n=481).
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The number of influenza-positive samples processed started to increase at week
48/2016 and peaked at week 2/2017 (n=56; 60.9% positivity). The positivity rate
remained above 60% from weeks 51/2016 to 6/2017 (Figure 7). A(H3N2) viruses
predominated during the entire season. A low increase in B Yamagata viruses was
observed at the end of the season. A few sporadic cases of B/Victoria and A(H1N1

09) were also observed (Figure 7).

100 | o A yndlet, r 100
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Figure 7. Schematic illustration of the 2016/17 flu/influenza season. A undet.: influenza A, but the
type could not be determined; A/HIN1 2009: influenza A/HIN1pdmO09; A/H3N2 seasonal: influenza
A/H3N2 viruses; B undet.: influenza B, but the type could not be determined; B-Yam: influenza B of
the Yamagata lineage; B-Vic: influenza B of the Victoria lineage; ILI 16/17 and 15/16: ILI suspected
cases registered during the 2016/17 and 2015/16 season (%o); sampling: yellow arrow indicates the
weeks when Sentinel practitioners sent 1/5 samples for influenza screening (weeks 2 to 6/2017).

Influenza outbreak summary

Influenza season duration: 29 weeks
Total number of samples: 982 (979 individuals)
Percentage of positive samples: 49% (n=481)

96% influenza A of which 98.1% were A(H3N2)

4% influenza B of which 79% were B Yamagata
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4.2. Epidemiology of influenza viruses detected by the Sentinel network
4.2.1. Stratification by sex and age

Influenza-positive and -negative samples were first analyzed according to the sex
and age of the “source” individuals. Age groups were defined by the FOPH as
follows: 0-4 years; 5-14 years; 15-29 years; 30-64 years; and = 65 years. The 982
samples sent to the NRCI corresponded to 979 patients (three individuals were
sampled twice). Information on sex was available for 965/979 individuals and age
was available for 974/979.

Among 965 patients, 497 (51.5%) were female (240 influenza-positive and 257
negative) and 468 (48.5%) were male (229 influenza-positive and 239 negative).Four
hundred and forty-two (45.4%; n=974) individuals belonged to the 30-64 years group,
190 (19.5 %) to the 15-29 years, 150 (15.4%) to the 5-14 years, 115 (11.8%) to the
265 years, and 77 (7.9%) to the 0-4 years group. The highest prevalence of positive
samples (63%) was observed in the 5-14 years, followed by the =65 years group
(57%) (Figure 8). The 0-4 years group exhibited the lowest prevalence of positive
samples (31%) (Figure 8).

0-4 years old 5-14 years old

30-64 years old 265__years old

e | - NEG 1
i NEG | [ 43%
L 51% | .
\ :i, ST
._\H.x“ﬁ—_;,.' \\‘w.___
n=442 n=115

Figure 8. Influenza prevalence per age group.

Of the 479 influenza-positive samples considered, 45% originated from the 30-64
years group, 19% from the 5-14 years, 17% from the 15-29 years, 14% from the 265
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years, and 5% from the 0-4 years group (Figure 9). Among the 495 negative samples
analyzed, 46% belonged to the 30-64 years group, 22% to the 15-29 years, 11% to
the 5-14 years, 11% to the 0-4 years and 10% to the =65-years group (Figure 9).

n=479 n=495

Figure 9. Proportions of total, influenza positive and negative samples per age groups.

A(H3N2) viruses were dominant accross all age groups (91.7% for 0-4 years, 96.8%
for 5-14 years, 91.3% for 15-29 years, 93% for 30-64 years and 98.5% for 265 years;
n=451/453 A(H3NZ2)). Even if much lower, B/Yamagata were the second most
abundant viruses circulating this season (8.3% for 0-4 years, 1.1% for 5-14 years,
2.5% for 15-29 years, 4.2% for 30-64 years and 1.5% for 265 years). B/Victoria (n=2)
and A(H1IN1 09) (n=8) viruses were only sporadically detected (Figure 10).
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Figure 10. Distribution of influenza virus subtypes/lineages per age group. Left panel: total
number of positive samples per subtype per age group. Right panel: subtypes/lineages proportions
per age group (%). B Vic = B Victoria; B Yam = B Yamagata. Undet.= not able to be subtyped.

4.2.2. Stratification by influenza vaccination status

Information on vaccination status was provided for 945 (96.5%) of the 979 sampled
individuals. The status was reported as “unknown” by Sentinel practitioners for four
(0.4%; n=979) individuals (one influenza-negative and three A(H3N2) influenza
positive) and no vaccination data were provided at all for 30 (3.1%; n=979) patients.
Eight hundred and twelve (85.9%; n=945) patients did not receive the 2016/17
influenza vaccine. Among these, 390 (48%; n=812) were positive for influenza (Table
1). Of the 133 (14.1%; n=945) individuals vaccinated against influenza in 2016/17, 63
(47.4%; n=133) had a negative influenza test and 70 (52.6%; n=133) a positive one
(Table 1). Of note, 25 of the 133 vaccinated individuals (16 influenza-negative and 9
influenza-positive) were reported as vaccinated, but no vaccination date was
provided. In the present report, we have assumed that these individuals received the
2016/17 vaccine. The 70 influenza-positive vaccinees were all infected with A(H3N2)

viruses.

Table 1. Vaccination status among influenza positive and negative individuals

Expc_)sure  influenza Vaccinated Not vaccinated
during the 2016/17 n=133 (%) =812 (%)
outbreak:; n=945 - 0 - 0
Yes 70 (52.6) 390 (48)
No 63 (47.4) 422 (52)

In Switzerland, vaccination is recommended for some specific populations,*® such as

elderly patients (265 years), pregnant women, and individuals suffering from several
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chronic diseases. During the 2016/17 season, the NRCI received samples from six
pregnant females (two were vaccinated, one was infected with an influenza
A(H3N2)). Thirty-one patients were reported as chronically ill (7/31 =65 years),
among which 11 were vaccinated (five negative and six positive for influenza
A(H3N2)). Two of the 11 vaccinated patients were 265 years and both were positive
for influenza. In total, 47 vaccinees (35.3%; n=133) were =65 years (32 positive for

influenza A and 15 negative).

4.3. Antigenic and genetic characterization of influenza viruses

HAI-tested samples were selected as follows: 1) before and after the epidemic
period, all cultured samples with a sufficient HA titer were tested; 2) during the
epidemic period, each week the first five rRT-PCR positive samples (Ct value <30)
with sufficient HA titers were further characterized (Figure 3). One hundred and three
influenza-positive samples were cultured on MDCK and MDCK-SIAT cells. Of these,
95 grew on MDCK and/or MDCK-SIAT cells. Eighty-four of 95 were submitted to
antigenic characterization by HAI. Eleven of 95 had an unusual HA pattern and were
not further characterized. Fifty-nine of 84 were successfully subtyped by HAI. The 25
non-typable samples were all A(H3N2) viruses (Figure 11; Annexes 2-5). Of the 25
non-typable viral samples, 13 were submitted to a MN assay after the end of the

season (Annex 2e).
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Type Subtype

HAI Characterization

A/Slovenia/3188/15-like
37%

A/HongKong 4801/14-like
21%

A(H3N2)
n=68

A/Switzerland/9715293/13-like ,4%

Influenza
positive

A(HIN1) 09
n=4

A/Texas/50/12-like
1%

Non-typable
37%

A/Hong Kong/3934/11-like
50%

A/St. Petersburg/27/11-like
50%

B/Novosibirsk/01/12-like
60%

Yamagata
n=10

B/Wisconsin/01/10-like
20%

B/Phuket/3073/13-like
20%

Victoria
n=2

.

B/Johannesburg/3964/12-like
100%

Figure 11. Antigenic characterization by HAI of selected influenza viruses isolated through the

2016/17 season.

One-hundred-and-five samples were submitted for genetic characterization by HA
and NA gene sequencing. Seventy M and five NS genes were also sequenced. One
hundred and three HA sequences were successfully recovered. Among these, 89
belonged to A(H3N2), four to A(HLN1 09), eight to B/Yamagata and two to B/Victoria
subtypes/lineages (Figures 12-15). One hundred NA were successfully sequenced:
89 were A(H3NZ2); four A(HLN 09); six B/Yamagata; and one B/Victoria. All of the 17
(15 A(H3N2) and 2 A(HIN1 09)) M and 5 B NS (3 B/Yamagata and 2 B/Victoria)
sequences were recovered successfully. Of note, no significant changes were
observed in the sequenced portions of the M and NS genes. The few sequence-

primers/probe mismatches observed are unlikely to have a significant impact on the

rRT-PCR screening sensitivity to circulating strains.
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Twenty samples (16 A(H3N2), 2 A(H1IN1 09), and 2 B) were shared with the WIC for
additional characterization. Phenotypic analysis results are available in Annexes 6-9;
phylogenic analysis in Annexes 10-17; and antiviral resistance in Annex 18.

4.3.1. Characterization of influenza A(H3N2) viruses

Similar to the two last influenza seasons, the WIC reported that antigenic
characterization of A(H3N2) viruses by HAI was difficult due to a variable
agglutination of RBC from guinea pig, turkey and humans and the NA-mediated
agglutination of RBC. This phenomenon was particularly observed for viruses
belonging to the clade 3C.2a as well as the newly emerged 3C.2al subclade.
Titration and antigenic characterization of successfully isolated A(H3N2) viruses was

achieved by MN assay (plague reduction neutralization).

For the first time since the variable agglutination phenomenon was described, we
observed a marked increase at NRCI in the number of A(H3NZ2) isolates that
exhibited an “unstable” hemagglutination that did not allow further characterization by
HAI (25 non-typable viruses shown in Figure 11). Among the 59 isolates successfully
characterized by HAI, 43 (72.9%) were A(H3N2). Fourteen of 43 were classified as
A/HongKong4801/14-like  viruses (the 2016/17 vaccine strain), 25 as
A/Slovenia/3188/15-like, three as A/Switzerland/9715293/13-like, and one
AlTexas/50/12-like. All A/Slovenia/3188/15-like and A/Switzerland/9715293/13-like
isolates, but not the unique A/Texas/50/12-like were recognized within two to four-
fold of the homologous titer by the antiserum raised against A/HongKong4801/14

virus (Figure 11, Annexes 2a to 2d).

Of 13/25 non-typable viruses submitted to MN, 10 were recognized within four-fold of
the homologous titer of the A/Slovenia/3188/15 antiserum but only three gave similar
titers with the antiserum raised against the vaccine virus A/HongKong4801/14. Nine
of 10 were defined as being A/Slovenia/3188/15-like strains and one as
A/Switzerland/9715293/13-like. Isolates A/Switzerland/*****161/17,
A/Switzerland/*****352/17, and A/Switzerland/*****010/17 were not recognized by
any of the reference antisera tested, including the most recent antiserum available at
NRCI targeting the A/Slovenia/3188/15 strain. Therefore, they remained non-typable.
(Annex 2e). In summary, among all the A(H3N2) isolates (n=68) submitted to either

HAI or MN characterization, 15 (22.1%) remained classified as non-typable.
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All 16 viruses sent to the WIC were recovered. They were all identified solely on the
basis of the sialidase activity of the virus NA as they were unable to agglutinate the
guinea pig RBC used at the WIC. Therefore, no HAI were carried out on any of these
samples at the WIC. The plaque reduction neutralization results showing that
A/Switzerland/*****223/16, A/Switzerland/*****147/16, A/Switzerland/*****699/16, and
A/Switzerland/*****103/16 isolates were recognized within two to four-fold of the
homologous A/HongKong4801/14 titer can be found in Annexes 6a and 6b. The
isolates A/Switzerland/*****442/16 and A/Switzerland/*****514/16 were not well
recognized (eight-fold the homologous titer) by the A/HongKong4801/14 antiserum.
Interestingly, the isolates A/Switzerland/*****147/16, A/Switzerland/*****699/16,
A/Switzerland/*****103/16, A/Switzerland/*****442/16 and A/Switzerland/ *****514/16
isolates had low, but sufficient HA activity to be further characterized by HAI at the
NRCI. They all were recognized within two-fold of the homologous titer by the
antiserum raised against the A/Hong Kong4801/14 vaccine strain at the NRCI.
Discrepancies in HAI/MN results between NRCI and WIC antigenic analyses could
be explained by site-specific assay variations and the use of different reagents,

notably fixed RBCs (NRCI) and reference sera lots.

At the genetic level, 89 A(H3N2) HA1 (Figure 12) and 89 NA (not shown) sequences
were successfully recovered. All fell into the 3C.2a genetic group (A/Hong
Kong/4801/14) but 55/89 belonged to the 3C.2al subclade (A/Slovenia/3188/15). As
typically observed for the highly variable A(H3N2) viruses, we observed several sub-
clusters, characterized by specific mutations, within the 3C.2a cluster and 3C.2al
sub-cluster (Figure 12). Mutation V149A in the NA was found in three isolates and
was known to be associated to a mild resistance to zanamivir in the A(H5N1) strain
background. In order to exclude a possible, but not yet documented, resistance of
these isolates to NAI oseltamivir and zanamivir, a phenotypic resistance assessment
was performed. All three isolates were sensitive to oseltamivir and zanamivir (Table
2).

The HA and NA genes of 15 of the 16 isolates sent to the WIC were analyzed. The
HA gene of all 15 isolates fell into the 3C.2a subclade, 10 of these belonged to the
3C.2al cluster. Viruses were separated into two groups within the 3C.2al cluster
(Annex 10). Four viruses had the N121K substitution and six were without this

substitution. The HA gene of the other five viruses fell into a cluster within 3C.2a,
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defined by the substitutions N121K and S144K in HA1 (Annex 10). The NA genes
clustered similarly (Annex 11). The genetic characterization and subsequent
cluster/sub-cluster attribution for the different Swiss A(H3N2) isolates analyzed in

both sites was concordant in-between the WIC and the NRCI (Figure 12; Annex 10)

29/81



3C.2a1 mimik

958

1140M
Ni121K

— ASWITZERLAND/19762578/2017
ASWITZERLAND/1 968774412017
ASWITZERLAND/202350102017
84.8r— ASWITZERLANDI/19862657/2017
ASWITZERLAND/19787778/2017
ASWITZERLANDI2010068272017
ASWITZERUAND/ 1943490972016
ASWITZERLANDI20065401/2017
ASWITZERLANDY 1966243572017
ASWITZERLANDY20007065/2017
—— ASWITZERLAND/20006839/2017
ASWITZERLAND/ 19988611/2017
ASWITZERLAND/ 1994828172017
= ASWITZERLAND/ 199482402017
= A/SWITZERLANDI20200645/2017
ASWITZERLAND! 1951996272016
06.6] A'SWITZERLAND/19079625/2016"

3

G780
N122D0

NI21K
TISK

78.4

85.6 ASWITZERLANDI19622347/2017
ASWITZERLAND/19803721/2017
ASWITZERLAND/ 1992368912017
ANSWITZERLANDI20163852/2017
ASWITZERLAND/1$877040/2017
ASWITZERLANDI20145488/2017
e ATSWITZERLAND/ 1930920372016
ASWITZERLAND/19485980/2016
ASWITZERLAND/S320073/2016
ASWITZERLAND/19319850/2016
ASWITZERLAND/19550816/2017
ASWITZERLAND/18550878/2017
NSWITZERLAND/19276512/2016
ANSWITZERLAND/ 1943993812016
I ASWITZERLANDY 19495880/2016
e AJSWITZERLANDA19177032/2016
ASWITZERLANDY19762024/2017]
= ASWITZERLAND/19850362/2017
INSWITZERLAND!19637249/2017
ASWITZERLAND!19492621/2018
b= AISWITZERLAND/18820198/2016*
ASWITZERLAND/1S713706/2017
F——— ASWITZERLANDY19429800/2016
= ASSWITZERLAND/19688757/2017

Ko2R
N121K
H3110 4.2

91.8
c78s

95.5

747

ASVATZERLANDY19623626/2017
A'SWITZERLAND/ 1946257212018
ANSWITZERLAND/19623049/2017
——— ASWITZERLAND/188215142016
ANSWITZERLAND/ 1950182912016
= A/SWITZERLAND/19319951/2018
ANSWITZERLAND/19045690:2016°
ANSVITZERLANDY19429659/2016
——— A/SWITZERLAND/98238056/2017
—— A/SWITZERLAND/18564702/2017
I A/SWITZERLAND/19520230:2016
—— A/Slovenia/3188/2015
— ASWITZERLAND/19347392/2016
ASWITZERLAND/9778161/2017
ASWITZERLAND/19347591/2016
A'SWITZERLAND/19988592/2017
mw&nguwonmmmn

9| A'SWITZERLAND/20164082/2017
1 ASWITZERLAND/20145462/2017 20 R
99.8| A/SWITZERLAND/19430223/2016
——— A/SWITZERLAND/19849918/2017
A'SWITZERLAND/19687506/2017
ASWITZERLAND/19347103/2016
ASWITZERLAND/19777853/2017
ASWITZERLANDI 857243012017
AISWITZERLAND/19551351/2017

R142K 744

TINK
R2610 95

w3
A128T
N144S
Fi59Y
N2250
OJ11H

Ni128A
P158S

A128T

30/81

86

N1220
S262N

[—— A/SWITZERLAND/19260304/2016
ASWITZERLAND/ 1928901372016
A/SWITZERLAND/ 1983710272017
= A'SWITZERLAND/20300356/2017

F— ASSWITZERLAND/19994706/2017

——— A/SWITZERLAND/19430147/2016
AISWITZERLAND/ 1985031772017

85.5

= ASWITZERLAND/19661837/2017
ASVATZERLAND19730561/2017
— ASWITZERLAND/19501606/2016
ASVATZERLANDY19704 10002017
7998 ASWITZERLAND/201454252017
ASWITZERLAND/199237468/2017
S219Y | pswWITZERLAND/19260442/2016
94.9, ASWITZERLAND/196368TH2017
12301 | ASWITZERLAND/19777680:2017
ASVATZERLAND/ 1976190272017
P AISWITZERLANDY19622443/2107

3C.2a

S144K
N121K

= AISWITZERLANO/V 196237832017
= ASWITZERLANDIS235213/2016
ASWITZERLAND201007852017

= ASWITZERLAND/16515057/2017
P ASWITZERLAND/ 1962326572017
P ASSWITZERLAND/15960642/2017

AMong Kong/d801/2014
= AlHong Kong/5738/2014
| o48——

AlStockholm/6r2014
Ridze AMong_Kong/146/2013
AlSamaral7T32013 R142C
AlTexas/5012012

—— AISWITZERLAND/19501407/2016

AlSwitzerland/9715293/2013
| araes, F1ses, n22s0

0004

ASVATZERLANDY 1962313272017

Figure 12. Phylogenetic analysis of the
HA1 gene of A(H3N2)-like viruses. Black:
influenza virus detected in the Sentinel
Network during the 2016/17 season. Red:
2016/17 vaccine strain. Bold: reference
strains. Purple: some typical mutations
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Comments from the WIC

“Seven genetic groups based on the HA gene have been defined for H3N2
viruses, two derived from A/Perth/16/2009 and five from A/Victoria/208/2009;
but now the majority of HA genes fall into the A/Victoria/208/2009 genetic clade
and predominantly into the genetic subgroup 3C of group 3. This subgroup has
three subdivisions: 3C.1, 3C.2 and 3C.3.
The vaccine virus A/Texas/50/2012 previously recommended to be used for
2014/2015 belongs to genetic subgroup 3C.1. Amino acid substitutions that
define subgroups 3C.2 and 3C.3 are:
o 3C.2 N145S in HA1, and D160N in HA2, e.g. A/lHong Kong/146/2013;
o 3C.2a also carries N144S (loss of potential glycosylation motif), F159Y,
K160T (gain of a potential glycosylation site), N225D, Q311H in HA1,
e.g. A/lHong Kong/5738/2014 and A/Hong Kong/4801/2014.
o 3C.2al subgroup of 3C.2a is defined by the amino acid
substitution N171K in HA1 and 177V and G155E in HA2 (e.qg.
A/Slovenia/3188/2015).”

A(H3N2) viruses

Around two-thirds of the A(H3N2) strains were antigenically related to the vaccine
strain A/Hong Kong/4801/14 (3C.2a cluster). An increasing number of isolates were
either antigenically or genetically closer to A/Slovenia/3188/15 viruses from the
3C.2al subclade of 3C.2a group.
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4.3.2. Characterization of influenza A(H1N1 09)

Among the 59/84 isolates successfully characterized by HAI, only four were influenza
A(H1N1 09). Three of these influenza viruses were recognized by antiserum directed
against the vaccine strain A/California/7/09 at two- to four-fold of the homologous
titer. Only one isolate, A/Switzerland/*****226/16, was not well recognized by the
A/California/7/09 antiserum (64-fold of the homologous titer). This virus was weakly
recognized, but within four-fold the of homologous titer by all the other reference
A(HIN1 09) antisera tested. It was identified as A/St-Petersburg/27/11-like (Figure
13; Annex 3). Both A(HIN1 09) viruses, A/Switzerland/*****226/16 and
A/Switzerland/*****003/ 16, sent to the WIC were successfully recovered and both
were recognized by antisera raised against the 2016/17 and 2017/18 vaccine viruses
A/California/7/2009 and A/Michigan/45/2015, respectively (Annex 7).

Sequence analysis of four HA genes of randomly selected NRCI A(H1N1 09) viruses
showed that all isolates belonged to clade 6B.1 (Figure 13). The
A/Switzerland/*****226/2016 and A/Switzerland/*****003/2016 isolates both carry the
V321l substitution in HAL, which places them in a small genetic group with an HA
slightly different from that of A/Michigan/45/2015, the 2017/18 influenza vaccine. The
NA sequences cultured similarly. NRCI and WIC phylogenetic results were fully
concordant for both HA and NA genes (Figure 13; Annexes 7, 12 and 13).

Comments from the WIC

“H1N1 viruses cluster into seven genetic groups, previously described, groups
2 to 8. Most recently viruses have fallen into genetic group 6B.1. The main
characteristics of viruses in the 6B.1 group are that the viruses carry the amino
acid substitutions S84N, S162N (introducing a new potential glycosylation site)
and 1216T in HA1, e.g. A/Slovenia/2903/2015. H1N1pdmQ9 viruses were
causing problems in many parts of the world in during the 2015/2016 Northern

hemisphere influenza season.”
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Figure 13. Phylogenetic analysis of the HAL1 gene of A(HLN1 09)-like viruses. Black: influenza virus
detected in the Sentinel Network during the 2016/17 season. Red: 2016/17 vaccine strain. Green:
2017/18 vaccine strain. Bold: reference strains. Blue: A(HLN1 09) genetic cluster. Purple: some typical
mutations described by the WIC. Sequences were aligned using Geneious 6.1.8 MAFFT alignment
(v7.017) with default settings. A consensus tree was built from 1000 original trees in ML (70% support
threshold) constructed using Geneious 6.1.8 PHYML default settings.

A(H1N1) 09 viruses

Three of four A(HIN1 09) were recognized within four-fold the of homologous titer
by the antiserum raised against the 2016/17 vaccine strain, A/California/07/09.

33/81




4.3.3. Characterization of influenza B viruses

4.3.3.1. B/Yamagata/16/88 viruses:

Ten B/Yamagata viruses were submitted to HAI characterization at the NRCI. Six
were identified as B/Novosibirsk/01/12-like strains, two B/Wisconsin/01/10-like and
two B/Phuket/3073/13-like. All B/Yamagata viruses, apart from the
B/Switzerland/*****969/2017 isolate, were recognized within two to four-fold by the
antiserum raised against B/Phuket/3073/13 (the 2016/17 vaccine strain). The
B/Switzerland/*****969/2017 virus reacted better with B/Wisconsin/01/10 antiserum.
(Annex 4).

The unique influenza B/Yamagata virus sent to the WIC, B/Switzerland/*****131/
2016, was successfully recovered. In contrast to what we observed at the NRCI, the
B/Switzerland/*****131/2016 isolate recovered at the WIC was not well recognized by
antisera raised against either the egg-propagated vaccine virus B/Phuket/3073/2013
or its cell culture-propagated cultivar. B/Switzerland/*****131/2016 was also poorly
recognised by the antiserum raised against the formerly recommended vaccine virus
B/Wisconsin/1/2010. However, B/Switzerland/*****131/2016 was recognized at a titre
within four- and two-fold of the homologous titre of the antiserum, by the antiserum
raised against egg-propagated B/Stockholm/12/2011 and the antiserum targeting the
egg-propagated B/Hong Kong/3417/2014, respectively (Annexes 4 and 8). Sequence
analysis of the HA and the NA genes of B/Yamagata viruses carried out at both the
WIC (1 HA and NA, Annexes 14-15) and the NRCI (8 HA, Figure 14 and 6 NA),

showed that both genes fell in the genetic clade 3 for all isolates
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Figure 14. Phylogenetic analysis of the HA1 gene of B Yamagata viruses. Black: influenza virus
detected in the Sentinel Network during the 2016/17 season. Red: 2016/17 vaccine strain. Blue:
genetic groups (clades). Bold: selected reference sequences used by the WHO. Purple: some typical
mutations described by the WIC. Sequences were aligned using Geneious 6.1.8 MAFFT alignment
(v7.017) with default settings. A consensus tree was built from 1000 original trees in ML (70% support
threshold) constructed using Geneious 6.1.8 PHYML default settings.

B/Yamagata/16/88 viruses

Yamagata lineage viruses were all antigenically close to the 2016/17 vaccine strain,

B/Phuket/3073/13.
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4.3.3.2. B/Victoria/2/87 viruses:

Only two B/Victoria viruses were identified at the NRCI during the 2016/17 season.
B/Switzerland/*****129/2016 and B/Switzerland/*****954/2016 isolates were both
recognized within two-fold of the homologous titer by the B/Johannesburg/3964/2012
antiserum but only B/Switzerland/*****129/2016 virus was closely related to the
vaccine strain B/Brisbane/60/2008 (Annex 5).

The B/Switzerland/*****129/2016 virus was also successfully recovered at the WIC.
B/Switzerland/19357129/2016 was recognized by the antiserum raised against the
vaccine virus egg-propagated B/Brisbane/60/2008 at a titer four-fold lower than the
homologous titer of the antiserum. Antisera raised against the other egg-propagated
viruses, including B/Johannesburg/3964/2012, recognized B/Switzerland/*****129/
2016 at lower titers relative to the homologous titers of the antisera. Concerning the
low homologous titer of the antisera raised against three of the cell culture-
propagated reference viruses (B/Hong Kong/514/2009, B/lreland/3154/2016
B/Formosa/V2367/2012, and B/Nordrhein-Westfalen/1/2016) only the antiserum
raised against B/lreland/3154/2016 recognized B/Switzerland/*****129/2016 at a titer
similar to the titer of the antisera for the homologous viruses. However, the antisera
raised against B/[Hong Kong/514/2009 and B/Nordrhein-Westfalen/1/2016 recognized
B/Switzerland/*****129/2016 at a titer four-fold lower than the homologous titer.
(Annex 9)

Sequence analysis of the HA (B/Switzerland/*****129/2016 and
B/Switzerland/*****954/2017) and the NA (B/Switzerland/*****129/2016 recovered
only) genes of B/Victoria viruses shown that both HA (Figure 15) and NA (not shown)
genes fell in clade 1A, the B/Brisbane/60/2008 clade. Similar results were obtained
by the WIC for the isolate B/Switzerland/*****129/2016 (Annexes 16 and 17).

36/81



M1V B/ISWITZERLAND/19357129/20167

N129D
w1461 100

90.4

1148Y

1 1a7a B/Johannesburg/3964/2012

L58F B/Odessal 3886/2010

— B/Brisbane/60/2008

k165 BISWITZERLAND/20029954/2017

1A

selected reference sequences

0.007

Figure 15. Phylogenetic analysis of the HA1 gene of B Victoria-like viruses. Black: influenza virus
detected in the Sentinel Network during the 2016/17 season. Red: 2016/17 vaccine strain. Bold:
used by the WHO. Purple: some typical mutations described by the
WIC. Blue: genetic groups (clades). Sequences were aligned using Geneious 6.1.8 MAFFT alignment
(v7.017) with default settings. A consensus tree was built from 1000 original trees in ML (70% support

threshold) constructed using Geneious 6.1.8 PHYML default settings.

B/Victoria/2/87 viruses

strain, B/Brisbhane/60/08.

One of two Victoria lineage viruses was antigenically close to the 2016/17 vaccine
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4.4. Antiviral resistance

One-hundred-and-five influenza viruses were submitted to NA gene sequencing
analysis to assess the antiviral resistance of circulating strains. Among the 89
A(H3N2), four A(HIN1 09), six B/Yamagata and one B/Victoria NA sequences
successfully recovered, none had the common strain-specific mutations associated
with resistance to NAIs. As mentioned in section 1.6.1, phenotypic antiviral
resistance was performed for three isolates carrying mutation V149A and one
harbouring mutation V149I. All shown normal inhibition of the NA activity in presence
of both oselatmivir and zanamivir (Table 2).

Table 2: Zanamivir and oseltamivir resistance assessment of isolates with V149A mutation. Nd:
not done.

Inhibitor Oseltamivirl Zanamivir

AAIn NA Dilution IC50 IC50

20145462 S/1 V149A 14.6X 0.297 0.593

19778161 MD/1 V149A 32.4X 0.379 0.412

20164082 MD/1 V149A 51.3X 0.362 0.389

20290645 MD/1 V149 49X 0.386 0.394
19289013 S/1 V149 8.1X 0.395 nd

20235010 MD/1 V149 1.22X 0.529 0.585

E119 4.79X 0.332 1.78

E119V 5.03X 44.36 0.402

Eighteen (14 A(H3N2), 2 A(HIN1 09), 1 B/Yamagata and 1 B/ Victoria) of the 20
Sentinel influenza viruses sent to the WIC had sufficient sialidase activity for the
assessment of resistance to the NAls oseltamivir and zanamivir in NA inhibition

assays. All were sensitive to the two NAls, oseltamivir and zanamivir (Annex 18).

NAI resistance

No NAl-resistant influenza strains were identified during the 2016/17 influenza

season.
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5. WHO recommendation for the composition of influenza virus
vaccines for the 2017/18 influenza season
As most of the A(HIN1 09) viruses circulating worldwide were generally better
recognized by antisera raised against A/Michigan/45/2015 isolate, the latter strain will
replace the former vaccine strain for the 2017/18 influenza season. The vaccine
strains recommended for the 2017/18 Northern hemisphere influenza vaccine by the
WHO experts are:

Vaccine strains 2017/18
A(HIN1 09) A/Michigan/45/2015 (HIN1)
A(H3N2) A/Hong Kong/4801/2014-like virus
B B/Brisbane/60/2008-like virus*

Table 3. Recommended influenza vaccine composition for the 2017/18 season.
*B/Phuket/3073/2013-like virus is advised for quadrivalent vaccines.

6. Human infection with animal influenza viruses

A(HIN1) and A(H3N2) influenza strains are responsible for the seasonal human
influenza outbreaks observed worldwide. However, transmission of influenza viruses
of animal origin to humans, notably avian and porcine, can potentially lead to severe
epidemics and, in a worst-case scenario, to pandemics. Even if non-human influenza
strains seem to require a close contact with infected animals for spread and do not
(or at least not efficiently) sustain human-to-human transmission yet, they can be
responsible for confined outbreaks. In addition, recombination events between
porcine/avian and human viruses due to concomitant circulation with seasonal
influenza A strains could lead to the human adaptation of avian strains. To allow the
early identification and rapid containment of new potential animal-to-human
transmission events, several countries, including Switzerland, have introduced the
regular screening of animals (mainly poultry/wild birds and farm pigs) for the

presence of the respective influenza strains.

6.1. Swine-to-human influenza virus transmission in Switzerland

In Switzerland, veterinarians contribute to swine influenza surveillance by collecting
specimens from farm pigs with respiratory symptoms. These samples are then
analyzed at the National Veterinarian Institute, (Vetvir, Zurich, Switzerland). In

parallel, they send samples to the NRCI from consenting pig breeders (or their

39/81



employees) who have been in contact with influenza-infected animals and who
present ILI symptoms. The presence of porcine influenza A viruses in human
samples is then assessed using a rRT-PCR specially designed by the CDC* to
detect influenza A virus of human and animal origin, both avian and porcine. During
the 2016/17 influenza season, two samples were sent to the NRCI for swine flu
testing. Both samples were negative for human influenza but one was found positive
for porcine influenza (Table 4). This last sample was reported to the FOPH according

to Swiss regulations (report provided as Annex 20).

Table 4. Pig breeders influenza rtRT-PCR results.

SEplE Birth date | Sex Result Origin Sender 22l
ID date
w5823 | 01.03.1993 | M | Porcine IA 5630 Muri SU'SAZGUﬁCGhD Buro 20.12.16
wosxq42 | 15.03.1970 | M NEG 1rr2 't\)'(')‘?;'et"es sugslﬁgai%%gsp 21.12.16

IA:influenza A, NEG: negative

Of note, influenza A viruses known to be genetically similar to viruses circulating in
swine (porcine strains), but isolated from human cases, are identified as “variant”
viruses and denoted with a letter “v”, such as A(H3N2)v, A(HLIN1)v and A(H1N2)v.
Since 2005, the systematic reporting of all human infections with variant viruses is
mandatory in the USA and as of May 2017, 402 (373 A(H3N2)v, 20 A(H1N1)v and 9
A(HIN2)v) human cases of variant influenza have been reported within several

States.”®

6.2. Avian influenza A subtypes in humans

As of May 2017, a total of 859 laboratory-confirmed human cases of A(H5N1),
including 453 deaths, have been reported to WHO (Figure 16).
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Country 2003-2009* 2010-2014** 2015 2016 2017 Total
cases deaths cases deaths cases deaths | cases deaths cases deaths | cases deaths

Azerbaijan 8 5 8 5
Bangladesh 1 6 1 1 8 1
Cambodia 9 7 47 30 56 37
Canada 1 1 1 1
China 38 25 9 5 6 1 53 31
Djibouti 1 1
Egypt 90 27 120 50 136 39 10 3 3 1 359 120
Indonesia 162 134 35 31 2 2 199 167
Iraq 3 2 3 2
Lao People's
Democratic Republic 2 2 2 2
Myanmar 1 1
Nigeria 1 1 1 1
Pakistan 3 1 3 1
Thailand 25 17 25 17
Turkey 12 4 12 4
Viet Nam 112 57 15 7 127 64
Total 468 282 233 125 145 42 10 3 859 453

* 2003-2009 total figures. Breakdowns by year available

on subsequent tables.

avaetio on ot gy

Total number of cases includes number of deaths g,“ 1: ‘Ij gdorld .Health

WHQ reports only laboratory cases _y __1_'/ rgani zation

All dates refer to onset of iliness
Source: WHO/GIP, data in HQ as of 16 May 2017

Figure 16. Influenza A/H5N1. Cumulative number of laboratory-confirmed H5N1 cases and deaths
from 2003 to 2017.
(http://www.who.int/influenza/human_animal_interface/2017_05_16_tableH5N1.pdf).

Since February 2014, 16 laboratory-confirmed cases of A(H5NG6), including six
deaths, have been identified in China. A(H5N6) strains have been shown to reassort
rapidly.*®!” Nevertheless, no changes in human-to-human transmissibility have been

reported for the most recent isolates.

Since February 2013, four “waves” of A(H7N9) infection cases were reported, and
the fifth one is currently ongoing. Of major concern is the fact that the number of
confirmed cases is increasing each year. As of 7 June 2017, 1542 laboratory-
confirmed A(H7N9) human cases, including 582 deaths, have been reported to
WHO. All cases were of Chinese origin and the majority were isolated in China
(Figure 17). An increasing number of recent viruses belong to the Yangtze River
Delta-lineage, but antisera raised against available candidate vaccine viruses
(AJAnhui/1/2013 and A/Shanghai/2/2013) reacted poorly with viruses from this
lineage. Therefore A/Hunan/2650/2016-like viruses were proposed as candidate
vaccine viruses. In addition, some highly pathogenic avian influenza (HPAI) A(H7N9)
viruses of the Yangtze River Delta-lineage, detected also in humans, were
genetically and antigenically distinct from A/Hunan/2650/2016-like viruses. Thus
A/Guangdong/17SF003/2016-like viruses were proposed as candidate vaccine

viruses to cover those particular HPAI viruses.*®
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Figure 17. H7N9 cases. Human cases are depicted in the geographic location where they were reported; for
:/loa:raey ;25((313),aerzpszgrﬁortn;yp:leasveem%%c'ulrsred in a different geographic location. Imported cases in Canada (2) and
Thirty-one laboratory-confirmed A(HO9N2) human infections have been reported since
1999. The first A(H9N2) causality was reported in 2016 in a 57-year-old woman with
underlying conditions. Until this fatal case, A(H9) viruses were considered to cause
only mild diseases. No human-to-human transmission of A(H9N2) viruses has been
documented so far.'® In December 2016, a human case of H7N2 was reported in
New York City, USA. This infection resulted from the direct contact of the patient with
H7N2-infected cats in an animal shelter. H7N2 infections are rare in both human and

cats.?®

7. Avian influenza A in animals (current update)*

Highly and low pathogenic avian (LPAI) influenza A viruses continuously circulate
within the avian population. Some of these viruses periodically cause moderate to
large outbreaks in poultry and/or wild birds particularly during the winter season
(Figure 18). HPAI and LPAI A(H5N1) and A(H7N9) viruses are (as of 6 June 2017)
currently present in Africa and Asia, and the Americas and Asia respectively. Of note,
the A(H7N9) strains circulating in America and Asia do not belong to the same

lineage.

In 2016/17 significant epidemics of A(H5N8) and A(H5N6) were observed in Europe
and Asia, respectively. Despite the fact that A(H5N8) outbreaks in Europe show
encouraging signs of being brought under control, A(H5N8) viruses continue to

circulate in Europe, Africa, Asia, and very recently in Zimbabwe, thus suggesting an
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increase in their geographical distribution. Wild birds death due to A(H5N8) was
reported in Switzerland in November 2016. Therefore, prevention and containment
measures were issued from November 12, 2016 to March 17, 2017. Despite the high
number of wild birds infected, Switzerland was one of the rare countries in Europe
where no A(H5NS8) infection was detected in domestic birds and poultry?®. A(H5N6)
outbreaks are still being reported in Asia. Other avian influenza strains responsible
for ongoing outbreaks in poultry and wild birds are H7N3 in the Americas, H5N2 in
Asia, and H5N5 in Europe. No human infection with these viruses have been
reported in European countries and the transmission risk to humans in general is
considered to be low. Individuals at risk for all avian strains are mainly those in direct

contact with infected birds/poultry or their carcasses.

Ongoing outbreaks

*  Poultry
A Wild

Copyright © 2017, World Animal Health Information and Analysis Department — OIE

Figure 18. Current (as of 6 June 2017) outbreaks of highly pathogenic avian influenza in poultry and wild
birds worldwide. Only outbreaks of the most common strains are shown here. A
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8. Conclusion

The 2016/17 influenza season epidemics started earlier than previous seasons, in
Switzerland and Europe in general, but not in the USA, with exception of the 2009/10
pandemics. Similarly, the epidemic peak also occurred earlier at week 2/2017 for
Switzerland, between weeks 52/2016 and 4/2017 in Europe,® and 6/2017 in the
USA?*. Even if later than in Europe, the onset and activity peak of 2016/17 influenza
season in the USA were earlier than in 2015/16. Despite this earlier onset, the
duration (11 weeks) of the epidemic phase was similar to the 2012/13, 2014/15 and
2015/16 seasons (12 weeks). Apart from this, the 2016/17 influenza season in
Switzerland was comparable to 2014/15 season in terms of and the overall rates of

MC-ILI and the dominant types of circulating viruses.

Nine hundred and eighty-two samples were screened for influenza this season; 49%
were positive for influenza. This season was marked by a large dominance of
influenza A viruses over influenza B. Similar to Switzerland, in Europe® and the
USA?* influenza viruses of the A(H3N2) subtype were dominant and largely
exceeded A(HIN1 09) viruses. Influenza B viruses were more abundant ,only after

week 11/2017, with low detection absolute numbers.

The prevalence of influenza observed during 2016/17, was comparable to that
measured during the 2015/16 season for the groups 0-4 years, 5-14 years and 30-64
years. For the second consecutive year, the positivity rate in the 0-4 years group was
surprisingly low (£35%). This observation is certainly due to multiple factors among
which an insufficient compliance to the ILI definition for case selection by primary
care practitioners and/or a suboptimal (or incomplete) ILI definition for the 0-4 years
group. Indeed, several studies show that using age-specific ILI definitions would
improve the detection of influenza positive cases.”®?’ A(H3N2) were the most
abundant influenza viruses across all age groups. The 265 years group, and to a
lower extent the 15-29 years group, showed a reverse image of positive versus
negative samples from 2015/16 (40%, 51% positive and 60%, 49% negative
samples, respectively) to 2016/17 (57%, 42% positive and 43%, 58% negative
samples, respectively). In addition, the percentage of samples originating from
elderly individuals in 2016/17 (12%) was almost two-fold higher than in 2015/16 (7%).
This is concordant with the fact that the influenza A(H3N2) subtype is known to
cause a more severe disease in this population, thus potentially increasing the need

for a medical consultation. Therefore, it is not surprising that influenza A virus
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infection cases reported by hospitals in both Europe® and the USA?* mainly occurred
in adults aged =65 years. An excess of all-cause mortality was also observed in the
early 2016/17 influenza season in the =65 years group. Ninety-nine cases of
influenza-related deaths among children were reported by the CDC during 2016/17

influenza season.?*.

In contrast to 2016/17 and 2014/15 A(H3N2) influenza seasons, A(H1N1 09) viruses
predominated during the 2015/16 and the majority of intensive care unit admissions
related to influenza infection concerned 15-64-year-old patients in Europe.?®
Interestingly, despite differences in disease severity among age groups, the A(H3N2)
viruses attack rate was shown to be comparable across all the age groups in

subtropical and tropical regions and regions where influenza is present all year.?®

As expected for A(H3N2) viruses, a greater phylogenetic and antigenic variation was
observed for A(H3N2) strains isolated during 2016/17 influenza season. Most of
A(H3N2) belonged to clade 3C.2a (A/Hong Kong/4801/14-like viruses) and subclade
3C.2al (A/Slovenia/3188/15-like viruses). A couple of A(H3N2) viruses fell into the
genetic clade 3C.3a (A/Switzerland/9715293/2013-like). A majority of influenza
A(H3N2) viruses characterized this season, including 3C.2al viruses, were
recognized well by antisera raised against A/Hong Kong/4801/14, the 2016/17 and
2017/18 Northern hemisphere vaccine strain. MN performed with post-vaccinated

human sera and circulating viruses gave similar results.?®*

Only few influenza A(HLIN1 09) viruses circulated in Europe, including Switzerland,
and USA this season and all belonged to the phylogenetic clade 6B/subclade 6B.1
(A/Michigan/45/2015-like viruses). HAI assay performed on those viruses shown that
they were antigenically similar to A/California/7/2009 the 2016/17 vaccine strain.
Nevertheless HAI assays results with post-vaccinated human sera and some
representative circulating viruses revealed a significant reduction in the geometric
mean of HAI titers as compared to those obtained to A/California/7/2009. This
observation lead to the replacement of the A/California/7/2009 strain by the
A/Michigan/45/2015 strain in the 2017/18 Southern and Northern hemisphere

vaccine.?®%0

Even if present in higher numbers than A(HLN1 09) viruses, only few influenza B
viruses of both B/Yamagata/16/88 and B/Victoria/2/87 lineages co-circulated during
this season. The proportions of each lineage was country-dependent. A vast majority
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of B/Yamagata viruses, including those circulating in Switzerland, belonged to
genetic clade 3 and were all well recognized by antisera raised against the vaccine
strain B/Phuket/3073/2013 (clade 3). This observation was also confirmed in HAI

assay results using sera from humans vaccinated with the quadrivalent vaccine.

Concerning the viruses of B/Victoria viruses, all belonged to genetic clade 1A
(B/Brisbane/60/2008-like viruses) and none contained the HA 162-163 deletion
observed in some B/Victoria viruses circulating this year. Recent viruses submitted to
HAI assays, were well recognized by antisera against the cell culture-propagated
vaccine strain B/Brisbane/60/2008 viruses, but were less pronounced when
compared to cell egg-propagated B/Brisbane/60/2008. Similar results were observed
when post-vaccination human sera were used. Of note, for both influenza B lineages,
higher HAI titers were obtained with the cell-propagated-cultivar vaccine strains,
B/Phuket/3073/2013 and B/Brisbane/60/2008, than with the corresponding egg-
propagated cultivars, especially when human sera were used. Nevertheless, this

observation did not lead to the replacement of the influenza B vaccine strains.?*°

As observed for previous A(H3N2) seasons, preliminary 2016/17 influenza season
vaccine effectiveness for A(H3N2) subtype was estimated to be moderate in
Europe® (38%), Canada® (42%) and USA® (43%) for most age groups. Not
surprisingly the estimated vaccine effectiveness for the 265 years-old age group was

much lower (23.4% in Europe®?).

During the 2016/17 influenza season, all influenza isolates tested at the NRCI for
antiviral resistance were resistant to M2 protein inhibitors (adamantanes) but none
was resistant to NAls. In Europe, only few viruses (7 A(H3N2), one A(H1N1 09) and
three B/Victoria viruses) showed phenotypic or genotypic signs for abnormal
(reduced or highly reduced) inhibition in the presence of oseltamivir and/or zanamivir.
As expected, almost all of the analyzed influenza A(H1N1) and A(H3NZ2) viruses
harboured the S31N mutation associated with resistance to M2 inhibitors.

This season, a human infection with an avian-like swine influenza A(H1N1) was
identified in Switzerland. The sample originated from a farm employee. Not
surprisingly, at least one farm pig was also positive for swine influenza A(H1N1)
according to Dr Anina Stahel from Vetsuisse Faculty. Several avian influenza strains
continue to circulate worldwide among wild birds and poultry, mainly A/H5 and A/H7
types, leading to sporadic outbreaks in humans. The major increase in the number of
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human influenza A(H7N9) cases observed during the ongoing epidemic wave is of
major concern for public health. However, there are no noteworthy changes in the
demographics, poultry exposition, cluster characteristics, or case-fatality proportion of

human A(H7N9) cases when compared to previous epidemics.

In conclusion, as of 12 June 2017, the influenza season is slowly starting in the
Southern hemisphere with ILI levels increasing in several temperate South American
countries. In Chile and Paraguay, ILI levels have already crossed the seasonal
threshold. In Southern Africa, Oceania and tropical South America and Asia, the
overall influenza activity remains low and below the seasonal threshold. In countries

reporting positive samples, influenza A(H3N2) subtype is dominant.**

2016/17 season overview

Influenza A(H3N2) were the dominant viruses during the 2016/17 season in

European countries, including Switzerland.

No NAl-resistant influenza isolates were found in Switzerland. Few were isolated in
Europe and the USA.

Various avian influenza strains continue to circulate worldwide in birds (poultry),

but also to a lower extent in humans, particularly H7N9.
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Annex 1: Weekly report of influenza virus detection and virus characteristics (2016/17)
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A (HIN1)

A (H3N2)

pdm 09 seasonal
0 0 0 0 0 0 0 0 0
0 0 1 1 0 0 0 0 1 14.29
0 0 0 0 0 0 0 0 0 0.00
0 0 0 0 0 0 0 0 0 0.00
0 0 0 0 0 0 0 0 0 0.00
0 0 0 0 0 0 0 0 0 0.00
0 0 0 0 0 0 0 0 0 0.00
0 0 1 1 0 0 0 0 1 7.69
0 0 7 7 0 0 0 0 7 24.14
0 0 9 9 0 0 1 1 10 37.04
0 1 14 15 0 1 0 1 16 37.21
0 3 48 51 0 0 1 1 52 63.41
0 1 43 44 0 0 0 0 44 57.89
0 0 53 53 0 0 0 0 53 64.63
0 0 56 56 0 0 0 0 56 60.87
0 0 46 46 0 0 0 0 46 63.01
0 0 a7 47 0 0 0 0 a7 66.20
0 1 38 39 0 0 1 1 40 67.80
0 0 44 44 1 0 1 2 46 65.71
1 0 24 25 1 1 3 5 30 44,12
0 1 8 9 0 0 2 2 11 37.93
0 0 9 9 0 0 1 1 10 29.41
0 1 3 4 0 0 3 3 7 35.00
0 0 1 1 0 0 0 0 1 9.09
0 0 0 0 0 0 1 1 1 12.50
0 0 0 0 0 0 0 0 0 0.00
0 0 1 1 0 0 1 1 2 20.00
0 0 0 0 0 0 0 0 0 0.00
0 0 0 0 0 0 0 0 0 0.00
1 8 2 2

=
()]




Annex 2a: Hemagglutination inhibition of influenza A(H3N2) viruses

Antisera
Reference viral isolates | AlTexas/50/12 A/Switzerland/9715293/13 AlHong Kong /4801/14  A/Slovenia/3188/15
AlTexas/50/12
A/Switzerland/9715293/13
A/Hong Kong /4801/14
A/Slovenia/3188/15

Isolates  HA titre Typisation

*rrrx514 32 A/Hong Kong 4801/14 like 64 64 32 64
032 <2 Non typable X X X X
865 64 A/Slovenia/3188/15 like 32 32 32 32
*++Q58 64 A/Slovenia/3188/15 like 32 32 32 32
*rrxx213 256 A/Slovenia/3188/15 like 32 32 32 32
*RR*304 128 A/Slovenia/3188/15 like 16 16 16 16
HRR*NAD 32 A/Hong Kong 4801/14 like nd 64 64 64
rrHRr512 <2 Non typable X X X X
013 <2 Non typable X X X X
%203 64 A/Switzerland/9715293/13 like 128 128 128 256
%890 32 A/Hong Kong 4801/14 like 128 64 64 32
FHHH*QT73 <2 Non typable X X X X
*rrrk] 03 128 A/Hong Kong 4801/14 like 64 64 64 64
*rrrG99 128 A/Slovenia/3188/15 like 16 16 16 16
*rrxxk800 128 A/Slovenia/3188/15 like 32 32 32 32
RRIR] 47 128 A/Switzerland/9715293/13 like 32 128 64 1024
%038 128 A/Hong Kong 4801/14 like 32 64 32 64
*rrxk860 128 A/Slovenia/3188/15 like 32 32 32 32

Provided HA titers were established in MDCK-SIAT cells. HAI titers should be multiplied by 8.
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Annex 2b: Hemagglutination inhibition of influenza A(H3N2) viruses
Antisera

AlTexas/50/12 ‘A/Switzerland/9715293/13 A/Hong Kong /4801/14  A/Slovenia/3188/15

Reference viral isolates

|
AlTexas/50/12 |
A/Switzerland/9715293/13 ‘
A/Hong Kong /4801/14
A/Slovenia/3188/15
Isolates | HA titre Typisation \
%960 128 A/Hong Kong 4801/14 like 64 64 128 256
%606 32 AlTexas/50/12 like 512 512 1024 4096
*EREG29 128 A/Hong Kong 4801/14 like 64 128 32 64
*Axx816 128 A/Slovenia/3188/15 like 16 16 16 16
*Rrk351 64 A/Slovenia/3188/15 like 16 16 16 16
**xx+878 128 | A/Hong Kong 4801/14 like 64 64 128 128
047 <2 Non typable X X X X
{0 2<1°) 16 A/Slovenia/3188/15 like 32 32 32 32
069 16 Non typable X X X X
*rHR269 <2 Non typable X X X X
626 <2 Non typable X X X X
***x*506 <2 Non typable X X X X
*HEx*G1 9 16 A/Slovenia/3188/15 like 32 32 32 32
FxEIRTAL <2 Non typable X X X X
%100 8 A/Hong Kong 4801/14 like 64 64 64 64
FRERRQ)2* 64 A/Slovenia/3188/15 like 32 32 32 32
FRERR()24* 128 A/Slovenia/3188/15 like 32 32 64 32

Provided HA titers were established in MDCK-SIAT cells. HAI titers should be multiplied by 8.

53/81




Annex 2c: Hemagglutination inhibition of influenza A(H3N2) viruses

Antisera
Reference viral isolates ‘ AlTexas/50/12 A/Switzerland/9715293/13 A/Hong Kong /4801/14 A/Slovenia/3188/15
AlTexas/50/12 |
A/Switzerland/9715293/13 ‘
A/Hong Kong /4801/14
A/Slovenia/3188/15

Isolates | HA titre Typisation ‘
FIHH*162 8 A/Switzerland/9715293/13 like 128 128 256 256
FRRREGT8* 128 A/Slovenia/3188/15 like 32 64 32 32
*RRR*680* 64 A/Slovenia/3188/15 like 32 32 32 32
kB 3* 64 A/Hong Kong 4801/14 like 32 32 128 64
TR 161* <2 Non typable X X X X
*rkkk] 02 32 A/Slovenia/3188/15 like 16 16 16 32
%918 32 A/Slovenia/3188/15 like 32 32 32 32
*rxxxk317 <2 Non typable
*rxxx352 <2 Non typable
*RRE057 32 A/Slovenia/3188/15 like 32 32 32 32
FrrxxG 89 <2 Non typable
FrAIRT A B* <2 Non typable
FRRERT T 16 A/Hong Kong 4801/14 like 64 64 64 64
**+%805 32 A/Slovenia/3188/15 like 32 16 32 16
FrH**592 16 A/Hong Kong 4801/14 like 64 64 64 32
Fkkxx§] ] 16 A/Slovenia/3188/15 like 64 32 32 64
706 16 A/Hong Kong 4801/14 like 64 64 64 64

Provided HA titers were established in MDCK-SIAT cells. HAI titers should be multiplied by 8.
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Annex 2d: Hemagglutination inhibition of influenza A(H3N2) viruses

Antisera
Reference viral isolates ‘ AlTexas/50/12 A/Switzerland/9715293/13 A/Hong Kong /4801/14 A/Slovenia/3188/15
AlTexas/50/12 |
A/Switzerland/9715293/13 ‘
A/Hong Kong /4801/14
A/Slovenia/3188/15

Isolates | HA titre Typisation ‘
*rERF065 <2 Non typable X X
839 <2 Non typable
Frrrk 101 32 A/Slovenia/3188/15 like 32 32 16 16
**I*634 16 Non typable X X X X
FrkrxG82 32 A/Slovenia/3188/15 like 16 16 16 16
Fhkrx785 16 A/Slovenia/3188/15 like 32 32 32 32
*hkkk324 16 A/Hong Kong 4801/14 like 64 64 32 64
*HIN*A25 <2 Non typable X X X X
Fhkkk )62 64 Non typable 8 8 <8 <8
*rrrk /188 32 A/Slovenia/3188/15 like 16 16 16 16
852 <2 Non typable X X
T <2 Non typable X X
(082 <2 Non typable X X X X
*xkx(010 32 Non typab|e <8 <8 8 <8
*HIERG45 <2 Non typab|e X X X X
*rrxk356 32 A/Slovenia/3188/15 like 32 32 32 32

Provided HA titers were established in MDCK-SIAT cells. HAI titers should be multiplied by 8.
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Annex 2e: Microneutralization assay of influenza A(H3N2) viruses

A/Hon

Reference AG/AS Characterization A/Texas/50/12 A/Switzerland/9715293/13 Kong/48091/14 A/Slovenia/3188/15
A/Switzerland/9715293/13 64 256 16 128
A/Hong Kong/4801/14 16 32 128 128
A/Slovenia/3188/15 32 32 64 128
*rrARGA5 A/Switzerland/9715293/13 128 256 128 64
*FR*082 A/Slovenia/3188/15 <8 <8 32 256
*RR%013 A/Slovenia/3188/15 <8 <8 <8 32
*rrrrG26 A/Slovenia/3188/15 <8 <8 16 128
*RRR317 A/Slovenia/3188/15 <8 <8 32 128
*Ex010 Non-typable <8 <8 <8 <8
*Frxx352 Non-typable <8 <8 <8 <8
rrkk] 61 Non-typable <8 <8 <8 <8
*HIEEA25 A/Slovenia/3188/15 <8 <8 <8 32
*RRR512 A/Slovenia/3188/15 <8 <8 <8 32
*HIFH462 A/Slovenia/3188/15 <8 <8 <8 32
*RERE04T A/Slovenia/3188/15 <8 <8 <8 32
*RFRRT A4 A/Slovenia/3188/15 <8 <8 <8 32
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Annex 3: Antigenic analyses of influenza A(H1IN1 09)

Antisera
A/St Petersburg/27/11

Reference viral isolates A/Brisbane/59/07 A/California/07/09
A/Brisbane/59/07
A/California/07/09
A/St Petersburg/27/11
A/Hong Kong/3934/11
Isolates | HA titre Typisation

A/Hong Kong/3934/11

se003 | 32 | A/St. Petersburg/27/11-like <16 256 256 128
sc026 | 64 | AISt Petersburg/27/11-like 16 82 32 32

w892 | 16 | A/Hong Kong/3934/11-like <16 1204 512 512
*RRIRQTD 8 A/Hong Kong/3934/11-like nd 512 512 1024

Provided HA titers were established in MDCK-SIAT cells. * Corresponds to MDCK. HAI titers should be multiplied by 8.
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Annex 4. Hemagglutination inhibition of influenza B Yamagata lineage viruses

Antisera
Reference viral isolates ‘BNVisconsin/Ol/lO B/Novosibirsk/1/12 B/Massachssetts/02/12 Egg B/Phuket/3073/13

B/Wisconsin/01/10
B/Novosibirsk/1/12
B/Massachssetts/02/12 Egg

B/Phuket/3073/13
Isolates  HA titre ‘ Typisation
*RrR*] 31 128 B/Wisconsin/01/10-like 64 64 32 128
*RxR*) 35 32 B/Novosibirsk/01/12-like 128 256 128 32
RIIRIT2 32 B/Novosibirsk/01/12-like 128 128 64 32
IR 22 32 B/Novosibirsk/01/12-like 128 128 64 32
%506 32 B/Novosibirsk/01/12-like 256 256 128 32
FFB43 64 B/Novosibirsk/01/12-like 128 128 128 32
*xx]109 8 B/Phuket/3073/13-like 128 256 256 64
*RIIXD BT 128 B/Novosibirsk/01/12-like 256 256 64 32
969 128 B/Wisconsin/01/10-like 64 64 16 16
*kRxxQ(0] 32 B/Phuket/3073/13-like 128 128 128 64

Provided HA titers were established in MDCK-SIAT cells. * Corresponds to MDCK. HAI titers should be multiplied by 8.
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Annex 5: Hemagglutination inhibition of influenza B Victoria lineage viruses

Antisera
Reference viral isolates ‘B/Brisbane/60/08 B/Odessa/3886/10 B/Johannesburg/3964/12

B/Brisbane/60/08
B/Odessa/3886/10

B/Johannesburg/3964/12 \
Isolates HAtitre‘ Typisation

*rkkx129 64 B/Johannesburg/3964/12-like

64 64 64
16 16 16

*rrxQ54 32 B/Johannesburg/3964/12-like
Provided HA titers were established in MDCK-SIAT cells. * Corresponds to MDCK. HAl titers should be multiplied by 8.
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Annex 6a: Antigenic analyses of influenza A(H3N2) viruses - Plaque reduction neutralization,
01.02.2017, WiC*

Neutralisation titre'
Post-infection ferret antisera
Viruses Collection Passage LGS ATHK AlCote d'lvoire AjQman AiNorway HA1 substitutions for 3C.2a(1) viruses compared to A/Hong
Date History 480114 7295114 544/16 2585/18 4436/16 Kongi4801/2014: Egg adaptation HA substitutions
Passage history Egg MDCK SIAT SIAT SIAT compared to the corresponding cell isolate
Ferret number NIB F53/16 F02/15 NIB F54/16 NIB F50/16 FO3/17
Genetic group 3C.2a 3C.2a 3C.2a 3C.2a1 3C.2a1
2-fold Read 2-fold Read 2-fold Read 2-fold Read 2-fold Read

REFERENCE VIRUSES
A/Hong Kong/4801/2014 3C.2a 2014-02-26 ET 540 780 840 801 320 272 320 465 320 320 N96S, T160K (-CHO), L194P
A/Hong Kong/7295/2014 3C.2a 2014-08-07 MDCK3 80 &1 640 570 160 144 320 311 320 251 none
AlCote d'Ivoire/544/2016 3c.2a 2016-04-06 P1/SIAT2 80 118 1280 1768 2560 2334 1280 1880 1280 993 N121K, $144K, S198P
A/Oman/2585/2016 3c.2al 2016-03-04 SIAT2 160 203 320 386 640 508 2560 2115 1280 993 N121K, N1T1K
A/Norway/4436/2016 3cC.2a1 2016-11-03 SIAT1 160 122 640 775 640 481 1280 1406 1280 992 N121K, H40M, N1T1K
TEST VIRUSES
A/Spain/108862/2016 3C.2a 2016-12-02 SIAT1 160 120 1280 1021 1280 1078 1280 1180 1280 1193 N121K, N122D (-CHO), $144K, §262N
A/Estonia/103732/2016 3C.2a 2016-12-12 SIAT1/SIAT1 80 78 1280 987 640 846 1280 1411 1280 1038 N121K, $144K
Allran/68081/2016 3C.2_a 2016:12-14 MDCK1/SIAT1 &) ﬁ 1120 IDB_S 12_30 1213 12&] 1164 12_80 1157 A106T, N121K, S144K, E’:SV
Alswitzerland/19430223/2016 3C.2a 2016-12-16 SIAT1 160 151 320 J98 320 307 640 815 640 630 T13K, R142K, R261Q
AlSwitzerland/19430147/2016 3C.2a 2016-12-20 SIAT1 160 217 1280 1019 640 826 1280 971 1280 1280 N121K, N122D (-CHO), $144K, §262N

I ANlcElana/ 1595412016 3C.2a1 2016-09-14 SIATZ %0 72 %40 729 320 FE-C TR T N £ ] B -1 Se0 SaTT, GTo8, NITTR, R3T0R
Allceland/16073/2016 3cC.2a1 2016-09-15 SIAT2 160 144 640 807 320 400 1280 1463 1280 989 S47T, GT8S, N1T1K, K310R
Allceland/16097/2016 3c.z2a1 2016-09-15 SIAT2 160 229 640 950 640 576 1280 1657 1280 1242 S47T, GBS, N1T1K, K310R
A/Champagne Ardenne/3131/2016 3C.2a1 2016-12-05 MDCK1/SIAT1 40 40 €40 526 320 320 640 809 640 929 N121E, 1140M, N1T1K, V3231
AISpain/109626/2016 3c.2al 2016-12-05 SIAT1 40 47 840 747 840 576 1280 1219 1280 981 K27R, N1T1K
AlNord Pas de Calais/3195/2016 3cC.2a1 2016-12-06 MDCK1/SIAT1 80 61 640 574 320 378 1280 1032 640 844 D104N, N1T1K
A/Estonia/103677/2016 3C.2a1 2016-12-07 SIAT1/SIAT1 40 46 640 501 320 282 640 776 640 704 N121K, H40M, N1T1K
AlParis/3193/20186 3c.z2a1 2016-12-08 MDCK1/SIAT1 320 309 640 747 640 501 1280 1779 640 ™ 134V, N1T1K
A/Estonia/103729/2016 3C.2a1 2016-12-12 SIAT1/SIAT1 80 74 1280 960 640 533 1280 1707 1280 1055 R142G, N1T1K
A/Estonia/103759/2016 3C.2a1 2016-12-12 SIAT1/SIAT1 80 72 640 640 320 369 1280 1254 640 795 R142G, N1T1K
AJBretagne/3243/2016 3C.2a1 2016-12-12 MDCK1/SIAT1 80 63 640 569 160 213 1280 960 640 557 S47T, D53N, G788, N1T1K
AlParis/3248/2016 3c.z2a1 2016-12-12 MDCK1/SIAT1 40 50 640 576 320 320 1280 1227 1280 960 N171K
A/Estonia/103796/2016 3C.2a1 2016-12-14 SIAT1/SIAT1 80 &1 640 526 320 308 1280 1008 640 683 N121K, R142G, N171K
Allran/67534/2016 3C.2a1 2016-12-14 MDCK1/SIAT1 80 80 640 597 320 243 1280 138 640 618 138, D53E, Q75H, K92R, N121K, N1T1K, $262N, H311Q
Allran/67441/2016 3C.2a1 2016-12-14 MDCK1/SIAT1 80 102 640 853 640 486 1280 1569 1280 1222 N121K, I140M, N17T1K
Allran/67702/2016 3c.z2a1 2016-12-14 MDCK1/SIAT1 80 72 640 873 320 390 1280 1166 1280 10086 N171K
Allran/67829/2016 3C.2a1 2016-12-14 MDCK1/SIAT1 80 80 €40 626 320 250 1280 1020 640 547 D53E, Q75H, K92R, A106T, N121K, N171K, H311Q
Allran/67362/2016 30.2_a1 2016:12-14 MDCK1/SIAT1 40 54 w 464 16_0 2.;5 642 740 640 518 R33Q, N121K, N171K
Al/Switzerland/19429699/2016 3C.2a1 2016-12-20 SIAT1 320 280 1280 1029 1280 1040 1280 1463 1280 1250 N171K

Vaccine
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Annex 6b: Antigenic analyses of influenza A(H3N2) viruses - Plague reduction neutralization,

06.02.2017, WIC*

Neutralisation titre'

Post-infection ferret antisera

Viruses Collection Passage AIHK AHK AlCote d'lvoire A/Oman A/Norway HA1 substitutions for 3C.2a(1) viruses
Date History 4801/14 729514 544/16 2585/16 4436/16 e o e ta e

Passage history Egg MDCK SIAT SIAT SIAT corresponding cell isolate

Ferret number NIB F53/16 F02/15 NIB F54/16 NIB F50/16 F03/17

Genetic group 3C.2a 3C.2a 3C.2a 3C.2a1 3C.2a1

2-fold Read 2-fold Read 2-fold Read 2-fold Read 2-fold Read

REFERENCE VIRUSES
AlHong Kong/4801/2014 3C.2a 2014-02-26 ET7 640 780 640 601 320 272 320 465 320 320 N96S, T160K (-CHO), L194P
A/Hong Kong/7295/2014 3C.2a 2014-08-07 MDCK3 80 61 640 570 160 144 320 311 320 251 none
AlCote d'lvoire/544/2018 3C.2a 2016-04-06 P1/SIAT2 80 118 1280 1768 2560 2384 1280 1880 1280 993 N121K, $144K, S198P
A/Oman/2585/2016 3C.2a1 2016-03-04 SIAT2 160 203 320 386 640 508 2560 2115 1280 993 N121K, N171K
A/Norway/4436/2016 3C.2a1 2016-11-03 SIAT1 160 122 640 775 640 481 1280 1406 1280 992 N121K, 140M, N171K
TEST VIRUSES
AlLa Rioja/2992/2016 3e.2a 2016-11-15  SIAT1/SIAT1 40 40 640 640 1280 996 1280 1030 640 891 DS3N, N121K, $144K
AlMadrid/2920/2016 3c.2a 2016-11-16  SIAT1/SIAT1 80 92 320 395 160 172 640 800 640 931 G78D, T131K, R142K, R261Q
AlLa Riojal/2994/2016 3c.2a 2016-11-17  SIAT1/SIAT1 40 20 640 830 1280 980 1280 1203 640 867 D53N, N121K, S144K
AlAsturias/3088/2016 3c.2a 2016-11-17  SIAT1/SIAT1 40 58 640 604 1280 1440 1280 1510 1280 1355 N121K, N122D (-CHO), $144K, S262N
AlSwitzerland/19260442/2016 3c.2a 2016-12-03 SIA?1 80 95 640 581 2560 2211 1280 1280 1280 1216 158V, N121K, S144K, $219Y
AlSwitzerland/19347103/2016 3e.2a 2016-12-06 SIAT1 160 142 320 384 320 346 640 877 640 924 T131K, R142K, R261Q
AlSwitzerland/18821514/2016 3c£a1 2016-10-20 SIAT1 80 84 640 837 640 896 1280 1728 2560 1963 DT7W1K, R14£G, N171K
AlLa/Riojal/2995/2016 3ec.2a1 2016-11-14  SIAT1/SIAT1 40 58 640 507 640 544 1280 1152 640 832 K92R. N121K, N171K, H311Q
AlMadrid/2921/2016 3c.2a1 2016-11-15  SIAT1/SIAT1 80 76 640 640 640 775 2560 2194 1280 1177 R33Q, N17T1K
AlLa Rioja/2998/2016 3c.2al 2016-1116  SIATA/SIATY 40 40 180 146 160 148 640 517 320 416 K92R, N121K, N1T1K, H311Q
AlLa Rioja/2997/2016 3e.2a1 2016-11-18  SIAT1/SIAT1 40 53 640 860 640 800 1280 1440 1280 1093 K92R, N121K, N171K, H311Q
AlLa Rioja/3000/2016 3e.2a1 2016-11-18  SIAT1/SIAT1 80 87 640 640 640 640 1280 1259 1280 1166 K92R, N121K, N171K, H311Q
AlAndalucia/3039/2016 3e.2a1 2016-11-18  SIAT1/SIAT1 80 80 640 940 640 597 2560 1978 1280 1829 N171K, R261Q
AlLa Riojal/2999/2016 3c.2a1 2016-11-22  SIAT1/SIAT1 40 42 320 469 320 469 1280 987 640 07 K92R. N121K, N171K, H311Q
AlMadrid/3014/2016 3c.2a1 2016-11-28  SIAT1/SIAT1 640 590 640 782 640 594 1280 | 1600 1280 1248 K92R. N121K, N1T1K, H311Q

Vaccine

Antiserum dilution value (2-fold), equivalent to Hl reading, closest to the actual computer read value from a digitized image (Read) causing 50% reduction in plague formation

In phylogenetic trees
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Annex 7: Antigenic analyses of influenza A(HLIN1)pdmOQ9 viruses, 17.01.2017, WIC

Haemagglutination inhibition titre

Post-infection ferret antisera

Viruses Collection Passage A/Mich A/Cal A/Bayern AlLviv A/Astrak A/St.P  A/St. P A/HK A/Sth Afr A/Slov  Allsrael
date history 45/15 7/09 69/09 N6/09 1/11 27/11 100/11  5659/12  3626/13 2903/2015 Q-504/15
Passage history Egg Egg MDCK MDCK MDCK Egg Egg MDCK Egg Egg MDCK
Ferret number F42/16"  F06/16™ F09/15" F14/13" F22/13" F26/14" F24/11"  F30/12" F03/14" F02/16% F08/16”
Genetic group ' 5 6 7 6A 6B 68.1 6B.2
REFERENCE VIRUSES
A/Michigan/45/2015 E3/E2 1280 1280 640 320 1280 640 2560 1280 1280 2560 1280
Al/California/7/2009 Clone38-32 2009-04-09 E3/E4 1280 640 640 320 640 320 1280 1280 640 1280 640
A/Bayern/69/2009 2009-07-01 MDCK5/MDCK1 < < 160 80 40 < < 40 40 < <
A/Lviv/N6/2009 2009-10-27 MDCKA4/SIAT1/MDCK3 80 80 640 640 40 80 80 160 80 160 80
A/Astrakhan/1/2011 2011-02-28 MDCK1/MDCK5 640 640 320 160 640 320 1280 640 640 1280 640
A/St. Petersburg/27/2011 2011-02-14 E1/E4 1280 640 640 320 640 640 1280 1280 640 1280 640
A/St. Petersburg/100/2011 2011-03-14 E1/E4 1280 640 640 320 1280 640 1280 1280 640 1280 640
A/Hong Kong/5659/2012 6A 2012-05-21 MDCK4/MDCK2 320 320 160 80 320 320 640 640 320 640 320
A/South Africa/3626/2013 6B 2013-06-06 E1/E3 1280 320 320 320 320 320 640 640 640 640 640
A/Slovenia/2903/2015 clone 37 6B.1 2015-10-26 E4/E1 2560 2560 1280 640 1280 640 5120 2560 1280 2560 2560
Allsrael/Q-504/2015 6B.2 2015-12-15 C1/MDCK2 1280 640 320 160 640 320 1280 1280 640 1280 1280
TEST VIRUSES
A/Switzerland/19464226/2016 6B.1 2016-12-21 MDCK1 2560 640 640 320 1280 640 1280 1280 1280 1280 1280
A/Switzerland/19374003/2016 6B.1 2016-12-12 MDCK1 1280 640 640 320 640 320 1280 1280 1280 1280 1280
Assay HI (Turkey RBC) Vaccine
RBC Turkey
Virus A(HIN1)pdmO09
Date

62/81

Superscripts refer to antiserum properties (< relates to the lowest dilution of antiserum used)

< =<40
< =<80




Annex 8: Antigenic analyses of influenza B viruses (Yamagata lineage), 24.01.2017, WIC

Haemagglutination inhibition titre

Post-infection ferret antisera

Viruses Collection Passage B/Phuket B/FI B/Bris B/Estonia  B/Mass B/Mass B/Wis B/Stock B/Phuket B/Phuket B/HK
date history 3073/13 4/06 3/07 55669/11 02/12 02/12 1/10 12/11  3073/13 3073/13 3417/14
Passage history Passage history Egg Egg Egg MDCK MDCK Egg Egg Egg MDCK Egg Egg
1,3 *1 *2 *2 *2 *2 *2 *2 *2 *2 St Judes
Ferret number Ferret number SH614 ~°  F17/13 F38/14 F32/12 F05/15 F42/14 F10/13 F06/15 F35/14 F36/14 F715/14°2
Genetic Group Genetic Group 3 1 2 2 2 2 3 3 3 3 3
REFERENCE VIRUSES
B/Florida/4/2006 1 2006-12-15 E7/E1 1280 640 320 40 80 640 80 160 40 80 160
B/Brisbane/3/2007 2 2007-09-03 E2/E2 1280 1280 640 80 160 1280 160 160 20 160 320
B/Estonia/55669/2011 2 2011-03-14 MDCK2/MDCK3 640 80 40 80 320 40 20 10 10 20 160
B/Massachusetts/02/2012 2 2012-03-13>CK1/C2/MDCK3 1280 320 160 160 320 320 80 40 20 80 320
B/Massachusetts/02/2012 2 2012-03-13 E3/E3 1280 640 320 40 80 640 80 80 10 80 160
B/Wisconsin/1/2010 3 2010-02-20 E3/E2 5120 640 320 20 40 640 640 160 40 320 320
B/Stockholm/12/2011 3 2011-03-28 E4/E1 1280 160 80 10 20 80 40 80 10 40 80
B/Phuket/3073/2013 3 2013-11-21 MDCK2/MDCK2 5120 160 160 80 80 320 320 80 320 320 160
B/Phuket/3073/2013 3 2013-11-21 E4/E3 2560 320 160 10 40 160 160 80 40 160 160
B/Hong Kong/3417/2014 3 2014-06-04 E4/E1 1280 80 40 < 20 40 40 20 < 20 160
TEST VIRUSES
B/Switzerland/19309131/2 3 2016-12-06 MDCK1 1280 40 20 10 20 10 20 20 20 20 80
Vaccine
Assay HI (Turkey RBC) NH 2015-
16
RBC Turkey NH 2016-
Virus Influenza B/Yamagata-lineage
Date

63/81

Superscripts refer to antiserum properties (< relates to the lowest dilution of antiserum used)

<=<40
<=<10

hyperimmune sheep serum
RDE serum pre-absorbed with TRBC




Annex 9: Antigenic analyses of influenza B viruses (Victoria lineage), 17.01.2017, WIC

Haemagglutination inhibition titre

Post-infection ferret antisera

Viruses Collection Passage B/Bris B/Mal B/Bris  B/Malta B/Jhb  B/ForB/Sth Aus B/HK B/lreland Nord-West
date history 60/08 2506/04 60/08 636714/11  3964/12v2367/12 81/12  514/09 3154/16 1/16
Passage history Egg Egg Egg Egg Egg MDCK Egg MDCK MDCK MDCK
Sh
Ferret number 539,540,5  F41/14% F26/13% F29/13% F01/137 F04/13% F41/13% F09/13% F15/16% F16/167
43,544,57
Genetic group 1A 1A 1A 1A 1A 1A 1B 1A 1A
REFERENCE VIRUSES
B/Malaysia/2506/2004 2004-12-06 E3/E6 2560 320 80 80 160 40 160 20 < <
B/Brisbane/60/2008 1A 2008-08-04 E4/E4 2560 80 320 160 160 160 160 40 20 20
B/Malta/636714/2011 1A 2011-03-07 E4/E1 2560 80 320 320 320 160 640 80 20 20
B/Johannesburg/3964/2012 1A 2012-08-03 E1/E2 5120 640 1280 1280 1280 640 1280 320 80 160
B/Formosa/V2367/2012 1A 2012-08-06 MDCK1/MDCK3 2560 20 640 320 160 160 640 80 40 20
B/South Australia/81/2012 1A 2012-11-28 E4/E2 2562 80 320 320 320 160 640 80 40 20
B/Hong Kong/514/2009 1B 2009-10-11 MDCK3 2560 40 40 40 20 80 80 40 20
B/Ireland/3154/2016 1A 2016-01-14 MDCK1/MDCK4 2560 40 20 20 20 40 40 40 20
B/Nordrhein-Westfalen/1/2016 1A 2016-01-04 C2/MDCK3 2560 40 20 20 20 40 40 40 40
TEST VIRUSES
B/Switzerland/19357129/2016 1A 2016-12-12 MDCK1 2561 < 80 < 20 10 10 20 40 10
Vaccine
Assay HI (Turkey RBC) NH 2015-
RBC Turkey SH 2016
Virus Influenza B/Victoria-lineage 17
Date

64/81

Superscripts refer to antiserum properties (< relates to the lowest dilution of antiserum used)

< =<40
<=<10




Annex 10: Phylogenetic comparison

Hemagglutinin gene, WIC

Vaccine virus
Reference viruses

Collection date
Oct 2016
Nov 2018
Dec 2018
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of influenza A(H3N2),
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N1T1K. 1406V [AlSwitzerand/ 19347352

G484E

S47T. G78S, V529F | A
AS

L3I, N144S,  F159Y,

A/Sweden!153/20
A/Switzedangd/ 1943022
A'Switz:
T131K, R142K

4 A'Denmark/7T0r2016
¥ AlDenmark/62/2016

AlGeorgia/532/2015 Mar

AlSwitzerian
N122D. A/Aania7011/2016 De

S262N

S219Y A/Albania/7010/2016 Nov
~ A/AUSINA/OE0574/2016 Dec
E ArStockholmi44/2016 Nov

A/Swizeriang/ Q%mou” 2016
ADenmar$12016 Oct
L A Denmark/57/2016 Nov
AsStockholm/51/2016 Dec

A/Denmark/S&/2016 Nov

K160T, N225D, Q311H

A/Madnid/2504/2016 Nov

A/Stockholm/6/20
T128A
ASamara/73/20
R142G 13

053N‘ AlLa Rioja/2092/2016 Nov
AfLa Rioja/2994/2016 Nov

ATexas/5012012 Apr
65/81

0.1

[ASwitzerland/ 1326030472018 Dec |
A/Madnd/2920/2016 Nov
ADenmark/58/2016 Nov
16 Dec

arland/ 193471032016 Dec

ADenmark/60/2016 Nov
ADenmarki/52/2016 Oct

A/Stockholmi4€/2016 Nov
_|i$10clmomvt&'20|6
Stockholm/52/2016 Dec

— AJASUrAs/3088/2016 Nov

A/Galiciar2918/2016 Nov
A/Canarias/3026/2016 Nov
AAndalucia/3041/2016 Nov

AMadrid3014/2016 Nov

8 Nov

6 Dec

AlGeorgia’1819/2016 Dec
AlGeorgia/ 158372016 Nov

AlAuStria/956196/2016 Nov

AJAustniale60155/2016 Dec
- AjAustra 9552852016 Nov
[ASwilzeriand/ 194 20699/2016 Dec
_t AMadrid2921/2016 Noy
| ASwitzerland 193199512016 Dec |
A/Andalucia’303872016 Nov

2/2016 Dec |

“ATAustna Q55-4~i81‘20 16 No ¥
3

eriand/ 1932‘.’!073\ "016 Dec
Y ADenmark/752016 Dec

2016 Dec |

Dec
Dec

d/1943018 772516 Dec |
c 3C.2a

€ Dec |

3C.2a1



Annex 11: Phylogenetic comparison of influenza A(H3N2),

Neuraminidase

Vaccine virus
Reference viruses

Collection date
Oct 2016
Nov 2018
Dec 2018

S245N, S247T

gene, WIC

A/Stockholm/42/2016 Nov
AlStockholmyd 172016 Nov
AStockholmy4 72016 Nov
AAustria/356928/2016 Nov
AAUSHaa57344/2016 Dec
AlAustria/956197/2016 Nov
e A/AIbONIATO13/2016 Dec
e A ALISEIAA57860/2016 Dec
A'Sweden’156/2016 Dec
A/AibaniaBe30/2016 Nov
A/Albania/6998/2016 Dec
A/AIbania’ 70092016 Dec

AAustriaS60280/2016 Dec
b A Siecen 1582018 Dec

e A/ AlDANA/6S86/2016 Nov
P A/Baleares/3008/2016 Nov

I A/Abania/7243/2016 Dec

N3298

L16sv

A/Andalucia3044/2018 Oct
A/Andalucia/3043/2016 Nov
ASweden/15972016 Dec
A/Sweden/1542016 Dec

1H7eMm

L372F
_|
e A/AUSHIRV 552852016

erkop-ng 2018

V1494
L1400

D339N

S44F T434P

ASweden/ 15720160e
A'Sweden/155/2018 Dec
pr A/AUSTNAS60696/2016 Dec

Dec_
(A5 yiizedand 18357
losse s> = ama e R
(s eiand 1662 1514/2016 Oct
A/Denmark/4% 26!6 Oct
S.mzorlmd 193-o7
AGeocqa 1694/2016 Dec

AlGeorgin/1578/2018 Nov
S315R | A'Georgia/1593/2016 Nov

A

AlAndalucia/30452016

A4Austf4960155201600c

Avs, 956196f2mGNov -~
Swiizert

Sweden/132/

vizeriang/ 19434909 2016 Dec) 3C.2a1

Austria/ 9608452018 B
e Dec]

12016 Dec]

ja/1819/2016 Dec

p— A/Andalucia/30392016 NO-I

N'Au?nsg'?iggggm 8 Nov

3 A/Denmark/70/2016 Dec

S3I1R. DI

nmark/e0/20
ASwecen/ 1532016

P468H

Svatzerand’1

GﬁEN—DvnM 5812016

AMadndi292!

F2051. V2631

¥ A'Denmark/65/2016 Dec

»\;S"Ciu?dmd {2?30-( V2018 Dec |

3C2a

Nov
56&394 472016 Dec ]

16 Nov

AlLa Riojar2993/2016 Nov
AlLa Riojar2651/2016 Oct
AlLa Ricya/2998/2018 Nov
AlLa Ricja/2695/2016 Nov

G4148

7

AlGeorgia/1703/2016 Dec
[ A/Andalucia/3041/2016 Nov

AlLa Ricja/2597/2016 Nov
AlLa Rioga’3000/2016 Nov
AlGeorgia1801/2016 Dec
AGeorgia/1799/2016 Dec
e A/Ge0rgia/1815/2018 Dec
b A/ Go0rgla/1798/2016 Dec

3C.2a1

A/Canarias/3026/2016 Nov

1 A/Madriai2014/2016 Nov
f— A/Austna/958548/201€ Dec

A/Galicia/2918/2016 Nov

T267K, 1380V

E221D

13927

e ATexas5012012 Apr
66/81

GS3D, D339N, P46EL

A/AUSIal9B0574/2016 Dec
_b AStockholm/a4/2018
‘Alsrvmﬂeﬂq 1526044273016 Dec

A/Denmark/51/2016 Oct
ADenmark/57/2016 Nov
b £/ StOCKNOIMVS1/2016 Dec

N234D

AJAD
AlAsturias/3088/2016 Nov

11/2018 Dec .
erand 194 30147,2016 Dec |
AS'ockholm 5212016 Dec

701072016 Nov

G3dsv

—

- AjAmanarT
{AS:

N161S V313A

A/Stockholmyds/2016 Nov

A/Georpia/532/2015 Mar
A'Swhzerland/§715263/2013 Dec
|'_'L A/Stockholm/6/2014 Feb

| 3C2a

mw‘wlxlﬂb

AMong Kong/146/2013 Jan

A/Netherlands/5256/2014 Dec

A/Samara/73/2013 Mar

004

A/Stockhoim/48/2016
ADenmark/S92016 Nov

S44P AlLa Rioja/2992/2016 Nov

Alla Rioja/2994/2016 Nov
AMadnd2904/2016 Nov




Annex 12: Phylogenetic comparison of influenza A(HLN1

09), Hemagglutinin gene, WIC

Vaccine virus
Reference viruses

Collection date
Sep-Oct 2016

Nov 2016
Dec 2016

vaail
~

1324V

N451T

HSIN
N

A/Mexico/4306/2016 Sep
A/PortugakMS25/2016 Dec

D274

@ays de Loire/2364/2016 Apr
A/Hawaiv72/2016 Sep

A/Netherlands/3792/2016 Dec

G482E] A/Brisbane/305/2016 Nov
A/Costa Rica/1534/2016 Dec

ATexas/199/2016 Dec

A/England/963/2016 Sep
Aflinkoping/3/2016 Sep

A/Croatia/3667/2016 Dec
AlCroatia/3644/2016 Dec

A/Sao Paulo/363626/2016 Oct
K205R. A/Colombia/1466/2016 Nov

A/Dakar/06/2016 May

J96N A/Sapporo/110/2016 Dec

V3211 AIOman/6472/2016 Sep
[A/Switzeriand/19374003/2016 Dec |

[A/Switzeriand/19464226/2016 Dec |

A/Hungary/187/2016 Dec

ambodia/FSS34062/2016 Dec
A/Nara/31/2016 Nov
AHong Kong/2397/2016 Aug
A/Singapore/TT1358/2016 Nov

ANC
AU

K119R g~ A/Antananarivo/5768/2016 Oct
VgxxL AlAntsirabe/5602/2016 Sep
| ATexas/200/2016 Dec

A/Norway/4462/2016 Nov
}l A/Norway/4463/2016 Oct
A/Norway/4555/2016 Nov
— A5 Lanka/d7/2016 Dec
A/Bulgaria/074/2016 Dec
AiSaudi Arabla/192788/2016 Sep
A/Novosibirsk/121/2016 Oct

e A\/KNaIKIV/963/2016 NOV

P297Q,
BV L A/Siovenia/2803/2015 Oct
\ A/L80s/3781/2016 Nov
_E A/Laos(F3531/2016 Oct
ALa0s/3816/2016 Nov
e A/\WISCONSINE2/2016 Sep
_ruaosrfsm‘zms Oct
S183P | A/Nara/44/2016 Dec
A/Austria958726/2016 Dec
K‘_ﬂl A/Austria/953688/2016 Nov
AJAustria/953687/2016 Nov
;5211%21,“ = :ﬁ- AlLaos/3779/2016 Nov
AfLaos/3004/2016 Sep
S84N A/Phuket/325/2016 Oct
_&Croaba"3547f201 6 Nov
AMichigan/d45/2015 Sep
A/Denmark/53/2016 Nov
A/Kenya/104/2016 Nov
1116M, A/South Australia/121/2016 Oct
v2364| A2618 —L ABrisbane/294/2018 Oct
— A/Hong Kong/90/2016 Jan
V152T, V1731, E491G. DS01E rE— ANVuman-HoRgINOWL1457/2018 Dec
Allsrael/Q-504/2015 Dec
| B A/Dnipro/580/2016 Feb
—— AlSouth Africa/3626/2013 Jun
A/Ghana/DILI-0620/2014 Jul | 6C
s1as7, DIIN AlJiangsu-Runzhow/SWL 19952016 Dec
S451N - AHong Kong/5659/2012 May
L A/St Petersburg/27/2011 Feb
£374K AJSt Petersburg/100/2011 Mar
203 A/Astrakhan/1/2011 Feb
A/Christchurch/16/2010 Jul
— A/LvivING/2009 Oct
- Jul
— A/California/7/2008 Apr

67/81

0.002

6B.1

6B.2



Annex 13: Phylogenetic comparison of influenza A(HLN1
09), Neuraminisade gene, WIC

Vaccine virus

Reference viruses

A/Brisbane/305/2016 Nov
A/Nethertands/3792/2016 Dec

A/Costa Rica/1534/2016 Dec
ATexas/199/2016 Dec

Collection date
Sep-Oct 2016
Nov 2016

Dec 2016

L40l \v264]

V13l, 1314M

V453G

Va4l
N

A/Croatia/3667/2016 Dec
_L»\,-C.roaha‘:i&u':ms Dec
L127F,
V453A | A/England/963/2016 Sep
A/Linkoping/3/2016 Sep

E"\QQ.IICO@}C'&?CW Sep
A/Portugal/MS25/2016 Dec

A/Laos/3781/2016 Nov
\._E Laos/F3531/2016 Oct

A/Laos/3816/2016 Nov
= A/Laos/F3318/2016 Oct
A/Laos/3004/2016 Sep
A/Laos/3779/2016 Nov
p— A/Nara/44/2016 Dec
e A/WiscONSINB2/2016 Sep

Q43R A/Phuket/325/2016 Oct

~ A/Austria/953688/2016 Nov
A/Austria/g58726/2016 Dec
A/Austria/953687/2016 Nov

= A/OMan/6472/2016 Sep
A/Sapporo/110/2016 Dec

pee A/Nara/31/2016 Nov
A/Buigaria/074/2016 Dec
A/Novosibirsk/121/2016 Oct
A/Saudi Arabia/192788/2016 Sep
A/Kharkiv/963/2016 Nov

—I— A/Antananarivoi5768/2016 Oct
A/Antsirabe/5602/2016 Sep

A/Sri Lanka/d7/2016 Dec

A/Croatia’3547/2016 Nov

A/Norway/4555/2016 Nov
'E'Q%SV"‘l A/Norway/4462/2016 Nov

— A/Norway/4463/2016 Oct

A/Cambodia/FSS34062/2016 Dec
— A/Slovenia/2903/2015 Oct

= A/Dakar/06/2016 May

=~ A/Michigan/45/2015 Sep

134V,

N270K, N386K

A/St Petersburg/100/2011 Mar
AISt Petersburg/27/2011 Feb

A/Astrakhan/1/2011 Feb
A/Christchurch/16/2010 Jul

T3811

AHong Kong/5658/2012 May

K469N
_:—E ATexas/200/2016 Dec
1188T
~J

\_i A/Hungary/187/2016 Dec

A/Denmark/53/2016 Nov
AlHawal72/2016 Sep
A/Kenya/104/2016 Nov

A/Hong Kong/90/2016 Jan
AHong Kong/2397/2016 Aug
— Allsrael/Q-504/2015 Dec

ADnipro/580/2016 Feb

— A/South Africa/3626/2013 Jun
A/Ghana/DILI-0620/2014 Jul
AlJiangsu-Runzhou/SWL 19952016 Dec

6C

_'—,'Assiwug'v)ana 19464226/2016 Dec|
[A/Switzerland/19374003/2016 Dec|

GT7V,
N341 A/Colombia/1466/2016 Nov

E A/Pays de Loire/2384/2016 Apr
A/Singapore/TT1358/2016 Nov

—L&&~SDSR?‘3§¢‘20’6 Oct
ArSouth Australia/121/2016 Oct

AfYunnan-Hongta/SWL11417/2016 Dec

6B.2

6B.1



Annex 14: Phylogenetic comparison of

influenza

Yamagata, Hemagglutinin gene, WIC

Vaccine virus
Reference viruses

Collection date
Sep-Oct 2016
Nov 2016

Dec 2016

51501, N165Y,
1 .

KEBR, 5229G, E4T8D

B/Florida/4/2006 Dec
69/81

0002

N2025

M251V]

L1720

M2511_

1150V
niek, [

B/Slovenia2T27/2016 Dec

BiMaxico/d296/2016 Sep

L268F BMichigan/62/2016 Dec

G285E B/MNew Hampshire 262016 Dec
BiFlorida/106/2016 Dec
BiCroatia/d008/2016 Dec
B/Hong Kong/1543/2016 Aug

Brvokohamai11 22016 Nov

'_I B/Eyrgyzstan/1/2016 Oct
B/Kyrgyzstan/52/2016 Nov

BiLatwia/12-0557T79/2016 Dec

Bilatvia/12-D64582/2016 Dec

KE2R Bilatvia/1 2-067257/2016 Dec

BiColorado37I2016 Dec
[BiSwitzerand 1930891 31/2016 Dec |
[—B/Jordan/20519/2016 May

K. BiSouth Auckland/ 132016 Oct
;ﬁ— BiNew Zealand/2357/2016 Sep
B/Denmark36/2016 Oct

= BiJordan/30147/2016 Apr
B/Brisbana21/2016 Oct
B/Singapore/GP2418/2016 Sep
Bi'Ghana/DILI=-16-1145%2016 Nov
N304 BiGhanaiF5-16-1880/2016 Mov
BIGhana/FS-16-1747/2016 Nov

F508Y

BEBrisbana35/2016 Dec
BrMtalaysiaM 2362016 Nov
B/TarwanG96/2016 Nov

BiKyrgyzstan/16/2016 Dec
_|-| BIFinland/657/2016 Mov
BiMarway/d854/2016 Mow
1150Vy B/Mew York/56/2016 Dec
_I:L BiNorih Carclina/30/2016 Dec
BiMonthaburiid13/2016 Nov

— Bflceland/ 4572016 Apr

B/Puerto Rico/10V2016 Nov
vazeif— BiMaxico/d3I3IT/2016 Oct
BMaryland/14/2016 Dec

BiMNorwayi4811/2016 Dac

BMorwaydTEI2016 Nov
D232M) BiMorway/4958/2016 Dec
BiMorway 487212016 Nov
B/Florida/101/2016 Dac
BiLuxembourgE5508/2016 Dec
Blindiana/27/2016 Dec
BiCosta Rica/8953/2016 Nov

Blacre144346-IEC2018 Ot

BiGuatemnala/daTI2016 Nov
B/Mamburg/1/2016 Jan

TTSM,

BiMascow/3/2016 Feb

%&5 Bangladesh/3017/2016 Sep

T234K BiBangladesh/2019/2016 Sep
_: B/Femambuco/143026-1EC2016 Nov
— B/Hong Kong/3417/2014 Jun

E32K

M.

BWisconsin/1

BiHawaii44/2016 Oct
B/England/841/2016 Apr
BiHawaiild 272016 Sep

= B/Phuket3073/2013 Nov

1V, B/Saudi Arabia/192350/2016 Sep
B/Ghana/DILI-16-1155/2015 Mov
/2010 Feb

BiStockholmM2/2011 Mar

B/

B/Estonla/S5660/2011

Liiangsu-Runzhow’ 89472016 Mav
BiPoprad320/2016 Mar o

B




Annex 15: Phylogenetic

comparison of influenza

Yamagata, Neuraminidase gene, WIC

Vaccine virus
Reference viruses

Collection date
Sep-Oct 2016
Nov 2016

Dec 2016

D342N

1naov
N

S295R
N

saq7 | B/Sioveniar2727/2016 Dec

R315K

_| B/Michigan/62/2016 Dec
B/Mexico/d256/2016 Sep

l B/New Hampshire/26/2016 Dec
ABTV

B/Hong Kong/1549/2016 Aug

—L B/Florida/106/2016 Dec

e B/Croatia/4008/2016 Dec
B/Brisbane/21/2016 Oct

VE0A

B/Singapore/GP2418/2016 Sep

= B/Ghana/DILI-16-1149/2016 Nov

= B/Brisbane/35/2016 Dec

B/Ghana/FS-16-1880/2016 Nov
B/Ghana/FS-16-1747/2016 Nov

BiNew Zealand/2357/2016 Sep

B/South Auckland/19/2016 Oct

BiDenmark/36/2016 Oct

B/Kyrgyzstan/52/2016 Nov

B/Kyrgyzstan/1/2016 Oct

B/Jordan/20519/2016 May

B/Yokohama/112/2016 Nov
B/Jordan/30147/2016 Apr
BilLatvia/12-064992/2016 Dec
B/Colorado/37/2016 Dec
Bilatvia/12-067257/2016 Dec

K373Q

KM

B/Latvia/12-059779/2016 Dec
(BiSwitzerand/19309131/2016 Dec !
B/Malaysia/1236/2016 Nov
B/Norway/4783/2016 Nov
B/Norway/4872/2016 Nov
B/Norway/4958/2016 Dec
B/Florida/101/2016 Dec

_I?%_: B/Norway/4811/2016 Dec
106A

Bliceland/49/2016 Apr
B/Puerto Rico/10/2016 Nov

T325N

V4ol

B/Mexico/d337/2016 Oct

F12_L{-— B/Maryland/14/2016 Dec
— B/Hamburg/1/2016 Jan

B/Guat 18/497/2016 Nov
e B/ ACr@/144346-1EC/2016 Oct

R315K E B/England/941/2016 Apr
B/Hawaii/é4/2016 Oct
= B/Nonthaburi/413/2016 Nov
P100S | Binew York/56/2016 Dec
Ko7 — B/North Carolina/30/2016 Dec
BiKyrgyzstan/16/2016 Dec
B/Norway/4854/2016 Nov

V401l

N B/Fintand/657/2016 Nov

BiLuxembourg/65508/2016 Dec
B/Costa Rica/8953/2016 Nov
B/Indiana/27/2016 Dec

T68A,
1248V,

L73P. N340D

—I

B/Hong Kong/3417/2014 Jun
B/Pernambuco/145026-1EC/2016 Nov
B/Taiwan/696/2016 Nov

B/Phuket/3073/2013 Nov

Q42R_ABST, T125K, K186R. [~
D340N, D463N, AG65T

— B/Wisconsin/1/2010 Feb

r B/Poprad/320/2016 Mar

BiJiangsu-Runzhou/1894/2016 Nov

T1061. 5295 1 B/Estonia/5566972011 Mar
= B/Massachusetts/02/2012 Mar
B/Brisbane/3/2007 Sep
- B/Floridal4/2006 Dec
70/81

B/Hawaiid2/2016 Sep

B/Stockholm/12/2011 Mar

‘ 2

B




Annex 16: Phylogenetic comparison of influenza B Victoria,
Hemagglutinin gene, WIC

Vaccine virus —
Reference Viruses p— B/Oman/7883/2016 Nov

B8/Oman/7281/2016 Oct
B/Lyon/2383/2016 Nov

. b B/Norway/4794/2016 Not
Collection date S e
Sep—OCt 201 6 B/Arkansas/12/2016 Dec
B/Fukushima/t8/2016 Nov
Nov 2016 B/Ceara/144952-IEC/2016 Dec
b— B/Kyrgyzstan/36/2016 Nov
Dec 2016 N126D | pygas — BMontanal16:2016 Nov
¥E|_— B/South Dakota/19/2016 Dec
B/Guatemala/d825/2018 Oct

C B/Kyrgyzstan/33/2016 Nov
. B/Kyrgyzstan/19/2016 Nov

N B/Nordrhein Westfalen/1/2016 Jan
A: Deletion _E B/South Africa/R4607/2016 Jul

BAran/56446/2016 Oct
[BISwitzerlana/19357129/2016 Dec |
B/Norway/4857/2016 Dec
= B/Ghana/DILI-16-1161/2016 Nov
b B/Ghana/FS-16-1636/2016 Nov
p— B/Ghana/FS-16-1642/2016 Oct
pats. [ B/Ghana/FS-16-1769/2016 Nov
R4ggK | B/Chana/FS-16-1620/2016 Oct
B/Ghana/DILI-16-1091/2016 Oct
— B/Ghana/FS-16-1980/2016 Dec
B/Taiwan/694/2016 Oct

B/Texas/168/2016 Dec
e B/OMaN/6910/2016
— B/Bangladesh/910001/2016 Sep

Bllowa/29/2016 Dec
_F B/Malaysia/1191/2016 Nov
B/Kenya/112/2016 Oct

B/Caiifornia/84/2016 Dec

\_: | B/Liaoning-Shuangta/1535/2016 Nov
B/Kazakhstan/4964/2016 Dec 1A

B/Kazakhstan/4992/2016 Dec
B/Astrakhan/63/2016 Dec
B/KyrgyzstaniS4/2016 Nov
B/Kyrgyzstan/15/2016 Dec
B/Kyrgyzstan/7/2016 Nov
B/Kyrgyzstan/13/2016 Nov
B/Kyrgyzstan/20/2016 Nov

T2211

'_: B/North Carolina/29/2016 Dec A162-163

B/New York/52/2016 Oct
B/Michigan/59/2016 Dec

B/Brisbane/27/2016 Nov
verl B/CambodiaFSS34289/2016 Dec
B/Laos/3697/2016 Oct

B/Kawasaki/90/2016 Dec
pee B/Ireland/3154/2016 Jan

—{
B/Pennsylvania/5/2016 Dec

l B/Puerto Rico/08/2016 Oct

BLa0s/3179/2016 Oct

pr—— B/DomMInican Republic/9977/2016 Sep
B/Costa Rica/1531/2016 Dec
BiTexas/164/2016 Dec
B/Norway/4831/2016 Nov

B/Peru/63316/2016 Sep

N129D, V146l —__ B/Mississippi/26/2016 Dec
B/Yunnan-Zhaoyang/11160/2016 Nov
B/Egypt/6082/2016 Jul

1180V,
498K

N525D

v

BlJohannesburg/3964/2012 Aug
B/Formosa/V2367/2012 Aug
— B/South Australia/81/2012 Nov
B/Malta/MVE36714/2011 Mar

V1461 B/Paris/1762/2009 Fed
B/Brisbane/80/2008 Aug
T e e e O 18
B/Odessa/3886/2010 Mar
B/Malaysia/2506/2004 Dec

71/81




Annex 17: Phylogenetic comparison of influenza B Victoria,

Neuraminidase gene,

Vaccine virus
Reference viruses

Collection date VIOIF
Sep-Oct 2016
Nov 2016 03926
Dec 2016

M50

L73F
N
M375K

Vaoil

WIC

B/Kyrgyzstan/19/2018 Nov
B/Kyrgyastan/36/2016 Nov
B/Kyrgyzstan/54/2016 Nov

A290V.| B/Kyrgyzstan/7/2016 Nov

B/Kyrgyzstani33/2016 Nov

B/Kyrgyzstan/15/2016 Dec
B/Kyrgyzstan/13/2016 Nov
B/Kyrgyzstan/20/2016 Nov

B/Pennsylvania/65/2016 Dec
B/lowa/29/2016 Dec

B/Puerto Rico/08/2016 Oct

B/Ghana/FS-16-1642/2016 Oct

B/Ghana/FS-16-1980/2016 Dec

BiGhana/DILI-16-1091/2018 Oct

B/Ghana/DILI-16-1161/2016 Nov

B/Ghana/FS-16-1620/2016 Oct

B/Norway/4857/2016 Dec

B/Ghana/FS-16-1769/2016 Nov

B/Ghana/FS-16-1636/2016 Nov

pe B/ Coara/144952-1EC/2016 Dec

= B/South Dakota/19/2016 Dec

p— B/Kazakhs1an/4992/2016 Dec

_E,B'lra'\¢564§s&'30,’5 Oct
(BiSwitzerland/19357129/2016 Dec |

p— B/Kazakhsland964/2016 Dec

- B/Bangladesh/910001/2016 Sep

— B/Guatemala/4825/2016 Oct

B/Brisbane/27/2016 Nov
.| BfLaos/3697/2016 Oct
B/Cambodia/F$S34289/2016 Dec

= BiKenya’112/2016 Oct
.LBu Fukushima/68/2016 Nov

B/California/84/2016 Dec
p——Blireland/3154/2016 Jan

= B/Montana/16/2016 Nov
BlAstrakhan/63/2016 Dec
B/Oman/6910/2016
BiLlaoning-Shuangta/1535/2016 Nov

B/New York/52/2016 Oct
.H_Bnonh Carolina/29/2016 Dec
B/Michigan/58/2016 Dec

I~ BilLaos/3179/2016 Oct

™ BiLyon/2383/2016 Nov
K B/OmMan/7883/2016 Nov

= B/Taiwan/694/2016 Oct
B/Arkansas/12/2016 Dec

L73F\
F12L .l

1n20v,
0384G

K220N

T1061,
D242E

e B/Omany7281/2016 Oct
pr B/KaWasaki/90/2016 Dec
B/South Africa/R4607/2016 Jul
B/Nordrhein Westfalen/1/2016 Jan
B/Malaysia’1191/2016 Nov
B/Costa Rica/1531/2016 Dec
B/Texas/168/2016 Dec

L

= B/Norway/d831/2016 Nov

B/Texas/164/2016 Dec

pre B/DoMinican Repubic/9977/2016 Sep

L

B/Perw63316/2016 Sep
B/Mississippl/i26/2016 Dec

B/Egypt/6082/2016 Jul

B/Yunnan-Zhaoyang/11160/2016 Nov
2058 B/South Australia/81/2012 Nov
B/Bangladesh/2019/2016 Sep
E358K 145T, S397R B/Bangladesh/3017/2016 Sep B/Yam
BiMoscow/3/2016 Feb lineage
B/Saudi Arabia/192350/2016 Sep HA
f;";f N3400j B/Ghana/DILI-16-1155/2016 Nov
. pee B/FOrmosa/\V2367/2012 Aug
N199D, L & 12 Aug
b — B/Malta/MVE36714/2011 Mar
I~ B/Paris/1762/2009 Feb
B/Odessa’3886/2010 Mar 1B
N220K, 1271V, E320D, B/Hong Kong/514/2009 Oct
D329N, A358E, K373E, E404K B/Brisbane/60/2008 Aug

B/Malaysia/2506/2004 Dec
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Annex 18: Antiviral sensitivity testing on influenza A viruses, WIC

|Co|lection date| Virus name |Type/Subtype| 0S I1C50 | 0S sensitivity | Zan IC50 | Zan sensitivity | Hlresult1 Centre ID |Date received
12.12.2016 B/Switzerland/19357129/2016 BV 22.14 Normal inhibition 3.49 Normal inhibition CHE 06.janv.17
06.12.2016 B/Switzerland/19309131/2016 BY 24.24  Normal inhibition 1.5 Normal inhibition CHE 06.janv.17
21.12.2016 A/Switzerland/19464226/2016 Hlpdm 0.61 Normal inhibition 0.3 Normal inhibition CHE 06.janv.17
12.12.2016 A/Switzerland/19374003/2016 Hlpdm 1.01 Normal inhibition 0.44 Normal inhibition CHE 06.janv.17
12.12.2016 A/Switzerland/19357054/2016  H3 0 Failed 0 Failed Na+ Ha- CHE 06.janv.17
07.12.2016 A/Switzerland/19319951/2016  H3 0 Failed 0 Failed Na+ Ha- CHE 06.janv.17
20.12.2016 A/Switzerland/19429699/2016 H3 0.35 Normal inhibition 0.35 Normal inhibition Na+ Ha- CHE 06.janv.17
20.12.2016 A/Switzerland/19430147/2016 H3 0.51 Normal inhibition 0.45 Normal inhibition Na+ Ha- CHE 06.janv.17
16.12.2016 A/Switzerland/19430223/2016 H3 0.48 Normal inhibition 0.4 Normal inhibition Na+ Ha- CHE 06.janv.17
16.12.2016 A/Switzerland/19434909/2016 H3 0.65 Normal inhibition 0.67 Normal inhibition Na+ Ha- CHE 06.janv.17
09.12.2016 A/Switzerland/19347392/2016 H3 0.32 Normal inhibition 0.41 Normal inhibition Na+ Ha- CHE 06.janv.17
09.12.2016 A/Switzerland/19347591/2016 H3 0.29 Normal inhibition 0.38 Normal inhibition Na+ Ha- CHE 06.janv.17
07.12.2016 A/Switzerland/19319890/2016 H3 0.5 Normal inhibition 0.39 Normal inhibition Na+ Ha- CHE 06.janv.17
07.12.2016 A/Switzerland/19320073/2016 H3 0.6 Normal inhibition 0.36 Normal inhibition Na+ Ha- CHE 06.janv.17
06.12.2016 A/Switzerland/19309203/2016 H3 0.23 Normal inhibition 0.41 Normal inhibition Na+ Ha- CHE 06.janv.17
06.12.2016 A/Switzerland/19347103/2016 H3 0.46 Normal inhibition 0.46 Normal inhibition Na+ Ha- CHE 06.janv.17
03.12.2016 A/Switzerland/19260304/2016 H3 0.29 Normal inhibition 0.44 Normal inhibition Na+ Ha- CHE 06.janv.17
03.12.2016 A/Switzerland/19260442/2016 H3 0.38 Normal inhibition 0.47 Normal inhibition Na+ Ha- CHE 06.janv.17
01.12.2016 A/Switzerland/19239213/2016 H3 0.46 Normal inhibition 0.51 Normal inhibition Na+ Ha- CHE 06.janv.17
20.10.2016 A/Switzerland/18821514/2016  H3 0.39  Normal inhibition 0.43 Normal inhibition Na+ Ha- CHE 06.janv.17

73/81



Annex 19: Sequencing primers used during the 2016/17
season

Primers used for classical RT-PCR detection of influenza viruses

Influenza virus Target gene Primer or probe Origin and reference
Forward CcSwWHAF1 R.Daniel, MRC-NIMR
A/HIN1pdm Hemaggutinin Forward cswHAF31 Feb 2011
2009 (H1) Forward | cswHAF451

Forward | cswHAF848
Reverse | cswHARA475
Reverse | cswHARS873
Reverse |cswHAR1263
Reverse |cswHAR1313
Forward cswN1F1 R.Daniel, MRC-NIMR
Forward | cswN1F401
Neuraminidase | Reverse | cswN1R424
(N1) Forward | cswN1F1076
Reverse | cswN1R1099
Reverse | cswN1R1424
Reverse | cswN1R1440

Matrix (M1) Forward M93c Y. Thomas, CNRI, Geneva
Reverse MFE821Y Aug 2009
Forward AH3G J. Ellis London
A/H3N2 seasonal | Hemagglutinin Reverse AH3H Jan 2006
(H3) Forward AH3B
Reverse AH3CII
Reverse AH3I
Forward H3HAF567
Reverse H3HARG650
Forward H3N2F1 V. Gregory , MRC-NIH
Neuraminidase | Reverse N2R410 Modified by Y. Thomas,
(N2) Forward N2F387 Mar 2011
Reverse N2R778
Forward N2F1083
Reverse N2R1447
Matrix Forward M93c Y.Thomas, CNRI, Geneva
Reverse MF820R Feb 2007
Forward BHA1F1 V.Gregory, MRC-NIMR
B seasonal Hemagglutinin Reverse BHA1R1 Jan 2006
Forward BHAF
Forward BHA25
Forward BHAF458
Reverse BHARG652
Forward BNAF1 V. Gregory , MRC-NIMR
Neuraminidase | Forward BNAF336 Modified by Y.Thomas,
Forward BNAF725 2011

Forward BNAF1096
Reverse BNAR1487
Reverse BNAR1119
Reverse BNAR748
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Annex 20: Swine influenza Report to Federal office of
public Health

Hopitaux
Universitaires
Genéve

Centre National Influenza (CNI)
Laboratoire de virologie
Rue Gabrielle-Perret-Gentil 4

CH-1211 Genéve 14

Geneva January 26, 2017

Human infection by a swine influenza virus

Centre National Influenza On December 27, 2016, a nasopharyngeal swab specimen was sent by the
(CNI)
Laboratoire de virologie “SchweineGesundheitsDienst” (SGD), a veterinary institute at Zuerich (ZH), to the Swiss National

Centre of Influenza (NCI). The specimen revealed to be positive for an influenza virus of swine origin.

1. Case description

A 23-year-old male employee (initials, L.L) working on a farm in the county of Zuerich presented
acute respiratory symptoms (moderate cough, no other identified clinical information available) 48h
before a nasopharyngeal swab was sampled on site (December 20, 2016) by a veterinarian in charge
of animal surveillance (SGD-Zuerich). Animals from the same farm were previously reported to be
sick and tested positive for influenza A virus (subtype H1N1, sequencing ongoing; information
transmitted by Dr Anina Stahel from VETVIR). The clinical sample was shipped to the NCI on
December 20, 2016 and labeled as 19495823.

2. Analysis

2.1. rRT-PCR analyses
The nasopharyngeal specimen was screened for influenza using a panel of specific rRT-PCR assays
(Table 1). A generic influenza A combination’ specific to animal and human matrix gene sequences of
influenza A viruses and a combination detecting the neuraminidase protein 1 (N1) sequences, were
positive. However, all the other combinations targeting human-specific viruses (influenza I
seasonal H1%, H1 20097, and H3z) remained negative. A rRT-PCR targeting the avian heammglutin H5

was also negative.

Table 1: rRT-PCR assays and culture used to screen the nasopharyngeal specimen 19495823. Ct: Cycle threshold.

rRT-PCR
Influenza Pandemic Seasonal Seasonal swN1
Target Influenza A . . . .
NS A influenza influenza influenza Avian H5
MP’ A/H1 2009 A/HT? A/H3’

Specificity Animal/ Human Human Human Human Animal/ Animal/
human human human
Sample Detected Not Not Not Not Not Detected
19495823 (Ct 38.5) detected detected detected detected detected (Ct 35)
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2.2. Viral culture
Influenza A virus was cultivated on MDCK and MDCK-SIAT-1 cells at both 33 and 37°C, 5% CO2.
Despite the fact that a strong cytopathogen effect could be observed after 96 h, the
immunofluorescence analysis using monoclonal antibodies directed against influenza virus
nucleoprotein did not confirm the presence of viral antigens in cells (Table 1). The culture process
was unsuccessfully repeated twice, certainly due to the low viral load detected in the initial sample

(Table 1, Ct value).

2.3. Sequencing
Four of eight genes of the isolated virus were partially sequenced (Table 2). Sequences are available
in Annex 1. A method adapted for the complete genome amplification was used as described in a
previous report on human infection with swine influenza virus in Switzerland®. The low viral load in
the initial sample is partly responsible for the limited sensitivity of the method. For time reasons four

genome segments, named PB1, PB2, PA and NS remained un-sequenced but will be processed later.

Gene fragments sequenced
A/Zuerich
HA NA MP NP
19495823/2016
Length (bp) 190 671 770 1436
Region (bp) 754-944 9-680 1-770 27-1463

Table 2: Summary of gene sequences obtained for influenza A/Switzerland/19495823/2016 (H1N1) virus. The
first nucleotide corresponds to the start of the coding region. bp; base pairs.

2.3.1. Blast analysis
A blast analysis with publically-available influenza sequences obtained from the NCBI database
website were downloaded on the Smartgene® platform and allowed to confirm that the four
sequences were of swine origin (Figure 1, a-d). The present swine virus is closely related to classical

European swine avian-like influenza A (H1N1) viruses, which predominate in European swine.
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Figure 1: Blast analysis of the hemagglutinin HA (a), neuraminidase NA (b), matrix protein MP (c) and
nucleoproteins NP (d) sequences of A/Zuerich/19495823/2016 sequece (HIN1) influenza virus.
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2.3.2. Phylogenetic analysis

Alturkey/Germany-NI/R778/09

96.1
A/Switzerland/19495823/2016
A/Switzerland/5165/2010
95
100 . r Swine Avian-like A (H1N1
A/Switzerland/4607377/2011 wine Avian-like A ( )
- A/Switzerland/9356/2009
99.7
—— A/swine/Brno/00/2000
100 A/mallard/Bavaria/185-8/2008 Avian A (H1N1)
A/California/07/2009
100 " Human A (H1N1) 2009
99.9 A/human/Switzerland/16678310-1/2016
A/swine/Hong Kong/1479/2009 Swine classical A (H1N1)
A/Kyoto/07K303/2008 Human seasonal A (H1N)

A/swine/ltaly/172336/2001 Eurasian Swine A (H1N1)

0.05

Figure 2: ML phylogenetic tree for the HA gene segment (190 bp only) of HA subtype avian, human, avian-like
and classical and Eurasian swine influenza viruses. Red squared: analyzed sample strain. Violet: previous Swiss
human samples strains of porcine origin. Blue: pandemic HIN1 strains. Orange: classical swine strain. Pink:
human seasonal strain. Braun: Eurasian swine strain.

3. Conclusion

The influenza strain detected in a Swiss pig farm employee from the county of Zuerich was
confirmed to be of swine origin. Comparison of the analyzed sequence with various swine strains
sequences showed that the A/Switzerland/19495823/2016 strain is an avian-like swine influenza A
(HLN1) strain, which predominates in European pigs. As sequences from the farm pigs are not
available yet, we could not confirm that these viruses were similar to those circulating in the
sampled animals. This case, in addition to cases already observed in 20034, 2009, 2010 and 2011 in
Switzerland, confirm that sporadic animal-to-human transmission occurs in Switzerland. Human-to-
human transmission has not been identified at the epidemiological level and no additional testing of

potential human contact has been conducted.
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Geneva January 26, 2017

Dr. Ana Rita Gongalves Cabecinhas
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Prof. Laurent Kaiser
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Annex 1

FASTA sequences

A/Zuerich/19495823/2016, partial hemagglutinin sequence 754-944 nt
gatcagggagacaccataacctttgaagccacggggaacttaatagecaccatggeacgeatttgeattgaataagggetctaattetggagttat
aatgtcagatgctcatgttcacaattgctctacaaagtgeccagactectcatggggecttgaaaageaatcettecttttcagaaygtacateccat

A/Zuerich/19495823/2016, partial neuraminidase sequence 9-680nt
caatcagaagataataatcattagctcgatctgcatggtaaatggaattgctagettgatgttacaaattgggaacataatctcaatatgggttag
ccattcaattcaaattgggaaccaaaaccagactgaaacatgecaatcaaagtgtcattacttatgaaaacaaaacttgggtaaatcagacatat
gtcaatatcagcaatatcaattttgttgctaaacaggeagtgatttectctaaatttagegggcagttctectetetgeectgttagtgggtgggcetat
atacagtaaagataacagtgtaagaattggttccaggggggatgtgtitgtcataagagagcecattecatctcatgeteccacttggaatgtagaa
ccttcttcttgacccaaggagcecctactgaacgacaaacattccaatggaaccattaaagacagaagtcecctatcgaaccctgatgagetgtect
attggcgaagtccectetecgtacaactcaagatttgagtcagtigettggtcageaagegettgecatgatggeaccaattggetgacaattggg
atttctgggccagacaatggggecagtagetgtattgaaatacaatgacgtaatcacagata

A/Zuerich/19495823/2016, partial matrix protein sequence 1-770nt
atgagtcttctgaccgaggtcgaaacgtacgtectttctatcatccegtegggeccecctcaaagecgagatecgegecagagactggaaggggttttt
gcagggaagaacacagatcttgaggctctcatggaatggetaaagacaagaccaattctgtcacctectgactaagggaatictgggatttgtgtt
cacgctcaccgtgeccagtgagegaggactgeagegtagacgetttgttcaaaatgecctaaatggaaatggggaccctaacaacatggataga
gcagtcaaattgtacaagaagctaaaaagggaaataacgttccatggggccaaggaagtgtcactaagetactcaactggtgetettgecagtt
gcatgggcctcatatacaataggatgggaacagtaaccacagaagetgegticggectggtgtgtgecacttgtgageagategetgacteaca
acatcggtcacacagacaaatggccactaccactaatccactaatcaggcatgaaaacagaatggtactggetagcactacagetaaggcetatg
gaacagatggctggatcgagtgaacaggcageagaggecatggaggtigecagtcagacaaggeagatggtgeatgecaatgagaacaattgg
gacacatcccagctccagtgecggtctgaaagatgatcttecttgaaaatttgecaggectaccagaaacggatgggagtgecaaatacageggtte
aaatgatgctatcgccea

A/Zuerich/19495823/2016, partial nucleoprotein sequence 27-1463nt
ttatgaacagatggagactggtggagaacgccaaaatactactgaaatcagagceatcetgttgggagaatggttgaaggaattggacgattctac
atacagatgtgtactgaactccaactcagtgactatgaagggaggttgatccaaaatagtataacgatagagagaatggtcctctctgeatttga
Cgagagaanaaacaaatactiggaanaacatcccagtgeggggaaagatccaaagaaaactggaggtccactctacaaaaagagagatgga
aaatggctganagagctgattctgtatgacaaagatgagatcaggagaatctggegecaageaaacaatggtgaanatgetactgetggtctce
actcacctgatgatttggcattccaacctgaatgacgeccacatatcanagaacaagagctttagtgegcactggaatggatcccanaatgtgetce
tctgatgcaaggttcaacccteccaaggagatetggagetgetggtgecgeagtgaagggggttgggacactagtaatggagetgattegaatg
ataaagcggggtatcaatgatcggaattictggagaggagagaatggacgaagaacaagaattgecatatgagagaatgtgecaacatcctcaaa
gggaaattccaaacagcagegcaacgagcaatgatggaccaggtgegagaaageagaaatccaggaaatgcetgagattgaagatcteatcttt
ttggcacgatcagcactcattctgagaggatcagtggcetcataaatectgectacctgettgtgtatacggacttattgtggecaagtggatatgact
ttgaaagagaagggtactctctagtcgggatagatecttttegttigettcagaacagecaagtgticagectcattagaccaaatga
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