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1: The 2017-2018 influenza season, Norway

Summary

e Considerable immunity towards influenza A(H3N2) virus was observed prior to this season, after many
infections during the preceding season. There was also strong immunity to A(HIN1)pdm09 virus, but
the proportion with immunity to current influenza B viruses was quite low.

e The influenza outbreak of 2017/18 started in mid-December and was unusually prolonged. Although
intensity never reached high levels, the cumulative magnitude was larger than in the preceding seasons.

e The influenza season was dominated by influenza B/Yamagata-lineage virus. A lower number of
influenza A(H3N2) circulated at the same time. By week 12/2018, influenza B cases had decreased
significantly, while the A(H3N2) persisted longer and were predominant until the end of the season.

o The older segments of the population accounted for a high proportion of both the B/Yamagata and
A(H3N2) cases.

e A significantly larger number was hospitalised with flu this season compared to the previous three
seasons due to the protracted outbreak.

e A uniform group of B/Phuket/3373/2013-like influenza B/Y amagata-lineage viruses drove the main
outbreak, whereas for A(H3N2) virus, several genetic groups co-circulated, with genetic clade 3C.2a2
making up the majority of the H3N2 viruses.

e Despite very few cases of influenza B/Victoria-lineage infection this season, the novel two-amino acid
HA deletion variant represented a larger proportion than in the preceding season, and increased during
the outbreak. Six out of 17 genetically characterised B/Victoria viruses were of this HA amino acid
162/163 deletion variant.

e The moderate number of HIN1 viruses that circulated belonged to subclade 6B.1.
e The incidence of laboratory-confirmed influenza in hospitalised patients was highest in the elderly.

o Excess mortality was observed in the elderly in week 51/2017 to week 3/2018 and the weeks 6/2018 -
12/2018. Fatal influenza cases were also reported from intensive care units.

A look back at preceding seasons

The preceding 2016/17 season main outbreak peaked unusually early and was strongly dominated by influenza
A(H3N2) viruses, belonging to various subclades under the 3C.2a clade. The outbreak, which was of medium
intensity, was associated with higher than usual excess mortality, primarily among the elderly. Influenza B
viruses, mostly of the Yamagata lineage, predominated toward the end of the season. Influenza B/Victoria-
lineages occurred only sporadically, but among the 64 that have been HA sequenced we detected six viruses
belonging to a novel variant carrying a two-amino acid deletion in the HA.

Influenza A(HIN1)pdmO09 viruses predominated in the 2015/16 season.

Last time there was a major countrywide influenza B/Yamagata lineage outbreak was during the 2012/13 season
when it co-dominated with influenza A(HIN1)pdm09 virus. B/Yamagata lineage viruses also predominated in
Northern Norway in the 2014/15 season.
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Influenza-like illness

Influenza-like illness (ILI) in Norway is monitored through The Norwegian Syndromic Surveillance System
(NorSSS). NorSSS is a population-based automated electronic system that daily provides data from all GPs and
emergency clinics in primary health care in Norway. The Department of Influenza at the Norwegian Institute of
Public Health (NIPH) receives data from the Norwegian Health Economics Administration (HELFO). NorSSS
has been in operation since 2014 and is supported by retrospective data from the 2006-07 season and onwards.

The ILI consultation rate began to rise gradually from week 47/2017, crossed the epidemic threshold in week 51
and increased rapidly to medium intensity in week 52 (Fig.1, right). A temporary peak in ILI activity was
observed in week 1/2018, but after a slight decline in ILI activity in week 2, the increase resumed and the
consultation rate peaked in week 7, not exceeding medium intensity. From that point onwards, there was a
gradual decline, bringing activity under the outbreak threshold by week 15.

Although the intensity never reached high levels, the total magnitude was large due to the long duration of
activity. Except for the 2009 pandemic, the total number of consultations with an ILI diagnosis was larger this
season than any previous season since the beginning of records according to the current scheme for ILI
reporting in 2006/2007 (Figure 1). Twenty outbreaks were reported from health care institutions, where ten were
caused by influenza A, nine by influenza B and one caused by influenza of unknown type.
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Figure 1: Weekly incidence of ILI, Norway 2017-2018.

Proportion of patients in general practice and emergency clinics presenting with ILI, by calendar week. In the
left-hand panel a selection of previous seasons is also shown. In the right-hand panel, the ILI incidence is shown
against the present-season MEM intensity thresholds. The lower panel compares season total ILI diagnoses with
previous seasons.
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Virological surveillance.

A network of volunteer sentinel physicians throughout the country collects specimens from patients with ILI for
analysis at the National Influenza Centre. In addition, medical microbiology laboratories that perform influenza
diagnostics weekly report the number of positives and the number of specimens tested. These laboratories also
contribute influenza positive specimens to the NIC for further characterisation. Even though most of these
laboratories are affiliated to hospitals, a large proportion of specimens tested for influenza virus are from
outpatients visiting general practitioners.

Sporadic cases of laboratory verified influenza were recorded weekly throughout the summer and early autumn
2017 (cf. our report for the September 2017 VCM). A clear increase in the numbers was noticed from late
November onwards (Figure 2, table 1). The all-laboratories positivity rate exceeded the 10 per cent mark in the
week before Christmas (wk 51) and passed 20 per cent the subsequent week. Following a levelling off in early
January, the rise resumed in mid-January and peaked in week 7 with 3271 influenza detections and 36 per cent
positives. The subsequent decline brought detections below the 10 per cent mark again in week 16. After
detections petered out at the end of May, sporadic detections have been made through all summer weeks.

Initially, influenza A(H3N2) were in majority, but the rise from late November was primarily driven by
influenza B viruses of the Yamagata lineage. The latter viruses were in majority from week 49/2017 through
week 11/2018, after which A(H3N2) viruses again were the most frequent.
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Figure 2: Laboratory detections, Norway 2017-2018. Upper left-hand panel: Weekly proportion of influenza virus
positive specimens, with previous season proportions shown for comparison. Upper right-hand panel: Weekly
number of influenza virus detections, with previous season numbers shown for comparison.

Lower panels: Weekly number of the different influenza viruses is displayed as stacked bars, while influenza virus
positivity rates of sentinel specimens and all lab testing, respectively, are shown as line graphs. For visibility, the
summer weeks are displayed on a different scale in the right-hand lower panel.
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Figure 3. Number of tests for influenza virus carried out in Norwegian medical microbiology laboratories, as
recorded in weekly reports to the NIC. Left panel: Number of tests per week, comparison of current season and
three preceding seasons. Right panel: Number of tests per season, since reporting of this parameter began in
year 2000 (*current-season comprises 48 out of 52 weeks).

By week 36/2018, more than 192 000 specimens have been analysed for influenza virus in Norwegian medical
microbiology laboratories this season (Figure 3). This number has been rising continuously through several
years, and the number of influenza positives has to be interpreted with this in mind. However, the 19 % rise in
tested specimens since the previous season does not in itself explain the increase by 66 % of influenza positives
(Figure 2) this season.

Among 34452 reported influenza virus infections, approximately two thirds were type B and one third type A
(figure 4). Among genotyped type B viruses, Yamagata/16/88-lineage viruses were strongly predominant (98
%). A(H3N2) constituted the majority of the subtyped type A viruses, making up nearly 80 % of the sentinel
type A specimens and 75 % of non-sentinel type A viruses that were tested for both H1 and H3 subtypes.

The relative frequencies are generally consistent between the all-laboratories and sentinel data. The somewhat
larger proportion of influenza B in sentinel specimens (73 % vs. 63 %) may not be significant, but it may also
reflect a truly higher proportion of influenza B in outpatients compared to hospitalised patients. This is
supported by the fact that there is a similar difference in type A:B proportions in the data from hospital
laboratories that report detection data from outpatients and hospitalised patients separately (data not shown).
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Table 1: Weekly incidence of influenza-like illness (ILI), number of specimens tested for influenza, proportion
of specimens positive for influenza virus, and influenza virus detections per type/subtype/lineage (sentinel plus
non-sentinel), in Norway from week 40/2017 through week 5/2018.

Virus detections
% A not A(H1) A(H1) B not lineage | B/Victoria | B/Yamagata
week | % ILI | Specimens | positive | subtyped | pdmQ9 | pdm09* | A(H3) typed lineage lineage
40 |103% 2349 0,6 % 3 1 1 5 4 0 2
41 |1 0,3% 3007 0,7% 5 1 1 4 6 0 2
42 |10,3% 3219 0,9 % 2 3 3 9 5 0 2
43 10,3% 3782 1,3% 14 2 1 9 9 0 1
4 104 % 4140 1,4% 19 1 1 18 6 0 8
45 104 % 4387 2,5% 16 10 10 20 10 0 6
46 |04 % 4472 2,2% 30 4 4 40 25 0 12
47 10,5% 4539 3,7 % 26 4 2 32 13 1 24
48 | 0,5% 4671 5,4 % 41 5 4 48 38 1 41
49 |10,6% 5235 8,4 % 95 6 5 33 107 0 43
50 10,7% 5722 14,9 % 147 15 6 55 201 2 59
51 11,0% 6367 22,3 % 260 45 10 82 504 2 57
52 12,2% 4438 21,6 % 246 48 15 47 600 0 47
1 2,5% 7933 20,9 % 331 88 37 111 1083 1 102
2 2,3% 8417 25,2 % 357 74 28 67 1206 1 56
3 2,5% 7894 29,1% 362 71 31 96 1386 4 71
4 2,8 % 8475 33,7% 486 90 22 114 1715 0 64
5 3,2 % 8998 34,3 % 613 124 29 116 2115 2 66
6 3,4 % 8878 36,0 % 551 137 38 117 2157 1 79
7 3,6 % 9093 34,0 % 662 178 51 135 2239 1 56
8 3,4 % 8190 29,8 % 611 172 56 140 1790 1 70
9 2,8 % 7677 28,5 % 566 156 59 97 1404 0 65
10 |25% 7417 26,4 % 579 166 51 153 1143 1 74
11 12,0% 7073 24,8 % 633 147 43 109 926 0 54
12 |1,7% 6562 21,4 % 587 145 47 126 728 0 40
13 |14% 3601 17,3 % 261 60 34 116 284 1 50
14 |11,0% 4783 13,6 % 382 88 35 92 221 1 42
15 10,7% 4793 9,0 % 298 75 28 74 155 1 51
16 |]0,5% 4021 6,5 % 162 58 35 48 60 0 33
17 10,4% 3808 3,8 % 102 44 21 56 33 0 12
18 10,3% 3185 2,0% 39 15 10 37 17 0 13
19 102% 3041 1,4% 20 10 7 18 6 0 6
20 10,2% 3012 0,6 % 15 8 7 6 11 0 3
21 1377 4 2 2 7 1 0 1
22 1195 5 0 0 4 0 0 1
23 599 1 2 3 0 1 0 0
24 436 3 0 0 2 1 0 0
25 612 2 0 0 5 0 0 1
26 850 3 1 1 3 0 0 1
27 414 1 1 1 1 1 0 1
28 166 0 0 0 1 0 0 1
29 767 4 1 1 3 0 0 0
30 357 0 4 4 2 0 1 0
31 241 4 6 6 1 2 0 0
32 571 6 3 3 0 0 0 0
33 369 1 1 1 2 1 0 1
34 234 1 2 2 0 0 1 0
35 502 0 1 1 2 0 0 0
36 588 1 0 0 1 1 0 0
Total | Total 192457 8557 2075 757* 2264 20215 23 1318
week | % ILI | Specimens % A not A(H1) A(H1) | A(H3) | Bnotlineage | B/Victoria | B/Yamagata
positive | subtyped | pdm09 | pdm09* typed lineage lineage
Type A: | 12896 Type B: 21556

*To reduce effect of subtype testing bias, only H1pdm09 positives tested for both H1pdmQ09 and H3 are included here.
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Pre-season seroprevalence and age-distribution of viruses detected in 2017-18 season.

In figure 5, the pre-season population immunity within age groups against the different influenza viruses,
described in section 3, is shown together with the in-season occurrence of infections for the corresponding
viruses and age groups, displayed as incidence of laboratory verified cases.
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Figure S. Prevalence of protective antibody to various influenza viruses in August 2017 (% seropositive, bars)
and the age distribution of the corresponding influenza viruses in the 2017/2018 influenza season (up to week
5/2018, incidence of subtype/lineage detections per 10* population, line plot).

Since the number of viruses subjected to type, subtype and variant testing differs widely, the incidences are
comparable between age groups in the same panel, but incidences are not comparable between the panels.

The age profiles of immunity, as well as of infection, are very different between the different subtypes and
lineages.

In the school-age children and young adults, there is a good correspondence between high pre-season
seroprevalence and suppressed incidence of infection for A(HINT1). The recorded incidence of A(H3N2)
infections is also lowest in the school-age children which had the highest pre-season seroprevalence. However,
the HI seroprevalence data do not appear to explain why the HIN1pdmO9 virus preferentially affects the infants
and why A(H3N2), but not A(HIN1)pdm09, preferentially affects the elderly.

For the B/Phuket/3433/2013-like B/Yamagata-lineage viruses, the pre-season seroprevalence was relatively low
in the elderly where the incidence is the highest. However, the seroprevalence is considerably lower in the
infants, who do not seem to be selectively targeted by the virus.

B/Victoria-lineage viruses circulate only sporadically and too few have been identified to make any meaningful
age profile interpretation for these viruses.
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Influenza in different age groups

It is well recognised that the elderly are more affected by influenza in seasons with influenza A(H3N2)
predominance. Through a number of years a similar pattern has been noted in Norwegian surveillance data for
the influenza B/Yamagata lineage, while the B/Victoria lineage and A(HIN1)pdm09 have been skewed more
toward younger age groups. These patterns were also clearly apparent during the present season (Figure 6).
With B/Yamagata being the most predominant and with A(H3N2) in second place this season, this explains well
why the elderly were particularly affected.
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Figure 6. Incidence of subtype/lineage detections by 5-year age group, based on viruses analysed in the
Norwegian National Influenza Centre during the 2017/18 influenza season.

Compared to the three preceding seasons, more elderly people were diagnosed with influenza-like illness the
last season. (Figur 7). Many elderly were affected also during the seasons 2016/17 and 2014/15 when influenza
A(H3N2) predominated.
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Figure 7. ILI consultations per 100 000 inhabitants, by age group and week during the 2017/2018
season (left), and in elderly above 65 years, per season and week during the last four seasons (right).

This corresponds well with the observation that the elderly predominated among patients hospitalised with
influenza (Figure 8), and both influenza B and A (mostly H3N2 when subtyped) were implicated.
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Surveillance of laboratory-confirmed influenza in hospitalised patients

Nine medical microbiology laboratories participate in the surveillance of laboratory confirmed influenza in
hospitalised patients. These laboratories cover approximately 60% of the Norwegian population, and report each
week the number of influenza virus detections in hospitalised patients (all wards) as well as outpatients
according to influenza type (A, B) and age group. This is the fourth year this surveillance system has been in
operation. From week 40/2017 to week 20/2018, 5147 hospitalised patients tested positive for influenza virus.
The number of detections increased sharply from week 50/2017 to week 1/2018, and after a slight decrease in
week 2 and 3/2018 it reached a peak in week 8/2018 (Figure 8) when 470 patients tested positive for influenza.
Most patients hospitalised with influenza were 60 years or older (61%). Influenza B virus was the most
frequently detected influenza type among the hospitalised patients (56%) whereas a majority of detections

during the start and the end of the season were influenza A.
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Figure 8. Left hand panel: The number of influenza virus detections in hospitalised patients per week during
influenza season 2017/2018, age-distributed, in the eight clinical microbiological laboratories participating from
the start of the season. Right hand panel: The number of hospitalised patients with confirmed influenza per
week during the previous four influenza seasons in seven of the laboratories participating. To be able to
compare the seasons, week 1/2016 is the average of the number of patients hospitalised with influenza in week

53/2015 and week 1/2016.

Influenza patients in intensive care units

From the 2016/17 season, the Norwegian Intensive Care Registry (NICR) and NIPH have carried out a pilot
study to see whether national surveillance of influenza patients in intensive care units is feasible. Almost all
ICUs in Norway report data to NICR. As part of the pilot, NICR has asked all ICUs from week 46/2017 to
report weekly numbers of patients in ICUs with laboratory-confirmed influenza, the number of patients in ICUs
with clinically suspected influenza and the number of deaths among patients with confirmed or suspected
influenza admitted to ICUs (Table 2, Figure 9). Anonymised data are reported from NICR to the NIPH.
Although the number of patients admitted to ICUs with laboratory confirmed influenza was significantly larger
in the 2017-18 season, the numbers of suspected cases and deaths in the ICUs were on the same level as the

2016-17 season.

Category 2017- 2016-
18 17
Number of patients admitted in ICUs with laboratory-confirmed influenza 379 256
Number of patients admitted to ICUs with clinically suspected influenza 189 178
Number of deaths among patients with laboratory-confirmed or clinically suspected influenza admitted to ICUs 30 26

Table 2. The number of confirmed or suspected influenza ICU admissions and deaths, influenza seasons 2017-

18 and 2016-17, week 46 until week 20 .
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Figure 9. The number of patients admitted to ICU’during weeks 46 to 20 of the influenza seasons 2016/17 and
2017/18.

Excess all-cause mortality

The NIPH has been conducting weekly all-cause mortality surveillance since the 2015/2016 season, using the
EuroMOMO algorithm. This season, significant excess mortality has been observed in the elderly (>65 years) in
Norway in the five consecutive weeks 51/2017 - 3/2018, and in the seven consecutive weeks 6/2018 - 12/2018.
The level of all-cause excess mortality this winter appears to be at least on par with the two last A(H3N2)-
dominated 2014-2015 and 2016/2017 seasons.

Monthly reported non-influenza respiratory viruses

The national monthly reporting scheme for laboratory diagnoses of viruses is based on a voluntary partnership
arrangement between medical microbiology laboratories in Norway. The scheme has been running since 1969.
The purpose of these reports has been to contribute to the monitoring of communicable infections in the
population, especially since many types of infections are not notifiable. Reports from the various microbiology
laboratories of positive findings in the current month are collected at the Norwegian Institute of Public Health
and then compiled into a summation form for the current year.

Figure 10 shows the monthly reported detections of laboratory confirmed respiratory viruses and mycoplasma in
the previous months in Norway. During the autumn of 2017 through November, rhinoviruses were a major
cause of respiratory illness. Respiratory syncytial virus (RSV) has played a much lesser role during the last few
months after causing a larger outbreak last winter. Human metapneumovirus, on the other hand, was more
frequently detected this winter. Respiratory viruses with very low detection frequencies have been omitted.

The number of patients tested for the different viruses varies, thus the figures displayed do not accurately
portray the actual proportions of infections.
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Figure 10: Respiratory virus detections in Norway reported monthly, from July 2017 through July 2018.
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2: Characterisation of influenza viruses circulating in Norway, 2017-18 season

B/Yamagata/16/1988 lineage

Out of 1344 samples PCR positive for B/Yamagata in NIC Norway, 6.5 % have been sequence analysed and HA
sequences of 4 % of all PCR-positive influenza B viruses have been submitted to GISAID. All B/Yamagata viruses
from this season in Norway belonged to the genetic clade 3 and resemble the B/Yamagata viruses from the
previous season in Norway. A small group of viruses in the beginning of the season possessed the HA amino acid
substitutions Q122K and T181A, otherwise all viruses have had few or none substitutions compared to the vaccine
strain (Figure 11; Section 4: Phylogeny). The majority of the NA genes possessed the amino acid substitutions
149M, R65H and 1171M.

From week 40, 39 influenza B/Yamagata viruses (3 % of B/Yamagata viruses received in NIC Norway), both
virus isolates and clinical samples, have been shipped to the WHO Collaborating Centre for Reference and
Research on Influenza, Crick Worldwide Influenza Centre. About 2 % have been propagated in cells in the NIC.

B-Yamagata HA
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B/Phuket/3073/2013

Figure 11: Cluster analysis of B/Yamagata viruses in Norway
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Influenza A(H3N2)

Out of 1157 samples PCR-positive for H3 in NIC Norway, 13 % have been sequence analysed and HA
sequences of 7 % of all PCR-positive H3 viruses have been submitted to GISAID. Strain-based reporting of
virus characterisation data has been done routinely through TESSy. Both H3 genetic clades 3C.2a and its sub-
clade 3C.2al have been circulating as during the previous season and the summer months of 2017. The 3C.2a
clade has predominated the H3N2 viruses in Norway also this season, the subclade 3C.2a2 viruses slightly
outnumbering the other subclades combined. Most of the recent H3N2 viruses also belonged to the 3C.2a2
subclade, but two viruses from the summer months belonged to 3C.2alb.

The main group of viruses within the genetic 3C.2a2 clade are most closely related to the reference virus
A/Lithuania/6165/2017, possessing the T131K, R142K and R261Q substitutions in HA (in reference to
A/Texas/50/2012, see phylogeny section). Both T131K and R142K are in antigenic site A and have been related
to antigenic drift. These viruses caused the rapid increase in cases in Norway during the previous 2016/17
season. Some recent viruses also possessed P21S and K92R or N144R and A106T substitutions.

The minority of the H3 3C.2al viruses from the preceding season, possessing the K92R and H311Q HA
substitutions, are the ones that dominated the sub-clade this season. All Norwegian 3C.2alb viruses now
possess K92R and H311Q, and the most recent viruses possess E62G, T135K and R142G in addition, plus
T128A in some viruses.

The Norwegian viruses in the 3C.2a2 clade share NA genes with the 3C.2al viruses. One could speculate that
the 3C.2al neuraminidase together with the 3C.2a2 HA improves viral fitness. Most recent Norwegian NA
sequences possessed the substitutions 1176M, N329S, P126L, 173L and T2651. One sequenced virus from the
beginning of the season (A/Norway/3396/2017) possessed several NA amino acid substitutions L1401, V145M,
G248E, V3031 and S315R (Figure 12; Section 4: Phylogeny section).

From week 40, 60 influenza H3 viruses (5% of H3 viruses received in NIC Norway), both virus isolates and
clinical samples, have been shipped to the WHO Collaborating Centre for Reference and Research on Influenza,
Crick Worldwide Influenza Centre. 5% have been cell-propagated in the NIC.
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Figure 12 Cluster analysis of HA H3N2 viruses in Norway
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Influenza A(HIN1)pdm09

Also this season few H1 viruses have circulated in Norway, 487 have been PCR positive for HIN1 at the NIC
Norway and 81 of these have been sequence analysed (16.6 %) and HA sequences of 11.5 % of all PCR-positive
HI1 viruses have been submitted to GISAID. Strain based reporting of virus characterisation data was done
routinely through TESSy. These H1 samples belonged to the A/Slovenia/2903/2015 6B.1 group of viruses and
grouped phylogenetically with the A/Paris/1289/2017 reference virus, but with the additional amino acid
substitutions S74R, S164T and 1295V. Some of the recent viruses also possessed T120A (see phylogeny section
figure).

Most of the recent HIN1 viruses in Norway possessed T120A plus S180P or 1286V plus 1372V substitutions in
HA. Most of the latest sequenced NA genes possessed the substitutions G77R, V81A, S82P or T721 plus
S105N.

From week 40, 27 influenza HINT1 viruses (5,5% of HIN1 viruses received in NIC Norway), both virus isolates
and clinical samples, have been shipped to the WHO Collaborating Centre for Reference and Research on
Influenza, Crick Worldwide Influenza Centre. 6.6% have been propagated in cells in NIC Norway.
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Figure 13: Cluster analysis of HA HINI1 viruses in Norway
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B/Victoria/2/1987 lineage

Out of 24 samples PCR positive for B/Victoria-lineage at the NIC Norway, 73% (17) have been sequence
analysed. All belong to the clade 1A viruses. HA sequences of 62.5 % of all PCR-positive Victoria viruses have
been submitted to GISAID. Most Norwegian B/Victoria-lineage viruses possess the 1261L substitution in HA.
Six of the B/Victoria-lineage viruses had the HA amino acids 162-163 double deletion of and possessed the
D129G and 1179V substitutions in addition (see phylogeny section). Most of the recently isolated viruses
possessed the same substitutions, but without the two amino acid deletion.

Only five NA genes of B/Victoria have been sequence analysed. Most B/Victoria NA genes possessed the
substitutions A62T, 1120V and S295R, while one of the NAs of the double-deletion variant possessed F12L,
1120V, T2111 and S295R.

From week 40 , 13 influenza B/Victoria viruses (54 % of B/Victoria viruses received in NIC Norway), both
virus isolates and clinical samples, have been shipped to the WHO Collaborating Centre for Reference and
Research on Influenza, Crick Worldwide Influenza Centre. 16 % have been propagated in cells in NIC Norway.

B-Victoria HA

B BMorw ay/2409/2017 Deletion variant
[ | B/Brisbane/60/2008 Vic vaccine strain
O Deletion variant

D Tidlig sesong
O Mdt sesong
B sen sesong

Cluster analysis of the HA of B/Victoria-lineage viruses, compared to the 2017/18 vaccine component B/Brisbane/60/2008 and the
vaccine representative for the 162-163 deletion variant A/Norway/2409/2017 (red and green circles, respectively, in the left-hand

panel). Maximum parsimony analysis of the first 870 nt of the HA gene. In the rightmost panel, viruses are colour coded green for

late (summer) season, weeks 22 through 39; orange for mid-season (weeks 51-12), and yellow for early season (weeks 40-50).

Figure 14: Cluster analysis of HA B/Victoria viruses in Norway
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Vaccine effectiveness

Out of all samples received for analysis at the NIPH only 2.2% were from vaccinated persons. 13% of the
sentinel samples were from vaccinated persons. In the sentinel population a larger proportion of the non-

vaccinated was lab confirmed with influenza than in the vaccinated population.

Table 3 summarises the percentage of sentinel patients vaccinated and with lab confirmed influenza.

Virus Not vaccinated (n=336) Vaccinated
(n=50)

Influenza 44,6 % 26 %

positive

B/Yamagata 29,0 % 16 %

A(H3N2) 9,5% 6 %

Table 3. Percentage with confirmed virus infection among sentinel samples from persons
vaccinated and not vaccinated. HIN1 and B/Victoria positives were not included because of too

few samples.

Antiviral susceptibility monitoring

Monitoring of antiviral susceptibility has not revealed any neuraminidase inhibitor resistance in Norwegian
viruses this season. NIC Norway has analysed 8% of viruses received so far for phenotypical resistance. In total
6 % of the H3 viruses, 25 % of the H1 viruses, 3 % of the Yamagata viruses and 29 % of the Victoria viruses have
been analysed for antiviral drug resistance either phenotypically or genetically.

Table 4. Norwegian influenza viruses resistant to M2 blockers (adamantanes) and the neuramidase inhibitors
oseltamivir and zanamivir, during the period from week 40/2017 through week 35/2018.

Oseltamivir Zanamivir Adamantanes
per. 11/02-18 (Tamiflu®) (Relenza®) (Amantadin, Rimantadin)
Number Number Antall
; Number tested Oseltamivir- Number tested Zanamivir- Antall testet Adamantan-
virus resistant virus resistant virus resistant virus
H3 66 0/(0 %) 54 0/(0 %) 1 1/(100 %)
B 41 0/(0 %) 30 0/(0 %)
H1 121 0/(0 %) 28 0/(0 %) 1 1/(100 %)

Two screening tools were used to determine oseltamivir/zanamivir susceptibility: sequence analysis

of viral genes or a fluorescence-based neuraminidase inhibition assay.

* we do not test routinely for adamantane resistance, since almost no circulating viruses are
susceptible to this class of drug.
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3: Seroepidemiology Data, August 2017

The National Seroepidemiological Influenza Programme for the year 2017 analysed a total of 2093 serum
samples collected during the weeks 31-35 from clinical/microbiological laboratories covering the 19 counties of
Norway. The anonymised convenience sera are aiming to be representative of the Norwegian population
geographically and by age composition.

The 2017 serum panel was tested by haemagglutination-inhibition (HI) against the 2017/18 seasonal influenza
vaccine strains (trivalent/quadrivalent) (Table 1), i.e. A/Michigan/45/15 (a HIN1pdm09 B.1-like virus),
A/Hong Kong/5738/14 (a H3N2/Hong Kong/4801/2014 3C.2a-like virus), B/Brisbane/60/08 (a B/Victoria-
lineage 1A-like virus), and B/Phuket/3073/13 (a B/Yamagata-lineage 3-like virus). Two additional viruses were
also included in the analyses: HIN1pdm09/California/07/09 (the previous HIN1 vaccine virus X-179A), and
A/Norway/3806/2016 (a recent H3N2isolate representing the genetic clade 3C.2al-like viruses). HI titres > 40
against the influenza A strains and >80 against ether-treated influenza B strains were considered as protective
levels and recorded as seropositive in this analysis. The results are shown in Table 4 and Figure 15.

The 2017 HI assay: For the year 2017 the HI assay antigens were used with 4 HAU, in agreement with the CONSISE HI assay consensus
recommendation. The previous years 8 HAU have been used. The 4 HAU gave somewhat higher HI titres as compared to 8 HAU. The HI results
presented for August 2017 have not been corrected for this difference. Studies are in progress to clarify the differences in various age groups for each
antigen used.

Summary of outcomes

The population seroprevalence to current influenza A vaccine viruses in August 2017 was relatively high,
indicating good protective immunity against the two influenza A vaccine viruses in most age groups. The
seroprevalence to A/HIN1pdmO09 viruses, including the new HIN1 vaccine strain A/Michigan/45/15, was high
(57 %, “All ages’), an increase of 11 percentage points from the previous year, even though very few H1pdm09
viruses were detected the preceding season. The seroprevalence to the H1pdmO09 the last two years are the
highest observed since the pandemic in 2009. A/H3N2, the dominant virus the preceding season, constituted
about 95 % of circulating viruses in the 2016-2017 season. Thus, high seroprevalence (45 %, ‘All ages’) was
seen in August 2017 to the H3N2 vaccine strain (A/Hong Kong/4801/14-like viruses, a 3C.2a genetic clade
virus, represented by A/Hong Kong/5738/14), as well as to genetic subclade 3C.2al viruses (represented by the
reference strain A/Norway/3806/2016). The seroprevalence to H3N2 (‘All ages’) is a two-fold increase (21
percentage points) compared to the previous year. However, seroprevalence against the two influenza B
vaccine viruses B/Victoria/Brisbane/60/08 and B/Yamagata/Phuket/3073/13 was low to moderate (20 % and 23
%, respectively), and were mainly unchanged for ‘All ages’ and for most age groups as well, from last year.

Influenza A(HIN1)pdm09

In August 2017 the prevalence of protective antibodies against A(HIN1)pdm09 was 57 % (“All ages’), an
increase of 11 percentage points from August 2016. A similar increase was also seen in all age groups (between
10 to 15 percentage points) except for those below 5 years of age with a reduction of 5 percentage points in
seroprevalence against HlpdmO9 from the previous year. The seroprevalence to the new H1 vaccine strain
A/Michigan/45/15 is very similar to the previous vaccine strain X179A (A/California/07/09) both for ‘All ages’
and in the various age groups.
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Figure 15. Seroprevalence in August 2017 to current influenza A and B reference and vaccine strains for ‘All
ages’ and in various age groups. For comparison, seroprevalences to some virus strains in August 2015 and
2016 are also shown. Columns in dark colour (blue, red) show the seroprevalence in 2017. Columns in light

blue show the corresponding seroprevalences in 2015 and 2016 for some strains. Further details are given in the
text.

Influenza A(H3N2)

The seroprevalence in August 2017 to the current H3N2 vaccine strain (A/Hong Kong/4801/14, 3C.2a genetic
group, represented by A/Hong Kong/5738/14) had increased significantly compared to the previous year, i.e.
from 24 % to 45 % for ‘All ages’. This is consistent with the high proportion of H3N2 viruses circulating in the
preceding season, about 95 % of detected viruses. Increased seroprevalences were seen in all age groups. The
highest increase was in young adults (15-24 year olds) with 33 percentage points, which is a 2.3-fold increase in
seroprevalence from last year. A similar increase in seroprevalences (1.5 to 2.1-fold) are also seen in the other
age groups to the current H3N2 3C.2a-like vaccine virus. From August 2015 to August 2016 there was a 1.5 to
2 times reduction in seroprevalence to A/Hong Kong (Fig. 10). The reduced pre-season prevalence of protective
antibodies in August 2016 might thus have contributed to the dominance of H3N2 viruses circulating the
2016/2017 season. The seroprevalences against genetic clade 3C.2al viruses (represented by
A/Norway/3806/2016) were nearly the same as for the 3C.2a genetic clade viruses for ‘All ages’, those below
15 years of age as well as those 60 years and older, while there were somewhat higher seroprevalences (6-9
percentage points) for young adults and adults (25-59 years old).

Influenza B

In August 2017 the prevalence of protective antibodies to influenza B viruses were low to moderate and were
mainly unchanged from August 2016 against both B/Victoria- and B/Yamagata-lineage vaccine-like viruses
(‘All ages’). For most age groups the changes in seroprevalences were less than +/- 5 percentage points.
However, for young adults (15-24 year olds) and those 60 years and older an increase of 11 to 12 percentage
points in the seroprevalence against the B/Victoria-lineage vaccine-like viruses, represented by
B/Brisbane/60/08, were seen (Table 4 and fig 15). Interestingly, relevant to the current flu season with
dominance of B/Phuket/3073/13-like B/Yamagata-lineage viruses, the seroprevalence against B/Phuket-like
viruses has been decreasing the last two years, after the 2014/2015 season of which B/Phuket-like viruses
constituted about 40 % of the circulating viruses. The largest decreases in protective antibodies from August
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2015 to August 2017 (8 to 10 percentage points) were seen in those age groups with the highest B/Yamagata
virus incidence the current season (Data not shown).

Table 4. Influenza Seroepidemiological results in August 2017 - Comparison between age groups.
For comparison data from studies performed for the preceding years 2014-2016 are also included.

Age groups
Influenza strains (Year®) 0-4 5-14  15-24 0-24  25-59 60+ All ages

H1 X-179A/A(HIN1)pdm09 (2014) 27 52 58 49 31 30 39
H1 X-179A/A(HIN1)pdm09 (2015) 24 53 58 50 30 36 39
H1 South Africa/3626/13 (2015)" 35 62 57 55 31 22 40
H1 X-179A/A(HIN1)pdm09 (2016) 30 66 62 56 38 36 46
H1 Slovenia/2903/15 (2016) 34 66 68 60 38 33 47
HI X-1794/A(HIN1)pdm09

( p 25 79 77 67 52 46 57
(2017)
H1 Michigan/45/15 (2017)** 26 79 79 68 50 42 56
H3 Switzerland/9715293/13 (2014 )V 20 31 24 26 12 27 21
H3 Texas/50/12 (2015) 35 79 54 60 35 44 47
H3 Switzerland/9715293/13 (2015) 33 59 31 42 30 40 37
H3 Hong Kong/5738/14 (2015)) 28 68 47 51 27 29 38
H3 Switzerland/9715293/13 (2016) 18 60 29 39 21 33 31
H3 Hong Kong/5738/14 (2016) 14 53 26 34 14 22 24
H3 Hong Kong/5738/14 (2017)** 28 78 59 60 30 43 45
H3 Norway/3806/16 (2017)" 28 77 68 63 36 45 49
B/Vic Brisbane/60/08 (2014) 4 20 12 13 10 21 14
B/Vic Brisbane/60/08 (2015) 2 32 25 23 17 32 23
B/Vic Brisbane/60/08 (2016) 9 28 15 19 9 15 15
B/Vic Brisbane/60/08 (2017)+** 11 27 27 23 13 26 20
B/Yam Phuket/3073/13 (2014) 2 17 39 21 18 16 21
B/Yam Massachusetts/2/12 (2015)% 12 29 58 38 36 33 37
B/Yam Phuket/3073/13 (2015)» 12 31 43 32 23 28 28
B/Yam Phuket/3073/13 (2016) 5 23 39 25 26 20 24
B/Yam Phuket/3073/13 (2017)+* 4 28 33 25 23 19 23
Sera analysed (n): 2015 Aug 178 353 363 894 788 409 2091
DSub-panel (n) of 2015 sera (SA+HK) 91 145 130 366 282 156 804
JSub-panel (n) of 2015 sera (Brisb) 132 279 298 709 654 332 1695
ISub-panel (n) of 2015 sera (Mass+Phu) 75 183 209 467 462 232 1161
Sera analysed (n): 2016 Aug 188 351 333 874 745 411 2028
Sera analysed (n): 2017 Aug 189 318 353 860 797 436 2093
DSub-panel (n) of 2017 sera (Norway/3806/16) 162 276 315 713 753 390 1856

$Year of serum collection and HI analysis.

*All entries are per cent of sera having HI titres > 40 for the A strains and > 80 for the ether-treated B strains. The resulting data are weighted according to
age group distribution and population density of various counties in Norway.

**Components of the Northern hemisphere influenza vaccine (trivalent/quadrivalent) for the season 2017-2018.

B/Yam: B/Yamagata/16/1988 lineage; B/Vic: B/Victoria/2/1987 lineage
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Cross-immunity against the novel B/Victoria-lineage HA deletion variant.

During the preceding 2016/2017 season, a B/Brisbane/60/08 (B/Victoria-lineage) hemagglutinin (HA) double
deletion variant was identified in the US and Norway as well as some other countries. Since antigenic
characterization using monospecific ferret antisera indicated antigenic drift, there is concern about possible lack
of immunity to this variant in the human population. During the 2017/2018 season, the deletion variant was been
identified in several other countries as well, but still at low frequency (less than 1 % of circulating influenza
viruses, albeit constituting a large and increasing proportion of the Victoria-lineage viruses in some countries).
Preliminary HI analysis using pre-2017 human sera from our annual serum collection indicate that sera with
antibody against B/Brisbane/60/2008 tended to be reactive also to the deletion variant, suggesting some level of
cross-reactive antibodies to the deletion variant virus in the human population (Figure 11). However, there are
some indications that the immunity in some age groups might be less cross-reactive (exemplified by sera 1, 2, and
5 in figure 16).

Sera August 2016

1280

m B/Brisbane MDCK/Native

640 ® B/Maryland MDCK/Native
320
) 160
T 80
40
10

$14 15-24 2599 €O+
Age groupe

Figure 16. HAI titres in 24 anti-B/Brisbane/60/2008-reactive sera collected in 2016, prior to the deletion
variant emergence, against wild-type B/Victoria lineage virus (B/Brisbane/60/2008) and against the novel
HA a.a. 162-163 deletion variant, represented by B/Maryland/15/2016. Antigens used were whole-virus
MDCK cell isolates.
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4 Phylogeny: Influenza sequences, Norway 2017-18

HA H3N2

eek 49-2 n=6
A/Norway/2934/2018|stlandet|
3 A/Norway/1767/2018|stlandet

Norway/1768/2018|stlandet|
[— A/Norway/1769/2018|stlandet|10|
— A/Norway/274/2018|Vestlandet|2|
— A/Norway/3938/2017|stlandet|50]
— A/Norway/3712/2017|Srlandet|49|
— A/Norway/1960/2018|Srlandet|10|

I
oo

D53N A/Norway/2930/2018}Vesﬂandelf1 9|
Norway/1819/2018| NordNor%eHUI
E62K ~—|__ 94 A/Norway/2618/2018|NordNorge|16|
A212T 8 ~ |A/Norway/2145/2018|NordNorge|12]
A/Norway/2076/2018|NordNorge|11

A/Norway/234/201 SystlandetIZL
A/Norway/4096/2017|stlandet|51|
Q1K A/Norwayl1951/2018|MidtNo?el1UI
orway! stlandet
AN /3725/2017|stlandet|49
A/Norway/3758/2017|stlandet|49|
N126 A/Norway/3757/2017|stlandet|49|
A/Norwa¥/3940/2017|sllandet|49|
A/Norway/2404/2018|stlandet|14|
A/Norway/621/2018| "esﬂandetlA%
A/Norway/4145/2017|Vestlandet|52|
A/Norway/4070/2017|Vestlandet|51|
A/Norway/3580/2017|stlandet 47|
A/Norway/3517/2017|stlandet|46|
A/Norway/3278/2017|Srlandet|42|
A/Norway/3242/2017|stlandet|40|
A/Norway/3240/2017|stlandet|40| 3C.2a2
A/Norway/3353/2017|Vestlandet|43| -
P21S A/Norway/2782/2018|stlandet| 16|
A/Norway/2927/2018|MidtNorge[19
K92R A/Norww/3245l2017[stlandet_l4%
A/Norway/1635/2018|MidtNorge|9|

T131K
R142K
R261Q

Kong/3160/2017
A/Norway/3305/2017|Vestlandet|43]
A/Norway/4006/2017|Vestlandet|/50|
A/Norway/4012/2017|Vestlandet|51
A/Norway/3396/2017|Vestlandet|44
A/Norway/3395/2017|Vestlandet|44|
A/Norway/3409/2017|MidtNorg
A/Norway/3458/2017|MidtN 46|
A/Norway/3481/2017|MidtN 46|
A/Norwazy 2405/2018|stlandet|15)
A/Norway/2477/2018|Vestiandet|15]
A/Norway/556/201SESrIandeth
|stlandet|19]

@
=
DN

Week 7-15 n=7
A/Antananarivo/2398/2017
A/Bolzano/7/2016
A/Oman/2585/2016
N171 AlGreece/d2017
A/Qatar/10-VI-17-0001178/2017
A/Hong Kong/3090/2017
A/Norway/380672016
A/Singaporeflnfimh-16-0019/2016
_3:Nﬂong Kong/3156/2017
AlVictoria/10/2017
A/Norwayl3313/2017|stlandet|43
A/Norway/4137/2017|stlandet|51
A/Hong on81316312017
3/2017|stlandet ﬁi|

A/Norway/3422/2017|NordNorge|45|
A/Norway/3318/2017|NordNorge|43|
A/Norway/3490/2017|Vestlandet|47|
A/Norway/3241/zo17|st|andet|40| 3C.2alb
ANomiay 17201 etandedisl ||
orwa stlande
ANoway/3418/2017/atlandeti45 3C.2a1
Norway/3400/2017|stlandet|44]
Week 52-10, n=13
A/Norway/2856/2018 Ve_sﬂandetl184
96 |A/Norway/1952/2018|MidtNorge|11]
E62G A/Norway/2620/2018|NordNorge|16|
T135K A/Norway/231/2018£stlandet|2
A/Norway/2647/2013|stlandet|16|
R142G NNOM%]3212/2018|I28|
A/Norway/2921/2018|stlandet|19]
T128A A/Norway/2678/2018|Vestlandet|16|
A/Norwa}l/2609/2018|Vesﬂande 16|
A/Norway/. 486/2018|NordNoage|1 |
A/Norway/2221/2018|Vestlandet|12| 3C.2alb
A/Norway/1508/2018|Vestlandet|8|
— A/Norway/147/2018|stlandet|2|
A/Norway/1444l2018[NordNoLge|8{]
N31S — WNomway/2002018lctndet
— A/Norway) stlandet
N122D  G78D | monyay/3219/2018Vestandet30]
N171D N122D A/Hong Kong/2286/2017
A/Norwa /3488/2017};\/IidtNor e|46|
S262N 55| A/Norway/3283/2017|st ndet|42?
M A/Norway/3420/2017|MidtNorge|45|
) A/Norway/3427/2017|MidtNorge|44|
A/Cote Dlvoire/54412016

Week 46-2 n=13 ‘ 3C.2a3

— T135

PR
N121K NNO“’,,',':;’,%OMM 7 Phylogenetic reconstruction of Norwegian
A/Hong Kong/3105/2017 i i
T30A ||N144K AlNorway!3861/2017INordNorgel49] ﬁ/ II?N; HA genes. ﬁef erence viruses ‘"‘;'"
T128A A/Norway/275/2018|Vestlandet|2) old. Shown is a subtree of a tree rooted to
R142G Q57K95 %Ngm‘;wggﬁgg}?’ E.\“'.gl'g[“.”ge 10 A/Texas/50/2012. Vaccine strain is marked in
| A/Norway/3858/2017[NordN g 49 red bold italic. Aligned partial HA gene
T135K Aﬁﬁmzﬁgggggy stiandet|19] sequences (910 bases) were subjected to
R150K A%f‘é?lrw%ﬁf?}%%%gﬁﬂ_fndet 18| phylogenetic analysis using neighbor-joining
R2610Q Q/waay/gg;%%g 11 ;fs'llgnge'fﬁf of Kimura-corrected genetic distances.
jorwa' stlandet|
N128 ANomway/3320/2017INordNorgel42| Bootstrap values above 70% out of 500

142 GA/Norway/3334/2017| stlandet| 2| resamplings are shown. Norwegian viruses
90 | A/Norway/3296/2017|stlandet|42)

A/Norway/3297/2017stlandet|42 from this season are named as “Isolate

NNorXIa /3309(/201;_;‘(‘;5.2«‘;?246;1.‘\4,: 41] ID|Region|week”. Key amino acid differences
T06- A/Saudi Atabia 2507132017 to the reference A/Texas/50/2012 are
—A/Hong Kong/4801/2014 indicated on key branch nodes.

—
0.001
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A/Norway/2405/2018|stlandet|15]|
1731 |A/Norway/2477/2018|Vestlandet|15]|

A/Norway/619/2018|Vestlandet|5|

A/Norway/556/2018|Srlandet|4|
A/Norway/279/2018|Vestlandet|3|
A/Norway/2515/2018|Srlandet|14]|

:\‘137;532 —5 AlNorway/2516/2018{Srlandet|14] 3 C 2 a 2 H A /

A/Norway/2517/2018|Srlandet|14]|
AlHong Kong/3090/2017 ‘ 3C.2al1 NA
A/Qatar/10-VI-17-0001178/2017
A/Norway/1635/2018|MidtNorge|9|
A/Norway/3242/2017|stlandet|40|
A/Norway/238/2018|stlandet|2|
AlGreece/4/2017
A/Norway/3806/2016

A/Norway/3241/2017|stlandet|40]|
A/Norway/3247/2017|MidtNorge|40|
AlHong Kong/3163/2017

K220N —— A/Norway/2486/2018|NordNorge|14|
V303l b AlNorway/147/2018|stiandet|2|

P126L 76

L AHong Kong/2286/2017 3 C . 2 a 1 b

A/Norway/629/2018|MidtNorge|4|

A/Norway/676/2018|Vestlandet|4|
A/Norway/704/2018|stlandet|4|
A/Hong Kong/3115/2017
AlLithuania/6165/2017 3 C . 2 a
A/Hong Kong/3160/2017
AlSaudi Arabia/252773/2017

A/Oman/2585/2016
L140l A/Hong Kong/3042/2017 3 C 2 a 1
V145M AlSingapore/Infimh-16-0019/2016 :
G248E AlBolzanol7/2016
V303l
$315R _|—— A/Norway/3396/2017|Vestlandet|44|
8 70 A/Antananarivo/2398/2017
—— AlHong Kong/3156/2017
94— AVictoria/10/2017
AlFlorida/48/2017
8 A/Switzerland/9715293/2013
iad AlStockholm/6/2014 3C.3a
86 AlHong Kong/4801/2014 |
AlCote Divoire/544/2016
) A/Hong Kong/3105/2017
A/Hong Kong/3125/2017
A/Norway/2603/2017 3 C * 2 a
82 E Al/Analavory/2821/2017
Al/Antsirabe/2961/2017
Allceland/69/2017 Phylogenetic reconstruction of Norwegian
AlSamaral73/2013 A/H3N2 NA genes. Reference viruses are in
L A/Texas/50/2012 bold. Shown is a tree rooted to
A/Texas/50/2012. Vaccine strain is marked in
'W‘ red bold italic. Aligned partial HA gene

sequences (700 bases) were subjected to
phylogenetic analysis using neighbor-joining
of Kimura-corrected genetic distances.
Bootstrap values above 70% out of 500
resamplings are shown. Norwegian viruses
fromthis season are named as “Isolate
ID|Region|week”. Key amino acid differences
to the reference A/Texas/50/2012 are
indicated on key branch nodes.
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y/3703/2017 |

_rq Norway/3862/2017 ]
B/Norway/3319/2017|NordNorge|41|

B/Norway/714/2018|stlandet|5|

B/Norway/2442/2017|MidtNorge|45|

[ B/Norway/701/2018|stlandet|5|
y/2510/2017|MidtNorge|46|

[ B/Norway/715/2018|MidtNorge|4|

B/Norway/2892/2017|stlandet|48|

— 2682/2018| 18|
y/3710/2017| gels)|

— y/4037/2017| |

B/Norwsy/4052/2017|stlandet|51|

[—— B/Norway/241/2018|MidtNorge|2|

B/Norway/4112/2017|Srlandet|52|

_{ B/Norway/2237/2018|MidtNorge|12]

B/Norway/2224/2018|Srlandet|12]
2922/2018|Mi gel19]
B/Norway/192/2018|Srlandet|1|
B/Nonway/2860/2017|stlandet|48|
B/Norway/3837/2017|stlandet|49(
B/Norwsay/3849/2017|stlandet|50]
B/Norway/4084/2017|MidtNorge|51|
B/Norwsay/4100/2017|stlandet|52
B/Norway/232/2018|stlandet|2|
B/Norway/709/2018|MidtNorge|4|
B/Norway/711/2018|MidtNorge|4|
B/Norway/1403/2018|Vestlandet|8|
B/Norwsay/1472/2018|Vestlandet|7]
2070/2018] gel10]
B/Norway/227/2018|stlandet|1|
B/Norway/1450/2018|stlandet|7|
B/Norway/273/2018|Vestlandet|2|
B/Norway/1762/2018|stlandet|10]
y/1961/201 1]
B/Norway/200/2018|MidtNorge|2|
| B/Norway/1628/2018 | MidtNorgel9|
[— B/Norway/22356/2018|MidtNorge|12|

y/3201/2017| 2
B/Norwsy/2166/2018|NordNorge| 12|

K253N y/2388/2017|Mi |

B/Norway/897/2018|stlandet|4|

K325R _ ||emonway/208e/2018 MidtNorge(t1]

Q122K

T181A —

y/3718/2017|
212017
B/Norway/€06/2018|stlandet|5|
B/Norway/2002/2018|stlsndet|10]
y/2501/2017] (
2860/201 18|
B/Norway/2496/2018|MidtNorge|14|
| B/Norway/2600/2017|Srlandet|48|

B/Norway/3648/2017|stlandet|48|

5 y/4039/2017|
7— B/Norway/194/2018|Srlandet|2]

B/Norway/229/2018|stlandet|2|

y/4165/2017]
—| B/Norway/276/2018|Vestlandet|2|

B/Norway/2416/2017|stlandet| 45|

— BiHong Kong/256/2017
BiUkraine/7758/2017

|—— B/Norway/626/2018|Vestlandet|4|
B/South Africa/R07204/2017
/1762720 10]
y/2691/2017 3|
B/Norway/201/2018|MidtNorge|2|
[—— B/Norway/2060/2018|MidtNorge|11]
B/Norway/198/2018|MidtNorge|1]

y/2687/2017|Mi |
B/Norway/2821/2018|MidtNorgel18|
B/Norway/2931/2018|stlandet|20]
B/Norwsy/2935/2018|stlandet| 19|
[——BJArizona/32/2017
[—— Bi/Nonway/2488/2018|NordNorge| 14|
[—— B/Nonway/2635/2017|stlandet|48|
'— B/Nonway/2616/2018|MidtNorge[16]

1 G183E B/Norway/2824/2017|stlandet|49|
95' B/Norwsay/1986/2018|stlandet|11]

B/Saarland/3/2017
iBlHong Kong/253/2017
1/2017

B/Hong 17
y/2370/2017) gel44|
y/3482/2017|Mi gel48|
B/Norway/3550/2017|Vestlandet|47|
B/Norway/2819/2017|Vestlandet|48|

y/2620/2017 |

G183E y/3557/2017| |

B/Norway/1460/2017
B/Slovenia/1666/2017

B/Norway/3529/2017|Srlandet|47|
/324412017 |
B/Hong Kong/260/2017
B/Christchurch/505/2017

T234K BiPapeete/1291/2017
y/2207/2018] 27|
Pfalz/3/2017
og— i/210437/2017

L — BiNorwayi2162/2017
Billorway/2155/2017
BiTaiwan/68/2017

B/Hong Kong/3417/2014

B/Phuket/3073/2013

—
0.001

y/2653/2017|Mi |
y/2632/2017|Mi |
= y/3626/2017| |
y/1789/2018|MidtNorge|10|
B/Norwsy/2227/2018|Srlandet|12|
B y/2428/2017 gel44|

Phylogenetic reconstruction of Norwegian
B/Yamagata HA genes. Reference viruses are
in bold. Shown is a subtree of a tree rooted to
B/Florida/4/2006. Vaccine strain is marked in
red bold italic. Aligned partial HA gene
sequences (1020 bases) were subjected to
phylogenetic analysis using neighbor-joining
of Kimura-corrected genetic distances.
Bootstrap values above 70% out of 500
resamplings are shown. Norwegian viruses
from this season are named as “Isolate
ID|Region|week”. Key amino acid differences
to the reference A/Phuket/3073/2013 are
indicated on key branch nodes.
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B-Yamagata NA

99

R65H

—— B/Norway/241/2018|MidtNorge|2|
B/Norway/714/2018|stlandet|5|
B/Norway/606/2018|stlandet|5|

—— B/Norway/1986/2018|stlandet|11|
— B/Norway/1629/2018|MidtNorge|9|
B/Norway/711/2018|MidtNorge|4|
—— B/Norway/701/2018|stlandet|5]|
B/Norway/715/2018|MidtNorge|4|
—— B/Norway/697/2018|stlandet|4]|
—— B/Hong Kong/253/2017|

— BIEngland/42/2017|

1171M| | L————— BISouth Africa/R07204/2017|

149M g3

B/Norway/2488/2018|NordNorge| 14|
BlArizonal32/2017|
B/Saarland/3/2017|

91

AB7V|

B/Hong Kong/256/2017|
_‘— B/Ukraine/7758/2017|
B/Hong Kong/264/2017|
—— BIKANAGAWA/61/2017|

87| BIChristchurch/505/2017|
B/Papeete/1291/2017|

92

82

—— B/Wisconsin/01/2010|

B/BRISBANE/3/2007|
B/Estonia/55669/2011|

B/Massachusetts/02/2012|
B/Poprad/320/2016|

— BIFlorida/4/2006|

0.005

92

99 I: B/Bucuresti/210437/2017|
B/Norway/2162/2017|

{ B/Norway/2155/2017| B/Yamagata NA genes. Reference viruses are
97

_|— B/Norway/1460/2017|

B/Wellington/19/2017|

74— BISlovenia/1666/2017|

V60A ——— B/Hong Kong/260/2017|
9l B/Norway/3244/2017|stlandet|40]|

EHong Kong/3417/2014|
B/Phuket/3073/2013|

B/Rheinland-Pfalz/3/2017|

Phylogenetic reconstruction of Norwegian

B/Taiwan/68/2017| in bold. Shown is a tree rooted to

BIStockholmM2/2011] B/Florida/4/2006. Vaccine strain is marked in

red bold italic. Aligned partial HA gene
sequences (850 bases) were subjected to
phylogenetic analysis using neighbor-joining
of Kimura-corrected genetic distances.
Bootstrap values above 70% out of 500
resamplings are shown. Norwegian viruses
from this season are named as “Isolate

B/Rwanda/637/2016| ID|Region|week”. Key amino acid differences

to the reference A/Phuket/3073/2013 are
indicated on key branch nodes.
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A/Norway/1906/2018|stlandet|10|
[ A/Norway/2081/2018|NordNorge|11]
— A/Norway/2833/2018|MidtNorge|18|
A/Norway/2184/2018|stlandet|12|
A/Norway/1956/2018|Srlandet|10|
A/Norway/1933-2/2018|NordNorge|9|
A/Norway/1503/2018|MidtNorge|8|
A/Norway/1493/2018|MidtNorge|8|

E235D [—] A/Norway/1237/2018|stlandet|7|
N260D [~ A/Norway/286/2018|Vestlandet|2|
o} | A/Norway/1752/2018|Srlandet| 10|

85A/Norway/2009/201 8|stlandet|10|
A/Norway/2213/2018|Vestlandet|12|
_@/Nomay/2645/201 8|stlandet| 16|
90A/Norway/2846/2018|stlandet|18|
A/Norway/3333/2017|stlandet|42|
—| A/Norway/3951/2017|stlandet|51|
L2331] A/Norway/4044/2017|stlandet]50)]
A/Norway/4215/2017 |stlandet|1]
A/Norway/205/2018|stlandet|2|
S183H A/Norway/2681/2018|Vestlandet| 16|
— A/Norway/1259/2018|stlandet|7|
A/Norway/2071/2018|NordNorge|10|
A/Norway/2680/2018|Vestlandet| 16|
A/Norway/1985/2018|stlandet| 10|
A/Norway/2500/2018|stlandet|15]|
A/Norway/2851/2018|stlandet| 18|
A/Norway/283/2018|Vestlandet|2|
A/Norway/2919/2018|stlandet| 19|
A/Norway/2627/2018|stlandet| 15|
A/Norway/3231/2018|stlandet|32|
A/Norway/4003/2017|Srlandet|50|
A/Norway/562/2018|Srlandet|4|
A/Norway/4000/2017|Srlandet|50|
A/Norway/3389/2017|Vestlandet|44|
94A/Norway/3433/2017|Vestlandet|45|
A/Norway/3434/2017|Vestlandet|45]|
A/Norway/3435/2017|Vestlandet|45|
A/Norway/3497/2017|Vestlandet|46|
A/Norway/3498/2017|Vestlandet|46|
A/Norway/3499/2017|Vestlandet|46|
A/Norway/3351/2017|Vestlandet|43|

A/Paris/1289/2017|
8 A/Norway/2928/2018|Vestlandet| 19|

A/Norway/4055/2017|stlandet|51|
. A/Norway/728/2018|stlandet|4|
A/Norway/582/2018|stlandet|4|
A/Norway/216/2018|MidtNorge|1|
A/Norway/4075/2017|stlandet|51|
A/Norway/1453/2018|stlandet|7|
| wmay/%omm 8|Vestlandet|3|
A/Norway/2686/2018|MidtNorge|16|
A/Norway/1799/2018|stlandet|10|
g@Nomay/2242/201 8|MidtNorge|13|
A/Norway/2920/2018|stlandet| 18|
_17_&619;;— A/Norway/3226/2018|MidtNorge|31|
1372V A/Norway/3188/2018|stlandet|26|
A/Norway/2194/2018|stlandet| 12|
A/Norway/2211/2018|Vestlandet|12|
A/Norway/1813/2018|NordNorge|10|
A/Norway/2660/2018|stlandet| 16|
A/Norway/3930/2017|Vestlandet|51|
A/Norway/4298/2017|stlandet|1]|
A/Norway/2690/2018|stlandet| 16|
A/Norway/2484/2018|NordNorge| 14|
8 Norway/2621/2018|NordNorge| 16|
A/Norway/2947/2018|NordNorge|21|
A/Norway/580/2018|stlandet|4|
A/Norway/694/2018|MidtNorge|4|
A/Norway/4152/2017|Vestlandet|52|
A/Norway/2198/2018|MidtNorge|13|
A/Norway/282/2018|Vestlandet|3|
A/Norway/156/2018|MidtNorge|1|
A/Norway/212/2018|stlandet|1|
A/Norway/708/2018|stlandet|5|
A/Norway/1462/2018|NordNorge|7|
A/Norway/1854/2018|stlandet| 10|

co

P137S

1728
P137S

7o

74

6B.1

A/Norway/3221/2018|stlandet|30|
$180P 87A/Norway/3224/2018|MidtNorge|31|

T Norwav/or
A/Norway/2146/2017|

——_ A/Norway/120/2018|Vestlandet|2|
— A/Hong Kong/2214/2017|
A/Hong Kong/2245/2017|

A/Torino/93/2017|

——

0.002

A/Slovenia/2903/2015|

A/Michigan/45/2015|
95~ AJOSAKA/170/2017|

A/Bayern/81/2017|

A/Hong Kong/2111/2017|
A/Dakar/09/2017|
A/Thuringen/130/2017|

A/Hong Kong/2199/2017|

Phylogenetic reconstruction of Norwegian
A/H1N1 HA genes. Reference viruses are in
bold. Shown is a subtree of a tree rooted to
A/California/7/2009. Vaccine strain is marked
in red bold italic. Aligned partial HA gene
sequences (870 bases) were subjected to
phylogenetic analysis using neighbor-joining
of Kimura-corrected genetic distances.
Bootstrap values above 70% out of 500
resamplings are shown. Norwegian viruses
from this season are named as “Isolate
ID|Region|week”. Key amino acid differences
to the reference A/California/7/2009 are
indicated on key branch nodes.
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A/Norway/3597/2017|stlandet|48|

P83H A/Norway/582/2018|stlandet|4|

A/Norway/3226/2018|MidtNorge|31|
87 A/Norway/3188/2018|stlandet|26|
SO ANorway/120/2018|Vestiandet]2|
V80OM A/Norway/2500/2018|stlandet| 15|
—— A/Norway/562/2018|Srlandet|4|
——S77K_ a/Norway/3228/2018|stlandet|30)]
Al/Paris/1289/2017
A/Norway/2947/2018|NordNorge|21|
o A/Norway/694/2018|MidtNorge|4|
A/Norway/708/2018|stlandet|5|
A/Norway/3221/2018|stlandet|30|
S105N A/Norway/3224/2018|MidtNorge|31]|
e L582P  A/Norway/3231/2018]stlandet[32]
A/Hong Kong/2214/2017
A/Hong Kong/2245/2017
I — AMNorway214eR0m7 Phylogenetic reconstruction of Norwegian
— AlHong Kong/2111/2017 A/H1N1 NA genes. Reference viruses are in
99 AlThuringen/130/2017 :;?&/;Z%Z/i;/tzrgggmszzzz strain is marked
o A/Michig-an/45/2015 in red bold italic. Alig'gned partial HA gene
A/Slovenia/2903/2015

4!——Allsraello-504/2015
98 AlJilin-Ningjiang/SWL1297/2017

A/Ghana/F $-16-0249/2016

AlCalifornia/07/2009

A
0.002

sequences (870 bases) were subjected to
phylogenetic analysis using neighbor-joining
of Kimura-corrected genetic distances.
Bootstrap values above 70% out of 500
resamplings are shown. Norwegian viruses
from this season are named as “Isolate
ID|Region|week”. Key amino acid differences
to the reference A/California/7/2009 are
indicated on key branch nodes.
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B-Victoria HA

B/Norway/1036/2018|Srlandet|5| A
B/Norway/2532/2018|Srlandet|14|
B/Norway/801/2018|Srlandet|5] A
B/Norway/347-2/2018|Srlandet|3| A
B/Norway/2513/2018|stlandet| 14|
B/Norway/2020/2018|Vestlandet|10| A
B/Norway/2409/2017 A
>k B/Norway/4103/2017|stlandet|51|
Bllreland/3154/2016
B/Maryland/15/2016
— B/Ukraine/7760/2017

B/Moldova/422.18/2017
4E7— B/Zaporizza/162/2017

B/St Petersburg/297/2017

B/Arizona/34/2017
B/Hong Kong/245/2017
B/Georgia/523/2017
B/Dnipro/241/2017

— B/Hong Kong/269/2017
99 |BIHong Kong/286/2017

D129G76

1179V

— B/Bremen/4/2017
B/Georgia/566/2017
B/Norway/1205/2018|stlandet|7|
B/Analavory/2827/2017
— B/Nordrhein-Westfalen/1/2016
B/Kazakhstan/7440/2017
B/Bratislava/275/2017
B/Norway/3572/2017|MidtNorge|48|
B/Norway/3574/2017|MidtNorge|47|
B/Norway/3955/2017|MidtNorge|50|

1261L B/Norway/367/2018|MidtNorge|2|

19| B/Norway/416/2018|MidtNorge|3|

97 B/Norway/667/2018|MidtNorge|3|

B/Norway/337/2018|Vestlandet|2|
o1 7' B/Norway/1540/2018|MidtNorge|8]|
B/Dakar/08/2017
— BI/Kyiv/197/2017
L BIFlorida/52/2015 EPI ISL 193225 Phylogenetic reconstruction of Norwegian

B/Victoria HA genes. Reference viruses are in

B/South Australia/81/2012
B/Formosa/V2367/2012
B/Johannesburg/3964/2012

83

98

B/Malta/MV636714/2011
B/Brisbane/60/2008
B/Heilongjiang-Aihui/1234/2016

B/Guangxi-Changzhou/31/2015

ﬂong Kong/514/2009

B/Malaysia/2506/2004

——
0.002

bold. The tree is rooted to
B/Malaysia/2506/2004. Vaccine strain is
marked in red bold italic. Double deletion
variants (A162/163) from Norway are marked
in blue and A. Aligned partial HA gene
sequences (950 bases) were subjected to
phylogenetic analysis using neighbor-joining
of Kimura-corrected genetic distances.
Bootstrap values above 70% out of 500
resamplings are shown. Norwegian viruses
from this season are named as “Isolate
ID|Region|week”. Key amino acid differences
to the reference B/Brisbane/60/200 are
indicated on key branch nodes.
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