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Background: Influenza viruses can cause large sea-
sonal epidemics with high healthcare impact and 
severity as they continually change their virological 
properties such as genetic makeup over time. Aim: 
We aimed to monitor the characteristics of circulating 
influenza viruses over the 2022/23 influenza season 
in the EU/EEA countries. In addition, we wanted to 
compare how closely the circulating viruses resemble 
the viral components selected for seasonal influenza 
vaccines, and whether the circulating viruses had 
acquired resistance to commonly used antiviral drugs.
Methods: We performed a descriptive analysis of 
the influenza virus detections and characterisa-
tions reported by National Influenza Centres (NIC) 
from the 30 EU/EEA countries from week 40/2022 to 
week 39/2023 to The European Surveillance System 
(TESSy) as part of the Global Influenza Surveillance 
and Response System (GISRS). Results: In the EU/EEA 
countries, the 2022/23 influenza season was charac-
terised by co-circulation of A(H1N1)pdm09, A(H3N2) 
and B/Victoria-lineage viruses. The genetic evolu-
tion of these viruses continued and clade 6B.1A.5a.2a 
of A(H1N1)pdm09, 3C.2a1b.2a.2b of A(H3N2) and 
V1A.3a.2 of B/Victoria viruses dominated. Influenza 
B/Yamagata-lineage viruses were not reported. 
Discussion: The World Health Organization (WHO) vac-
cine composition recommendation for the northern 
hemisphere 2023/24 season reflects the European 
virus evolution, with a change of the A(H1N1)pdm09 
component, while keeping the A(H3N2) and B/Victoria-
lineage components unchanged.

Introduction
Influenza viruses can cause large seasonal epidemics 
with high healthcare impact and severity. As influenza 
A viruses may cause also pandemics, influenza viruses 
are monitored carefully through global surveillance 
systems. In Europe, influenza surveillance activities are 
jointly coordinated by the World Health Organization 
Regional Office for Europe (WHO/Europe) and the 
European Centre for Disease Prevention and Control 
(ECDC). The European influenza surveillance data are 
presented each week on the European Respiratory 
Virus Surveillance Summary (ERVISS) platform [1].

Since 2022, the influenza surveillance objectives 
have been expanded to include also other respira-
tory viruses. During and after the COVID-19 pandemic, 
influenza surveillance has been integrated with sur-
veillance for severe acute respiratory syndrome coro-
navirus 2 and respiratory syncytial virus. However, the 
objectives are still focused on several core aspects. 
Monitoring the intensity, geographical spread and tem-
poral patterns of the influenza virus, as well as sever-
ity, risk factors for severe disease and assessment 
of the impact on healthcare systems is important to 
inform mitigation measures. In addition, monitoring 
changes in characteristics of circulating and emerging 
respiratory viruses is crucial to inform treatment, drug 
and vaccine development. Surveillance efforts also 
focus on describing the impact of disease associated 
with virus infections, and assessing vaccine effective-
ness against influenza, COVID-19 and other respiratory 
virus infections where locally feasible [2].

Influenza viruses are divided in types and subtypes. 
Seasonal influenza surveillance collects information on 
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influenza viruses circulating in humans, with focus on 
A(H1N1)pdm09 and A(H3N2) subtypes as well as B/
Victoria-lineage viruses. These influenza virus types 
are included also in the seasonal influenza vaccines. 
During the 2021/22 influenza season, the circulation 
of influenza viruses returned [3] after very low circu-
lation of influenza viruses during COVID-19 pandemic 
2020/21 [4].

Given the recent changes in influenza virus circulation, 
our aim was to assess the virological characteristics of 
the circulating influenza viruses in the European Union/
European Economic Area (EU/EEA) countries during the 
2022/23 season and relate our findings to the deci-
sions on influenza vaccine composition for 2023/24 for 
influenza season. Influenza virus vaccine components 
recommended for northern hemisphere (NH) seasons 
2022/23 and 2023/24 are discussed in regard to the 
circulating viruses.

Methods

Surveillance data
We performed a descriptive analysis of the influenza 
virus detections and characterisations reported by 
National Influenza Centres (NIC) from the 30 EU/EEA 
countries during week 40/2022 to week 39/2023, 
and retrieved 5 October 2023 from The European 
Surveillance System (TESSy) as part of Global Influenza 
Surveillance and Response System (GISRS). All data 
originated from swabbing patients in ambulatory and 
inpatient populations from sentinel primary care and 
non-sentinel (e.g. diverse populations, including out-
patients, hospitals, outbreak investigations, long-
term care facilities) sources [5]. Countries reported 

virological influenza surveillance and strain-based 
antigenic characterisation data based on haemagglu-
tination (HA) inhibition assay as well as genetic data 
on a weekly basis to TESSy, as described earlier [5,6]. 
Data are presented at the EU/EEA level. Regional dif-
ferences in virus circulation within the countries may 
affect the virus characterisation data collected. This 
analysis focusses on the virological surveillance data 
and does not cover epidemiological aspects of the 
season.

Phylogenetic analysis
Phylogenetic analysis was performed with HA 
sequences available within the reporting period, as 
described earlier [5]. In brief, a collection of reference 
sequences was compiled from viruses assigned at the 
NH WHO vaccine recommendations meeting (VCM) in 
February 2023 [7] and selected strains from previous 
years. Nextclade [8] was used to assign clade designa-
tions for the reference viruses. Sequences of 2022/23 
influenza season were accessed on 5 October 2023 
from GISAID EpiFlu and were aligned with the refer-
ence sequences using mafft v7. After trimming to 
include only the HA1 coding region, RAxML v8.2.7 was 
used to construct a phylogenetic tree using 10 boot-
straps and a maximum likelihood search. The tree was 
rooted on the oldest reference sequence using treesub 
(https://github.com/tamuri/treesub) and PAML baseml 
v4.9f was used to perform ancestral reconstruction of 
the HA1 sequences for all internal nodes of the tree. 
Treesub was used to annotate the tree branches with 
amino acid substitutions, based on the root sequence. 
The resulting trees were analysed, and genetic clades 
were assigned by comparison with the reference 
sequences. For viruses without a sequence identifier, 

What did you want to address in this study and why?
Influenza viruses continually adapt their genetic sequences over time. To understand changes in genetic 
characteristics, we monitored influenza virus sequence changes in the 30 EU/EEA countries, compared 
circulating viruses to the viruses used to generate vaccines and determined whether they had acquired 
resistance.

What have we learnt from this study?
In the EU/EEA countries, during the 2022/23 influenza season, all seasonal influenza types and subtypes 
circulated. We detected all influenza virus (sub)types and observed continued genetic evolution. A(H1N1)
pdm09 viruses diverged from the earlier influenza vaccine component but A(H3N2) and B/Victoria-lineage 
components matched well with the circulating viruses. Only 0.1% viruses were resistant to currently used 
antivirals.

What are the implications of your findings for public health?
Influenza virus surveillance data provide an important mechanism for monitoring the evolution of influenza 
viruses over the season. This remains a public health priority to ensure that influenza vaccine components 
are adjusted to match the circulating viruses as closely as possible. In addition, monitoring of antiviral 
susceptibility remains crucial to offer effective treatment to influenza disease.

KEY PUBLIC HEALTH MESSAGE
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Figure 1
Number of viruses by antigenic group or assigned genetic clade by subtype, EU/EEA, weeks 40/2022–39/2023 (n = 1,642)
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country assessment of genetic clade classification 
from TESSy was used instead.

Antiviral susceptibility
Antiviral susceptibility analysis was performed as 
described earlier for the neuraminidase (NA) inhibi-
tors oseltamivir and zanamivir, and for matrix-2 pro-
tein (M2) inhibitors adamantanes [9]. Susceptibility 
analyses were performed genotypically for the poly-
merase acidic (PA) protein inhibitor baloxavir marboxil. 
Phenotypic degrees of inhibition by NA inhibitors were 
determined by NA enzyme activity inhibition assay, 
as reported by countries, and genotypic inhibition or 
susceptibility was predicted by genetic markers for 
reduced inhibition or reduced susceptibility based on 
the WHO marker lists [10,11].

Results
Influenza viruses circulated above the epidemic 
threshold of 10% positivity in sentinel specimens in 
weeks 45/2022–16/2023. In season 2022/23, 94,596 
sentinel and 2,041,991 non-sentinel specimens were 
tested for influenza, of which 19,655 sentinel and 
177,651 non-sentinel specimens tested positive in the 
30 EU/EEA countries. In total, 73% of all positive speci-
mens (n = 143,409) were type A and 27% (n = 53,897) 
type B viruses. The number of specimens positive for 
influenza in primary care sentinel and non-sentinel sur-
veillance and proportions of positive specimens among 
those tested are described in Supplementary Figure S1.

Of 41,956 subtyped influenza A viruses, 36% 
(n = 15,242) were detected as influenza A(H1) or 
A(H1N1)pdm09, and 64% (n = 26,714) were influ-
enza A(H3) or A(H3N2). Of the 53,897 reported influ-
enza type B viruses, lineage was determined for 13% 
(n = 6,908) with all viruses assigned to the B/Victoria 
lineage (see Supplementary Figure S1).

Antigenic and genetic characteristics of 
circulating influenza viruses
In total, 8,670 viruses underwent virus characterisa-
tion; 1,642 viruses were antigenically characterised 
(from eight countries) and 7,768 viruses had sequence 
information sufficient for clade assignment (from 15 
countries, with 7,357 of those reported with genetic 
clade by the country) (Figure 1).  Supplementary Table 
S1 and Supplementary Figure S2 provide the antigenic 
and genetic characterisation data as reported to TESSy 
by week of sampling and proportions by subtype. Of the 
1,642 antigenically characterised viruses, 1,044 (64%) 
were from sentinel and 598 (36%) from non-sentinel 
sources. Of the genetic characterisation reports, 3,316 
(43%) were from sentinel and 4,444 (57%) from non-
sentinel sources. Eight viruses were reported without 
source. 

Influenza A(H1N1)pdm09
Of the 271 antigenically characterised A(H1N1)
pdm09 viruses, 178 (65%) were reported as being 
like the 2022/23 NH seasons vaccine virus A/

Victoria/2570/2019-component (clade 6B.1A.5a.2), 83 
(31%) were A/Sydney/5/2021-like (6B.1A.5a.2a), seven 
(3%) were A/Norway/25089/2022-like (6B.1A.5a.2a.1) 
and three (1%) were A/Guangdong-Maonan/
SWL1536/2019-like (6B.1A.5a.1), although geographi-
cal differences in virus circulation may affect repre-
sentativeness for the EU/EEA (Figure 1). The antigenic 
and genetic characterisation data as reported to TESSy 
by week of sampling are provided in  Supplementary 
Table S1  and proportions by subtype are provided 
in Supplementary Figure S2.

Phylogenetic analysis was performed with 2,466 
HA gene sequences from A(H1N1)pdm09 viruses 
(Figure 2).  Supplementary Table S2  provides the 
number of influenza virus haemagglutinin (HA) gene 
full length sequences retrieved with GISAID EpiFlu 
database accession number and analysed in this 
report, by subtype/lineage and country). Using A/
Brisbane/02/2018 as the root, the results showed that 
all viruses belonged to the clade 6B.1A.5a with 2,451 
(> 99%) belonging to 6B.1A.5a.2a, defined by the amino-
acid substitutions K54Q, A186T, Q189E, E224A, R259K 
and K308R compared with 6B.1A.5a.2 reference virus 
A/Victoria/2570/2019, the A(H1N1)pdm09 component 
of 2022/23 NH vaccine. Fifteen (< 1%) viruses belonged 
to 6B.1A.5a.1 represented by reference virus A/
Guangdong-Maonan/SWL1536/2019 (Figure 2). 

Within subclade 6B.1A.5a.2a, most viruses (1,513/2,466; 
61%) were clustered on a branch with a high number 
of sub-branches but with no distinct additional amino 
acid substitutions; 599/2,466 (24%) viruses clustered 
into subclade 6B.1A.5a.2a.1, characterised by P137S, 
K142R, D260E and T277A which includes vaccine strain 
A/Wisconsin/67/2022 and 205 (8%) carried A48P simi-
lar to A/Maine/10/2022 representative virus (Figure 2).

Of the 15 viruses that belonged to 6B.1A.5a.1, eight 
carried V321I and five I149V compared with representa-
tive virus A/Guangdong-Maonan/SWL1536/2019. These 
amino-acid substitutions are not shared by any refer-
ence strain within 6B.1A.5a.1 (Figure 2).

In the first weeks of the season, the 6B.1A.5a.2a.1 
clade predominated but from week 47 onward, the 
majority of A(H1N1)pdm09 viruses clustered with the 
6B.1A.5a.2a clade in the EU/EEA (see  Supplementary 
Figure S2). The 6B.1A.5a.1 viruses circulated at very low 
levels throughout the season in the EU/EEA.

Influenza A(H3N2)
Of the 857 antigenically characterised A(H3N2) 
viruses, the majority (n = 813; 95%) were reported as 
A/Darwin/9/2021-like (3C.2a1b.2a.2), 10 (1%) were A/
Denmark/3264/2019-like (3C.2a1b.1a), two (< 1%) were 
A/Cambodia/e0826360/2020-like and 32 viruses (4%) 
were not attributed to any of the reporting categories 
(Figure 1). The antigenic and genetic characterisation 
data as reported to TESSy by week of sampling are pro-
vided in  Supplementary Table S1 and Supplementary 
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Figure 2
Phylogenetic comparison of influenza A(H1N1)pdm09 haemagglutinin genes, EU/EEA, weeks 40/2022–39/2023 (n = 2,466)
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A/Norway/34710/2022_2022-11-26_NO_UNK

A/Ireland/02586/2023_2023-01-01_IE_UNK

A/Netherlands/12024/2022_2022-12-20_NL_UNK

A/Baleares/4662/2022_2022-11-29_ES_UNK

A/Sachsen/30/2022_2022-12-12_DE_VACCINFULL

A/Belgium/S1111/2022_2022-04-05__UNK

A/Netherlands/11851/2022_2022-11-28_NL_UNK

A/Stockholm/53/2022_2022-11-26_SE_UNK

A/Netherlands/01528/2023_2023-04-06_NL_UNK

A/Netherlands/10158/2023_2023-01-18_NL_UNK

A/Denmark/3242/2022_2022-12-03_DK_

A/PaisVasco/1066/2023_2023-02-21_ES_NOTVACC

A/Halmstad/1/2023_2023-01-15_SE_UNK

A/Nordrhein-Westfalen/1/2023_2023-01-05_DE_VACCINFULL

A/Netherlands/12130/2022_2022-12-27_NL_VACCINFULL

A/Netherlands/11895/2022_2022-12-12_NL_NOTVACC

A/Norway/31946/2022_2022-10-04_NO_UNK

A/Sundsvall/6/2023_2023-03-17_SE_UNK

A/Guangdong-Maonan/SWL1536/2019_2_2019-06-17__UNK

A/Netherlands/12208/2022_2022-12-29_NL_UNK

A/Norway/32722/2022_2022-10-25_NO_UNK

A/Qatar/10-VI-22-1522551/2022_2022-05-02__UNK

A/Stockholm/60/2022_2022-12-03_SE_UNK

A/Netherlands/01579/2023_2023-04-11_NL_UNK

A/Norway/32568/2022_2022-10-17_NO_UNK

A/Sweden/15/2022_2022-12-15_SE_NOTVACC

A/Norway/33744/2022_2022-11-09_NO_UNK

A/South_Africa/R05230/2022_2022-05-03__UNK

A/Linkoping/6/2023_2023-05-10_SE_UNK

A/Denmark/3422/2022_2022-12-14_DK_

A/Somalia/356/2022_2022-05-25__UNK

A/Netherlands/01595/2022_2022-12-13_NL_UNK

A/Aragon/648/2023_2023-01-31_ES_UNK

A/Finland/327/2022_2022-12-01_FI_UNK

A/Denmark/890/2023_2023-03-14_DK_

A/Netherlands/10443/2023_2023-03-04_NL_UNK

A/Norway/33018/2022_2022-10-30_NO_UNK

A/Denmark/131/2023_2023-01-03_DK_

A/Qatar/16-VI-22-1535610/2022_2022-05-07__UNK

A/Bucuresti/545031/2023_2023-01-12_RO_NOTVACC

A/Denmark/3710/2022_2022-12-21_DK_

A/Netherlands/10500/2023_2023-03-23_NL_UNK

A/Baleares/1472/2022_2022-03-23__UNK

A/Baleares/74/2023_2023-01-04_ES_UNK

A/Denmark/1243/2023_2023-04-11_DK_

A/Austria/1505769/2022_2022-03-31__UNK

A/Netherlands/01932/2022_2022-12-20_NL_UNK

A/Baden-Wuerttemberg/92/2022_2022-12-09_DE_NOTVACC

A/Denmark/380/2023_2023-01-27_DK_

A/Norway/35394/2022_2022-11-30_NO_UNK

A/Hawaii/70/2019_2019-10-05__UNK

A/Iceland/31149/2022_2022-04-02__UNK

A/South_Africa/R05509/2022_2022-05-09__UNK

A/Denmark/3235/2022_2022-12-02_DK_

A/Netherlands/01448/2022_2022-12-01_NL_UNK

A/Guangdong-Maonan/SWL1536/2019_2019-06-17__UNK

A/Umea/2/2023_2023-01-23_SE_UNK

A/Netherlands/12104/2022_2022-12-27_NL_UNK

A/Denmark/3280/2019_2019-11-10__UNK

A/Denmark/456/2023_2023-01-31_DK_

A/Netherlands/11971/2022_2022-12-20_NL_NOTVACC

A/Netherlands/12027/2022_2022-12-20_NL_UNK

A/Norway/35387/2022_2022-11-30_NO_UNK

A/Pays_de_Loire/56924/2022_2022-11-28_FR_NOTVACC

A/Denmark/3743/2022_2022-12-23_DK_

A/Denmark/2/2023_2023-01-01_DK_

A/PaisVasco/159/2023_2023-01-02_ES_VACCINFULL

A/Netherlands/12034/2022_2022-12-20_NL_UNK

T270I

K142R, D260E

R205K

V187A

D86N, I161V, T310S

T120A

A48P

K130N, N156K, L161I, V250A

H273Y

A73T, A141E, V152I, S190I

P137S, T277A

A141T

V321I

K43R

I149V

V321I

I185V

T120A, T277A, T278S

A261T

T277A, V321I

V47I

S83P

R113K

S85P, H273Q, V321I

I149V

D187V, Q189E

T216A

D94N

H138Q, T288S

P271S

K54Q, A186T, Q189E, E224A, R259K, K308R

A/Wisconsin/67/2022_2022-10-25__UNKn = 1,513
n = 599

n = 205

6B.1A.5a.2a

Collection dates:
Oct (2022)
Nov
Dec
Jan (2023)
Feb
Mar
Apr
May
Jun
Jul

A/Maine/10/2022_2022-10-29__UNK

6B.1A.5a.1

6B.1A.5a

6B.1A.5a.2a.1

NOTVACC: unvaccinated; VACCINFULL: fully vaccinated; UNK: unknown vaccination status.

Vaccine virus strains (solid black circles), northern hemisphere 2022/23 vaccine strains (solid black squares) and a northern hemisphere 2023/24 vaccine strain 
(black star) are indicated in the tree.

The number of collapsed sequences (including reference sequences) are mentioned next to the branches. Branch colouring indicates the different clades and 
subclades. The vaccine strains are in red, and reference strains are in black. For each virus strain, collection date and patient’s vaccination status, if known, is 
displayed after the virus name. All sequences reported to TESSy are coloured according to the virus collection date by month.
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Figure S2. Of the 32 viruses without reporting category, 
eleven were genetically similar to A/Darwin/9/2021 
and a subset of these viruses were sent to the WHO 
Collaborating Centre in London, United Kingdom for 
further characterisation. Questions on the remaining 
viruses were clarified with the reporting country, which 
confirmed that viruses did not deviate antigenically 
from the vaccine virus.

Phylogenetic analysis conducted with 3,240 HA 
gene sequences from A(H3N2) viruses (provided 
in  Supplementary Table S2), where A/Kansas/14/2017 
is the root, showed that nearly all belonged to the 
clade 3C.2a1b.2a.2 (> 99%; n = 3,236) defined by the 
amino acid substitutions Y159N, T160I (resulting in the 
loss of a glycosylation site), L164Q and G186D. Four 
viruses (< 1%) belonged to clade 3C.2a1b.1a (Figure 3). 

The majority of viruses (58%; n = 1,865) belonging to 
3C.2a1b.2a.2 were assigned into clade 3C.2a1b.2a.2b, 
characterised by substitutions E50K, F79V and I140K 
and represented by A/Thuringen/10/2022. This clade 
was predominant for the majority of the season within 
the A(H3N2) viruses in the EU/EEA.  Supplementary 
Figure S2 shows the proportion of viruses by assigned 
clade by subtype and week. The remaining (42%; 
n = 1,370) fell into 3C.2a1b.2a.2a, characterised by 
H156S and represented by A/Darwin/9/2021. All 
except one virus within 3C.2a1b.2a.2a could be further 
characterised into the following sub-clades: 2a.1b 
(n = 954), 2a.3a.1 (n = 242), 2a.1 (n = 133), 2a.3b (n = 23), 
2a.3a (n = 11) and 2a.3 (n = 6) (Figure 3).

Most viruses within 3C.2a1b.2a.2b (64%; n = 1,214) 
carried R33Q and no reference strain was present on 
this branch. A substantial number of 3C.2a1b.2a.2b 
(n = 464) carried the amino acid substitution T135A (and 
lost R33Q in a reversion), which leads to a loss of gly-
cosylation site, similar to A/South Australia/389/2022 
(Figure 3).

Influenza B
Among 514 antigenically characterised influenza B 
viruses, all were from Victoria lineage, and the majority 
(95%; n = 488;) were similar to the vaccine virus compo-
nent for the 2022/23 season B/Austria/13594177/2021 
(Figure 1). The antigenic and genetic characterisation 
data as reported to TESSy by week of sampling are pro-
vided in  Supplementary Table S1  and proportions by 
subtype are provided in Supplementary Figure S2.

Fourteen viruses (3%) were B/Netherlands/11267/2022-
like, 10 (2%) were B/Cote d’Ivoire/948/2020-like and 
two (< 1%) were B/Washington/02/2019-like.

Phylogenetic analysis performed with 2,116 HA 
gene sequences from B/Victoria viruses, where B/
Brisbane/60/2008 is the root, showed that all viruses 
fell into genetic clade V1A.3 subgroup 3a.2. with char-
acteristic amino acid substitutions A127T, P144L and 
K203R (Figure 4).

Diversity within V1A.3a.2 was shown as four distinct 
branches where the major one (1,375/2,116 viruses; 
65%) was defined by the D197E substitution similar to B/
Mahajanga/04112/2022. Within this branch, 407 (30%) 
viruses additionally carried E183K and included the 
reference B/Catalonia/2279261NS/2023. The second 
most populated branch was defined by E128K, A154E 
and S208P and contained 445/2,116 (20%) viruses but 
no current reference strain. The third branch included 
156 (7%) viruses and was defined by T182A, D197E and 
T221A similar to B/Paris/9878/2020, however most 
(n = 118; 76%) clustered into a sub-branch with a A221T 
reversion but no reference virus. The fourth branch had 
the amino acid substitution E198G (n = 138; 6.5%) along 
with reference virus B/Norway/29315/2022. (Figure 4)

Antiviral susceptibility
Since the beginning of the season, 6,768 viruses were 
assessed for susceptibility to neuraminidase inhibi-
tors oseltamivir and/or zanamivir, and/or PA inhibitor 
baloxavir marboxil. The reduced inhibition/susceptibil-
ity following antiviral susceptibility testing reported 
to TESSy by subtype and drug tested are provided 
in  Supplementary Table S3. In total, 10 viruses with 
reduced or highly reduced inhibition were detected. 
Nine viruses exhibited reduced or highly reduced inhi-
bition by oseltamivir (eight A(H1)pdm09, one A(H3)); 
one of the A(H1)pdm09 viruses and one additional B/
Victoria virus showed reduced inhibition by zanami-
vir. The antiviral susceptibility by subtype and list of 
viruses reported with reduced inhibition with inter-
pretation defining amino acid substitutions are pro-
vided in  Supplementary Table S3 and Supplementary 
Table S4, respectively. No virus showed genotypi-
cally reduced susceptibility to baloxavir marboxil. 
Additionally, 2,019 influenza A viruses were assessed 
for susceptibility to adamantanes, all of which showed 
genotypically highly reduced inhibition.

Discussion
After very low circulation of influenza viruses in Europe 
during the season of 2020/21 [3] and an A(H3N2)-
dominated season in 2021/22 [12], the influenza sea-
son of 2022/23 was characterised by co-circulation 
of different influenza (sub)types and a succession of 
influenza A dominance followed by a dominance of 
influenza B. The first peak of the season was primar-
ily caused by influenza A viruses in week 51/2022. The 
numbers decreased thereafter and an increase, nota-
bly of B viruses, was observed from week 03/2023 
onwards. No detection of B/Yamagata viruses was 
reported. Thus, the season of 2022/23 was charac-
terised by a rather unusual bi-phasic pattern with two 
peaks observed during the season, and even abrupt 
decreases in influenza transmission below epidemic 
thresholds were detected in some countries [12,13].

Predominant clades were 6B.1A.5a.2a for A(H1N1)
pdm09 viruses, 3C.2a1b.2a.2b for A(H3N2) and V1A.3a.2 
for the B/Victoria-lineage, however, there were differ-
ences in circulation across countries. Human serology 
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Figure 3
Phylogenetic comparison of influenza A(H3N2) haemagglutinin genes, EU/EEA, weeks 40/2022–39/2023 (n = 3,240)

0.006

3C.2a1b.2a.2b

3C.2a1b.2a.2a.1b
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A/South_Australia/389/2022_2022-12-07__UNK

A/Michigan/60/2022_2022-10-18__UNK
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A/Massachusetts/18/2022_2022-06-04__UNK

A/Sydney/732/2022_2022-05-29__UNK

Collection dates:
Oct (2022)
Nov
Dec
Jan (2023)
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep

A/Netherlands/01867/2022_2022-12-21_NL_UNK

A/Bremen/38/2022_2022-11-07_DE_NOTVACC

A/Galicia/3990/2022_2022-10-14_ES_UNK

A/Netherlands/11924/2022_2022-12-07_NL_UNK

A/Ireland/00484746/2022_2022-12-22_IE_UNK

A/Bucuresti/544194/2022_2022-12-26_RO_NOTVACC

A/Bayern/59/2022_2022-12-06_DE_NOTVACC

A/Berlin/259/2022_2022-12-23_DE_UNK

A/Norway/36239/2022_2022-12-15_NO_UNK

A/Lisboa/629/2022_2022-11-02_PT_UNK

A/Netherlands/01431/2022_2022-11-30_NL_UNK

A/Nordrhein-Westfalen/41/2022_2022-10-25_DE_NOTVACC

A/Bremen/31/2022_2022-10-17_DE_NOTVACC

A/Norway/02341/2023_2023-02-09_NO_UNK

A/Bayern/30/2022_2022-10-07_DE_NOTVACC

A/Norway/33060/2022_2022-10-27_NO_UNK

A/Denmark/3123/2022_2022-10-27_DK_

A/Slovenia/11494/2022_2022-12-19_SI_NOTVACC

A/Hong_Kong/2671/2019_2019-06-17__UNK

A/Murcia/4628/2022_2022-11-28_ES_UNK

A/Galicia/4852/2022_2022-10-31_ES_NOTVACC

A/Lulea/9/2022_2022-11-23_SE_UNK

A/Murcia/230401/2022_2022-12-28_ES_UNK

A/Norway/32505/2022_2022-10-12_NO_UNK

A/CastillaLaMancha/4111/2022_2022-10-16_ES_NOTVACC

A/Cambodia/e0826360/2020_2020-07-16__UNK

A/England/214191723/2021_2021-10-12__UNK

A/Norway/33371/2022_2022-10-27_NO_UNK

A/Ireland/00474067/2022_2022-12-05_IE_UNK

A/Norway/02342/2023_2023-02-06_NO_UNK

A/BREST/53948/2022_2022-10-18_FR_UNK

A/Netherlands/12028/2022_2022-12-19_NL_UNK

A/Schleswig-Holstein/11/2022_2022-10-04_DE_UNK

A/Finland/339/2023_2023-01-06_FI_NOTVACC

A/Netherlands/12026/2022_2022-12-19_NL_UNK

A/Niedersachsen/54/2022_2022-11-07_DE_NOTVACC

A/Norway/32641/2022_2022-10-17_NO_UNK

A/Siracusa/1/2022_2022-11-09_IT_NOTVACC

A/Slovenia/11436/2022_2022-12-16_SI_NOTVACC

A/Baden-Wuerttemberg/142/2022_2022-11-28_DE_NOTVACC

A/Baden-Wuerttemberg/155/2022_2022-12-13_DE_UNK

A/Centre/53870/2022_2022-10-21_FR_NOTVACC

A/CastillaLaMancha/1565/2023_2023-02-14_ES_NOTVACC

A/Netherlands/11815/2022_2022-11-02_NL_UNK

A/Romania/544753/2023_2023-01-05_RO_NOTVACC

A/Spain/1129/2022_2022-05-04__UNK

A/Alaska/01/2021_2021-08-08__UNK

A/Nordrhein-Westfalen/70/2022_2022-11-17_DE_NOTVACC

A/Norway/02581/2023_2023-02-13_NO_UNK

A/Galicia/3989/2022_2022-10-10_ES_UNK

A/Denmark/3556/2022_2022-12-19_DK_

A/Norway/02579/2023_2023-02-13_NO_UNK

A/Aragon/4054/2022_2022-10-17_ES_UNK

A/Mecklenburg-Vorpommern/87/2022_2022-12-02_DE_NOTVACC

A/Netherlands/01248/2022_2022-10-14_NL_UNK

A/Rheinland-Pfalz/22/2022_2022-10-04_DE_UNK

A/Denmark/746/2023_2023-02-26_DK_

A/Netherlands/01233/2022_2022-10-06_NL_UNK

A/BREST/53949/2022_2022-10-13_FR_UNK

A/Ile_de_France/60090/2022_2022-12-22_FR_NOTVACC

A/CastillaLaMancha/3898/2022_2022-10-07_ES_NOTVACC

A/Netherlands/01232/2022_2022-10-05_NL_UNK

A/Bucuresti/545026/2023_2023-01-12_RO_NOTVACC

A/Baden-Wuerttemberg/144/2022_2022-12-01_DE_VACCINFULL

A/Norway/34172/2022_2022-11-17_NO_UNK

A/Bucuresti/543486/2022_2022-12-13_RO_NOTVACC

A/Kansas/14/2017_2017-12-14__UNK

A/Hong_Kong/5/2022_2022-06-20__UNK

A/Niedersachsen/140/2022_2022-11-30_DE_NOTVACC

A/Canberra/1/2022_2022-03-14__UNK

A/Ile_de_France/56276/2022_2022-11-22_FR_NOTVACC

A/Luxembourg/LNS4746470/2022_2022-12-27_LU_

A/Ile_de_France/56277/2022_2022-11-22_FR_NOTVACC

A/Franche_Comte/60120/2022_2022-12-23_FR_NOTVACC

A/Ireland/79695/2022_2022-12-19_IE_UNK

A/Navarra/4313/2022_2022-11-11_ES_NOTVACC

A/Netherlands/10192/2023_2023-02-01_NL_NOTVACC

A/Denmark/3640/2022_2022-12-16_DK_

A/Andalucia/4696/2022_2022-11-07_ES_UNK

A/Luxembourg/LNS9036979/2022_2022-12-13_LU_

A/Norway/38231/2022_2022-12-20_NO_UNK

A/Galicia/4674/2022_2022-10-07_ES_NOTVACC

A/Norway/02255/2023_2023-02-07_NO_UNK

A/CastillaLaMancha/4265/2022_2022-11-07_ES_VACCINFULL

A/Romania/544283/2023_2023-01-01_RO_NOTVACC

A/Madrid/4243/2022_2022-11-08_ES_NOTVACC

A/Lisboa/745/2022_2022-12-07_PT_UNK

A/CastillaLaMancha/3974/2022_2022-10-03_ES_NOTVACC

A/Bucuresti/547627/2023_2023-03-06_RO_NOTVACC

A/Netherlands/00133/2023_2023-01-08_NL_UNK

A/Navarra/4221/2022_2022-11-04_ES_NOTVACC

A/Norway/32572/2022_2022-10-19_NO_UNK

A/Netherlands/11845/2022_2022-11-29_NL_NOTVACC

A/Slovenia/10919/2022_2022-11-16_SI_NOTVACC

A/Bucuresti/543535/2022_2022-12-15_RO_NOTVACC

A/Ile_de_France/57105/2022_2022-11-29_FR_NOTVACC

A/Navarra/3823/2022_2022-10-03_ES_NOTVACC

A/Madrid/3803/2022_2022-10-05_ES_UNK

A/Denmark/3102/2022_2022-10-18_DK_

A/Vrancea/543647/2022_2022-12-16_RO_NOTVACC

A/CastillaLaMancha/3897/2022_2022-10-07_ES_UNK

A/Berlin/157/2022_2022-10-19_DE_UNK

A/Victoria/5290/2022_2022-12-26__UNK

A/Norway/03047/2023_2023-02-23_NO_UNK

A/Norway/33404/2022_2022-11-05_NO_UNK

A/Darwin/6/2021_2021-03-16__UNK

A/CastillaLaMancha/4108/2022_2022-10-16_ES_NOTVACC

A/Andalucia/230744/2022_2022-11-28_ES_UNK

A/Madrid/4434/2022_2022-11-18_ES_NOTVACC

A/CastillaLaMancha/3901/2022_2022-10-07_ES_NOTVACC

A/Denmark/3189/2022_2022-11-29_DK_

A/Norway/36587/2022_2022-12-13_NO_UNK

A/Mecklenburg-Vorpommern/80/2022_2022-11-04_DE_NOTVACC

A/Bucuresti/543974/2022_2022-12-26_RO_NOTVACC

A/Lisboa/559/2022_2022-10-24_PT_UNK

A/Milano/315/2022_2022-11-23_IT_NOTVACC

A/Hessen/109/2022_2022-11-28_DE_NOTVACC

A/Poland/97/2022_2022-05-09__UNK

A/Madrid/3997/2022_2022-10-18_ES_NOTVACC

A/Denmark/3152/2022_2022-11-11_DK_

A/Netherlands/01348/2022_2022-11-27_NL_UNK

A/Hessen/98/2022_2022-11-28_DE_NOTVACC

A/Finland/371/2023_2023-01-27_FI_UNK

A/Netherlands/12037/2022_2022-12-09_NL_UNK
A/Slovenia/11432/2022_2022-12-16_SI_NOTVACC

A/Denmark/3264/2019_2019-10-25__UNK

A/Bretagne/58328/2022_2022-12-09_FR_NOTVACC

A/Niedersachsen/138/2022_2022-11-19_DE_VACCINFULL

A/Netherlands/11751/2022_2022-10-10_NL_UNK

A/Norway/34447/2022_2022-11-23_NO_UNK

A/Baleares/79/2023_2023-01-03_ES_UNK

A/Berlin/154/2022_2022-10-13_DE_UNK

A/Aragon/3963/2022_2022-10-12_ES_NOTVACC

A/Lisboa/22/2023_2023-01-02_PT_UNK

A/Bucuresti/544056/2022_2022-12-27_RO_NOTVACC

A/Netherlands/10125/2023_2023-01-15_NL_UNK

A/Slovenia/11293/2022_2022-12-09_SI_NOTVACC

A/Stockholm/56/2022_2022-11-17_SE_UNK

A/Galicia/3992/2022_2022-10-17_ES_UNK

A/Baden-Wuerttemberg/153/2022_2022-12-08_DE_NOTVACC

A/Niedersachsen/55/2022_2022-11-08_DE_NOTVACC

A/Norway/36240/2022_2022-12-14_NO_UNK

A/Nordrhein-Westfalen/92/2022_2022-11-07_DE_NOTVACC

A/Switzerland/67918/2022_2022-04-22__UNK

A/Puerto_Rico/31/2022_2022-07-31__UNK

A/Hessen/50/2022_2022-10-31_DE_UNK

A/Denmark/3198/2022_2022-11-29_DK_

A/Norway/35876/2022_2022-12-07_NO_UNK

A/Melilla/4062/2022_2022-10-21_ES_NOTVACC

A/Maryland/02/2021_2021-10-03__UNK

A/Cantabria/447/2023_2023-01-04_ES_NOTVACC

A/Norway/35977/2022_2022-12-10_NO_UNK

A/Norway/34136/2022_2022-11-02_NO_UNK

A/Norway/36146/2022_2022-12-05_NO_UNK

A/Netherlands/11818/2022_2022-11-06_NL_UNK

A/Norway/01011/2023_2023-01-11_NO_UNK

A/Denmark/3257/2022_2022-12-05_DK_

A/Norway/36110/2022_2022-12-12_NO_UNK

A/Canarias/230213/2022_2022-10-15_ES_UNK

A/Slovenia/9216/2022_2022-02-24__UNK

A/Norway/34521/2022_2022-11-22_NO_UNK

A/Nordrhein-Westfalen/72/2022_2022-11-21_DE_NOTVACC

A/Baden-Wuerttemberg/136/2022_2022-11-15_DE_NOTVACC

A/Canarias/230174/2022_2022-10-25_ES_UNK

A/Lisboa/621/2022_2022-10-31_PT_UNK

A/Finland/407/2023_2023-08-11_FI_UNK

A/Madrid/4435/2022_2022-11-22_ES_NOTVACC

A/Cambodia/E0826360/2020_2020-07-16__UNK

A/Canarias/230207/2022_2022-10-07_ES_UNK

A/Netherlands/10016/2023_2023-01-02_NL_NOTVACC

A/Bucuresti/543694/2022_2022-12-19_RO_NOTVACC

A/Denmark/708/2023_2023-02-21_DK_

A/Sachsen-Anhalt/58/2022_2022-12-08_DE_NOTVACC

A/Rheinland-Pfalz/55/2022_2022-12-20_DE_NOTVACC

A/Norway/32514/2022_2022-10-15_NO_UNK

A/Norway/33631/2022_2022-11-08_NO_UNK

A/Niedersachsen/152/2022_2022-12-21_DE_NOTVACC

A/Norway/33642/2022_2022-11-07_NO_UNK

A/Hessen/61/2022_2022-10-31_DE_NOTVACC

A/Bremen/65/2022_2022-12-19_DE_NOTVACC

A/Denmark/191/2023_2023-01-16_DK_

A/Ireland/00468429/2022_2022-11-21_IE_UNK

A/Norway/28542/2022_2022-07-12__UNK

A/Netherlands/11749/2022_2022-10-05_NL_UNK

A/Finland/368/2023_2023-01-24_FI_VACCINFULL

A/Baleares/4480/2022_2022-11-23_ES_NOTVACC

A/Netherlands/11776/2022_2022-10-07_NL_UNK

A/Norway/01017/2023_2023-01-13_NO_UNK

A/Hessen/41/2022_2022-10-06_DE_NOTVACC

A/Galicia/230876/2022_2022-11-07_ES_VACCINFULL

A/Lisboa/620/2022_2022-11-07_PT_UNK

A/Netherlands/01687/2022_2022-12-19_NL_UNK

A/Bremen/1/2023_2023-01-04_DE_NOTVACC

A/Bremen/30/2022_2022-10-12_DE_NOTVACC

A/Bremen/27/2022_2022-10-04_DE_NOTVACC

A/Hessen/97/2022_2022-11-28_DE_NOTVACC

A/Thessaloniki/574/2022_2022-12-29_EL_NOTVACC

A/Norway/00634/2023_2023-01-05_NO_UNK

A/Extremadura/4069/2022_2022-10-18_ES_UNK

A/Slovenia/8720/2022_2022-02-10__UNK

A/Galicia/4677/2022_2022-10-04_ES_NOTVACC

A/Bayern/42/2022_2022-11-28_DE_NOTVACC

A/Berlin/217/2022_2022-12-23_DE_UNK

A/Andalucia/230745/2022_2022-12-22_ES_UNK

A/Murcia/3926/2022_2022-10-03_ES_UNK

A/Netherlands/01381/2022_2022-11-24_NL_UNK

A/Thueringen/40/2022_2022-10-10_DE_NOTVACC

A/Hessen/110/2022_2022-11-28_DE_NOTVACC

A/Lisboa/669/2022_2022-11-15_PT_UNK

A/Mecklenburg-Vorpommern/89/2022_2022-11-07_DE_NOTVACC

A/Murcia/4917/2022_2022-12-11_ES_UNK

A/CastillaLaMancha/3892/2022_2022-10-08_ES_NOTVACC

A/Galicia/4676/2022_2022-10-07_ES_NOTVACC

A/CastillaLaMancha/230025/2022_2022-12-24_ES_NOTVACC

A/Norway/36230/2022_2022-12-09_NO_UNK

A/Parma/98/2022_2022-11-26_IT_UNK

A/Slovenia/11454/2022_2022-12-19_SI_NOTVACC

A/Baden-Wuerttemberg/160/2022_2022-12-12_DE_NOTVACC

A/CastillaLaMancha/4636/2022_2022-11-30_ES_VACCINFULL

A/Norway/00249/2023_2023-01-04_NO_UNK

A/Denmark/1343/2023_2023-04-23_DK_

A/Bretagne/59900/2022_2022-12-20_FR_VACCINFULL

A/Baden-Wuerttemberg/77/2022_2022-11-22_DE_NOTVACC

A/Norway/36504/2022_2022-12-09_NO_UNK

A/Denmark/344/2023_2023-01-27_DK_

A/Netherlands/11811/2022_2022-11-02_NL_UNK

A/Ile_de_France/57557/2022_2022-12-05_FR_NOTVACC

A/Mauritius/29959/2022_2022-05-03__UNK

A/Galicia/3996/2022_2022-10-17_ES_UNK

A/Galicia/3991/2022_2022-10-16_ES_UNK

A/Finland/402/2023_2023-08-01_FI_NOTVACC

A/Denmark/3586/2022_2022-12-21_DK_

A/Brandenburg/17/2022_2022-11-23_DE_NOTVACC

A/Norway/34073/2022_2022-11-11_NO_UNK

A/Cantabria/431/2023_2023-01-09_ES_NOTVACC

A/Niedersachsen/50/2022_2022-10-06_DE_NOTVACC

A/Murcia/4629/2022_2022-11-28_ES_UNK

A/Toliary/03921/2022_2022-05-04__UNK

A/Norway/34513/2022_2022-11-18_NO_UNK

A/Baleares/78/2023_2023-01-03_ES_UNK

A/Bretagne/53110/2022_2022-10-12_FR_NOTVACC

A/CastillaLaMancha/4761/2022_2022-12-06_ES_NOTVACC

A/Norway/35434/2022_2022-12-05_NO_UNK

A/Baden-Wuerttemberg/159/2022_2022-12-09_DE_NOTVACC

A/Murcia/3928/2022_2022-10-09_ES_UNK

A/Norway/32842/2022_2022-10-23_NO_UNK

A/Darwin/9/2021_2021-04-17__UNK

A/Bremen/55/2022_2022-10-20_DE_NOTVACC

A/Lisboa/658/2022_2022-11-14_PT_UNK

A/Finland/305/2022_2022-10-19_FI_UNK

A/Norway/02113/2023_2023-02-03_NO_UNK

A/Norway/36238/2022_2022-12-14_NO_UNK

A/CastillaLaMancha/4370/2022_2022-11-10_ES_NOTVACC

A/Sweden/17/2022_2022-12-19_SE_NOTVACC

A/Navarra/4317/2022_2022-11-11_ES_NOTVACC

A/Slovenia/9891/2022_2022-04-11__UNK

A/Netherlands/12091/2022_2022-12-23_NL_UNK

A/Finland/356/2022_2022-12-27_FI_UNK

A/Denmark/3256/2022_2022-12-05_DK_

A/CastillaLaMancha/4540/2022_2022-11-22_ES_NOTVACC

A/Galicia/3995/2022_2022-10-17_ES_UNK

A/Norway/29511/2021_2021-11-25__UNK

A/Lithuania/36696/2022_2022-05-05__UNK

A/CastillaLaMancha/4962/2022_2022-12-16_ES_NOTVACC

A/Galicia/4853/2022_2022-10-08_ES_NOTVACC

A/Michigan/41/2022_2022-07-08__UNK

A/Hessen/93/2022_2022-11-07_DE_NOTVACC

A/Baden-Wuerttemberg/93/2022_2022-12-05_DE_UNK

A/Boras/4/2022_2022-10-23_SE_UNK

A/Norway/32887/2022_2022-10-29_NO_UNK

A/Navarra/4310/2022_2022-11-10_ES_NOTVACC

A/Norway/03937/2023_2023-03-13_NO_UNK

A/Ile_de_France/57266/2022_2022-11-30_FR_NOTVACC

A/Hessen/56/2022_2022-10-31_DE_UNK

A/Murcia/230107/2022_2022-12-17_ES_UNK

A/Norway/03788/2023_2023-03-06_NO_UNK

A/Mecklenburg-Vorpommern/92/2022_2022-12-02_DE_NOTVACC

A/Rheinland-Pfalz/16/2022_2022-10-04_DE_NOTVACC

A/Norway/34808/2022_2022-11-23_NO_UNK

A/Madrid/3804/2022_2022-10-05_ES_UNK

A/Norway/01733/2023_2023-01-26_NO_UNK

A/Thuringen/7/2022_2022-03-06__UNK

A/Calarasi/544449/2022_2022-12-27_RO_NOTVACC

A/Nordrhein-Westfalen/123/2022_2022-12-13_DE_NOTVACC

A/Bucuresti/543973/2022_2022-12-27_RO_NOTVACC

A/CALAIS_/59303/2022_2022-12-07_FR_UNK

A/Galicia/4675/2022_2022-11-04_ES_NOTVACC

A/Luxembourg/LNS2016474/2022_2022-12-07_LU_

A/Baden-Wuerttemberg/141/2022_2022-11-30_DE_UNK

A/Baleares/1627/2023_2023-05-05_ES_UNK

A/Berlin/221/2022_2022-10-18_DE_NOTVACC

A/Georgia/02/2022_2022-08-03__UNK

A/Mecklenburg-Vorpommern/91/2022_2022-11-21_DE_NOTVACC

A/Lisboa/562/2022_2022-10-28_PT_UNK

A/Slovenia/9318/2022_2022-03-02__UNK

A/Rheinland-Pfalz/19/2022_2022-10-13_DE_NOTVACC

A/Navarra/3824/2022_2022-10-03_ES_NOTVACC

A/Berlin/146/2022_2022-10-12_DE_NOTVACC

A/Norway/02358/2023_2023-02-03_NO_UNK

A/Norway/03384/2023_2023-03-02_NO_UNK

A/Niedersachsen/94/2022_2022-11-22_DE_NOTVACC

A/Hessen/72/2022_2022-11-07_DE_NOTVACC

A/Norway/02578/2023_2023-02-13_NO_UNK

A/Berlin/234/2022_2022-11-21_DE_UNK

A/CastillaLaMancha/3899/2022_2022-10-07_ES_VACCINFULL

A/Thueringen/87/2022_2022-11-21_DE_NOTVACC

A/Florida/57/2022_2022-05-30__UNK

A/Ile_de_France/58734/2022_2022-12-12_FR_NOTVACC

A/Bayern/35/2022_2022-11-11_DE_NOTVACC

A/Qatar/10-VI-22-1499678/2022_2022-04-26__UNK

A/Netherlands/11802/2022_2022-10-24_NL_UNK

A/Thuringen/10/2022_2022-04-01__UNK

A/Sweden/15/2023_2023-03-23_SE_NOTVACC

A/Denmark/317/2023_2023-01-25_DK_

A/Nordrhein-Westfalen/99/2022_2022-11-22_DE_NOTVACC

A/Bremen/42/2022_2022-11-14_DE_NOTVACC

A/Navarra/4166/2022_2022-11-03_ES_NOTVACC

A/Bangladesh/4005/2020_2020-10-04__UNK

A/Baden-Wuerttemberg/137/2022_2022-11-21_DE_NOTVACC

A/Thueringen/29/2022_2022-10-17_DE_NOTVACC
A/BREST/53946/2022_2022-10-21_FR_UNK

A/Hong_Kong/45/2019_2018-12-24__UNK

A/Norway/35978/2022_2022-12-10_NO_UNK

A/Navarra/4312/2022_2022-11-10_ES_NOTVACC

A/Lisboa/619/2022_2022-11-07_PT_UNK

A/Guizhou-Liuzhite/326/2022_2022-03-18__UNK

A/Hessen/122/2022_2022-12-22_DE_NOTVACC

A/Ghana/1654/2022_2022-05-19__UNK

A/Denmark/3436/2022_2022-12-15_DK_

A/Schleswig-Holstein/12/2022_2022-10-04_DE_UNK

A/Finland/399/2023_2023-07-27_FI_UNK

A/Bucuresti/544538/2023_2023-01-05_RO_NOTVACC

A/Denmark/194/2023_2023-01-16_DK_

A/Georgia/19/2023_2023-02-03__UNK

A/Netherlands/01476/2022_2022-12-07_NL_UNK

A/Bayern/64/2022_2022-12-12_DE_NOTVACC

A/Bayern/43/2022_2022-10-13_DE_NOTVACC

A/Bucuresti/544438/2023_2023-01-03_RO_NOTVACC

A/Aragon/3930/2022_2022-10-06_ES_UNK

A/Netherlands/01347/2022_2022-11-24_NL_UNK

A/Sweden/6/2023_2023-01-10_SE_UNK

A/Franche_Comte/60129/2022_2022-12-21_FR_NOTVACC

A/Slovenia/8720/2022_2_2022-02-10__UNK

A/Nordrhein-Westfalen/112/2022_2022-12-09_DE_NOTVACC

A/Netherlands/11883/2022_2022-11-30_NL_UNK

A/Norway/24873/2021_2021-10-24__UNK

A/Florida/50/2022_2022-05-26__UNK

A/Arad/545284/2023_2023-01-17_RO_NOTVACC

A/Denmark/3166/2022_2022-11-20_DK_

A/Bucuresti/544060/2022_2022-12-26_RO_NOTVACC

A/Lisboa/610/2022_2022-10-13_PT_UNK

A/CastillaLaMancha/3902/2022_2022-10-07_ES_NOTVACC

A/Romania/544760/2023_2023-01-08_RO_NOTVACC

A/Norway/34918/2022_2022-11-29_NO_UNK

A/Norway/03872/2023_2023-03-08_NO_UNK

A/Argentina/2835/2022_2022-05-13__UNK

A/Stockholm/5/2021_2021-04-16__UNK

A/Norway/24873/2021_2_2021-10-24__UNK

A/Aragon/4772/2022_2022-11-30_ES_UNK

A/Navarra/4311/2022_2022-11-10_ES_NOTVACC

A/Denmark/3158/2022_2022-11-19_DK_

A/Navarra/4077/2022_2022-10-19_ES_NOTVACC

A/Norway/33317/2022_2022-10-24_NO_UNK

A/Lisboa/8/2023_2023-02-18_PT_UNK

A/Eskilstuna/3/2022_2022-05-01__UNK

A/Brandenburg/2/2022_2022-05-05__UNK

A/Finland/373/2023_2023-02-14_FI_NOTVACC

A/Ireland/00482389/2022_2022-12-20_IE_UNK

A/Norway/29511/2021_2_2021-11-25__UNK

A/Norway/01731/2023_2023-01-26_NO_UNK

A/Bayern/50/2022_2022-10-04_DE_UNK

A/Luxembourg/LNS0250190/2022_2022-12-20_LU_

A/Ile_de_France/00008/2023_2023-01-03_FR_NOTVACC

A/Hessen/119/2022_2022-12-12_DE_NOTVACC

A/Halmstad/7/2022_2022-12-14_SE_UNK

A/Norway/32512/2022_2022-10-13_NO_UNK

A/Netherlands/01475/2022_2022-12-07_NL_UNK

A/Denmark/3136/2022_2022-11-05_DK_

A/Canarias/230172/2022_2022-12-15_ES_UNK

A/Madrid/230617/2022_2022-11-04_ES_NOTVACC

A/Lille/50053/2022_2022-09-06__UNK

A/Lisboa/555/2022_2022-10-26_PT_UNK

A/Hessen/104/2022_2022-12-02_DE_NOTVACC

A/Norway/32332/2022_2022-10-11_NO_UNK

A/Cambodia/925256/2020_2020-09-25__UNK

A/Sweden/9/2022_2022-12-05_SE_UNK

A/Bremen/34/2022_2022-11-02_DE_NOTVACC

A/Lisboa/540/2022_2022-10-13_PT_UNK

A/Bretagne/52493/2022_2022-10-05_FR_NOTVACC

A/CastillaLaMancha/3903/2022_2022-10-08_ES_NOTVACC

A/Netherlands/11942/2022_2022-12-14_NL_UNK

A/Netherlands/01660/2022_2022-12-18_NL_UNK

A/Michigan/83/2022_2022-11-10__UNK

A/Norway/33910/2022_2022-11-10_NO_UNK

A/Andalucia/4722/2022_2022-11-07_ES_UNK

A/Nordrhein-Westfalen/95/2022_2022-11-21_DE_VACCINFULL

A/Sachsen/25/2022_2022-11-28_DE_NOTVACC

A/Norway/33203/2022_2022-11-07_NO_UNK

D53G

V79I

N81D

S124N

K171N, G186S, N190D, S198P

S124N

E62G, N91S, K92R, N121K, K144S, S159Y, K160T, N171K, S246N, R326K

I140M

R33Q

I34V, T135K (-CHO)

G186D, S198P

S262N

S312N

K83E, Y94N, A128T, T131K, S138A, Y195F

D53N, P289S

D53N, N96S (+CHO), I192F

T167S

T135A (-CHO)

I140K, R299K

D104G

T135K (-CHO), G275D

N8S

I140K

Q33R

K276E

L59I

I192F, Q197R, S205F

T135K (-CHO)

E50K

G53S

T135A (-CHO)

I242M

R269K

D225G

R299K

N6D

D291N

K278E

Y159N, T160I (-CHO), L164Q, G186D

D186N, D225G

I140K

K50I

E50K

I140M

S145N

N122S

S199P

I25V, R201K, S219Y

N94H

S137F, N190D

F79V

K82R

T135K, S145N

L316M

I214T

T135A (-CHO)

Q33R

H156S

D101E, T135K (-CHO), S279A

I214V

I242M

I223V

I48T

E50K

I140K

K276R

n = 1,214 n = 464

n = 954

n=242

n=23

NOTVACC: unvaccinated; VACCINFULL: fully vaccinated; UNK: unknown vaccination status.

Vaccine virus strains (solid black circles) and northern hemisphere 2022/23 vaccine strains (solid black squares) are indicated in the tree.

The number of collapsed sequences (including reference sequences) are mentioned next to the branches. Branch colouring indicates the different clades and 
subclades. The vaccine strains are in red, and reference strains are in black. For each virus strain, collection date and patient’s vaccination status, if known, is 
displayed after the virus name. All sequences reported to TESSy are coloured according to the virus collection date by month.
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studies presented at the NH VCM in February 2023 for 
A(H1N1)pdm09 viruses demonstrated notable reduced 
post-vaccination geometric mean titres against multi-
ple recently circulating clade 5a.2a and 5a.2a.1 A(H1N1)
pdm09 viruses when compared with titres against cell 
culture-propagated A/Wisconsin/588/2019 or egg-
propagated A/Victoria/2570/2019-like vaccine viruses 
[7]. Given inefficient recognition of the circulating 
A(H1N1)pdm09 clade 6B.1A.5a.2 vaccine viruses, the 
vaccine A(H1N1)pdm09 component was updated to 
match the recently emerged subclades 6B.1A.5a.2a and 
6B.1A.5a.2a.1 more closely [7]. Subclade 6B.1A.5a.2a 
carries additional HA1 amino acid substitutions K54Q, 
A186T, Q189E, E224A, R259K and K308R, of which 
some are located in antigenic site Sb [7]. Subclade 
6B.1A.5a.2a.1 viruses have acquired additional amino 
acid substitutions P137S, K142R, D260E and T277A 
and are represented by the new vaccine viruses A/
Wisconsin/67/2022 and A/Victoria/4897/2022. In our 
dataset, these viruses represented one fourth of the 
A(H1N1)pdm09 viruses. Antigenically, the genetically 
diversified A(H3N2) and B/Victoria-lineage viruses are 
efficiently covered by the vaccine components for NH 
2023/24 season [7].

Interim results for vaccine effectiveness (VE), pro-
duced by the Vaccine Effectiveness, Burden and Impact 
Studies (VEBIS) network for the 2022/23 season, indi-
cated a high VE against influenza B (51%; 95% CI: 1 to 
79) in an EU primary care study, with estimates among 
children at 88% (95% CI: 47 to 97), and lower for A(H1N1)
pdm09 (ranging from 28% (95% CI: 0 to 50) to 46% 
(95% CI: 26 to 60)) or A(H3N2) (ranging from 2% (95% 
CI: −53 to 37) to 44% (95% CI: 32 to 54)) when all ages 
and study sites were merged [14]. In Wisconsin, United 
States, the vaccine effectiveness estimates for this 
season, where circulation of both A(H1N1)pdm09 (25%) 
and A(H3N2) (75%) were detected, was 54% against 
medically-attended outpatient acute respiratory ill-
ness associated with laboratory-confirmed influenza 
A among patients aged 6 months–64 years, and 71% 
against symptomatic laboratory-confirmed influenza A 
virus infection [15]. In a Canadian study for the current 
2022/23 season, vaccine effectiveness for A(H3N2) 
viruses was found to be 54% (95% CI: 38 to 66) overall 
with potential variation based on HA gene amino acid 
position 135 genetic diversity [16]. It is important to 
note that national or sub-national level VE results are 
dependent on the circulating strains in that region and, 
thus, there might be large differences between coun-
tries. These data show that 16% (506/3,240) of the 
sequenced A(H3N2) viruses carry the T135A mutation 
in the HA gene and an additional 11 carry T135K; these 
substitutions, which cause a loss of a glycosylation 
site, could lead to lower vaccine effectiveness.

All but 10 of 6,768 viruses tested during 2022/23 sea-
son in our dataset remained sensitive to NA and PA 
inhibitors (oseltamivir, zanamivir and baloxavir mar-
boxil) and all tested influenza A viruses remained 
resistant to M2 inhibitors. While vaccination against 

influenza remains the best means to protect against 
severe disease, NA and PA inhibitors should be consid-
ered for clinical management of influenza, especially in 
high-risk and elderly patients (aged ≥ 65 years) regard-
less of their vaccination status.

Since March 2020, no B/Yamagata-lineage viruses 
have been detected globally [17,18]. At the September 
2023 VCM, the WHO influenza vaccine composition 
advisory committee stated that the inclusion of B/
Yamagata-lineage antigens in influenza vaccines is 
no longer warranted, and it should be excluded in the 
upcoming composition [19,20]. All necessary precau-
tions as per standard operation procedures need to be 
taken when sending or handling potentially infectious 
influenza B/Yamagata virus (e.g. for EQA, research or 
validation purposes) to make sure not to release infec-
tious B/Yamagata into the population [21]. In Europe, 
efforts to determine the lineage of B viruses need to be 
strengthened, as only 13% of detected B viruses (and 
31% of the sentinel B virus detections) were lineage-
determined. The current ECDC/WHO surveillance guid-
ance recommends sequencing all sentinel specimens if 
resources allow [22]. In addition, reference laboratories 
should also be alerted about the possibility of detecting 
live attenuated influenza vaccine B/Yamagata-lineage 
(or other vaccine component) viruses to perform whole 
genome sequencing and to report those separately 
with comments to TESSy.

When comparing the level of virus characterisations to 
the average of 2016/17 to 2019/20 seasons, there was 
a twofold increase of genetic reports. Antigenic reports 
were approximately at the same level as the average 
of the pre-COVID-19 seasons. In total, 16% of detected 
sentinel surveillance viruses were characterised genet-
ically, and 5% antigenically [22]. However, surveillance 
systems in many countries are still impacted by the 
COVID-19 pandemic. Although, an increase in sequenc-
ing efforts has been observed, several factors affect 
the capacity for sequencing. For example, laborato-
ries apply other criteria than surveillance source for 
selection of specimens for further characterisation, 
e.g. PCR Cq value below 25, to increase the success 
rate in sequencing. For antigenic characterisation, the 
recommendation is to select a subset of genotyped 
viruses for antigenic characterisation [22] and every 
twentieth specimen has been successfully analysed. 
Importantly, the number of antigenic characterisation 
reports increased in 2022/23 again to levels observed 
in 2018/19 (n = 1,643 and 1,699 reports, respectively) 
after a marked decrease in 2019/20 (n = 1,022 reports). 
The increase was observed although the NIC terms of 
reference do not include antigenic characterisation 
[23]. Furthermore, more countries are again performing 
antigenic characterisation since 2019/20.

The reasons for an almost twofold increase in sequenc-
ing volume compared to the pre-COVID-19 time is 
likely a result of sequencing capacity increases in the 
EU/EEA that have been fostered during the COVID-19 
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pandemic. These new sequencing capacities and capa-
bilities improve the earlier surveillance systems if the 
sampling for genetic characterisation is done in a rep-
resentative way. From the pool of genetically charac-
terised viruses, a specific subset of viruses of interest 
can then be selected for antigenic characterisation and 
phenotypic antiviral susceptibility testing. This is more 
efficacious and cost-effective than the earlier antigenic 
characterisation-first approach.

Certain limitations apply to this study. Firstly, only half 
of the EU/EEA countries reported influenza virus char-
acterisation data, and to a varying extent. Secondly, 
national patterns for influenza season characteristics 
differ partly from the overall EU/EEA season in terms 
of virus dominance, timing and shape of the epidemic 
curve. Thirdly, the specimen sources (sentinel general 
practitioners, hospital, intensive care units, outbreak 

investigations) and selection processes for the viruses 
that undergo characterisation might vary from coun-
try to country. Therefore, the presented data may not 
be fully representative of the circulating strains in the 
region, even if surveillance efforts aim to cover the 
whole populations. Certain selection bias for sampling 
has likely occurred and selection for virus characteri-
sation may be biased towards vaccine escape mutants 
and from more severe patients.

Conclusion
Influenza virus surveillance data provide an impor-
tant mechanism for monitoring the evolution of influ-
enza viruses over the season and provide crucial data 
for the vaccine composition decision which led to the 
change of the A(H1N1)pdm09 component for the NH 
2023/24 influenza season. Identifying genetic and 
antigenic mismatches between the circulating and 

Figure 4
Phylogenetic comparison of influenza B/Victoria-lineage haemagglutinin gene, EU/EEA, weeks 40/2022–39/2023 (n = 2,116)
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vaccine strains also gives the opportunity to antici-
pate the vaccine effectiveness results of the current 
season. Laboratories and national public health insti-
tutes should continue their efforts to collect data on 
influenza and on virus characterisation and to provide 
representative specimens to WHO collaborating cen-
tres to support the biannual decision processes for rec-
ommendations for the influenza vaccine compositions. 
Efforts in standardising the selection of specimens for 
sequencing and antigenic characterisation across the 
countries could improve results and therefore future 
efforts should be made to improve randomness or rep-
resentativeness of the sequences to improve quality of 
virological influenza surveillance data.
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