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Abstract, max 80 words
During 2023-24 influenza season in EU/EEA, there was co-circulation of A(H1N1)pdm09, A(H3N2) and B/Victoria viruses. The genetic diversification of these viruses continued and clade 5a.2a.1 of A(H1N1)pdm09, 2a.3a.1 of A(H3N2) and V1A.3a.2 of B/Victoria-lineage viruses dominated. 23% of A(H3N2) 2a.3a.1 viruses were antigenically distinct from current vaccine virus. B/Yamagata-lineage was not detected. The WHO's vaccine recommendations for the 2024-25 season in the northern hemisphere were updated to include a new A(H3N2) component, while maintaining the current A(H1N1)pdm09 and B/Victoria-lineage components. 


Seasonal influenza viruses evolve constantly both genetically and antigenically and influenza vaccine components need to be evaluated regularly.  Therefore, continuous virological surveillance of influenza virus strains is necessary. This report summarises influenza virological surveillance data in the European Union and Economic Area, for weeks 40/2023 through 9/2024, as reported by national influenza reference laboratories to The European Surveillance System (TESSy) hosted at the European Centre for Disease Prevention and Control (ECDC) and discusses the results in context of the WHO vaccine composition recommendation for northern hemisphere (NH) 2024-25 influenza season.
The data sources and methods were as described earlier [1] . 
Detections
In the EU/EEA, within the reporting period, 154718 influenza virus detections (sentinel and non-sentinel combined), were reported from 29 countries of which 97% (150692) were type A and 3% (4026) were type B virus (Table 1, Figure 1).
Of the subtyped influenza A viruses, 30463 (75%) were influenza A(H1)pdm09 and 10174 (25%) were influenza A(H3). Of the 4026 reported influenza type B viruses, the lineage for 809 (20%) was determined, with all viruses falling into the B/Victoria/2/87-lineage. No B/Yamagata/16/88-lineage virus was reported (Table 1, Figure 1). 
Genetic characterisation
Within the reporting period, 2567 (2% of all surveillance source detections; 6% of sentinel source detections) viruses from 15 countries were reported with sequence identifier, out of which 2544 sequences could be retrieved and included in the phylogenetic analysis. The 1083 (60%) of the 1815 A(H1N1)pdm09 viruses fell in clade 5a.2a, while 732 (40%) belonged to clade 5a.2a.1 where 710 (97%) to C.1.1.1 subclade defined by T216A and represented by A/Victoria/4897/2022, the virus component for 2023-24 NH egg-based vaccine (Table 1, Supplemental Figure 1). Genetically, 728 (67%) of 5a.2a viruses fell into a subgroup with T120A and additionally K169Q or V47I (within subclade C.1). In 5a.2a.1 viruses, 317 (43%) carried R113K (within C.1.1.1) with or without S85P and 243 (33%) R45K (within C.1.1.1). 
All 639 A(H3N2) viruses fell into clade 2a.3, a subclade of 2a represented by A/Darwin/9/2021, the recommended vaccine strain for egg-based vaccines for 2023-24 NH influenza season (Figure 2). Within 2a.3, 98% (n=628) were clade 2a.3a.1, represented by A/Thailand/8/2022 which has been recommended for NH 2024-25 vaccine. Most (n=346, 55%) of A(H3N2) in 2a.3a.1 belonged to J.2 subclade defined by the amino acid substitutions N122D (potential loss of glycosylation site, antigenic site A) and K276E (in antigenic site C). Within 2a.3a.1, also smaller subclade J.1 with I25V (n=212, 33%) was present. (Table 1, Figure 2)
All 90 B/Victoria viruses belonged to clade V1A.3a.2, represented by B/Austria/1359417/2021, the recommended vaccine virus strain for the 2023-24 NH influenza season (Table 1, Supplemental Figure 2). However, 32% (n=29) of the viruses fell in a branch with an E128G substitution.
Antigenic characterisation
Antigenic characterisation data from eight countries were available for 675 viruses (Table 1). Of the 512 characterised A(H1)pdm09 viruses the majority (262, 51%) were A/Sydney/5/2021-like, 248 (48%) were similar to the vaccine virus A/Victoria/4897/2022-like virus, and two were reported as A/Wisconsin/67/2022-like viruses. The majority of the 103 antigenically characterised A(H3) viruses (76, 74%) were reported as A/Darwin/9/2021-like, 24 (23%) as A/Thailand/8/2022-like, and three were not attributed to any of the reporting categories. 
Among 60 antigenically characterised influenza B/Victoria viruses, the majority (58, 97%) were similar to the vaccine virus for the 2023/24 NH influenza season (B/Austria/1359417/2021). Two (3%) B/Victoria viruses were not attributed to any of the reporting categories. (Table 1)
Antiviral susceptibility
Since the beginning of the season, 2003 viruses were assessed for antiviral susceptibility to oseltamivir and zanamivir (87% by genomic analysis and 13% by phenotypic analysis) and 1553 viruses to baloxavir marboxil (all by genomic analyses) from in total 14 EU/EEA countries (Table 2). In total, five viruses with reduced or highly reduced inhibition or susceptibility were detected based on genetic analyses: three A(H1)pdm09 viruses carried genetic markers associated with either reduced (NA:I223T) or highly reduced inhibition (NA:H275Y) by oseltamivir; two A(H3) viruses carried amino acid substitutions associated with reduced susceptibility to baloxavir (PA:L28P) (Table 2). For polymerase acidic protein associated to reduced inhibition genotypic susceptibility assessment was performed based on WHO table [2].
Conclusions and discussion
Based on our dataset, this influenza season was characterised by co-circulation of influenza A(H1N1)pdm09, A(H3N2) subtypes and B/Victoria-lineage viruses, with A(H1N1)pdm09 being the predominant virus overall in EU/EEA.  
Regarding the antigenic similarity of circulating A(H1N1)pdm09 viruses to the 2023-24 NH vaccine component (A/Victoria/4897/2022-like clade 5a.2a.1 virus (egg-based)), the circulating viruses appeared to be overall antigenically similar. The early European vaccine effectiveness results showed 53% (95% CI: 41 to 63) protection against influenza in all ages in the primary care [3]. Some genetic diversification was observed in the 5a.2a viruses with branches having defined amino acid substitutions with a significant number of viruses such as T120A with K169Q or V47I in 5a.2a and S85P/R113K and R45K in 5a.2a.1. Despite the genetic heterogeneity of recently circulating A(H1)pdm09 viruses, the WHO recommended to maintain the same A(H1)pdm09 component for the 2024/25 influenza season as previous season, based on human serology study results confirming that the NH 2023/24 vaccine post-vaccination serum titres were not significantly reduced for most circulating viruses [4]. Lower VE was, however, observed in the European study against clade 5a.2a.1 viruses (39%, 95% CI: -44 to 74) compared to clade 5a.2a viruses (52%, 95% CI: -7 to 78) [3]; this is also supported by the Canadian Sentinel Practitioner Surveillance Network VE studies (56% vs 67%) [5]. Reduced inhibition by oseltamivir was detected in only three A(H1)pdm09 viruses with the large majority of tested viruses remaining susceptible.
For A(H3N2), almost all circulating viruses fell genetically in clade 2a.3a.1 represented by A/Thailand/8/2022, which was recently recommended as the vaccine component for NH influenza season 2024-25 [4]. It was shown by human serology studies using post-vaccination human sera, that reduced reactivity was seen against some recent viruses expressing HA genes from subclade 2a.3a.1 [4].  Noteworthy, in EU/EEA, the majority (346, 54%), of A(H3N2) viruses belonged genetically to this divergent clade 2a.3a.1 with additional amino acid substitutions in antigenic sites at N122D and K276E (J.2) and another subgroup with I25V (J.1). Early European vaccine effectiveness results in primary care for all ages indeed showed reduced protection of 30% (95% CI: −3 to 54) by the influenza vaccine from the circulating A(H3N2) viruses and in hospital studies 14% (95% CI: −32 to 43). This indicated that many of the currently circulating 2a.3a.1 subclade strains in the EU/EEA had diversified antigenically from the NH 2023-24 vaccine virus A/Darwin/9/2021 [4]. In our EU/EEA data, only 23% of antigenically characterised viruses were A/Thailand/8/2022-like which would indicate that they were less well recognised by the vaccine virus A/Darwin/9/2021 antisera. It needs, however, to be noted that antigenic characterisations were not performed for all circulating 2a.3a.1 viruses and that antigenic characterisation data do not necessarily reflect the proportion of different (sub)clades among circulating viruses. Furthermore, partially differences in the antigenic and/or human serology data in comparison with the VE data could possibly be explained by the fact that in the EU/EEA, as elsewhere, some available vaccines are produced in eggs rather than in cell lines [6-9]. Reduced susceptibility to baloxavir marboxil was reported in only two A(H3) viruses from two different countries with the large majority of tested viruses remaining susceptible. 
For the B/Victoria -lineage, all antigenically characterised viruses were V1A.3a.2 B/Austria/1359417/2021-like, which is the current vaccine component in tri- and quadrivalent vaccines in the NH 2023/24. Even if genetic diversification continues within this lineage, the currently circulating viruses in the EU/EEA have been still well covered by the vaccine virus antigenically and no update to the vaccine component was proposed by WHO [4].
There are some additional limitations to these data. The specimen sources (sentinel GPs, hospital, ICU, outbreak investigations) and selection processes for the viruses that undergo characterisation vary from country to country. Only a small percentage (0.4% antigenically and 2% genetically; 3% and 6% of the sentinel source viruses, respectively) of detected viruses were characterised overall. ECDC and WHO Regional Office for Europe have previously recommended to sequence all influenza viruses detected from sentinel sources and we are still far from this target [10].
Despite the challenges in collecting influenza surveillance data collection, the detection and characterization of influenza viruses within the EU/EEA play a vital role in identifying which viruses should be sent to a WHO Collaborating Centre for in-depth analysis. These analyses are essential for guiding the decision-making process during the biannual WHO influenza vaccine composition meetings.




Figures and tables
Table 1. Influenza virus detections in sentinel and non-sentinel source specimens by type and subtype cumulatively for the weeks 40/2023-9/2024
	       
	Sentinel
	Non-sentinel 

	Detections by virus (sub)type 
	Number      
	% 
	Number      
	%      

	Influenza A
	12 397
	96
	138 295
	98

	A(H1)pdm09
	8 296
	81
	22 167
	73

	A(H3)
	2 136
	19
	8 038
	27

	A not subtyped
	1 965
	-
	108 090
	-

	Influenza B
	561
	4
	3 465
	2

	B/Victoria -lineage
	256
	100
	553
	100

	B/Yamagata -lineage
	0
	0
	0
	0

	Unknown lineage
	305
	-
	2 912
	-

	Total detections      
(total tested)      
	12 958
(66 596)
	19
	141 760
(1 168 394)
	12

	
	
	
	
	

	Antigenic characterisations 
	Number      
	%   

	Influenza A       
	
	

	A(H1)pdm09       
	
	

	 5a.2a A/Sydney/5/2021-like3
	262
	51.2

	 5a.2a.1 A/Victoria/4897/2022-like4,5
	248
	48.4

	 5a.2a.1 A/Wisconsin/67/2022-like4,5
	2
	0.4

	Subtotal
	512
	100.0

	A(H3)       
	
	

	2a A/Darwin/9/2021-like1-4
	76
	73.8

	2a.3a.1 A/Thailand/8/2022-like5
	24
	23.3

	Not categorised
	3
	2.9

	Subtotal
	103
	100.0

	Influenza B 
	
	

	B/Victoria-lineage    
	
	

	V1A.3a.2 B/Austria/1359417/2021-like1-5 
	58
	96.7

	Not categorised
	2
	3.3

	Subtotal
	60
	100.0

	
	
	

	Phylogenetic analysis
	Number      
	%  

	Influenza A       
	
	

	A(H1)pdm09       
	
	

	5a.2a (C.1)
	1029
	56.7

	5a.2a + T216A (C.1.7)
	54
	3.0

	5a.2a.1 (C.1.1)
	22
	1.2

	5a.2a.1+T216A (C.1.1.1)
	710
	39.1

	Subtotal
	1815
	100.0

	
	
	

	A(H3)              
	
	

	2a.3a (G.1.3.1)
	10
	1.6

	2a.3a.1 (J)
	50
	7.8

	2a.3a.1 + I25V (J.1)
	212
	33.2

	2a.3a.1 + N122D, K276E (J.2)
	346
	54.1

	2a.3a.1 Q173R, K276E (J.4)
	20
	3.1

	2a.3b (G.1.3.2)
	1
	0.2

	Subtotal
	639
	100.0

	
	
	

	Influenza B       
	
	

	B/Victoria-lineage    
	
	

	V1A.3a.2 (C.2)
	1
	1.1

	V1A.3a.2 (C.3)
	2
	2.2

	V1A.3a.2 (C.5)
	9
	10.0

	V1A.3a.2 (C.5.1)
	35
	38.9

	V1A.3a.2 (C.5.6)
	14
	15.6

	V1A.3a.2 + E128G (C.5.7)
	29
	32.2

	Subtotal
	90
	100.0



1 WHO recommended vaccine virus for the 2022 southern hemisphere influenza season (Trivalent vaccine)
2 WHO recommended vaccine virus for the 2022-2023 northern hemisphere influenza season (Trivalent vaccine)
3 WHO recommended vaccine virus for the 2023 southern hemisphere influenza season (Trivalent vaccine)
4 WHO recommended vaccine virus for the 2023-2024 northern hemisphere influenza season (Trivalent vaccine)
5 WHO recommended vaccine virus for the 2024 southern hemisphere influenza season (Trivalent vaccine)	




Table 2. Influenza subtypes and lineages with and without reduced inhibition following antiviral susceptibility testing to oseltamivir reported to TESSy, weeks 40/2023 through 9/2024, EU/EEA. NI: Normal inhibition; NS: Normal susceptibility; HRI: Highly reduced inhibition; RI: Reduced inhibition; RS: Reduced susceptibility; prefix ‘AA’: Amino acid, refers to genotypic testing result. 

	Oseltamivir susceptibility
	NI n (%)
	AANI n (%)
	AAHRI n (%)
	AARI n (%)
	Total 

	Influenza A       
	
	
	
	
	

	A(H1)pdm09       
	185 (13%)
	1239 (87%)
	2 (0.1%)a
	1 (0.1%)b
	1427

	A(H3)       
	54 (11%)
	458 (89%)
	0 (0%)
	0 (0%)
	512

	Influenza B       
	
	
	
	
	

	B/Victoria lineage       
	21 (33%)
	43 (67%)
	0 (0%)
	0 (0%)
	64

	Total   
	260 (13%)
	1740 (87%)
	2 (0.1%)
	1 (0%)
	2003

	Zanamivir susceptibility
	NI n (%)
	AANI n (%)
	AAHRI n (%)
	AARI n (%)
	Total 

	Influenza A       
	
	
	
	
	

	A(H1)pdm09       
	185 (13%)
	1242 (87%)
	0
	0
	1427

	A(H3)       
	54 (11%)
	458 (89%)
	0
	0
	512

	Influenza B       
	
	
	
	
	

	B/Victoria lineage       
	21 (33%)
	43 (67%)
	0
	0
	64

	Total   
	260 (13%)
	1743 (87%)
	0
	0
	2003

	Baloxavir marboxil
susceptibility
	AANS n (%)
	AARS n (%)
	Total

	Influenza A       
	
	
	

	A(H1)pdm09       
	1113 (100%)
	0 (0%)
	1113

	A(H3)       
	400 (99.5%)
	2 (0.5%)c
	402

	Influenza B       
	
	
	

	B/Victoria lineage       
	38 (100%)
	0 (0%)
	38

	Total   
	1551 (100%)
	2 (0.1%)
	1553


a: These viruses carried mutation NA:H275Y
b: This viruses carried mutation NA:I223T
c: These viruses carried mutation PA:L28P 

Figure 1. Number of detections in the A) sentinel and B) surveillance system by subtype and proportion positive of all tested by week, EU/EEA, weeks 40/2023 through 9/2024.
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Figure 2. Phylogenetic comparison of influenza A(H3N2) HA genes. The vaccine strains are red, reference strains black and sequences reported to TESSy coloured according to the virus collection date by month (2023: October red, November yellow, December grey; 2024: January green, February, turquoise).
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Supplemental materials
Supplemental Figure 1 SF1. Phylogenetic comparison of influenza A(H1N1)pdm09 HA genes. The vaccine strains are red, reference strains black and sequences reported to TESSy coloured according to the virus collection date by month (2023: October red, November yellow, December grey; 2024: January green, February, turquoise). 
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Supplemental Figure 2 SF2. Phylogenetic comparison of influenza B/Victoria-lineage HA genes. The vaccine strains are red, reference strains black and sequences reported to TESSy coloured according to the virus collection date by month (2023: October red, November yellow, December grey; 2024: January green, February, turquoise).
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