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Abstract

During the 2024/25 season, Finland experienced a delayed emergence of norovirus genotype GIL.17,
which had already become prevalent in several European countries and the United States during the
previous season 2023/24 [1]. In Finland, GII.17 was confirmed in three foodborne outbreaks and five
sporadic cases, marking the highest number of detections to date. These cases were geographically
distributed across southern, western, and northern Finland, indicating widespread circulation.
Retrospective analysis of national surveillance data from 2014 to 2025 revealed that GII.17 had been
detected sporadically in earlier years but never at this scale. The emergence of GII.17 coincided with
a continued presence of GIL.4[P16], the previously dominant genotype. Phylogenetic analysis showed
that Finnish GII.17 strains clustered with recent international strains, suggesting introduction from
abroad. The findings highlight the importance of sustained genotyping and international surveillance
to detect emerging norovirus variants and inform public health preparedness in Finland.

Keywords: norovirus; GIL.17; retrospective analysis; phylogenetic analysis

1. Introduction and Results

Norovirus is the leading cause of acute gastroenteritis worldwide, responsible for an estimated
685 million cases annually, including 200 million among children under five [2]. The virus contributes
to approximately 200,000 deaths each year, with the highest burden in low-income countries [2].
Beyond its health impact, norovirus imposes a significant economic burden, estimated at $60 billion
globally due to healthcare costs and productivity losses [2]. In Finland, norovirus is a major cause of
gastroenteritis outbreaks, particularly in institutional settings such as long-term care facilities and
schools. Norovirus genotyping is conducted as a statutory part of food- and waterborne outbreak
investigations [10]. Viruses in person-to-person transmissions are not routinely genotyped; instead,
they are typically included in collaborative research studies. Norovirus genotyping is based on
sequencing specific regions of the viral genome, particularly the capsid gene (VP1) and the RNA-
dependent RNA polymerase (RdRp) gene [3]. These sequences are then compared to the typing tools
implemented by the NoroNet to determine the genotype [4].

In Finland, laboratory-confirmed norovirus infections are mandatorily reported to the Finnish
Infectious Diseases Register (FIDR) as part of a surveillance system coordinated by the Finnish
Institute for Health and Welfare (THL). The reporting is based on nucleic acid detection methods,
primarily RT-PCR, which identify norovirus genogroups GI and GII from stool specimens. The
analysis of national norovirus surveillance data from the Finnish Infectious Disease Registry (FIDR)
between 2014 and 2025 reveals a biennial norovirus notification pattern with higher case numbers
observed every other year (Figure 1). In the three seasons during and following the COVID pandemic
(2021/22, 2022/23 and 2023/24), the number of norovirus notifications resembled the levels typically
seen during pre-pandemic norovirus epidemic years (2016/17 and 2018/19).
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During the 2023/24 season, Finland participated in enhanced norovirus surveillance alongside
other European countries and the USA [1]. A notable increase in GII.17 norovirus outbreaks and
sporadic cases occurred in Austria, Germany, France, Ireland, the Netherlands, England, and the
United States. This rise in GIL.17 prevalence coincided with a decline in the previously dominant GIL4
genotype, with GIL.17 accounting for 17% to 64% of all GII detections in the affected countries. In
Finland, however, no GII.17 norovirus were detected.

In Finland, the municipal food- and waterborne outbreak investigation groups notify suspected
norovirus outbreaks to the Finnish Food and Waterborne Outbreak Registry (FWOR) [10]. To better
understand the emergence of GII.17 in Finland, we reviewed the FWOR notifications from the 2014/15
to 2024/25 seasons (Table 1). While GII.17 was first detected in Finland in the 2015/16 season, it
remained rare and sporadic in subsequent years, with isolated detections in both outbreak-related
and sporadic cases. The sporadic cases were selected to monitor the prevalence of the GII.17 strain in
non-FWOs and requested from diagnostic laboratories across Finland.

Table 1. Number of food- and waterborne outbreak notifications and norovirus findings in Finland during

norovirus seasons, 2014-2025.

Season | Number of notified outbreaks | Number of | Number of | Number of outbreaks/sporadic
outbreaks in which | outbreaks/sporadic cases with confirmed GII.17
norovirus is the | cases with | finding
suspected cause genotyped

noroviruses

2014/15 | 67 20 10 +48* NR

2015/16 | 80 34 24 +20* 2

2016/17 | 63 22 7 +40* 1+1*

2017/18 | 80 30 21 +37* 4

2018/19 | 93 35 12 + 66* 4+5*

2019/20 | 72 20 4+27% NR

2020/21 | 58 4 1 NR

2021/22 | 89 26 12 1

2022/23 | 89 26 11 +34* 142%

2023/24 | 108 33 9 +23* NR

2024/25 | 98 41 4+12* 3 +5%

- Season starts July and ends June next year
- NR stands for no record

- * Sporadic case

During the 2024/25 season, FWOR contained 98 outbreak notifications, of which 41 (42%) were
suspected to be caused by norovirus (Table 1). Noroviruses from four outbreaks were genotyped,
and GII.17 was confirmed in three of them. Of the twelve sporadic cases, five genotyped as GIL.17.
The outbreaks occurred in southern, western, and northern Finland, while the sporadic cases were
reported in the south and west. This suggests that GII.17 is circulating across the entire country.

In Finland, GII.17 norovirus has been detected in both high-incidence and low-incidence years,
indicating that its circulation is not strictly dependent on overall epidemic intensity. Despite the sharp
decline in total norovirus cases during the pandemic years (2019/20 and 2020/21), GII.17 re-emerged
post-pandemic and was most frequently detected in the 2024/25 season, both in outbreaks and
sporadic cases.
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Figure 1. Monthly reported norovirus cases in Finland from the 2015/16 to 2024/25 seasons. The figure illustrates a biennial pattern of norovirus epidemics in Finland, with notable peaks in the
2016/17, 2018/19, 2021/22, and 2023/24 seasons. A significant decline in cases is observed during the COVID-19 pandemic years (2019/20 and 2020/21), three years after the pandemic, norovirus
case numbers were like those seen in norovirus epidemic years before the pandemic began. Notably, GII.17 norovirus has been detected in both high-incidence and low-incidence seasons,
indicating its persistent circulation regardless of overall epidemic intensity. The 2024/25 season marks the highest number of GII.17 detections to date, both in outbreaks and sporadic cases. NR =
No record.
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The phylogenetic tree in Figure 2A based on the capsid gene (VP1) of GII.17 norovirus strains
illustrates the genetic relationships between Finnish GII.17 sequences and global reference strains
(Figure 2A). Sequences from Finland, including those recently found, cluster closely with strains from
recent years (2023-2025), suggesting that the currently circulating GII.17 strains in Finland are part
of the globally emerging lineage that has evolved from earlier variants first detected around 2015 and
2017.
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100 | 100 L PQ373142.1 Norovirus Gllisolate RIVM-NL-NoV24-03 complete genome

FIN 2025 Helsinki 29042025 GIP17 2

FIN 2025 Helsinki 29042025 GIP17 5

FIN 2025 Helsinki 29042025 GIP17 3

FIN 2025 Helsinki 29042025 GIP17 8

FIN 2025 Helsinki 29042025 GIP17 6

100 [ PQ310235.1 Norovirus Gl isolate HU/GIL17P17/Park0002/2024/USA complete genome:

PQ310234.1 Norovirus Gllsolate HWGIL 17P1 RF1) VP1 (ORF2) and VP2 (ORF3) genes complete cds
PQ310129.1 17P1 U (ORF1) VP1 (ORF2) and VP2 (ORF3) genes complete cds
PQ310128.1 Norovirus Gllsolate HWGIL 17P17/0regon8013/2024/USA nonstructural DO'YDrotem (ORF1) VP1 (ORF2) and VP2 (ORF3) genes complete cds
PQ031234.1 Norovirus Gllsolate GSC43242-ABNOV11-RN and VP1 (ORF2) and VP2 (ORF3) genes complete cds
100, PQ304611.1 ATPA7IC)

PQ304612.1 ATPA7/C) (ORF1) VP1 (ORF2) and VP2 (ORF3) genes complete cds

0, PQ308689.1 Norovirus Gl isolate HWGIL17P1 (ORF1) VP1 (ORF2) and VP2 (ORF3) genes complete cds

100 yoqf

PQ308690.1 Norovirus Gl isolate HUGIL17P17 (ORF1)and VP1 (O cds and VP2 (ORF3) gene partial cds
100]; PQ308687.1 N Hlisolate HWGIL17P1 (ORF1) VP1 (ORF2) and VP2 (ORF3) genes complete cds
PQ304610.1 Norovirus Gll isolate HW/GHI.17P17/Michigan0047/2023/USA complete genome
'OR225885.1 Norovirus region (ORF"
OR225884.1 region (ORF"
£|: PQ336865.1 Norovirus Gll isolate HWGII. 17P17/WT-NORO- (ORF1) gene partial cds and VP1 (ORF2) and VP2 (Of
(0P689689.1 Norovirus Gll isolate HWUS/2022/GIl.17P17/CA-RGDS-1164 complete genome:
PQ336867.1 Norovirus Gll isolate HWGIL17P17/WT-NORO-2116/2022UK (ORF1) g 'VP1 (ORF2) and VP2 (ORF3) genes complete cds
15 FIN 2023 Turku 2004023 GIP17 3
PQ336851.1 17P17/WT-NORO- (ORF" ind VP1 (ORF2) and VP2 (ORF3) genes complete cds
& PQ336859.1 Norovirus Gllisolate HWGIL17P17/WT-NORO-2164/2022/UK (ORF ind VP1 (ORF2) and VP2 (ORF3) genes complete cds
92 PQ336857.1 17P17/WT-NORO- (ORF" ind VP1 (ORF2) and VP2 (ORF3) genes complete cds
7] N 2023 Turku 2004023 GIP17 2
798| | PQ336856.1 17P17WT-NORO-2163/2022/UK (ORF ind VP1 (ORF2) and VP2 (ORF3) genes complete cds
o PQ336854.1 Norvirus Gl isolate HUGIL17P17WT-NORO-2317/20221UK nonsirucural polyprotein (ORF 1 VP1 (ORF2) and VP2 (ORF3) genes complete cds
PQ336852.1 17P17WT-NORO. (ORF' and VP1 (ORF2) and VP2 (ORF3) genes complete cds
PQ336861.1 Norovirus Gl isolate Hu/GlL 17P17/WT-NORO-227" (ORF1) gene partial cds and VP1 (ORF2) and VP2 (ORF3) genes complete cds

100 PQ373131.1 Norovirus Gilsolate RIVM-NL-NoV22-22 complete genome

PQ373132.1 Norovirus Gllsolate RIVM-NL-NoV22-23 complete genome

OP712199.1 Norovirus Gl 17P1 y

PQ373129.1 Norovirus Gl isolate RIVM-NL-N (ORF nd VP1 (ORF2) and VP2 (ORF3) genes complete cds
PQ373135.1 N NL-NoV22-4 (ORF1) VP1 (ORF2) and VP2 (ORF3) genes complete cds

PQ373138.1 Norovirus Gllisolate RIVMLNL-NOV23-37 complete genome

100

0 PQ336943.1 Norovirus Gllisolate HWNL/2023/GIL 17P1 (ORF’ VP1(ORF2) gene VP2
g5.04]| | PQ336848.1 Norovirus Gl isolate HU/GHL17P17/WT-NORO- (ORF1) g VP1 (ORF2) and VP2 (ORF3) genes complete cds
1401 PQ336849.1 Norovirus Gllisolate HWGIL 17P17/WT-NORO. (ORF and VP1 (ORF2) and VP2 (ORF3) genes complete cds

PQ310124.1 Norovirus Gll isolate HW/GII. 17P17/0regon7046/2023/USA nonstructural polyprotein (ORF1) VP1 (ORF2) and VP2 (ORF3) genes complete cds

PQ308686.1 Norovirus Gl isolate HWGIL17P1 istructural polyprotein (ORF 1) VP1 (ORF2) and VP2 (ORF3) genes complete cds

#67°| L PQ310126.1 Norovirus Gl isolate HWGIL17P17/0 (ORF1) VP1 (ORF2) and VP2 (ORF3) genes complete cds.

PQ373139.1 Norovirus Gl \salale RIVM NL-NoV23-43 complete genome

0P805362.1 222 RF1 VP1 (O and VP2 (ORF.

PQ336864.1 Norovirus Gl \sulale Hu/GH 17P17IWT-NORO- (ORF1) g VP (ORF2) and VP2 (ORF?) genes compiet cds
PQ336850.1 Norovirus Gl isolate Hu/GIL 17P17/WT-NORO-2117/2022/UK (ORF1) gene parial cds and VP1 (ORF2) and VP2 (ORF3) genes complete cds
100, PQ308685.1 Norovirus Gl isolate HGIL17P17/Maimi0015/2023/USA nonstructural polyprotein (ORF1) VP1 (ORF2) and VP2 (ORF3) genes complete cds

01 PQ308684.1 Norovirus Gl isolate HuGl 7P TMSITIO0142023USA nostucra pobprolin ORF) V1 (ORE2)and VP2 (ORFS) gees compee ods

PQ310127.1 17P1 (ORF1) VP1 (ORF2) and VP2 (ORF3) genes complete cds

00 PQ373133.1 Norovirus Gllisolate RIVM.NL-NoV22-52a complete genome

PQ373134.1 Norovirus Gllsolate RIVM-NL-NoV22-38 nonstructural polyprotein (ORF1) VP1 (ORF2) and VP2 (ORF3) genes complete cds

ses2| | PQ373136.1 HNL-N (ORF1) VP1 (ORF2) and VP2 (ORF3) genes complete cds
001 PQ373137.1 N NL-NoV23-01 (ORF1) VP1 (ORF2) and VP2 (ORF3) genes complete cds
ON951705.1 Norovirus Gl PATIViNaDia-MC-1 region (ORF
MK907790.1 Norovirus Gl nd VP1 (ORF2) and VP2 (ORF3) gencs complete cds
96-100 MW661253.1 Norovirus Gl isolate BMH15-067 complete genome
4559 KM589660.1 L6-2013-ETHRN RNA
MNO45194.1 N llisolate NovHUGILP17/GIL1 ) (ORF1) and VP1 (O

FIN 2018 UUsikaarlepyy 21032018 GIP17 6
FIN 2018 UUsikaarlepyy 21032018 GIP17 5
FIN 2018 UUsikaarlepyy 21032018 GIP17 1
73.85 | FIN 2018 UUsikaarlepyy 21032018 GIP17 3
FIN 2018 UUsikaarlepyy 21032018 GIP17 2
FIN 2018 UUsikaarlepyy 21032018 GIP17 4

1po [ KU757047.1 NI2014/GIL17/1401084
KY905332.1 HUGILP17 GIL17/INSW U}
96 LC043167.1 13/GILP17 GIL1 RNA nearly
6981 - KJ156329.1 Norovirus 13-BH-1/2013/GIL17 nd

MK282256.1 Norovirus Gl isolate CMC-01 complete genome
LC433694.1 Norovirus Gll HulJP/2012/G1 P17 GIl 17/0C12019 genes for RNA polymerase VP1 capsid protein partial and complete cds
[— LC369251.1 Norovirus Gll NoV/HUAJP/2015/GIlP17-Gll.17/SA-164 genomic RNA nearly complete genome
)1— MK282258.1 Norovirus Gll isolate CMC-03 complete genome
KU557788.1 Norovirus HU/GIL17/2238/GD-JM/2013-08-30 ORF1 VP1 and VP2 genes complete cds

LC433720.1 Norovirus Gll HWJP/2013/GILP17 GII.17/0H13017 genes for ly VP1 capsid
2% LC101778.1 Norovirus HWGIIJP/2013/GIL P17 GIL17/FE21 2013 POL VP1 genes for nonstructural polyprotein capsid protein VP1 partial cds

MK282257.1 Norovirus Gll isolate CMC-02 complete genome:
LC433695.1 Norovirus Gll HWJP/2014/GIP17 GII.17/0C14032 genes for RNA polymerase VP1 capsid protein partial and complete cds
LC486738.1 Norovirus HWGIJP/2014/GILP17-GIl. 171B-N14-342 VP1 POL genes for capsid protein VP1 nonstructural polyprotein Damal and complete cds
67.79] | LC043305.1 Norovirus HWGILJP/2014/GIL P17 Gil 17/Nagano8-1 POL VP1 VP2 genes for

LC043139.1 Norovirus HWGIVJP/2014/GIl P17 GIl.17/Nagano7-1 POL VP1 VP2 genes for VP1 VP2
LC043168.1 Norovirus HWGIWP/2013/GILP17 GIL1
MT233102.1 Norovirus Gll isolate 197 GILP17 Gll.17 Aragauina (ORF* ind VP1 (ORF2) and VP2 (ORF3) genes complete cds
asodf- AB983218.1 Norovirus P17 GLY RNA nearly
100 | 1.C486737.1 Norovirus HWGILJP/2013/GILP17-GIL17/1B-N13.89 VP1 POL genes for VP d
s2.54) KU757046.1 Norovirus HuGICN2013/G1L17/13010141 complete genome
774 pp1gsar2 1 P17120231208 ORF"
KT634314.1 Norovirus GILP17 strain HwGI.P17/14042025/CHN/2014 RNA polymerase gene: pamal cds
KP676383.1 N H 13/GILP17 GILY RNA nd capsid
MT233268.1 Norovirus Gllisolate 245 GILP17 GIL17 Araguaina nonstructural polyprotein (onm VP! ORF2 ond VP2 (0RF3) genes complete cds
MT233269.1 Norovirus Gll isolate 247 GILP17 GI.17 Araguaina P1 (ORF2) and VP2 (ORF3) genes complete cds
FIN 2017 Lappeenranta 05072017 GIP17

FIN 2018 Kotka 20042018 GIP17 1

partial cds
ol partial cds

3

FIN 2017 Sodankyla 29032017 GIP17 2
FIN-2015-Helsinki-20112015-GILP17 2
FIN-2015-Helsinki 20112015 GIP17 1

FIN 2016 Helsinki 07062016 GIP17

89| FIN 2018 Kauhava 01032018 GIP17 2

FIN 2018 Kauhava 01032018 GIP17 3

FIN2019 Pietarsaari 15042020 GIP17 1

FIN 2018 Kauhava 01032018 GIP17 1

FIN 2018 Kauhava 01032018 GIP17 4

FIN 2018 Espoo 07052018 GIP17 4
FIN 2018 Espoo 07052018 GIP17 2
FIN 2018 Espoo 07052018 GIP17 1
FIN 2018 Espoo 07052018 GIP17 3
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Figure 2. Phylogenetic analysis of GII.17 capsid sequences and GIL.P17 polymerase sequences. A: Capsid region.
B: Polymerase region. Maximum-likelihood phylogenetic trees were computed within MEGA12 [7] using
Tamura-Nei [8] with 1000 bootstrap replications. Finnish sequence accession numers: PV973171-PV973223, more
details in supplementary Table 1.

The phylogenetic tree of the polymerase region (GIL.P17) is like the capsid tree, Finnish
sequences from 2025 also cluster with recent international strains, indicating co-evolution of the
polymerase and capsid regions. The presence of closely related sequences in both trees supports the
conclusion that the current GII.17 viruses circulating in Finland are genetically like those causing
outbreaks in other parts of the world.

2. Discussion

Norovirus GII.17 emerged later in Finland than in Central Europe and Russia, where the virus
had already caused widespread outbreaks during the 2023/24 season [9]. The Finnish GII.17 strains
were part of the globally expanding lineage and provided molecular evidence of their delayed
introduction and spread in Finland. This phenomenon is not unique, Finland has experienced
delayed emergence of epidemic viral pathogens compared to Central and Southern Europe before [5,
6]. The true emergence of GII.17, however, might be undetected, since not all norovirus outbreaks in
Finland undergo molecular investigation.

During the COVID-19 pandemic (seasons 2019/20 and 2020/21), no GIL17 norovirus was
identified in Finland. Reduced virus transmission can be due to pandemic control measures: less
contacts between people, restrictions to dining together and traveling, more hand washing leading
to less outbreak investigations. After the pandemic, detection of GII.17 norovirus resumed. The actual
burden of GIL.17 norovirus in Finland is probably underestimated since sporadic cases likely
represent a chain of person-to-person transmission, especially in settings where outbreak
investigations are not routinely conducted. The rise in GIL.17 detections during the 2024/25 season
suggests a shift in genotype dominance and highlights the dynamic nature of norovirus
epidemiology. This may partly be due to the population's lack of exposure to norovirus infections
during the pandemic, which could have led to a decline in immunity.

Norovirus infections are typically short-lived and self-limiting, and they rarely require
hospitalization. As a result, the total number of norovirus cases often remains underreported in
official statistics and only small fraction of cases seek medical care or are recorded [13-14]. During
the 2024-2025 season, 42% of FWOR notifications were suspected norovirus outbreaks, yet
genotyping was performed in only four cases. This reflects the established practice of conducting
genotyping only when exact identification is needed for comparing noroviruses in patients and the
suspected source. In such cases, expert consultation is often requested from the Finnish Institute for
Health and Welfare (THL), particularly when a food- or waterborne source is suspected.

The recognition of delayed genotype emergence has important public health implications.
Although norovirus infections are clinically similar regardless of genotype, the introduction of a
novel strain such as GII.17 may lead to larger outbreaks due to a lower population immunity [11-12].
Norovirus is highly contagious and can spread rapidly in institutional and community settings, often
before public health interventions can be fully implemented. Thus, awareness of emerging genotypes
in other regions may enhance preparedness by heightening surveillance and outbreak detection, and
communication with healthcare providers. The public health authorities could also consider
integrating international surveillance data into national risk assessments. Still, without targeted
interventions or vaccines, the impact of enhanced surveillance and risk assessments may limit to
mitigation rather than prevention. Continued monitoring and international data sharing remain
essential tools in mitigating the impact of emerging norovirus strains.
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