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Résumé – Zusammenfassung – Summary 

Résumé de la surveillance de l’activité grippale 2022/2023 

Pour la troisième année consécutive au sein du réseau de surveillance Sentinelle, les 

prélèvements nasopharyngés reçus au Centre National de Référence de l’influenza, ont non 

seulement été dépistés pour les virus de la grippe mais aussi pour le SARS-CoV-2, RSV A et 

B, HCoV NL63, HCoV HKU1, HCoV OC43, HCoV 229E, HPIV1-4, HBoV, HAdV, RV/EV et 

HMPV. Parmi les 1936 échantillons analysés, 1376 se sont révélés positifs pour au moins un 

virus respiratoire. Les virus du SARS-CoV-2 de l’influenza A et B, ainsi que le RSV et les 

RV/EV étaient les plus fréquemment détectés durant cette saison (semaines 40/2022 à 

16/2023). 

La grippe a refait son apparition au sein du réseau Sentinelle dès la semaine 40/2022. Sur 

les 1936 échantillons dépistés, 472, soit 34.3%, étaient positifs pour un virus grippal. En 

Suisse, les virus de l’influenza ont été mis en évidence au cours de deux vagues 

successives. La première, et la plus importante, observée dès la semaine 40/2022 regroupait 

majoritairement des virus de type A, à dominance A(H3N2). La seconde a suivi dès la 

semaine 48/2022 et était dominée par les virus influenza de la lignée B/Victoria/2/87 et dans 

une moindre mesure par des influenza A(H1N1)pdm09.  

Les virus influenza A de sous-type A(H3N2) détectés en Suisse appartenaient aux sous-

clades 2a.3a.1, 2a.3b, 2a.2a.1 et 2a.2a.1b du groupe génétique 3C.2a1b.2a. Ces isolats 

étaient majoritairement bien reconnus par l’antisérum dirigé contre la souche vaccinale 

recommandée pour l’hémisphère nord pour 2022/2023, soit A/Darwin/9/2021 (3C.2a1b.2a.2). 

Les virus de sous-type A(H1N1)pdm09 appartenaient tous au groupe 6B.1A.5a.2a, dont la 

moitié appartenait au sous-groupe 5a.2a.1. Les isolats A(H1N1)pdm09 antigéniquement 

caractérisés étaient proches de la souche vaccinale recommandée pour l’hémisphère nord 

2022/2023, soit A/Victoria/2570/2019. Une minorité de virus était mieux reconnue par 

l’antisérum dirigé contre la souche de référence A/Denmark/3280/2019. Quant aux virus de 

l’influenza B, tous appartenaient au clade V1A.3a.2 et tous étaient antigéniquement proches 

de la souche vaccinale recommandée pour l’hémisphère nord 2022/2023 

B/Austria/1359417/2021.  

L’activité grippale de 2022/2023 a été marquée par le retour d’un niveau de détection quasi 

similaire aux saisons précédant l’émergence du SARS-CoV-2, mais avec un pic de positivité 

plus précoce.  

A ce jour, et bien que le virus aviaire A(H5N2) soit détecté en Suisse chez les oiseaux 

sauvages, aucune infection grippale zoonotique n’a été recensée.  
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Chez les oiseaux sauvages, ainsi que chez la volaille, l’activité grippale reste 

particulièrement élevée dans plusieurs pays d’Europe, d’Amériques et d’Asie. L’extension de 

la transmission de la souche H5N1 (clade 2.3.4.4b) à de nouvelles espèces aviaires et la 

multiplication des épisodes de transmission à des mammifères justifient une surveillance 

accrue du risque du passage à l’être humain  

 

Zusammenfassung der Grippeüberwachung 2022/2023 

Im dritten Jahr in Folge wurden im Rahmen des Sentinella-Überwachungsnetzes die im beim 

NRZI eingegangenen Nasopharynxproben nicht nur auf Influenzaviren, sondern auch auf 

SARS-CoV-2, RSV A und B, HCoV NL63, HCoV HKU1, HCoV OC43, HCoV 229E, HPIV1-4, 

HBoV, HAdV, RV/EV und HMPV getestet. Von den 1936 untersuchten Proben waren 1376 

positiv für mindestens ein respiratorisches Virus. Am häufigsten wurden in dieser Saison 

SARS-CoV-2-Influenza-A- und -B-Viren sowie RSV und RV/EV nachgewiesen. 

In der Woche 40/2022 trat die Grippe zum ersten Mal im Sentinella-Netzwerk auf. Von den 

1936 getesteten Proben waren 472 Influenzaviren nach, was etwa 34.3% der positiven 

Proben entspricht. In der Schweiz wurden die Influenzaviren in zwei aufeinanderfolgenden 

Wellen nachgewiesen. Die erste und wichtigste Welle umfasste mehrheitlich Influenza-A-

Viren, mit einer Dominanz vom Subtyp A(H3N2). Die zweite folgte ab Woche 48/2022 und 

wurde von Influenzaviren der Linie B/Victoria/2/87 und in geringerem Maße von 

Influenzaviren vom Subtyps A(H1N1)pdm09 dominiert. Die in der Schweiz nachgewiesenen 

Influenza-A-Viren des Subtyps A(H3N2) gehörten den Subkladen 2a.3a.1, 2a.3b, 2a.2a.1 

und 2a.2a.1b der genetischen Gruppe 3C.2a1b.2a an. Diese Isolate wurden überwiegend 

gut von dem Antiserum erkannt, das gegen den Impfstamm 2022/2023 der nördlichen 

Hemisphäre A/Darwin/9/2021 (3C.2a1b.2a.2) gerichtet war. Die Viren des Subtyps 

A(H1N1)pdm09 gehörten alle zur Gruppe 6B.1A.5a.2a, wobei die Hälfte davon zur 

Untergruppe 5a.2a.1 gehörte. Die antigenetisch charakterisierten A(H1N1)pdm09 Isolate 

standen dem empfohlenen Impfstamm für die nördliche Hemisphäre 2022/2023 nahe, 

nämlich A/Victoria/2570/2019. Eine Minderheit der Viren wurde durch das Antiserum, das 

gegen den Referenzstamm A/Denmark/3280/2019 gerichtet war, besser erkannt. Was die 

Influenza-B-Viren betrifft, so gehörten alle zur Klade V1A.3a.2 und alle waren antigenetisch 

eng mit dem für die nördliche Hemisphäre empfohlenen Impfstamm 2022/2023 

B/Austria/1359417/2021 verwandt. 

Die Influenza-Aktivität 2022/2023 war durch die Rückkehr eines fast ähnlichen 

Nachweisniveaus wie in den Saisons vor dem Auftreten von SARS-CoV-2 gekennzeichnet, 

jedoch mit einer früheren Spitze der Positivität.  
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Obwohl das Vogelgrippevirus A(H5N2) in der Schweiz bei Wildvögeln nachgewiesen wurde, 

sind bis heute keine zoonotischen Influenzainfektionen aufgetreten.  

Bei Wildvögeln sowie bei Geflügel ist die Influenza-Aktivität in mehreren Ländern Europas, 

Amerikas und Asiens weiterhin besonders hoch. Die Ausweitung der Übertragung des H5N1-

Stamms (Klade 2.3.4.4b) auf neue Vogelarten und die Zunahme der Übertragungsepisoden 

auf Säugetiere rechtfertigen eine verstärkte Überwachung des Risikos des Übergangs auf 

den Menschen. 

 

Summary of surveillance of influenza activity 2022/2023 

For the third year running within the Sentinelle surveillance network, nasopharyngeal 

samples received at the National Influenza Reference Centre were screened not only for 

influenza viruses, but also for SARS-CoV-2, RSV A and B, HCoV NL63, HCoV HKU1, HCoV 

OC43, HCoV 229E, HPIV1-4, HBoV, HAdV, RV/EV and HMPV. Of the 1,936 samples 

analysed, 1,376 tested positive for at least one respiratory virus. The SARS-CoV-2 influenza 

A and B viruses, as well as RSV and RV/EV, were the most frequently detected during this 

season. 

 Influenza returned to the Sentinelle network in week 40/2022. Of the 1936 samples 

screened, 472, or 34.3%, were positive for an influenza virus. In Switzerland, influenza 

viruses were detected in two successive waves. The first, and most important, wave, 

observed from week 40/2022 onwards, consisted mainly of type A viruses, predominantly 

A(H3N2). The second wave, which began in week 48/2022, was dominated by influenza 

viruses of the B/Victoria/2/87 lineage and, to a lesser extent, influenza A(H1N1)pdm09. 

The influenza A viruses of subtype A(H3N2) detected in Switzerland belonged to subclades 

2a.3a.1, 2a.3b, 2a.2a.1 and 2a.2a.1b of the 3C.2a1b.2a genetic group. The majority of these 

isolates were well recognised by the antiserum directed against the vaccine strain 

recommended for the northern hemisphere for 2022/2023, i.e. A/Darwin/9/2021 

(3C.2a1b.2a.2). The A(H1N1)pdm09 subtype viruses all belonged to group 6B.1A.5a.2a, half 

of which belonged to subgroup 5a.2a.1. The antigenically characterised A(H1N1)pdm09 

isolates were close to the 2022/2023 northern hemisphere recommended vaccine strain, 

A/Victoria/2570/2019. A minority of viruses were better recognised by antiserum directed 

against the reference strain A/Denmark/3280/2019. As for the influenza B viruses, all 

belonged to the V1A.3a.2 clade and all were antigenically close to the recommended vaccine 

strain for the northern hemisphere 2022/2023 B/Austria/13594. 
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Influenza activity in 2022/2023 was marked by a return to a level of detection almost similar 

to the seasons preceding the emergence of SARS-CoV-2, but with an earlier peak in 

positivity.  

To date, although the avian A(H5N2) virus has been detected in wild birds in Switzerland, no 

zoonotic influenza infections have been recorded.  

Influenza activity in wild birds and poultry remains particularly high in several countries in 

Europe, the Americas and Asia. The extension of the transmission of the H5N1 strain (clade 

2.3.4.4b) to new avian species and the increasing number of transmission episodes involving 

mammals justify increased surveillance of the risk of the virus spreading to humans. 
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1. Introduction 

Influenza virus infections are a major clinical and economic burden worldwide.1 In 

Switzerland, the sentinel surveillance system (Sentinella) is a community-based 

network of primary care medical practitioners who report influenza-like illnesses (ILI) 

or coronavirus disease 2019 (COVID-19) cases to the Federal Office of Public Health 

(FOPH). A subgroup of sentinel practitioners also collects respiratory samples, which 

are sent to the National Reference Centre of Influenza (NRCI) for further 

characterization.  

Since week 40 of the year 2020, in addition to influenza, Severe acute respiratory 

syndrome coronavirus 2 (SARS-CoV-2), respiratory syncytial virus (RSV), human 

coronavirus (HCoV) (NL63/HKU1/OC43/229E), human parainfluenza (HPIV) 1-4 

viruses, human bocavirus (HBoV), human adenovirus (HAdV), human 

rhinovirus/enterovirus (RV/EV) and human metapneumovirus (HMPV) screening has 

performed during the annual surveillance.  

This report summarizes the demographic, epidemiological and virological data 

gathered from samples processed and analysed by the NRCI from the 1rt of October 

2022 to 21st of April 2023 (week 40/2022 to week 16/2023).  

 

2. Influenza viruses 

Influenza viruses are Orthomyxoviruses, a family of enveloped, negative, single-

stranded ribonucleic acid (RNA) viruses (Figure 1), known to be causative agents of 

respiratory tract infections referred to as influenza disease or “flu”. Influenza viruses 

are divided into four types, A, B, C and D. They are mainly transmitted via respiratory  

and contact routes.1,2  

Influenza A viruses have a wide host tropism, while influenza B viruses are mainly 

found in humans3 and seals4. These two influenza types are responsible for the 

annual influenza epidemics, known as A(H3N2) and A(H1N1)pdm09 subtypes and 

B/Victoria/2/87 and B/Yamagata/16/88 lineages. This latter lineage has not been 

detected since March 2020 worldwide. Influenza C viruses can be isolated from 

swine and humans in whom they mostly cause limited mild to moderate symptoms, 

particularly in children. Influenza C’s epidemiological pattern has not been well 

studied. Influenza D viruses are mainly found in swine and cattle.5 Even if the 
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pathogenic potential of influenza D virus in humans remains unknown, specific 

influenza D antibodies can be found in high proportions in individuals regularly in 

contact with cattle 6 and can cross-react with influenza C virus.7 In addition influenza 

D has also been found in human nasal washes.8  

 

Figure 1. The structure of influenza viral particles. Basic protein 2 (PB2), 1 (PB1) and acidic protein or 3 (PA 
or P3) form a complex that corresponds to the RNA-dependent polymerase. The hemagglutinin (HA) and the 
hemagglutinin-esterase-fusion (HEF) play a role in virus attachment to sialic acids present at the surface of host 
cells and in fusion. The neuraminidase (NA) is crucial for virion detachment from the cellular surface by cleaving 
the HA on the virus surface. In influenza B, the NA gene also encodes the NB ion channel (not shown). The 
matrix protein 1 (M1) protein forms the viral capsid. The ion channel M2 allows virion acidification required for 
fusion. The nuclear export protein (NEP), also named “non-structural (NS) protein 2”, is implicated in the export of 
the virus polymerase + RNA + nucleoprotein (NP) complex to the cell nucleus. The RNA + NP is also called 
ribonucleoprotein (RNP). The RNA segments PB1, PB2, PA/3, HA or HEF, NP, NA (not present in influenza C 
and D), M and NS are present inside the viral capsid, protected by NPs. Only non-structural protein 1 is not 
present in the viral particle, but it is expressed upon infection of the host cell. Influenza D is structurally closer to 
influenza C than to A and B. 

Influenza viruses are known to evolve rapidly through two major mechanisms called 

antigenic drift and shift. The first is the consequence of the accumulation of mutations 

in the hemagglutinin (HA) and neuraminidase (NA) genes encoding the two major 

surface glycoproteins targeted by neutralizing antibodies produced against the virus. 

The antigenic drift drives the annual evolution of the virus and is therefore 

responsible for the need to regularly adapt the seasonal influenza vaccine strains. 

The antigenic shift results from the exchange (reassortment) of the influenza A HA 

and NA genes from different non-human species. It drives the emergence of new 

variants with high pandemic potential.9  

Human infection with seasonal influenza A and B viruses can be asymptomatic or 

cause mild to severe diseases, which can be lethal. These viruses are of major 

concern in vulnerable individuals, such as the elderly (≥65 years old), pregnant 
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women, persons with underlying chronic diseases and young children, in whom they 

represent an important health threat. 

 

3. Other respiratory viruses  

Most respiratory viruses other than influenza are often associated with mild or 

moderate acute respiratory diseases. Nevertheless, they can also be linked to more 

severe syndromes and increased morbidity10 in particular subpopulations.  

3.1 Respiratory syncytial virus (RSV) 

RSV A and B, as well as their multiple respective genotypes11 , belong to the 

Pneumoviridae family, genus Orthopneumovirus. This enveloped viruses contain a 

non-segmented, single-stranded, negative sense RNA genome of ten genes coding 

for 11 proteins.12  RSV is considered to be the most frequently causative agent of 

respiratory infections for children under 5 years old, but also an important threat for 

adults with underlying medical conditions, the immunocompromised13, and the 

elderly.14  Each year, RSV infections are estimated to be responsible for more than 3 

million hospitalizations and more than 118’000 deaths globally15, a large proportion in 

low income countries. Considering the high public health impact of RSV, the WHO 

has launched a study pilot actually on phase II on a global RSV surveillance 

programme similar to the one already existing for influenza.16,17 During RSV upper 

respiratory tract infections (URTI), clinical manifestations are generally mild with 

symptoms such as runny nose, cough, nasal congestion, low-grade fever and 

decreased appetite. Most infants with RSV will develop an URTI, whereas 20-30% 

will develop potentially severe lower respiratory tract infection such as bronchiolitis, 

pneumonia, sometimes leading to respiratory failure. RSV infections at early age are 

also suspected to be linked to the development of asthma. Older children mostly 

present URTI symptoms. In adults and elderly, RSV symptoms can be similar to 

those caused by influenza virus.14  Cases of RSV associated encephalitis18, 

myocarditis19,20, and hepatitis21 have also been reported. Monoclonal antibodies are 

used in high-risk neonates as prevention therapy. New vaccines have been licenced 

by the U.S Federal Drug Administration (FDA) in 2023 as prevention for neonates in 

pregnant women and for the elderlies aiming to decrease the burden of the 

disease.22 However, this countermeasure is not yet available in Switzerland. 
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3.2 Human metapneumovirus (HMPV) 

Like RSV, HMPV are enveloped single-stranded, negative-sense non-segmented 

RNA viruses, which belong to the Pneumoviridae family, albeit to a distinct genus, 

namely the Metapneumovirus. Their 13kbp genome encodes for eight genes 

encoding for nine proteins. HMPV are divided in two genotypes and two sub-

genotypes.23  

HMPV infections are prevalent in young children <5 years old; and are second in 

terms of association with a hospitalisation requirement after RSV infection. 

Reinfection throughout life is common but the disease is generally milder in young 

adults. HMPV has a tropism for the upper, rather than lower respiratory tracts, and 

can lead to bronchiolitis, pneumonia, as well as acute asthma and chronic obstructive 

pulmonary disease exacerbations in adults. HMPV infections, as well as all the 

respiratory viruses described above, can be a major threat in vulnerable individuals 

such as the elderly, in whom they can also be fatal.23 

 

3.3 Human coronaviruses (HCoVs) 

Human coronaviruses are enveloped, single-strand, positive-sense 5′‐capped and 

3′‐polyadenylated RNA viruses belonging to the subfamily Orthocoronavirinae of the 

Coronaviridae family. Their 30kb genome encodes more than 20 proteins.24   

Orthocoronavirinae are divided in four genera : α-coronavirus, β-coronavirus, γ-

coronavirus and δ-coronavirus. Alpha- and β-coronaviruses infect mammalian 

species while γ- and δ-coronaviruses are avian viruses.25  

Before the emergence of SARS-CoV-2 in 2019, four coronaviruses were known to 

cause, generally mild to moderate diseases in humans: HCoV 229E, NL63, OC43, 

and HKU1; while two were associated with more severe lower respiratory tract 

infections:  severe acute respiratory syndrome coronavirus (SARS-CoV) and Middle 

East respiratory syndrome coronavirus (MERS-CoV). Most HCoV seem to peak 

during winter26 and to display biannual epidemic patterns.27   

The first cases of SARS-CoV and MERS-CoV were respectively identified in 2002 

and 2012. SARS-CoV is currently not circulating in the human population, while 

sporadic laboratory-confirmed MERS-CoV infections continue to be reported to the 

WHO as of May 2023.28,29   
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HCoV 229E, NL63, OC43, and HKU1 can infect the upper and lower respiratory 

tracts of both adults and children, and are, as many other respiratory viruses, often 

associated with common colds of mild to moderate intensity depending on the viral 

species. Nevertheless, in vulnerable individuals, both in children and adults, HCoV 

229E, NL63, OC43, and HKU1 may exhibit more severe diseases as bronchiolitis 

and pneumonia.27 Neurological manifestations have also been reported.30  

SARS-CoV-2 is a β-coronavirus responsible for the current coronavirus disease 

pandemic (COVID-19) that emerged in China in December 2019.31 Most of the first 

identified cases of COVID-19 were linked to Huanan Seafood Wholesale Market in 

Wuhan city where live-wild animals were also traded. However, the origin of the index 

case(s) remains unknown32  and the virus “emergence process” in the human 

population remains controversial.33  

Clinical manifestations of SARS-CoV-2 range from mild to severe diseases with non-

specific symptoms similar to those caused by other respiratory viruses. Children 

usually manifest mild symptoms and the risk of hospitalisation or mortality is very 

low34, while the burden of disease varies with age, comorbidities, and depends on 

sex. Females are at slightly higher risk of severe outcomes than males.35 

Asymptomatic cases have also been described.24 Some individuals experience long 

COVID or Post-Covid conditions defined by the WHO as “the condition that occurs in 

individuals with a history of probable or confirmed SARS-CoV-2 infection, usually 

three months from the onset of COVID-19, with symptoms that last for at least two 

months and cannot be explained by an alternative diagnosis”.36 Other manifestations 

concern neuropsychiatric and cognitive symptoms, kidneys, heart, and blood 

vessels.37-41   

As of 20 August 2023, 4’430’563 laboratory-confirmed cases (769’806’130 

worldwide, as of 16 August 2023) and as of 13 August 2023 14’125 deaths 

(6’955’497 worldwide, as of 2 August 2023) have been reported in Switzerland and 

Lieschtenstein42,43   

SARS-CoV-2 can be transmitted from human-to-human via respiratory droplets, 

fomites and by aerosols.44  SARS-CoV-2 RNA has also been detected in blood45, 

urine and faeces.46 Some studies have observed viral RNA fragments in breast milk, 

raising the concern regarding the possibility of mother to child transmission via 
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breastfeeding.47 Wild and domestic animal infections by human SARS-CoV-2 have 

also been observed.48-50  

The SARS-CoV-2 virus continuously evolves into different genetic clades and 

subclades. Some genetic lineages were specifically identified as higher public health 

threats and classified in four risk groups, i.e. variant of concern (VOC), variant of 

interest (VOI) and variant under monitoring (VUM). VOI is defined by the WHO as “a 

variant with genetic changes that are predicted or known to affect virus 

characteristics such as transmissibility, virulence, antibody evasion susceptibility to 

therapeutics or detectability, and identified to have a growth advantage over other 

variants, with increasing relative prevalence alongside increasing number of cases 

over time, or other apparent epidemiological impacts to suggest an emerging risk to 

global health”. VOC variant is defined as a VOI and shares additional characteristics 

at a global public health scale such as “detrimental change in clinical disease 

severity, in COVID-19 epidemiology causig substantial impact on health system 

requiring major public health interventions or significant decrease in the effectiveness 

of available vaccines in protecting against severe disease.” “The VUM definition is “a 

variant with genetic changes that are suspected to affect virus characteristics and 

early signals of growth advantage relative to other circulating variants, but evidence 

of phenotypic or epidemiological impact is unclear, requiring enhanced monitoring 

and repeat assessment pending new evidence. This includes variants with unusually 

large number of antigenic mutations but with very few sequences and/or it is not 

possible to estimate its relative growth advantage.”51  

 

3.4 Human parainfluenza (HPIV) 

HPIV are enveloped, non-segmented, single-stranded, negative-sense RNA viruses 

belonging to the Paramyxoviridae family. Their 15’000 base-pair genome only 

encodes six proteins. HPIV viruses are divided in four genotypes. Genotype 4 is 

further subdivided into a and b genotypes. HPIV 1 and 3 belong to the Respirovirus 

genus, while HPIV 2 and 4 to the Rubulavirus genus.  

HPIV can infect both the upper and lower respiratory tracts of children, often <5 years 

old, and adults. HPIV, along with RSV, infections are major causes of morbidity and 

mortality in young children worldwide.52  Even if they are generally considered as mild 

in healthy individuals, HPIV infections can also result in more severe respiratory 
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diseases in immunocompromised individuals as well as in children.53  HPIV-1 and 

HPIV-2 cause croup and cold-like symptoms, while HPIV-3 often results in 

bronchiolitis, bronchitis and pneumonia.54  HPIV-4 is less well studied but seems to 

exhibit symptoms similar to HPIV-3 in children.55  HPIV types may occur at specific 

seasons annually. HPIV-1 and -2 appear commonly in the fall. Although HPIV-2 is 

less detected it occurs especially when the detection of HPIV-1 is low. HPIV-3 occurs 

in spring and early summer and is particularly high when the detection of HPIV-1 and 

-2 is low. The seasonal patterns of HIPV subtypes 4a and 4b are not well defined 

though they seem to occur in fall and winter yearly.56  

 

3.5 Human bocaviruses (HBoV) 

Human bocaviruses (HBoV) 1 to 4 are non-enveloped, non-segmented, single-

stranded DNA viruses belonging to the family Parvoviridae, subfamily within the 

Parvovirinae family. Their approximately 5’000 base-pair genome encodes at least 

eight proteins.57  

After parvovirus B19, HBoV is the second parvovirus known to be pathogenic to 

humans. HBoV-1 considered as a causative agent for acute respiratory infection 

(ARI) is more commonly found in respiratory specimens of young children57, in whom 

disseminated infection can be observed, but it can also be detected in adults.58 

HBoV-2, -3 and -4 are commonly identified in stool samples.59 They are also often 

found as co-infections. Their clinical presentation is similar to other respiratory 

viruses leading to either asymptomatic or mild URTI with HBoV1. However more 

severe clinical manifestations as encephalitis, myocarditis60, idiopathic lung fibrosis, 

as well as yet to be confirmed carcinogenesis have also been associated with HBoV, 

particularly type 1.61  

 

3.6 Human adenoviruses (HAdV) 

Adenoviruses are non-enveloped, double-stranded DNA viruses of more than 26’000 

base-pairs encoding several non-structural and structural proteins, that infect both 

animals and humans. HAdV belong to the Mastadenovirus genus of the Adenoviridae 

family and are further divided into species A to G, within 113 genotypes and more 

than 50 serotypes infect humans. HAdV B and E both infect the conjunctiva as well 

as the upper and lower respiratory tracts, while D and C are specific to only one of 
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these anatomical sites, respectively. Finally, types F and G have a tropism for the 

gastrointestinal tract. Most HAdV infections are either asymptomatic or mild, 

particularly in young children. However, in vulnerable individuals (e.g. 

immunocompromised), the clinical manifestations are broader and more severe with 

possibly fatal outcomes.62,63 Of note,  HAdv has recently been suggested to be linked 

to acute hepatitis of unknown aetiology in children.64 A recent study, based on a 

Wastewater-based epidemiology (WBE) approach has highlighted that the HADV-

F40/F41 viruses could be involved in acute hepatitis cases in children.65  

 

3.7 Rhinovirus/Enterovirus (RV/EV) 

Picornaviruses can be pathogenic for both animals and humans. They are non-

enveloped, single-stranded, positive-sense RNA viruses with genomes ranging from 

7’200 to 8’500 bases long. RV (A-C) and EV (A-D) are species of the Enterovirus 

genus of the Picornaviridae family that are responsible for a high number of human 

infections annually.66,67  

Due to their resistance to low pH and high temperatures (37°C), enteroviruses can 

survive the acidic gastric environment and infect the small intestine. In contrast, 

rhinoviruses being pH-sensitive and replicating optimally at the neutral pH and 

slightly lower temperature (~33°C) are found in the nasal mucosa. While rhinoviruses 

usually cause mild upper respiratory infections and enteroviruses usually cause non-

severe diseases, such as hand, foot and mouth disease, these viruses can 

sometimes cause more severe manifestations as pancreatitis, hepatitis, myocarditis, 

encephalitis, flaccid myelitis, paralysis and even death.66 It is notably the case of 

poliovirus, the causative agent of major poliomyelitis epidemics before the initiation of 

the Global Polio Eradication Initiative by the WHO in 1988. Of note, since 2022, 

France, Croatia, Italy, Spain, Sweden, and the United Kingdom of Great Britain and 

Northern Ireland reported 19 cases of severe enterovirus-echovirus 11 neonatal 

infections, some with a fatal outcome. 

Rhinoviruses circulate annually seeming to peak between spring and early summer 

and are thus responsible for most of the ARI symptoms during this period.68 
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4. Methodology 

4.1 Clinical identification of cases 

A network of primary care practitioners voluntarily participate in the epidemiological 

national influenza surveillance on a yearly basis. Each week, they are requested to 

report ILI and COVID-19 suspected cases.  

Within the Swiss Sentinel system, ILI cases are defined as sudden high-grade fever 

(>38°C) onset and cough or sore throat. The presence of other symptoms, such as 

malaise, myalgia, joint pain, and headache, as well as gastrointestinal symptoms is 

not required. Patients presenting with a secondary disease (pneumonia, bronchitis, 

otitis, etc.) consecutive to an unreported influenza are also expected to be reported.  

COVID-19 suspected cases are defined as symptoms of acute respiratory tract 

disease (i.e., cough, sore throat, shortness of breath, chest pain), and/or acute 

confuse state or deterioration of general condition with no other aetiology in the 

elderly, and/or fever with no other aetiology, and/or sudden onset of anosmia, and/or 

ageusia. Of note, the circulation of COVID-19 still has a major impact on ILI data 

collection within the Sentinella network as, even though different case definitions are 

used, COVID-19 and influenza symptoms remain often similar. Therefore, it seems 

most likely that some clinically reported ILI were in fact COVID-19 cases and vice 

versa. 

A subgroup of these sentinel practitioners collects nasopharyngeal swabs from 

patients fitting the ILI and COVID-19 case definitions for subsequent viral detection 

and further virus characterization. 
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4.1.1 Sentinella population  

The sentinel practitioners who send samples to the NRCI are asked to complete a 

brief case report form. The following data are collected: patient identity, address, and 

phone number (necessary for mandatory reporting of COVID-19 cases only); sample 

type; age; gender; suspicion for a COVID-19 and/or Influenza, and Influenza and 

COVID-19 vaccination status.   

 

4.2 Molecular detection of influenza viruses1 

Nasopharyngeal swabs received at the NRCI are submitted to virus screening and 

subtyping tests. 400 µl of the initial respiratory specimens are extracted using the 

NucliSens EMAG magnetic bead system (BioMérieux, Geneva, Switzerland) and viral 

RNA is recovered in 75 μl of elution buffer 3. For screening, a one-step, rRT-PCR 

adapted from the 2009 USA Centers for Disease Prevention and Control (CDC) 

protocol is used to detect the presence of influenza A and B viral genomes. The 

duplex rRT-PCR targets are the M protein and the non-structural (NS) protein genes 

for influenza A and B viruses, respectively, and are combined with a custom 

manufactured rRT-PCR mix produced by Eurogentec. rRT-PCR reactions were 

performed using 5 μl of extracted RNA and 15 μl of reaction mix and run on 

Quantstudio 7 Pro or 5 thermocyclers. 

Influenza A positive samples are subtyped using an in-house-developed quadruplex 

rRT-PCR targeting the HA (H1 and H3) and the NA (N1 and N2) genes discriminate 

between influenza A(H1N1)pdm09 and A(H3N2) strains. This new assay is a mix of 

already validated (in-house H1 and H3 CDC) and newly-designed (N22) rRT-PCR 

combinations, adapted from the one used in the study by Henritzi et al 69 (N1). The 

quadruplex detection limit is similar to that of the diagnostic rRT-PCR. The N1 

combination can detect H1N1v3, swH1N14 and H5N15 isolates tested during the 

assay validation process. The H3 and N2 rRT-PCR combinations are also able to 

 
1The evaluation of the proficiency of the Laboratory of Virology at Geneva University Hospitals in performing 

molecular detection of influenza viruses is accessed through the World Health Organization (WHO) External 
Quality Assessment Programme for the Detection of Influenza Viruses by RT-PCR, and was initiated in 2007 by 
the WHO (https://www.who.int/influenza/gisrs_laboratory/external_quality_assessment_project/en/).  

2 Human N2 sequences from 2009-2017 were used for the N2 rRT-PCR design. 

3 H1N1v: A/Switzerland/***2244/2011 and A/Berne/****6552/2017, variants isolated from Swiss pig breeders. 

4 swH1N1 35 (2008): virus isolated from a Swiss pig. 

5 H5N1: A/Hong Kong/6841/2010 (EQAP panel 16) and A/goose/Qinghai/1A/05*A/PR8/34(INT). 
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detect the A/Wisconsin/12/2010 H3N2 triple reassortant (H3N2tr),70  although the 

latter virus is not known to circulate in Switzerland. Nevertheless, if needed, 

additional tests are available at the NRCI to discriminate seasonal H3N2 from H3N2tr 

viruses. Influenza B/Yamagata/16/88-like (Yam) and B/Victoria/2/87-like (Vic) 

lineages are distinguished using a duplex rRT-PCR adapted from Schweiger et al. 

2000.71  rRT-PCR reactions were performed using 5 µl of extracted RNA and 20 µl of 

SuperScript™ III Platinum™ One-Step qRT-PCR Kit w/ROX (Invitrogen™) reaction 

mix and run on Quantstudio 5 thermocyclers. 

A random selection of rRT-PCR-negative specimens is inoculated on cells for viral 

culture. This strategy allows the detection of influenza strains that may have 

“escaped” rRT-PCR detection. For example, this could be the case in the presence of 

viruses carrying mutations in the genomic regions targeted by rRT-PCR screening. 

For biosafety reasons, only negative-SARS-CoV-2 samples were submitted to cell 

culture. 

 

4.3 Antigenic and genetic characterization of influenza virus 

A selection of influenza viruses is submitted to phenotypic and genotypic analysis. In 

general, five RT-PCR positive samples with cycle threshold (Ct) values <30 are 

chosen per week for further characterization of samples with sufficient HA titers and 

are submitted to a hemagglutination inhibition (HAI) assay. The latter allows 

assessment of the antigenic similarity between reference and circulating influenza 

strains.  

A subset of viruses is also sequenced to assess the phylogeny of the circulating 

isolates and to determine how genetically close they are to reference vaccine strains. 

Sequencing also allows for the detection of key mutations previously described as 

conferring resistance to NA inhibitors (NAIs) or Baloxavir Marboxil (BM) treatments, 

while M and NS genes sequencing allows to check the adequacy of rRT-PCR 

primers and probes used for influenza A and B screening. 

 
4.3.1 Cell culture 

Both influenza positive and negative samples are cultured on MDCK and MDCK-

SIAT1 cells. This allows to ensure that a low positivity rate for influenza is not due to 

a rRT-PCR detection defect.  
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In brief, 400 µl of transport medium containing nasopharyngeal swabs are incubated 

at 33°C on MDCK cells and 37°C on MDCK-SIAT1. The presence of a cytopathic 

effect (CPE) is monitored for a period of up to 7 days. If CPE is present, samples are 

submitted to an hemagglutination assay. If CPE is absent or low after 7 days, the 

cells are screened for influenza viruses by immunofluorescence using monoclonal 

influenza A and B antibodies combined with mouse fluorescein isothiocyanate-

conjugate (Merck-Millipore, Chemicon®, Schaffhausen, Switzerland).  

 
4.3.2 Hemagglutination inhibition (HAI) assay  

A two-fold serial dilution is performed using 50 µl of viral suspension buffer in SALK 

solution (5%) and 25 µl of glutaraldehyde-fixed guinea pig RBC (1.5%) are added for 

1 h incubation at 4°C. The HA titer is defined as the last dilution in which the 

complete hemagglutination is still observed. After titer determination, HAI assay is 

performed as follows: 25 µl of reference antisera are added in the first two wells of a 

96-well plate. Two-fold dilutions are prepared by adding 25 µl of SALK solution (5%) 

in the second well. 25 µl are then collected from the same well and the procedure is 

repeated to the end of each line. 25 µl of viral suspension containing 4 HA units are 

added to the antisera dilution and incubated for 1 h at room temperature. 25 µl of 

guinea pig RBC are then added to each well. The plates are incubated, then, for 1 h 

at 4°C. The HAI titer corresponds to the last antiserum dilution for which HA is still 

inhibited. This titer is compared to the homologous titer obtained with reference 

strains submitted to their corresponding antigenic antisera (antigenic table). The 

antigenic tables are influenza strain-specific (Figure 2) and are thereby, adjusted 

yearly. Since the serum is initially diluted 1/8, the titers provided in figure 2 should be 

multiplied by 8 to obtain the final titers. 

Reference antisera and corresponding viral strains are kindly provided by the World 

Health Organisation (WHO) Collaborating Centre Reference Laboratory at the 

Francis Crick Worldwide Influenza Centre (WIC, London, UK). HAIs are performed 

with glutaraldehyde fixed guinea pig Red Blood Cells (RBC) (Charles River, Lyon, 

France). 
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Figure 2.  Antigenic tables for the 2022/23 influenza season. These tables correspond to the HI titers of reference 
influenza strains (first column of the tables) incubated with ferret reference antisera (first row of the tables). The HI titers 
correspond to the highest dilution where an inhibition is still observed. The titer obtained after incubation of a given strain 
with the corresponding ferret antiserum is known as the homologous titer (in bold). In red: 2022/2023 influenza vaccine 
strains. a, b and c correspond to A(H1N1pdm09), A(H3N2) and B (Victoria-lineage in deep blue, Yamagata-lineage in 
light blue) influenza virus antigenic tables, respectively.  
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4.3.3 Influenza genes sequencing 

Positive samples, with a Ct value <30, selected for sequencing are processed as 

follows: 400 μl of the initial respiratory specimens are extracted using the NucliSens 

EMAG magnetic bead system (BioMérieux, Geneva, Switzerland) and viral RNA is 

recovered in 50 μl elution volume.  

Whole genome sequencing of influenza is performed by Microsynth AG. Influenza A 

and B segments are pre-amplified using, for influenza A72, a mix of two forward 

primers and a single reverse primer located in the conserved regions of the viral 

genome segments; and for influenza B73, a primer cocktail of 13 different forward and 

reverse primers. Libraries were prepared using Illumina Nextera kits and were then 

run on the Illumina platform MiSeq using ≥2*150 reads. Data is quality-filtered and 

de-multiplexed by Microsynth AG before being sent to the NRCI for in-house 

sequence analysis. The best sequencing results are obtained for samples with Ct 

values <25. 
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rRT-PCR screening for SARS-CoV-2 

rRT-PCR screening for influenza A/B, RSV, HCoV 
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RV/EV and HMPV 
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Figure 3. Flow chart of Sentinel samples collection and processing. Starting in October 2022, only influenza positive and 
negative samples that were also negative for SARS-CoV-2 were submitted to cell culture. Subtyping, antigenic, and genetic 
characterizations were only performed for influenza virus.  
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4.4 Molecular detection of SARS-CoV-2 viruses 

SARS-CoV-2 viruses are diagnosed by PCR using the Cobas® SARS-CoV-2 

reagents on a Cobas® 6800 instrument according to the manufacturer’s conditions. 

In some rare cases GeneXpert® Xpress SARS-CoV-2 (Cepheid) test was also used.  

 

4.4.1 Genetic characterization of SARS-CoV-2 viruses  

Genetic characterization of SARS-CoV-2 is done by whole genome sequencing by 

the Genome Centre (Campus Biotech, Geneva, Switzerland) within the SARS-CoV-2 

national genomic surveillance program. The resulting consensus sequences are 

shared nationally via the Swiss Pathogen Surveillance Platform (SPSP) and 

internationally through submission to Global Initiative on Sharing All Influenza Data 

(GISAID). 

 

4.4.2 Molecular detection of respiratory viruses other than influenza and 
SARS-CoV-2 

All nasopharyngeal swabs sent to the NRCI for influenza and SARS-CoV-2 detection 

are also screened for common respiratory viruses using a PCR panel already used 

by the Geneva University Hospitals Laboratory of Virology. RSV, HCoVs 

NL63/HKU1/OC43/229E, HPIV, HBoV, HAdV, RV/EV and HMPV are detected using 

a combination of seven custom manufactured rRT-PCR mixes produced by 

Eurogentec. Mixes’ targets are grouped as follows: 

1. RSV/ canine distemper virus (CDV, our extraction efficiency control),  

2. HCoV NL63/OC43,  

3. HCoV 229E/HKU1,  

4. HBoV/HPIV2-4 (does not distinguish between HPIV 2 and 4),  

5. HMPV/HPIV1-3 (does not distinguish between HPIV 1 and 3),  

6. RV/EV, and  

7. HAdV/CDV 

rRT-PCR reactions are performed using 5 ul of e-Mag Nuclasens extracted RNA and 

15µl of reaction mix and run on Quantstudio 7 Pro and 5 thermocyclers. 
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5. 2022/2023 surveillance period  

Data gathered in the present report corresponds to the analysis of sentinel samples 

received at the NRCI from October 1st, 2022 (week 40/2022) to April 22nd, 2023 

(week 16/2023). Figure 3 summarizes the flow of analysis at the NRCI. 

 

5.1 Sentinella Population  

5.1.1 Annual NRCI surveillance (2022/2023) 

From week 40/2022 to week 16/2023, 67 sentinel practitioners collected 

nasopharyngeal samples from 1910 individuals for further screening at the NRCI. 

Among those, 1053 (55.1%) were female and 857 (44.9%) were male. Nineteen male 

and sixteen female were sampled twice. One female was tested at least 3 times 

during the surveillance period (Table 1).  

 
5.1.2 Stratification by gender and age         

When further stratifying the population by age groups (i.e., 0-4, 5-14, 15-29, 30-64 

and ≥65 years old), a slightly higher percentage of males in the 0-4, 5-14, 30-64 

years old group and of females in the >65 group could be observed (Table 1). Data 

on age was available for all individuals (median 41 years old, range [0 to 96 years]; 

95% confidence interval (CI) 39-42 years old). Median age was 39 years old for 

males (range [0 days to 96 years]; 95% CI 37-40 years old) and 43 years old for 

females (range [0 to 94 years]; 95% CI 41-44 years old) (Figure 4).  
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Table 1: Age and gender distribution of the Sentinella population, 

from weeks 40/2022 to 16/2023 
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Figure 4. Age distribution by gender of the Sentinel population, from weeks 40/2022 
to 16/2023. Distribution pattern for the entire population. Median ages, 25% and 75% 
quartiles are shown in bold lines. 
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5.1.3 Attribution of samples to Covid-19 and Flu suspicion criteria 

As mentioned previously cases reported to, and samples tested, in the Sentinella 

surveillance are based on clinical suspicion of ILI and COVID-19. One thousand two 

hundred eleven (1211) samples originated from individuals with both COVID-19 and 

ILI suspicions. Four hundred and thirty-eight (438) and 141 swabs corresponded to 

COVID-19 and Influenza suspicions respectively. Suspicion criteria was unknown for 

160 samples.    

 

5.2 Detection of respiratory viruses in nasopharyngeal samples 

From week 40/2022 to week 16/2023, a total of 1936 out of 1950 nasopharyngeal 

samples (NPS) were screened for influenza, SARS-CoV-2, RSV, HCoV NL63, HCoV 

HKU1, HCoV OC43, HCoV 229E, HPIV, HBoV, HAdV, RV/EV and HMPV. Fourteen 

samples were discarded from the screening due to pre-analytical issues. 

One thousand three hundred and seventy-six samples (71.1%) were positive for at 

least one respiratory virus and 1’532 viruses in total were detected. Among these, the 

following pathogens were identified: SARS-CoV-2 (n= 322; 21%),  influenza A virus 

(n=314; 20.5%), RV/EV (n= 303; 21.7%), influenza B virus (n= 158; 10.3%), RSV 

(n=149; 9.7%), HAdV (n=66; 4.3%), HMPV (n=63; 4.1%), HCoV OC43 (n=52; 3.4%), 

HPIV 1/3 (n=36; 2.3%), HCoV NL63 (n=32; 2.1%), HBoV (n=12; 0.8%), HPIV 2/4 

(n=11; 0.7%), HCoV 229E (n=9; 0.6%), and HCoV HKU1 (n=5; 0.3%) (Figure 5a).  

A maximum positivity rate of 88.7% was observed during week 51/2022, the latter 

was close to the peak of ILI consultations for 2022/2023 in Switzerland (Appendix 1). 

A minimum positivity rate of 56.6% could be seen during week 2/2023. The median 

positivity rate for this 2022/2023 season was of 69% (range [56.6 to 88.7%]; 95% CI 

65.8-72.2%) (Figure 5b).  

RV/EV, SARS-CoV-2, RSV, and HAdV were regularly detected throughout the 

surveillance period (Figure 5b). SARS-CoV-2, RV/EV and RSV were dominant at the 

beginning of the season. Influenza virus detection started to increase during week 

40/2022 and surpassed the other respiratory viruses from week 50/2022 to week 

12/2023. While HPIV2/4 and HPIV1/3 were initially sporadically detected before week 

40, their prevalence increased between week 40/2022 and week 43/2022. They were 

also regularly detected from week 7 to week 16/2023. Detection of HMPV and human 
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coronaviruses other than SARS-CoV- increased from week 50/2022, while RSV 

started to decrease (Figure 5b).  

From week 40/2022 to week 16/2023, more than one virus was detected in 144 

(10.5%) out of 1375 positive samples (Appendix 2). The highest number of co-

detections (n=15) was observed in week 51/2022, which coincides with the highest 

positivity rate of the surveillance period (figure 5b). Among the 144 co-detections, 74 

concerned RV/EV (51.4%); which were mainly observed with SARS-CoV-2 (23/74), 

RSV (19/74) or Influenza (11/74).   

When stratifying positive specimens by age groups, we observed that, in the ≥ 65 

year-old group, SARS-CoV-2 (n=100; 36.9%) was, as one could expect, the most 

prevalent virus, followed by RV/EV (n=60; 22.1%), RSV (n=35; 12.9%) and IA (n=28; 

10.3%). No HKU1, nor HBOV were detected in this group (Figure 6a-b).  

HBoV was detected at low levels throughout the season, and mainly in toddlers 

amongst the detected HBoV (n=7; 58.3%). RV/EV (n=39; 33.3%), RSV (n=23; 

19.7.4%), HAdV (n=15; 12.8%) and IA (n=10; 8.5%), and) were the main viruses 

found in the 0-4 year-old group. (Figure 6a-b). 
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a 

 

b 

 

Figure 5. Percentage and temporal distribution of respiratory viruses detected in NPS collected from week 
40/2022 to 16/2023. a. Percentages of the different respiratory viruses (n=1532) detected in 1936 NPS. b. 
Dynamic distribution of the samples tested and the detected pathogens throughout the surveillance period. 
Positivity rate is based on the number of positive samples per total number of samples received each week.   
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Figure 6. Respiratory viruses’ distribution: a. per age group in percent b. in absolute numbers of 

positive samples. 
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When stratifying the positive cases by age group and gender no significant difference 

could be observed between female and male (Figure 7).  

 

 

 

 

 

Figure 7. Respiratory viruses’ distribution by gender and age groups in absolute number. Light and dark 
shades represent the female and male sex respectively.  
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5.3 Detection of influenza in nasopharyngeal samples 

Among the 1’936 samples tested, 314 influenza A viruses (16.2%) and 158 influenza 

B viruses (8.2%) were identified (Figure 8a). Among the influenza A viruses, a 

majority were subtyped as A(H3N2) (n=185; 58.9%) and 127 (40.4%) as 

A(H1N1)pdm09. Two (0.6%) influenza A viruses could not be subtyped due to low 

viral load. All the influenza B viruses identified, belonged to the B-Victoria lineage. 

During the sentinel surveillance, from week 40/2022 to week 16/2023, the first 

influenza A and B cases were detected in week 40/2022 and 48/2022, respectively 

(Figure 8b). The median positivity rate for influenza was of 25% (range [ 0 to 53.1%]; 

95% CI (18.8-31.2%)) with a peak at 53.1% (n=26) during week 52/2022, which is 

also consistent with the maximum positivity rate for the surveillance period and close 

to the peak of ILI consultations in week 51/2022 (Appendix 1).  
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a 

 
 
b  

 

Figure 8. Percentage and temporal distribution of Influenza viruses detected in NPS collected from week 40/2022 to 
16/2023. a. Percentages of influenza viruses, subtypes (FluA) and lineages (FluB). Proportion (b.) and distribution (c.) of the 
detected influenza viruses throughout the surveillance period. Influenza viruses typing and subtyping done by real-time rRT-
PCR. A und. and B und.: influenza A and B viruses that could not be further subtyped (undefined). H1N1pdm09 and H3N2 
refer to influenza A(H1N1)pdm09 and influenza A(H3N2), respectively. B-Yam: influenza B virus of Yamagata lineage. B-
Vic: influenza B virus of Victoria lineage. Positivity rate is based on the number of weekly positive influenza samples per the 
number of samples received each week. 
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5.4 SARS-CoV-2 and Influenza viruses’ characterisation (40/2022 to 16/2023) 

This chapter describes SARS-CoV-2 genetic analysis and influenza genetic and 

antigenic characterisations. 

 

5.4.1 SARS-CoV-2 variants identification and genetic analysis  

One hundred and forty-six SARS-CoV-2 positive samples identified from week 

40/2022 to week 16/2023, with Ct values lower than 32, were characterized by 

sequencing. The 140 samples that were successfully sequenced fell into 40 distinct 

Pangolin74  sub-lineages of VOC Omicron (B.1.1.529+BA*) (Table 2; Appendix 3). 

First detected in South Africa on 9 November 2021, VOC Omicron, replaced the VOC 

Delta and became the major variant worldwide and the most prevalent within the 

Sentinel surveillance starting from week 52/2021 (Data not shown). Among the 

detected Omicron sub-lineages, XBB.1.5 (n =31, 22.1%) was dominant since week 

5/2023 (Figure 9). Of note, during the weeks 48/2022 to 51/2022, no SARS-CoV-2 

positive samples were submitted to the Genome Centre. This was during the period 

where the sentinella isolates were temporarily not included within the national SARS-

CoV-2 genomic surveillance programme anymore, thereby not sequenced. In week 

40/2022, week 2/2023 and 9/2023, no SARS-CoV-2 samples were submitted to 

GISAID either.  
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Table 2. List of SARS-CoV-2 Pangolin sub-lineages within which Sentinel isolates were distributed 

  

 

Pangolin[1] sub-lineages Number of isolates Pangolin sub-lineages
Number of 

isolates

BA.5.1 7 BQ.1.1.18 1

BA.5.1.10 1 BQ.1.1.45 1

BA.5.1.21 1 BQ.1.1.47 1

BA.5.1.23 1 BQ.1.1.7 1

BA.5.1.28 1 BQ.1.10 1

BA.5.1.3 1 BQ.1.13.1 1

BA.5.1.5 2 BQ.1.18 1

BA.5.2 9 BQ.1.2 2

BA.5.2.1 7 BQ.1.21 1

BA.5.2.20 2 CH.1.1 4

BA.5.2.27 1 EG.1 1

BA.5.2.6 3 XBB.1.16 1

BA.5.2.7 1 XBB.1.5 31

BA.5.9 2 XBB.1.5.12 1

BE.1.1 2 XBB.1.5.15 1

BE.1.1.2 4 XBB.1.5.37 1

BF.10 2 XBB.1.5.7 2

BF.26 1 XBB.1.9 1

BF.7 6 XBB.1.9.1 6

BF.7.4 1 XBB.1.9.2 6

BM.1.1.3 1 XBB.2.3 1

BN.1.4 1 XBF 1

BQ.1 2 XBF.2 1

BQ.1.1 11 XBF.7.1 1

BQ.1.1.15 1

n
[1] Web-based lineage assessment: https://cov-lineages.org/lineage_list.html

140
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5.4.2 Antigenic and genetic characterization of influenza viruses 

Cell culture on MDCK and MDCK-SIAT1 cells was attempted for 190 negative-

SARS-CoV-2 samples.  

Among the 190 samples, 145 were influenza rRT-PCR positive (Ct values range from 

13.3 to 37.9).  Eighty-seven isolates underwent antigenic characterization using the 

HAI assay. Eighty-six (46 IA and 40 IB) out of 87 were successfully characterized. Of 

note, none of the negative rRT-PCR samples grew up on cell culture.  

Eighty-two samples collected from October 2022 to February 2023 were submitted to 

genetic characterization. Eighty out of 82 HA sequences were successfully 

recovered. Among these, 53, 21 and 6 were from A(H3N2), A(H1N1)pdm09 and  B-

Victoria lineage viruses, respectively (Figures 10-12). Forty-one samples were 

shared with the WHO Collaborating Centre Worldwide Influenza Centre (WIC) at 

Francis Crick Worldwide (London) for characterization. (See appendixes 4 to 9 for 

Figure 9. Distribution of SARS-CoV-2 sub-lineages within the Sentinella surveillance (40/2022-16/2023). Of note, no 
samples in week 40/2022, between the weeks 48/2022 and 51/2022, weeks 2/2023 and 9/2023 were submitted to GISAID. 

 



 

42/89 

 

 

 

 

antigenic characterization and appendixes 10-12 for phylogenic analysis). A second 

batch of 78 sentinella isolates collected from January 2023 to May 2023 were sent to 

the WIC. Only sequencing results are currently available (Data not shown).  

 

5.4.2.1 Characterization of influenza A(H3N2) viruses  

A(H3N2) viruses were the dominant subtype collected since October 2022 at the 

NRCI, as well as in most parts of the world according to the WIC.  

Twenty-four A(H3N2) (52.2%) isolates were characterized by HAI. Twenty-three 

isolates reacted well with the antiserum raised against A/Darwin/9/2021 (egg-based 

recommended vaccine strain 2022/2023). One isolate was poorly (≥8-fold titre 

reduction compared to the homologous) recognized by both the A/Darwin/9/2021 and 

A/Cambodia/e0826360/2020 reference antisera but showed good reactivity, within 2- 

to 4-fold the homologous titer, in presence of the antiserum raised against 

A/England/538/2018-like virus, a “recent” 3C.3a1 (Data not shown; Appendixes 4-6).  

Fifty-three A(H3N2) samples were subjected to sequencing. All HA genes belonged 

to subclade 3C.2a1b.2a.2. As observed in other countries, our A(H3N2) strains have 

further diversified into three recent subgroups. Twenty-five viruses belonged to the 

subclade 3C.2a1b.2a.2b who has grown recently and characterized by amino acid 

E50K, F79V and I140K substitutions. Nineteen viruses belonged to the subgroup 

A/Slovenia/8720/2022, subclade 3C.2a1b.2a.2a.1, and characterized by the amino 

acid D53G, D104G, and K276R.  Among the 19 isolates, 2 had additional amino acid 

T135A and T167S substitutions and 16 were further subcategorized into the 

subclade 3C.2a1b.2a.2a.1b discriminated by amino acid I140K and R299K 

substitutions (Figure 10; Appendix 10). One isolate was attributed to the subclade 

3C.2a1b.2a.3b, characterized by the amino acid substitution I140M. The remaining 8 

isolates belonged to subclade 3C.2a1b.2a.2a.3a.1 and were characterized by E50K, 

D53N, I140K, I192F, and I223V amino acid substitutions.  

Among the 78 tested isolates from the second batch, 14 were A(H3N2) and all the 

HA were successfully covered. Consistent with the previous samples, all belonged to 

the subclade 3C.2a1b.2a.2 and were diversified into three subgroups. Four belonged 

to the 3C.2a1b.2a.2a.1b characterized by the amino acid substitution R299K and 
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additional N133D, I140K and S209N mutations. One sample was attributed to the 

subclade 3C.2a1b.2a.3a.1 and had additional V297I mutation. Nine tested samples 

were referred to the subclade 3C.2a1b.2a.2b (Data not shown). 

 

 

 

 

 

 

 

5.4.2.2 Characterization of influenza A(H1N1pdm09) viruses 

Among the 86 isolates characterized by HAI assay, 22 were A(H1N1)pdm09 viruses 

(25.6%). Nineteen of these isolates were well recognized by the reference antiserum 

directed against the egg-based northern hemisphere vaccine strain 2022/2023 

A/Victoria/2570/2019. Three isolates showed reduced reactivity to the antisera raised 

against A/Victoria/2570/2019 and the recommended vaccine strain 2020/2021 

Figure 10. Phylogenetic analysis of the HA gene of A(H3N2) viruses. Orange: influenza viruses detected in 
the Sentinel network during the 2022/2023 season. Green: vaccine strains for 2019-20 A/Kansas/14/2017, 
2021-22 A/Cambodia/E0826360/2020, 2022-23 A/Darwin/9/2021 (egg-based). Bold: reference strains. Some 
typical substitutions characterizing the respective clusters described by the WIC and Nexclade V.1.14.1. are 
displayed and highlighted in orange box. Blue: genetic groups/sub-groups. Sequences were aligned using 
Geneious 6.1.8 MAFT alignment (v7.017) with default settings. A consensus tree was built from 1000 original 
trees in maximum likelihood (70% support threshold) using Geneious prime 2022.1.1 PHYML default settings.  
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A/Guangdong Maonan/SWL1536/19 but were well recognized by the antiserum 

raised against the A/Denmark/3280/2019 strain (Data not shown; Appendixes 7-8).   

Consistent with data from other European countries, sequencing results indicated 

that all our A(H1N1)pdm09 isolates (n=21) collected since October 2022 had HA 

genes belonging to the subclade 5a.2a of 6B.1A clade. A half of the A(H1N1)pdm09 

viruses had additional HA1 substitutions P137S, K142R, D260E, T277A, E356D, 

N451H constitutive of subclade 2a.1 (Figure 11; Appendix 11).  

Within the second batch of samples, 21 out of 78 were A(H1N1)pdm09. Most of the 

tested samples belonged to the clade 6B.1A.5a.2a (n=18). Five of them had 

additional HA1 mutations D94N, R113S, P137S, S143G, S190N, A261V, T216A, or 

K311N. Only two isolates have further diversified into the subclade 2a.1 with 

additional amino acid T216A or T120A substitutions (Data not shown).  
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5.4.2.3 Characterization of influenza B(Victoria) viruses 

Forty out of 41 B/Victoria/2/87 viruses were characterized by HAI assay. They all 

reacted well with the antiserum raised against B/Austria/1359417/2021 virus 

(recommended vaccine 2022/2023, subclade V1A.3a.2). One isolate was excluded 

from characterization due to low reaction with all antisera available at the NRCI (Data 

not shown; Appendix 9). This isolate was included in our regular seasonal virus 

shipments to the WIC. 

Figure 11. Phylogenetic analysis of the HA1 gene of A(H1N1)pdm09 viruses. Yellow: influenza viruses detected in the Sentinel 
network during the 2022/2023 season. Green: vaccine strains for 2022-23 northern hemisphere A/Victoria/2570/2019 (egg-based), 
2023 A/Sydney/5/2021(cell-/egg-based). Bold: reference strains. Some typical mutations characterizing the respective clusters 
described by the WIC and Nexclade V.1.14.1. are displayed in yellow box. Blue: genetic groups/sub-groups. Sequences were aligned 
using Geneious 6.1.8 MAFT alignment (v7.017) with default settings. A consensus tree was built from 1000 original trees in maximum 
likelihood (70% support threshold) using Geneious prime 2022.1.1 PHYML default settings. 
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All six influenza B/Victoria/2/87 lineage viruses, collected since October 2022, 

belonged to the subclade V1A.3a.2 with the substituted amino acid residues A127T, 

P144L, and K203R (Figure 12). Similarly, the samples from the second batch (43/78 

B-Victoria lineage) were attributed to the subclade V1A.3a.2. (Figure 12).  This was 

consistent with the data from the WIC (Appendix 12).  

 

 

 

 

 

 

 

 

5.4.2.4 Characterization of influenza B/Yamagata lineage 

No influenza B virus of the B/Yamagata/16/88 was detected since January 2019 at the NRCI. 

Figure 12. Phylogenetic analysis of the HA1 gene of B-Victoria viruses. Blue: influenza viruses detected in the Sentinel 
network during the 2022/2023 season. Green: vaccine strains for 2012-18 B/Brisbane/60/2008, 2019-20 
B/Colorado/06/2017, 2020-22 B/Washington/02/2019, and 2022-23 B/Austria/1359417/2021.  Bold: reference strains. 
Some typical mutations characterizing the respective clusters by the WIC and Nexclade V.1.14.1. are displayed in blue box. 
Sequences were aligned using Geneious 6.1.8 MAFT alignment (v7.017) with default settings. A consensus tree was built 
from 1000 original trees in maximum likelihood (70% support threshold) using Geneious 6.1.8 PHYML default settings.  
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5.4.3 Antiviral resistance  

Hundred fifty-seven NA sequences were successfully recovered: 66 were A(H3N2), 

42 A(H1N1)pdm09, and 49 B-Victoria (Data not shown). One hundred and fifty-one 

PA sequences were recovered: 62 were A(H3N2), 43 A(H1N1)pdm09, and 46 B-

Victoria (Data not shown).  

Among the A(H1N1) isolates, one had amino acid mutation in the NA gene conferring 

normal inhibition to reduced inhibition to Oseltamivir (I223T). Five B-Victoria/2/87 

isolates displayed the amino acid K360E substitution in the NA gene conferring 

highly reduced susceptibility to Peramivir75  (Data not shown). None of the isolates 

displayed any markers in the PA gene associated with decreased susceptibility to 

Baloxavir Marboxil (Data not shown). Of note, amino acids E23, F36 and I38 were 

not covered for 2 influenza B isolates thus not affording the assessment for antiviral 

susceptibility to Baloxavir Marboxil. 

Phenotypic tests for antiviral resistance assessment were not performed at the NRCI. 

Phenotypic and genetic testing was performed at the WIC and covered samples 

collected from October 2022 to January 2023. All the clinical specimens tested were 

susceptible to NAI and no mutations for reduced inhibition by NAIs were identified in 

the NA gene (Data not shown).   

 

5.5 Influenza circulation Worldwide 

The global circulation of influenza viruses across the WHO regions was about two-

fold higher in 2022-2023 than during the 2021/2022 season (GISRS monitoring 

systems). Of note, most indicators showed influenza activity levels typically observed 

in pre-pandemic seasons across all WHO regions. Overall, two distinct waves could 

be observed between week 40/2022 and week 16/2023.  

In the Northern Hemisphere, the first wave was constituted of influenza A viruses, 

subtype A(H3N2). It peaked in week 52/2022. The second wave started to increase 

in week 4/2023 and consisted in a mix of influenza B and A(H1N1)pdm09 viruses. 

The second peak of positivity was reached in week 10/2023. 
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As expected influenza activity in the northern hemisphere declined by the end of the 

described season, and raised from week 6/2023 up to week 23/2023 in the southern 

hemisphere, particularly in Australia.76,77  

Across most of the monitoring systems a wave of influenza A (90%), subtype 

A(H3N2) (71%), was first observed, followed by a second wave of mainly influenza 

B-Victoria lineage and to a lower proportion of subtype A(H1N1)pdm09 (Appendix 

14). However, influenza type B dominated in Middle Africa during weeks 46/2022 to 

8/2023, in some countries of the South-East Asia (Malaysia) during week 10/2023 to 

week 14/2023, and in the Temperate and Tropical South America (Argentina and 

Brazil) regions during week 40/2022 to 50/2022 and weeks 01/2023 to 14/2023, 

respectively.78  

Data collected from the WIC in February 2023 reported that the majority of influenza 

A, subtype A(H3N2) were attributed to the subclade 3C.2a1b.2a.2, represented by 

the recommended Northern Hemisphere vaccine 2022/2023 and 2023 Southern 

Hemisphere strain A/Darwin/9/2021 and the WHO reference strains 

A/Bangladesh/4005/2020, and A/Slovenia/8780/2022. Less than 1% of the viruses 

tested were attributed to the subclade 3C.2a1b.1a represented by 

A/Denmark/3264/2019 strain. Most of the influenza A viruses, subtype 

A(H1N1)pdm09, were attributed to the clade 6B.1A.5a.2, and subclade 5a.2a 

represented by the Northern Hemisphere vaccine 2022/2023 A/Victoria/2570/2019 

and the Southern Hemisphere vaccine 2023 A/Sydney/5/2021, respectively. Most of 

the strains antigenically characterized were well-recognised by an antiserum raised 

against 2a.1 viruses A/Norway/25089/2022 (Cell) or the A/Norway/31694/2022 (Egg). 

Most of the B Victoria-lineage isolates were attributed to the subgroup V1A.3a.2 

represented by B/Austria/1359417/2021, which is also the recommended strain for 

the Northern Hemisphere 2022/2023 and Southern Hemisphere 2023 influenza 

vaccines. Antigenic analyses demonstrated that almost all the viruses from the clade 

V1A.3a.2 (96%) were recognised to within 2- to 4-fold reductions by the antisera 

raised against B/Austria/1359417/2021 and -like viruses.  

Antiviral resistance assessment tests did not show reduced susceptibility to NA nor 

PA inhibitors.  
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6. WHO recommendation for the composition of influenza virus 
vaccines for the 2022/2023 influenza season 

Influenza vaccine recommendations are based on the Global Influenza Surveillance 

Response System network data, virus antigenic and genetic characterization data, 

human serology data, virus fitness forecasting data, antiviral resistance data, vaccine 

effectiveness, and the availability of candidate vaccine viruses.  

The vaccine strains recommended for the 2023/2024 northern hemisphere influenza 

vaccine by the WHO experts are depicted in table 4. 

 

Table 4. Recommended influenza vaccine composition for the 2023/2024 influenza season. 
a: for egg-based vaccines. b: for cell-based vaccines 

 

a Vaccine strains 2023/24 

A(H1N1)pdm09 A/Victoria/4897/2022 (H1N1)pdm09-like virus 

A(H3N2) A/Darwin/9/2021 (H3N2)-like virus 

B/Victoria lineage B/Austria/1359417/2021 (B/Victoria lineage)-like virus * 

B/Yamagata lineage B/Phuket/3073/2013 (B/Yamagata lineage)-like virus 

 * B strain included in the trivalent vaccine 
 

b Vaccine strains 2023/24 

A(H1N1)pdm09 A/Wisconsin/67/2022 (H1N1)pdm09-like virus 

A(H3N2) A/Darwin/6/2021 (H3N2)-like virus 

B/Victoria lineage B/Austria/1359417/2021 (B/Victoria lineage)-like virus * 

B/Yamagata lineage B/Phuket/3073/2013 (B/Yamagata lineage)-like virus 

 *B strain included in the trivalent vaccine 

  

  

7. Human infection with influenza viruses of zoonotic origin 

Transmission of zoonotic influenza viruses to humans often leads to infections limited 

to a single individual and sometimes to their close contacts. However widespread 

outbreaks and pandemics are also possible in the case of efficient human-to-human 

transmission. Recombination events between porcine/avian and human viruses due 

to concomitant circulation can drive human adaptation of zoonotic strains. To allow 

for the early identification and rapid containment of new potential animal-to-human 
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transmission events, several countries, including Switzerland, have introduced 

regular screening of animals such as poultry, wild birds, and farm pigs for the 

presence of the respective influenza strains.  

 

7.1 Swine-to-human influenza virus transmission  

Human infections with influenza A viruses of porcine origin are identified as “variant” 

viruses and denoted with a letter “v”, such as A(H1N2)v, A(H3N2)v and A(H1N1)v.  

 

7.1.1 In Switzerland 

In 2001, the Federal Food Safety and Veterinary Office initiated a collaborative 

project with the Federal Office of Public Health project, the Institute of Virology of the 

Vetsuisse Faculty of the University of Zurich, and the Pig Health Service (SSP) of 

SUISAG, which aimed at monitoring the swine flu circulation in Switzerland. The 

project is named “Surveillance of swine influenza in pigs and humans”. In this 

context, specimens from farm pigs with respiratory symptoms are sent to, and 

analysed by, the National Veterinarian Institute (Vetvir, Zurich). In parallel, samples 

from pig breeders (or their employees), who have been in contact with influenza-

infected animals and present with ILI symptoms, are sent to the NRCI. The latter are 

analysed using a rRT-PCR with the capacity to distinguish influenza A viruses of 

human and animal origin, both avian and porcine. Positive samples are further 

characterized by sequencing.  

From week 40/2022 to week 16/2023, 3 non-sentinel samples originating from 

farmers having contacts with pigs were sent to the NRCI, all tested negative for 

influenza. 

 
7.1.2 Worldwide 

Since 2010, 492 [439 A(H3N2)v, 18 A(H1N1)v and 35 A(H1N2)v] human cases of 

variant influenza have been reported in several states in the USA. These cases were 

often mild with no evidence of further human-to-human transmission. One case of 

A(H3N2)v was reported in 2022/2023.79   
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In 2023, human A(H1N1)v and A(H1N2)v infections were also reported in two 

EU/EEA countries (Germany and Netherlands). Sporadic human infections with 

influenza virus A(H1N1)v, A(H1N2)v, and A(H3N2)v were also identified in non-

EU/EEA regions such as Brazil, China, Taiwan and the United States of America 

(USA).80 

 

7.2 Avian influenza A subtypes in human 

As for porcine influenza, human cases of infection with avian viruses are sporadically 

reported. As of April 2023, a total of 878 cases of A(H5N1), including 458 deaths, 

have been reported from 23 countries since 2003.81 Since 2022, six human cases 

with avian A(H5N1) have been reported to the WHO.82-85  

The last two confirmed cases were reported in February 2023 within the Western 

Pacific Region in Cambodia.83  

At the NRCI, we received one sample from a symptomatic person who had contact 

with an A(H5N1) positive bird. The individual tested negative for influenza A and B as 

well as for an H5 specific real-time RT-PCR. 

Since February 2014, 86 laboratory-confirmed cases of highly pathogenic avian 

influenza (HPAI) A(H5N6), including 33 deaths, have been reported. The last case 

date back to July 2023 and was reported from China.86  

A total of 3 cases of A(H3N8) , resulting in one death, were reported so far, all were 

from China.87 The last case was reported in February 2023. 

In 2022,16 human cases of avian A(H9N2) were reported in China and Cambodia out 

of 90 cases identified since December 2015.  

No human case of avian influenza A(H7N9), A(H10N3) and A(H7N4) were reported 

for 2023. 

 

8. Avian influenza A in animals88  

The reservoirs for high/low pathogenic avian influenza A (H/LPAI) viruses are wild 

birds. Both virus types can cause moderate to large outbreaks in poultry worldwide.  
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The largest number of avian influenza outbreaks in Europe, since 2016/2017, was 

observed during2021/2022 season. As of April 2023, 3849 HPAI cases (1175 in 

domestic birds and 2674 in wild birds) were identified over 31 countries. This is 60 % 

less than during 2021/2022, but still higher than in 2020/2021 and previous seasons. 

HPAI subtypes A(H5), A(H5N1), A(H5N2), A(H5N5), A(H5N8) were the most current 

in Europe. A(H7N3), A(H5N6) and A(H5N4) outbreaks were observed in Mexico, 

Vietnam and in the USA, respectively.  One LPAI avian influenza A(H5) was reported 

from Belize.88,89  

The number of HPAI detections continues to increase in Europe and in Americas and 

it is expected to spread to Antarctic. HPAI A(H5N1) 2.3.4.4b virus transmission from 

birds to mammal species continues to be observed. 

 

9. Discussion  

Gender and age group distributions were comparable to previous years within the 

Sentinella population.  

For the third consecutive year, the NRCI monitored not only influenza viruses 

circulating in Switzerland but also a panel of respiratory viruses, including SARS-

CoV-2. The number of samples (1950) received from week 40/2022 to 16/2023 was 

comparable to the number (2225) received in 2021/2022 for the same period. This 

was not surprising considering the ongoing SARS-CoV-2 circulation and the 

continuation of other respiratory virus testing for the last three seasons and along the 

influenza screening.  

The median positivity rate during week 40/2022 to week 16/2023 was comparable 

(69%) to the last season 2021/2022 (66%) and 2019/2020 (61.9%) but was 

significantly higher than for 2020/2021 (49.2%). The increase in the positivity rate 

observed for both 2021/2022 and 2022/2023 may be explained by the re-emergence 

and sustained circulation of influenza viruses, as well as the continuing detection 

other respiratory viruses and of new SARS-CoV-2 variants/subvariants. As a 

reminder only one influenza B with low viral load was detected from week 17 to week 

46/2021. 
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As usually observed, the increase in detection at the NRCI fitted well with the 

increase in the number of cases identified in the Swiss population (Figure 5b; 

Appendix 1). 

As already mentioned, rRT-PCR detection data on respiratory viruses other than 

influenza is only available since 2019/2020 within the Sentinel network, and the 

emergence of SARS-CoV-2 in 2020/2021 season was shown to significantly impact 

the circulation of other respiratory viruses.90,91  During the 2022/2023 some 

respiratory viruses seemed to revert to seasonal patterns observed before the 

COVID-19 pandemic; particularly in children.92 However, additional data are needed 

in order to confirm this reversion to usual circulation patterns. RSV has shown to 

alternate between low prevalence followed by high prevalence during annual 

epidemics in Switzerland.93 In 2020/2021 season, RSV circulation was unusual as it 

was delayed by around 20 weeks compared to what could be expected. This 

phenomenon was not only observed in Switzerland but also in other countries.94-97  

During 2022/2023, RSV circulation in Switzerland was observed from week 40/2022 

to week 3/2023 with a peak in week 45/2022 (17.7%; n=12), thus six weeks earlier 

than in 2021/2022, suggesting a probable reversion towards pre-pandemic 

seasonality with winter peaks98, but in Switzerland further data are needed to confirm 

this trend. 

HMPV epidemics began 9 weeks later than during the 2021/2022 season, starting 

from week 49/2022, with a peak in week 2/2023 (9.4%; n=5). This coincides with the 

seasonality usually observed in China, Israel and Switzerland.99-101  

Though the number of detections was lower than during the 2021/2022 season, 

SARS-CoV-2 virus remained regularly detected. It represented, together with 

Influenza and RV/EV, the most prevalent virus, reaching a peak of detection (27.9%; 

n=22) in week 43/2022.  

As existing variants evolve and new ones emerge, scientific knowledge on the 

different viruses is constantly being updated. Data from the national genomic 

surveillance of SARS-CoV-2, focusing on hospitalized patients 

(https://gisaid.org/lineage-comparison/, https://www.hug.ch/centre-maladies-virales-

emergentes/programme-sequencage-national-du-sars-cov-2/) demonstrated that 

https://gisaid.org/lineage-comparison/
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Omicron BA.5 variant predominated since October 2022. This variant has rapidly split 

into several sub-lineages such as BQ.1, and was replaced by XBB sublineages, with 

XBB.1.5 (VOI) becoming the dominant variant worldwide in February 2023.  

 As of January 2023, literature102 shows that XBB.1.5, a recombinant from BA.2.10.1 

and BA.2.75 lineages and characterized by the amino acid substitution F486P in the 

spike protein, was already present in 38 countries, including Switzerland and 

sequences were reported from the United States of Americas, the United Kingdom, 

and Denmark.102-104 There is currently no evidence of higher transmission nor 

immune escape properties relative to XBB.1, but according to ECDC, “its 

predecessors-XBB+XBB.1 showed significant reduction in the neutralising capacity of 

serum from vaccinated people”105 and despite this,  available vaccines “still remain 

effective against severe disease because of previous and current omicron variants 

dominant in the EU, even though there is some evidence of waning over time”.105 As 

of beginning March 2023 and because of no longer circulating BA.2, BA.4 and BA.5 

variants, the ECDC has removed them from the list of VOCs. There are currently no 

SARS-CoV-2 lineages corresponding to the ECDC’s VOC criteria.106,107 A continuous 

update of SARS-CoV-2 variants evolution in Switzerland and in the world can be 

found on Covariants108 and CoV-Spectrum.109 

RV/EV were the third most prevalent viruses after SARS-CoV-2 during2022/2023. 

This is consistent with data already published for in- and out- patients in Geneva.110 

As expected RV/EV detection was consistent throughout the year with a peak of 

positivity reaching 41.2% at week 41/2022 (n=21).  

Similarly to the last season, only HCoV OC43 was regularly detected through the 

seasonal surveillance.  While HCoV 229E was continuously detected during the 

winter 2021 season, only rare detections were observed from week 40/2022 to week 

16/2023. Although HCoV HKU1 was regularly detected at a low rate during the spring 

2022, only sporadic cases were reported during the same period in 2023. HCoV 

NL63 was regularly detected during weeks 6/2023 to 14/2023 in contrast to what had 

been observed during the past season; with only one case detected in week 19/2021. 

Of note, the proportion of HCoV NL63 represented 2.1% in 2022/2023, 11.3% in 

2020/2021, and 2.9% in 2019/2020 during the surveillance period. HCoVs tend to 
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exhibit seasonal circulation, with peaks mostly in winter in the Northern Hemisphere, 

however the prevalence pattern of each HCoV strain varies between countries and 

from year to year.111,112  

According to their seasonality pattern56,113, HPIV1/3 and HPIV2/4 were mostly 

detected in spring and fall during 2022/2023 surveillance period, respectively. 

Interestingly, this was not the case for HPIV2/4 during 2019/2020, 2020/2021, and 

2021/2022, where only sporadic cases were observed.  2022/2023 circulation pattern 

tend towards a return of seasonality for each serotype.114  

Consistent with the observed prevalence in Europe115, HBoV detection rate remained 

low during the three last study periods (0.8% in 2022/2023, 1.4% in 2021/2022, and 

0.3 % in 2020/2021), and was mainly found in children.116  

Co-detections accounted for 10.5%, 11.3% and 7.2% of the positive samples in 

2022/2023, 2021/2022, and 2020/2021, respectively. This observation is consistent 

with  existing literature.117,118 The most common co-detection was RV/EV (51.4%) 

combined with SARS-CoV-2 (23/74), RSV (19/74) and Influenza (11/74). Consistent 

with what could be observed during the previous years, the coinfections tend to be 

more prevalent when viruses showed the highest positivity rate at their respective 

epidemic/circulation period.119   

Of note, the rRT-PCR respiratory panel used at the NRCI does not target bacterial or 

fungal pathogens. However, the latter are also often detected along with respiratory 

viruses, particularly in hospitalized patients.118   

The 2022/2023 season has been marked by the return of influenza virus activity at 

fairly similar levels to those observed in pre-COVID-19 pandemic seasons in the 

EU/EEA countries. Consistent with the ECDC data,  influenza seasonal epidemic in 

Switzerland started (week 48/2022) and  peaked earlier  (53.1% positivity in week 

52/2022) compared to 2021/2022 season (week 5/2022 to 15/2022; 38.3% in week 

10/2022) and overall, compared to the four previous seasons.120 In addition, as 

observed in other countries121,122 , the influenza epidemic lasted longer than usual, 

with a positivity rate >10% from week 48/2022 to week 14/2023. In Switzerland, as in 

other countries122,123, influenza virus activity was characterized by two waves, with a 

dominant detection of A(H3N2) virus from week 48/2022 to 1/2023, peaking at week 
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51/2022 relayed by a short dominance of A(H1N1)pdm09 from week 2/2023 to week 

4/2023, followed by a wave of B-Victoria from week 5/2023 to week 14/2023.  

Compared with 2021/2022, antigenic and genetic data, as well as reporting of 

influenza cases in TESSY/ECDC appeared to increase to 5.2-fold in 2022/2023.121 

This could be due to the extended circulation of the virus, consistent with a return of 

a pre-COVID-19 pandemic seasonal influenza activity.  

Genetic analyses from the NRCI showed that A(H3N2) isolates belonged to the 

subclade 3C.2a1b.2a.2 and subsequently to subclade 2a.2b, 2a.3a.1, 2a.3b, 2a.2a.1, 

and 2a.2a.1b characterized by new specific amino acid changes in the HA1 gene. 

This was consistent with the WIC analyses and the predominance of these clades 

globally. Most of the tested samples were well recognised by the antiserum from the 

Northern Hemisphere vaccine strain 2022/2023 A/Darwin/9/2021 (clade 

3C.2a1b.2a.2). Furthermore, data from the WIC showed the broadest cross-

recognition of viruses in different genetic groups by an antiserum raised against a 2a 

virus A/Stockholm/5/2021 (SIAT)- an A/Darwin/6-like virus. The isolates which were 

attributed to the emerging genetic subgroups (2a.2b, 2a.3a.1, 2a.3a.b, 2a.2a.1) were 

well recognised by antisera raised against the A/Thuringen/10/2022 virus from 

subclade 2a.2b, A/Norway/24873/2021 from 2a.3, A/Poland/97/2022 from 2a.2 and 

A/Slovenia/8720/022 from 2a.1.  

Most of the A(H1N1)pdm09 isolates were well recognised by the antiserum raised 

against the Northern Hemisphere vaccine strain 2022/2023 A/Victoria/2570/2019 

(clade 5a.2) and a few were antigenically characterized by the antiserum raised 

against the reference strain A/Denmark/3280/2019 (clade 5a.2). All belonged to the 

group 6B.1A.5a.2a and a half of them were sub-divided into the 5a.2a.1 group. The 

WIC reported that most of the recent 5a.2a.1 A(H1N1)pdm09 viruses tested showed 

variable recognition by antisera raised against the Southern Hemisphere vaccine 

2023 A/Sydney/5/2021 (egg- and cell-based) (clade 5a.2a) but  were well-recognised 

by the antisera raised against the reference strains A/Norway/25089/2022 (cell-

based) or the A/Norway/31694/2022 (egg-based) (subclade 5a.2a.1). Our genetic 

results were also consistent with the WIC results and the clades attributed to our 

samples were found in all regions of the European countries.  
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Except for one isolate, all B-Victoria lineage viruses were antigenically characterized 

by an antiserum raised against the Northern Hemisphere 2022/2023 vaccine strain 

B/Austria/1359417/2021, which was observed by the WIC, and all belonged to the 

clade V1A.3a.2 which has predominated since 1st September 2022 globally. Of note, 

no clade V1A.3 viruses were detected since 1st September 2022. No B-Yamagata-

lineage virus has been detected since March 2020. This repeated lack of detection 

may suggest that the B-Yamagata-lineage may either be extinct or close to 

extinction.  

During the 2022/2023 season, none of the viruses sequenced at the NRCI in the 

context of the national surveillance program exhibited mutations associated with 

reduced susceptibility to Baloxavir Marboxil, Oseltamivir and Zanamivir. These 

results were consistent with those from WHO Europe reports.121 

Since the Covid-19 pandemic was recognized in 2020, variations in genetic and 

antigenic diversity to each influenza virus,124-126 were impacted by global restrictions, 

other non-pharmaceutical interventions (NPI) and travels disruptions.127-130 Indeed, 

the interplay between the different seasonal influenza virus subtypes and lineages 

may vary throughout the season and in the different regions, leading to significant 

variation in population immunity to each virus.131 Even if already suspected from 

2021/2022 influenza moderate circulation, 2022/2023 data from ECDC/Tessy, 

GISAID, GISRS and NICs may confirm the hypothesis supporting the return of 

influenza circulation, high genetic diversity through the emergence of new subclades 

and the possible extinction of lineages. Considering the confirmed return of influenza 

activity at similar rates to pre-COVID-19 pandemic seasons, we can speculate that 

the competition between SARS-CoV-2 virus, influenza viruses and the other common 

cold viruses, and the re-circulation of influenza virus with high genetic diversity would 

enable further divergence and expansion of separated lineages and more broad 

circulation. A study from modelling the effect of variable duration of immunity on the 

size of seasonal influenza epidemics found that the proportion of the population 

susceptible to infection by influenza after a mild or moderate season leads to a larger 

outbreak in following seasons.132 This is in line with what was observed during 

2022/2023. The same study showed that when the duration of immunity in a given 
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population is variable, namely when the exposure was low and then high, the 

infection rate and the epidemic peaks will be higher than when the duration of the 

immunity is constant, as it would be the case in the context of regular and high 

vaccination coverage. This illustrates well that the shapes of future epidemics are 

influenced by past ones and raises the questions about how to tailor vaccination. 

Ultimately, ongoing evolution and antigenic drift  increase the risk that the antigens 

included in the vaccine will not represent the viruses that circulated previously, thus 

reducing vaccine effectiveness.131 This emphasises the importance of regularly 

assessing influenza genetic and antigenic evolution. 

As observed during 2022, the number of HPAI infections remained high in wild birds 

during 2023. This high prevalence of avian influenza may increase the risk of 

outbreaks in domestic birds, mainly in poultry, resulting in high mortality rates both 

due to natural infection and massive culling.  

Since 2020 H5N1 HPAI, in particular 2.3.4.4b viruses, have emerged in and continue 

to spread to several animal species including, terrestrial and aquatic mammals.133 

The increased ability of those viruses with highly mutation rate to cross species 

barrier is very concerning as it increases the risk of transmission to humans. 

After three years of the SARS-CoV-2 pandemic, which was demoted in May 2023 

from its global health emergency status by the WHO, and after one year of significant 

decrease in detection, influenza confirmed re-emergence emphases the importance 

of continuing the collection and analyses of influenza viruses and associated data. It 

was and remains crucial to choose the most appropriated influenza vaccine strains. 

The goal being to mitigate as much as possible the burden linked to severe influenza 

cases.  

To conclude, as already observed during 2021/2022, concomitant Influenza virus, 

SARS-CoV-2 and other respiratory viruses’ circulation was observed and is expected 

to be seen during next season 2023/2024. 
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10. Collaborative projects and publications 

As for 2022, the NRCI continued to support the laboratory of virology and the 

National Reference Centre for Emerging Viral Infections (CRIVE), especially 

regarding SARS-CoV-2 variant detection and genetic characterization as part of the 

national genomic surveillance of SARS-CoV-2. 

 

10.1 Ongoing project 

As for 2022, the NRCI continued to collaborate with the Health 2030 Genome Centre 

DNA Sequencing and Data Analytics and Interpretation Platforms’ team in order to 

evaluate the illumina Respiratory oligo panel performance. The panel was initially 

tested using Twist Biosciences’ synthetic influenza A and B, and other respiratory 

viruses. Giving promising results, a second experiment included 16 positive influenza 

A and B nasopharyngeal swabs, and 14 samples positive for other respiratory 

viruses. In order to assess the sequencing panel sensitivity for influenza and RSV, 

five 10-fold dilutions of 2 A(H1N1)pdm09, 2 A(H3N2), 2 B/Victoria, 2 B/Yamagata, 1 

A(H5N1), 1 A(H7N9), 1 RSV A and 1 RSV B viruses were also tested. 

All samples were prepared according to the standard respiratory virus protocol and 

analysis was performed using KrakenUniq v0.5.8 as in previous experiments. The 

reconstruction of consensus sequences was then adapted with our SARS-CoV-2 

pipeline. Results were conclusive as the expected viral genomes were detected at 

low concentrations and with a high specificity.  

Overall sensitivity and specificity of the panel are good for influenza and RSV. 

Consensus sequences with good coverage could be obtained from < 25-27 Ct 

dilutions. This was in line with what we usually obtain from Miycrosynth and what 

could be observed in literature.134 Analysis process needs to be further optimized 

especially for influenza B. Investigation of the sequencing efficiency for other 

coronaviruses than SARS-CoV-2 is also ongoing. 
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Appendix 1: Consultations due to influenza-like illness in Switzerland, FOPH  

 

 

(https://www.bag.admin.ch/bag/fr/home/krankheiten/ausbrueche-epidemien-pandemien/aktuelle-ausbrueche-epidemien/saisonale-grippe---lagebericht-schweiz.html)
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Weeks

40 VRS/RV-EV RV-EV/SARS-CoV2
HPIV1-3/SARS-

CoV2
RV-EV/SARS-CoV2 VRS/RV-EV 5

41 RV-EV/SARS-CoV2 RV-EV/SARS-CoV2 RV-EV/SARS-CoV2
HCoVOC43/SARS-

CoV2
HPIV1-3/RV-EV 5

42 RV-EV/SARS-CoV2 HCoVE229/RV-EV VRS/RV-EV VRS/RV-EV VRS/RV-EV
HMPV/SARS-

CoV2/RV-EV/VRS 
RV-EV/SARS-CoV2

RV-

EV/SARS-

CoV2

8

43 VRS/RV-EV RV-EV/SARS-CoV2 VRS/RV-EV HPIV1-3/VRS RV-EV/HAdV VRS/RV-EV HPIV1-3/RV-EV 7

44 VRS/RV-EV HAdV /VRS RV-EV/SARS-CoV2 3

46 HBoV/RV-EV VRS/RV-EV RV-EV/SARS-CoV2 RV-EV/IA VRS/RV-EV VRS/RV-EV 6

47 IA/VRS
HPIV1-3/RV-

EV/HBoV/SARS-CoV2
RV-EV/SARS-CoV2 RV-EV/SARS-CoV2 RV-EV/SARS-CoV2 5

48 HAdV /VRS RV-EV/SARS-CoV2 RV-EV/SARS-CoV2 3

49 HMPV/SARS-CoV2 VRS/RV-EV HBoV/RV-EV VRS/RV-EV HAdV /HBoV
HCoVOC43/SARS-

CoV2
6

50 HBoV/IA IA/VRS HBoV/SARS-CoV2 SARS-CoV2/VRS HCoVOC43/IA IA/SARS-CoV2

RV-

EV/HAdV/HCoVOC4

3

RV-EV/IA RV-EV/HAdV VRS/RV-EV 10

51 HMPV/VRS HCoVOC43/HBoV IA/SARS-CoV2 RV-EV/IA HMPV/IA 
HCoVOC43/SARS-

CoV2

HAdV/RV-

EV/HBoV/SARS-

CoV2

IA/SARS-

CoV2
RV-EV/IA

SARS-

CoV2/VRS 

HCoVOC43

/IA

VRS/RV-

EV
RV-EV/IA

RV-

EV/HBoV/

HCoVOC4

HCoVOC43/

IA
15

52 HCoVOC43/IA VRS/RV-EV RV-EV/IA RV-EV/IA 4

1 HCoVOC43/HMPV RV-EV/HAdV RV-EV/HCoVOC43 RV-EV/IA RV-EV/SARS-CoV2/IA HCoVOC43/IA IA/SARS-CoV2
VRS/RV-

EV/HAdV

SARS-CoV2/ 

HAdV
IA/VRS

HCoVOC43

/IA
11

2 HCoVOC43/HMPV IA/SARS-CoV2 IA/SARS-CoV2 HMPV/IB 4

3
HCoVOC43/SARS-

CoV2/RV-EV
IA/VRS IA/VRS IA/VRS SARS-CoV2/VRS/IA 5

4 RV-EV/IA SARS-CoV2/VRS/IA IB/SARS-CoV2 SARS-CoV2/ HAdV/IB RV-EV/SARS-CoV2/IA 5

5 RV-EV/SARS-CoV2 RV-EV/SARS-CoV2 RV-EV/SARS-CoV2 RV-EV/HAdV HAdV /IA 5

6 HAdV /IB HCoVOC43/SARS-CoV2 IB/IA IB/SARS-CoV2 HCoVOC43/IB
HCoVNL63/SARS-

CoV2
6

7 HMPV/IB HPIV1-3/IB 2

8 IB/SARS-CoV2 1

9 HCoVNL63/HMPV HCoVNL63/IB SARS-CoV2/ HAdV RV-EV/IB 4

10 SARS-CoV2/ HAdV SARS-CoV2/ HAdV RV-EV/IA RV-EV/HAdV RV-EV/HAdV 
SARS-CoV2/ HAdV/ 

IB
6

11 IB/VRS HCoVHKU1/HAdV IB/VRS HCoVNL63/RV-EV HPIV1-3/HAdV HCoVNL63/IB RV-EV/HMPV
HCoVNL63/

SARS-CoV2
8

12 SARS-CoV2/ HAdV RV-EV/HAdV RV-EV/SARS-CoV2
HPIV1-3/SARS-

CoV2/HCoVNL63
HCoVNL63/RV-EV 5

13 HCoVE229/IB/VRS HCoVNL63/SARS-CoV2 IB/SARS-CoV2 3

15 HMPV/SARS-CoV2 RV-EV/SARS-CoV2 2

Total 144

Co-detections

Appendix 2: Detailed description of the observed co-infections (40/2022-16/2023) 
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Appendix 3: Lists of SARS-CoV-2 isolates submitted to GISAID 
(40/2022-16/2023) 
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Appendix 4: Antigenic analyses of influenza A(H3N2) viruses (Guinea Pig RBC with 20nM Oseltamivir) 2023-03-24, 
WIC 
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Appendix 5: Antigenic analyses of influenza A(H3N2) viruses (Guinea Pig RBC with 20nM Oseltamivir) 2023-01-20, 
WIC 
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Viruses Collection Passage A/Camb A/Camb A/Thuringen A/Stock A/Darwin A/Norway A/Norway A/Poland A/Slov A/Catal

date history 925256/20 e0826360/20 10/22 5/21 9/21 24873/21 24873/21 97/22 8720/2022 NSVH-2067/22

Passage history SIAT Egg SIAT SIAT Egg SIAT Egg SIAT SIAT SIAT

Ferret number F03/21 F10/21 F36/22 F35/21 F39/21 F10/22 F11/22 F39/22 F24/22 F41/22

Genetic group 1a 1a 2b 2a 2a 2a.3 2a.3 2a.2 2a.1 2a.1b

REFERENCE VIRUSES

A/Cambodia/925256/2020 1a 2020-09-25 SIAT5 640 160 <40 160 320 40 40 80 <40 <40

A/Cambodia/e0826360/2020 1a 2020-07-16 E5/E3 80 640 80 160 160 40 80 40 160 <40

A/Thuringen/10/2022 S262N 2b 2022-04-01 P1/SIAT2 80 160 320 320 320 80 160 80 320 40

A/Stockholm/5/2021 2a 2021-04-16 SIAT0/SIAT3 80 80 80 640 640 160 160 320 640 80

A/Darwin/9/2021 D186N, D225G (egg) 2a 2021-04-17 E3/E4 160 640 160 640 1280 160 320 640 1280 160

A/Norway/24873/2021 2a.3 2021-10-24 SIAT3 40 80 80 320 320 320 320 160 160 80

A/Norway/24873/2021 D225G (egg) 2a.3 2021-10-24 E3/E1 80 320 160 320 640 320 640 320 640 160

A/Poland/97/2022 P3S, I25V, S145N, R201K 2a.2 2022-05-09 SIAT2 40 80 80 320 640 160 320 640 640 320

A/Slovenia/8720/2022 2a.1 2022-02-10 SIAT1/MDCK1/SIAT2 80 80 160 640 640 160 320 640 1280 640

A/Catalonia/NSVH161512067/2022 2a.1b 2022-09-14 SIAT1/SIAT3 40 80 80 640 320 80 160 320 640 320

TEST VIRUSES

A/Croatia/101024/2022 I242M 2b 2022-09-01 MDCKx/SIAT1 80 80 320 320 160 80 160 80 160 40

A/Norway/32641/2022 I224M 2b 2022-10-17 SIAT1 40 80 320 320 160 80 80 80 160 40

A/Castilla La Mancha/4112/2022 R33Q, S262N 2b 2022-10-15 SIAT1 80 160 320 320 320 40 80 80 160 40

A/Castilla La Mancha/4057/2022 R33Q, S262N 2b 2022-10-17 SIAT1 80 80 320 160 160 40 80 40 160 40

A/Castilla La Mancha/4107/2022 R33Q, S262N 2b 2022-10-17 SIAT2 40 80 320 160 160 40 80 80 160 40

A/Norway/33623/2022 R33Q, S262N 2b 2022-10-31 SIAT1 80 160 320 320 320 80 160 80 320 40

A/Norway/33536/2022 R33Q, S262N 2b 2022-11-01 SIAT1 40 80 160 160 160 40 80 40 160 <40

A/Castilla La Mancha/4542/2022 R33Q, S262N 2b 2022-11-24 SIAT1 40 80 160 160 160 80 40 40 80 <40

A/Castilla La Mancha/4541/2022 R33Q, S262N 2b 2022-11-24 SIAT1 40 80 160 160 160 80 80 80 160 40

A/Castilla La Mancha/4547/2022 R33Q, S262N 2b 2022-11-26 SIAT1 80 160 320 320 160 80 80 80 160 40

A/Switzerland/68410/2022 R33Q, S262N 2b 2022-12-13 SIAT1 40 80 160 160 160 40 80 40 160 40

A/Switzerland/56875/2022 R33Q, S262N 2b 2022-12-13 SIAT1 40 80 160 160 160 80 80 80 160 40

A/Switzerland/68971/2022 R33Q, N96K, S262N 2b 2022-12-13 SIAT1 40 160 160 160 160 80 80 80 160 40

A/Galicia/3991/2022 R33Q, S199P, S262N 2b 2022-10-16 SIAT1 40 80 160 160 160 40 80 40 160 <40

A/Hungary/73/2022 R33Q, S262N, A272T 2b 2022-11-28 MDCK1/SIAT1 80 80 160 160 160 80 80 40 160 40

A/Hungary/87/2022 R33Q, E41X, D101E, S262N, D291N 2b 2022-12-07 MDCK1/SIAT1 40 80 160 160 160 80 80 40 160 40

A/Switzerland/12279/2022 T135A(-cho), S262N 2b 2022-12-09 SIAT1 80 160 160 160 160 80 160 80 160 40

A/Switzerland/28719/2022 T135A(-cho), S262N 2b 2022-12-19 SIAT1 80 160 320 160 160 80 160 80 160 40

A/Switzerland/68854/2022 T135A(-cho), S262N 2b 2022-12-23 SIAT1 40 80 160 160 160 80 80 40 80 40

A/Slovenia/11512/2022 T135A(-cho), S144N(+cho), S262N 2b 2022-12-19 MDCKx/SIAT1 40 160 160 160 160 80 80 80 160 40

A/Slovenia/11696/2022 T135A(-cho), S144N(+cho), S262N 2b 2022-12-29 SIATx/SIAT1 40 160 160 320 160 80 80 80 160 <40

A/Slovenia/11516/2022 T10K(-cho), T135A(-cho), S262N 2b 2022-12-19 SIATx/SIAT1 40 160 160 160 160 80 80 80 160 <40

A/Slovenia/11514/2022 T10K(-cho), T135A(-cho), S262N 2b 2022-12-19 SIATx/SIAT1 80 160 160 320 160 80 160 80 160 40

A/Slovenia/11622/2022 T10K(-cho), T135A(-cho), S262N 2b 2022-12-27 MDCKx/SIAT1 40 80 160 160 160 80 80 40 160 <40

A/Slovenia/11517/2022 T10K(-cho), V79I, T135A(-cho), S262N 2b 2022-12-20 MDCKx/SIAT1 80 160 160 160 160 80 80 80 160 40

A/Slovenia/42/2023 T10K(-cho), V79I, T135A(-cho), S262N 2b 2023-01-03 MDCKx/SIAT1 80 160 160 320 320 80 160 80 80 <40

A/Slovenia/11665/2022 T10K(-cho), V79I, T135A(-cho), Q210*, S262N 2b 2022-12-28 SIATx/SIAT1 160 320 320 640 320 80 160 80 320 40

< relates to the lowest dilution of antiserum used Vaccine Vaccine

ND = Not Done NH 2021-22 SH 2022

NH 2022-23

SH 2023

Haemagglutination inhibition titre

Post-infection ferret antisera

HA1 substitutions additional to those defining 

subclades of 3C.2a1b.2a

Appendix 6: Antigenic analyses of influenza A(H3N2) viruses (Guinea Pig RBC with 20nM Oseltamivir) 2023-01-27, 
WIC 
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Viruses Other Collection          Passage A/G-M A/G-M A/Ghana A/Lyon A/Denmark IVR-215 A/Sydney A/Sydney A/Norway A/Norway/
information date           history SWL1536/19 SWL1536/19 1894/21 820/21 3280/19 A/Vic/2570/19 5/21 5/21 25089/22 31694/2022

Passage history MDCK Egg Egg Egg MDCK Egg MDCK Egg MDCK Egg

Ferret number F09/20 F12/20 F02/22 F06/22 F28/20 F37/21 F46/22 F04/22 F38/22 F48/22

Genetic group 5a.1 5a.1 5a.1 5a.1 5a.2 5a.2 5a.2a 5a.2a 5a.2a.1 5a.2a.1

REFERENCE VIRUSES

A/Guangdong-Maonan/SWL1536/2019 5a.1 2019-06-17 C2/MDCK1 2560 2560 1280 320 40 40 <40 40 <40 <40

A/Guangdong-Maonan/SWL1536/2019 5a.1 2019-06-17 E3/E2 1280 1280 640 320 <40 80 <40 40 <40 <40

A/Ghana/1894/2021 5a.1 2021-07-21 E2/E1 1280 2560 1280 320 40 80 40 40 <40 <40

A/Lyon/820/2021 5a.1 2021-11-16 E1/E2 320 320 160 320 40 40 40 40 <40 <40

A/Denmark/3280/2019 K130N, N156K, L161I, V250A, E189Q 5a.2 2019-11-10 MDCK4/MDCK5 160 40 <40 40 2560 2560 1280 2560 1280 320

IVR-215 (A/Victoria/2570/2019) K130N, N156K, L161I, V250A, E189Q (A195E, Q223R) 5a.2 2018-11-22 E4/D7/E2 80 80 40 80 640 1280 640 640 320 320

A/Sydney/5/2021 clone 3.4.1 K54Q, A186T, E224A, R259K, K308R, D94N, T216A 5a.2a 2021-10-16 MDCK3/MDCK3 40 40 40 40 1280 2560 2560 2560 1280 640

A/Sydney/5/2021 pooled clones 10-10 K54Q, A186T, E224A, R259K, K308R, D94N, T216A (Q223R) 5a.2a 2022-10-31 E3/E2 80 40 40 40 640 1280 1280 1280 640 320

A/Norway/25089/2022 P137S, K142R, D260E, T277A 5a.2a.1 2022-06-15 MDCK3 <40 <40 <40 <40 320 640 640 640 640 320

A/Norway/31694/2022 P137S, K142R, D260E, T277A (Q223R) 5a.2a.1 2022-09-24 E3/E1 10-3 <40 40 <40 <40 320 640 320 320 320 640

TEST VIRUSES

A/Switzerland/95480/2022 5a.2a 2022-10-13 MDCK1/MDCK1 <40 40 <40 <40 320 640 640 1280 640 320

A/Switzerland/74729/2022 5a.2a 2022-11-23 MDCK1/MDCK1 40 40 <40 40 640 640 640 1280 320 160

A/Switzerland/74639/2022 5a.2a 2022-11-24 MDCK1/MDCK1 40 40 <40 40 640 640 640 640 640 320

A/Switzerland/68182/2022 5a.2a 2022-12-13 MDCK1 40 40 <40 40 1280 1280 1280 1280 1280 320

A/Switzerland/28759/2022 5a.2a 2022-12-19 MDCK1 40 40 <40 40 320 640 640 640 640 320

A/Switzerland/28275/2022 5a.2a 2022-12-19 MDCK1 40 40 <40 <40 320 640 640 640 320 160

A/Switzerland/28469/2022 5a.2a 2022-12-20 MDCK1 <40 40 <40 <40 320 640 640 640 320 160

A/Switzerland/75200/2022 5a.2a 2022-12-23 MDCK1 40 40 <40 40 640 1280 1280 1280 1280 320

A/Ukraine/465/2022 5a.2a.1 2022-11-11 MDCK1 <40 <40 <40 <40 640 640 640 640 640 640

A/Ukraine/464/2022 5a.2a.1 2022-11-14 MDCK1 <40 <40 <40 <40 320 640 320 640 640 320

A/Switzerland/86105/2022 5a.2a.1 2022-11-15 MDCK1/MDCK1 <40 40 <40 40 640 640 640 640 1280 640

A/Hungary/70/2022 5a.2a.1 2022-11-21 MDCK1/MDCK1 <40 <40 <40 <40 320 320 320 320 320 320

A/Hungary/71/2022 5a.2a.1 2022-11-29 MDCK1/MDCK1 <40 <40 <40 <40 320 640 640 640 640 320

A/Ukraine/668/2022 5a.2a.1 2022-12-06 MDCK1 <40 40 <40 <40 640 1280 640 640 1280 640

A/Hungary/86/2022 5a.2a.1 2022-12-07 MDCK1/MDCK1 <40 <40 <40 <40 320 320 320 320 320 160

A/Ukraine/667/2022 5a.2a.1 2022-12-11 MDCK1 <40 <40 <40 <40 320 320 320 320 640 320

A/Ukraine/661/2022 5a.2a.1 2022-12-14 MDCK1 <40 40 <40 <40 640 640 640 640 1280 320

A/Switzerland/69094/2022 5a.2a.1 2022-12-14 MDCK1 <40 <40 <40 <40 320 640 640 320 640 320

A/Ukraine/777/2022 5a.2a.1 2022-12-17 MDCK1 <40 40 <40 <40 320 640 320 640 640 320

A/Ukraine/799/2022 5a.2a.1 2022-12-26 MDCK1 <40 <40 <40 <40 320 640 320 640 640 320

< relates to the lowest dilution of antiserum used Vaccine Vaccine

 ND = Not Done NH 2020-21 SH 2021

NH 2021-22

SH 2022

NH 2022-23

Post-infection ferret antisera

Haemagglutination inhibition titre

Vaccine

SH 2023

Appendix 7: Antigenic analyses of influenza A(H1N1)pdm09 viruses 2023-01-24, WIC 
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Viruses Other Collection          Passage A/G-M A/G-M A/Ghana A/Lyon A/Denmark IVR-215 A/Sydney A/Sydney A/Norway A/Norway/
information date           history SWL1536/19 SWL1536/19 1894/21 820/21 3280/19 A/Vic/2570/19 5/21 5/21 25089/22 31694/2022

Passage history MDCK Egg Egg Egg MDCK Egg MDCK Egg MDCK Egg

Ferret number F09/20 F12/20 F02/22 F06/22 F28/20 F37/21 F46/22 F04/22 F38/22 F48/22

Genetic group 5a.1 5a.1 5a.1 5a.1 5a.2 5a.2 5a.2a 5a.2a 5a.2a.1 5a.2a.1

REFERENCE VIRUSES

A/Guangdong-Maonan/SWL1536/2019 5a.1 2019-06-17 C2/MDCK1 1280 1280 1280 320 40 40 40 40 40 <40

A/Guangdong-Maonan/SWL1536/2019 5a.1 2019-06-17 E3/E2 1280 2560 1280 320 40 80 40 40 <40 <40

A/Ghana/1894/2021 5a.1 2021-07-21 E2/E1 2560 2560 1280 320 40 80 40 80 40 <40

A/Lyon/820/2021 5a.1 2021-11-16 E1/E2 640 320 320 640 40 80 40 80 40 <40

A/Denmark/3280/2019 K130N, N156K, L161I, V250A, E189Q 5a.2 2019-11-10 MDCK4/MDCK5 80 40 40 80 2560 2560 1280 2560 1280 320

IVR-215 (A/Victoria/2570/2019) K130N, N156K, L161I, V250A, E189Q (A195E, Q223R) 5a.2 2018-11-22 E4/D7/E2 160 160 80 80 640 1280 640 1280 640 320

A/Sydney/5/2021 clone 3.4.1 K54Q, A186T, E224A, R259K, K308R, D94N, T216A 5a.2a 2021-10-16 MDCK3/MDCK3 80 80 40 80 1280 2560 2560 2560 1280 640

A/Sydney/5/2021 pooled clones 10-10 K54Q, A186T, E224A, R259K, K308R, D94N, T216A (Q223R) 5a.2a 2022-10-31 E3/E2 160 80 40 80 1280 1280 1280 2560 1280 320

A/Norway/25089/2022 P137S, K142R, D260E, T277A 5a.2a.1 2022-06-15 MDCK3 40 40 <40 40 640 1280 1280 1280 1280 640

A/Norway/31694/2022 P137S, K142R, D260E, T277A (Q223R) 5a.2a.1 2022-09-24 E3/E1 10
-3 40 40 <40 40 640 640 640 320 640 640

TEST VIRUSES

A/Croatia/114180/2022 5a.2a 2022-10-22 MDCKx/MDCK1 80 80 40 40 1280 2560 1280 2560 1280 640

A/Norway/33620/2022 5a.2a 2022-10-31 MDCK1 80 80 40 80 1280 2560 2560 2560 2560 640

A/Norway/33584/2022 5a.2a 2022-11-07 MDCK1 40 80 40 40 1280 1280 1280 1280 1280 320

A/Norway/33744/2022 5a.2a 2022-11-09 MDCK1 80 80 40 80 1280 2560 2560 1280 1280 640

A/Belgium/G0292/2022 5a.2a 2022-11-21 C1/MDCK1 80 80 40 40 1280 1280 1280 2560 1280 640

A/Croatia/118556/2022 5a.2a 2022-11-22 MDCKx/MDCK1 80 80 40 40 1280 2560 2560 2560 1280 640

A/Croatia/118699/2022 5a.2a 2022-11-23 MDCKx/MDCK1 40 40 <40 <40 640 640 640 640 640 320

A/Belgium/G0302/2022 5a.2a 2022-11-25 C1/MDCK1 80 80 40 40 1280 2560 1280 1280 1280 640

A/Belgium/S2496/2022 5a.2a 2022-11-28 C1/MDCK1 160 80 40 80 1280 2560 2560 2560 1280 640

A/Belgium/S2710/2022 5a.2a 2022-12-01 C1/MDCK1 40 40 <40 40 640 1280 1280 640 640 320

A/Switzerland/32650/2022 5a.2a 2022-12-09 MDCK2 <40 40 <40 <40 640 640 320 640 640 160

A/Belgium/S2691/2022 5a.2a 2022-12-11 C1/MDCK1 40 40 <40 40 1280 1280 1280 1280 1280 320

A/Catalonia/NSVH101922705/2022 5a.2a.1 2022-10-02 SIAT1/MDCK1 80 40 40 40 1280 2560 1280 2560 2560 2560

A/Catalonia/NSVH171764113/2022 5a.2a.1 2022-10-04 SIAT1/MDCK1 40 40 <40 <40 1280 1280 1280 2560 1280 1280

A/Catalonia/NSVH151195412/2022 5a.2a.1 2022-10-18 SIAT1/MDCK1 <40 <40 <40 <40 640 1280 640 1280 1280 640

A/Croatia/115187/2022 5a.2a.1 2022-10-27 MDCKx/MDCK2 40 40 <40 <40 640 1280 640 640 1280 640

A/Norway/33370/2022 5a.2a.1 2022-10-28 MDCK1 40 80 <40 40 1280 2560 1280 1280 1280 1280

A/Norway/33307/2022 5a.2a.1 2022-11-02 MDCK1 40 80 <40 40 1280 1280 640 1280 1280 640

A/Norway/33583/2022 5a.2a.1 2022-11-07 MDCK1 40 40 <40 80 640 1280 640 1280 1280 640

A/Norway/33662/2022 5a.2a.1 2022-11-09 MDCK1 40 40 <40 40 1280 1280 640 640 1280 640

A/Norway/33760/2022 5a.2a.1 2022-11-11 MDCK1 40 40 <40 40 640 640 640 320 1280 640

A/Croatia/118701/2022 5a.2a.1 2022-11-21 MDCKx/MDCK2 40 40 <40 <40 1280 1280 1280 1280 1280 1280

A/Switzerland/32713/2022 5a.2a.1 2022-12-09 MDCK2 40 160 <40 40 1280 2560 1280 1280 1280 1280

< relates to the lowest dilution of antiserum used Vaccine Vaccine

 ND = Not Done NH 2020-21 SH 2021

NH 2021-22

SH 2022

NH 2022-23

Post-infection ferret antisera

Haemagglutination inhibition titre

Vaccine

SH 2023

Appendix 8: Antigenic analyses of influenza A(H1N1)pdm09 viruses 2023-01-31, WIC 
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Viruses Other Collection Passage B/Bris B/Colorado B/Wash'ton B/Neth B/Neth B/Austria B/Austria B/Austria B/Stock

information date history 60/08 06/17 02/19 11267/22 10894/22 1359417/21 1359417/21 1359417/21 3/22

Passage history Egg Egg Egg MDCK Egg MDCK Egg G141 Egg G141R MDCK

Ferret number

Sh  539, 

540, 543, 

544, 570, 

571, 574
1

F44/18 F20/20  F29/22  F37/22 NIB F01/21 F15/21  F44/21  F28/22

Genetic group V1A V1A.1 V1A.3 V1A.3 V1A.3 V1A.3a.2 V1A.3a.2 V1A.3a.2 V1A.3a.2

REFERENCE VIRUSES

B/Brisbane/60/2008 V1A 2008-08-04 E4/E4 2560 320 80 <10 160 <40 <40 <40 <40

B/Colorado/06/2017 V1A.1 2017-02-05 E5/E2 1280 320 80 <10 160 40 <40 <40 <40

B/Washington/02/2019 V1A.3 2019-01-19 E3/E3 320 160 160 20 80 <40 <40 <40 <40

B/Netherlands/11267/2022 G184R V1A.3 2022-04-14 MDCK-MIX/MDCK2 <40 10 <10 160 40 <40 <40 <40 <40

B/Netherlands/10894/2022 G184R, T199A (-cho), V318I V1A.3 2022-04-02 E4(Am1AL3) 320 80 20 40 160 <40 <40 <40 <40

B/Austria/1359417/2021 A127T, P144L, K302R (G141) V1A.3a.2 2021-01-09 SIAT1/MDCK4 320 40 <10 20 <10 1280 1280 320 640

B/Austria/1359417/2021 Isolate 2 A127T, P144L, K302R (G141) V1A.3a.2 2021-01-09 E3/E5 640 20 <10 40 10 2560 1280 640 640

B/Austria/1359417/2021 Isolate 2 A127T, P144L, K302R (G141R) V1A.3a.2 2021-01-09 E3/E5 320 40 <10 40 10 2560 1280 >5120 640

B/Stockholm/3/2022 D197E, D129G, E183K V1A.3a.2 2022-03-22 SIAT1/MDCK2 320 40 <10 20 <10 1280 640 320 640

TEST VIRUSES

B/Bishkek/013/2022 V1A.3a.2 2022-10-08 MDCK1/MDCK1 640 40 <10 20 <10 1280 640 320 640

B/Bishkek/014/2022 V1A.3a.2 2022-10-14 MDCK1/MDCK1 640 40 <10 20 <10 1280 1280 320 1280

B/Bishkek/015/2022 V1A.3a.2 2022-10-22 MDCK1/MDCK1 640 40 <10 20 <10 1280 1280 320 640

B/Bishkek/016/2022 V1A.3a.2 2022-10-23 MDCK1/MDCK1 640 40 <10 20 <10 2560 1280 640 640

B/Hungary/72/2022 V1A.3a.2 2022-11-22 MDCK1/MDCK1 320 40 <10 40 <10 1280 1280 640 640

B/Switzerland/19297/2022 V1A.3a.2 2022-11-28 MDCK1 640 80 <10 20 <10 1280 1280 320 640

B/Switzerland/12216/2022 V1A.3a.2 2022-12-09 MDCK1/MDCK1 640 80 <10 20 <10 1280 1280 320 640

B/Switzerland/69064/2022 V1A.3a.2 2022-12-13 MDCK1 640 80 <10 20 <10 1280 1280 320 640

B/Switzerland/28512/2022 V1A.3a.2 2022-12-19 MDCK1 640 80 <10 20 <10 1280 1280 640 640

Vaccine   

NH 2021-22

NH 2022-23

SH 2023

Haemagglutination inhibition titre

Post-infection ferret antiserum

< relates to the lowest dilution of antiserum used Vaccine   
1
  hyperimmune sheep serum; ND = Not Done SH 2022

Appendix 9: Antigenic analyses of influenza B viruses (Victoria lineage) 2023-01-24, WIC 
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Appendix 10: Phylogenetic analysis of influenza A(H3N2), HA gene sequence, 
WIC  
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Appendix 11: Phylogenetic analysis of influenza A(H1N1)pdm09, HA gene 
sequences, WIC 
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Appendix 12: Phylogenetic analysis of influenza B-Victoria, HA gene 
sequences, WIC 
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Appendix 13: List of Influenza isolates submitted to GISAID (2022/2023) 
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Appendix 14: Map of influenza A and B viruses, 2022-09 to 2023-05, MicroReact  

 

 

          https://microreact.org/ 


