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Abstract: The COVID-19 pandemic has modified the seasonal pattern of respiratory infections. The 

objective of the present study is to characterize the out-of-season circulation of influenza viruses 

and an influenza outbreak that occurred in southern Italy in August 2022. Nasopharyngeal swabs 

collected from patients with influenza-like illnesses (ILI) were tested for the presence of influenza 

and other respiratory viruses. Epidemiological investigations on 85 patients involved in an influ-

enza outbreak were performed. Sequencing and phylogenetic analysis of hemagglutinin genes was 

undertaken on samples positive for influenza A. In August 2022, in the Apulia region (Italy), influ-

enza A infection was diagnosed in 19 patients, 18 infected with A/H3N2 and one with 

A/H1N1pdm09 virus. Seven influenza-positive patients were hospitalized with ILI. A further 17 

symptomatic subjects, associated with an influenza outbreak, were also tested; 11 were positive for 

influenza A/H3N2 virus. Phylogenetic analysis of 12 of the A/H3N2 sequences showed that they all 

belonged to subclade 3C.2a1b.2a.2. The A/H1N1pdm09 strain belonged to subclade 6B.1A.5a.2. The 

out-of-season circulation of the influenza virus during the summer months could be linked to 

changing dynamics in the post-COVID-19 era, as well as to the impact of climate change. Year-

round surveillance of respiratory viruses is needed to monitor this phenomenon and to provide 

effective prevention strategies. 
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1. Introduction 

Influenza is a major, worldwide public health concern. Prior to the 2009 pandemic, 

influenza was considered a mild, seasonal disease involving older age groups. The 2009 

pandemic was sustained by circulation of the influenza A/H1N1pdm09 virus and was less 

severe than previous pandemics; indeed, it quickly evolved into a seasonal transmission 

pattern [1]. Influenza epidemics account for an estimated 1 billion annual cases world-

wide, of which 3–5 million result in severe disease. Older adults, in particular, show a 

high burden of severe cases, with a high rate of hospitalizations and deaths [2]. Moreover, 

an estimated 290,000–650,000 influenza-related deaths occur every year [3,4]. 

Seasonality patterns of respiratory viruses are well-established and depend on geo-

graphic areas and climate conditions. In temperate regions, influenza viruses circulate 

mainly in the winter months, while in tropical and subtropical areas, influenza epidemics 

may occur throughout the year, with irregular outbreaks [5]. In Italy, influenza places a 

significant burden across all age groups every year, particularly among the elderly, chil-

dren, and people with comorbidities, with a relevant excess in mortality rate [6]. In the 

pre-pandemic era, the peak of incidence of influenza cases was usually reported between 
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January and February [7]. It has been reported that, in the general population, complica-

tions related to influenza occurred in 35% of patients requiring general practitioner visits, 

with the elderly and people with underlying chronic conditions representing the popula-

tion with significantly increased risk [6]. Bronchitis and pneumonia are the most common 

complications and the most reported causes of hospitalization. In particular, hospitaliza-

tion has been reported in 0.43% of the general population, and 0.7% of the pediatric pop-

ulation [6]. 

Changes in the behavioral habits of the population, induced by the COVID-19 pan-

demic, have modified the epidemiology of common respiratory infections [8,9]. In partic-

ular, a global reduction in influenza circulation has been observed, with the decline in 

circulation attributed to non-pharmaceutical interventions (NPIs) implemented to limit 

the spread of SARS-CoV-2 [10], and to viral competition resulting from the widespread 

circulation of the SARS-CoV-2 virus [11,12]. In many countries, the seasonal activity of 

influenza viruses has been massively suppressed [13,14]. The lower rate of infections reg-

istered in 2021 could also be a consequence of the higher influenza vaccination coverage 

achieved in that year than in the years before the COVID-19 pandemic [15].  

The 2021–2022 influenza season in the Northern Hemisphere was characterized by a 

biphasic trend, with A/H3N2 viruses being the dominant strain in all countries [16]. In the 

United States, the first peak of the season occurred in Week 51/2021 and the second peak 

in Week 16/2022 [17]. In Europe, influenza activity first peaked in Week 52/2021, declining 

thereafter until Week 4/2022, whereupon it increased again, reaching the plateau phase 

between Weeks 10/2022 and 15/2022 [16]. Similarly, in Italy, the number of influenza cases 

reached a first peak in Week 52/2021 (incidence: 5.16/1000 population), with a second peak 

in Week 13/2022 (incidence: 5.29/1000 population) [18]. The second increase in influenza 

cases seen in the Northern Hemisphere represents a later activity than those seen in most 

previous seasons [16]. The objective of the present study was to describe a worrisome out-

of-season circulation of influenza viruses, and an outbreak that occurred in southern Italy 

in August 2022. 

2. Materials and Methods 

2.1. Subject Enrollment 

For the purpose of the study, data and samples collected through the routine influ-

enza surveillance of the Apulia region were used. Moreover, cases identified through the 

epidemiological investigation of an outbreak that occurred in 85 subjects after attending 

a religious retreat and residing in the Apulia region were also used. In Italy, the regional 

influenza surveillance system surveys about 4% of the population, as recommended by 

the national protocol [19]. In the Apulia region (population, >4 million people), epidemi-

ological and virological surveillance is managed by the Regional Observatory for Epide-

miology, as previously described [20]. For the season relating to this study, seasonal viro-

logical surveillance was scheduled to start from Week 46/2021 and end in Week 17/2022. 

However, due to the prolonged circulation of influenza viruses observed in 2022, virolog-

ical surveillance continued after Week 17/2002. To better explain the usual seasonal circu-

lation pattern of influenza viruses in the Apulia region, all the influenza-positive samples 

collected by the regional reference laboratory for surveillance purposes from season 2015–

2016 to season 2021–2022 were considered for the construction of the epidemic curves. 

2.2. Molecular Identification and Sequencing of Influenza Viruses 

Samples were analyzed at the Laboratory of Molecular Epidemiology and Public 

Health of the Hygiene Unit of Policlinico Hospital of Bari, which is the regional reference 

laboratory for the virological surveillance of influenza. Viral nucleic acids were extracted 

using the STARMag Universal Cartridge Kit (Seegene, Seoul, Korea) on the automated 

Nimbus IV platform. Real-time PCR was performed using the AllplexTM respiratory 

panel assays (Seegene, Seoul, Korea) to detect 16 different viruses, including the influenza 
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A and B viruses, RSV A and B, adenovirus, enterovirus, parainfluenza viruses 1–4, met-

apneumovirus, bocavirus, rhinovirus, and three coronaviruses (NL63, 229E, and OC43). 

Samples were also analyzed using AllplexTM SARS-CoV-2 assays (Seegene, Seoul, Korea) 

to detect SARS-CoV-2. Sequencing of the hemagglutinin (HA) gene was performed using 

conventional Sanger sequencing. The SuperScript III One-Step PCR Amplification Kit 

(Invitrogen, Monza, Italy) was used for HA gene amplification according to the WHO 

protocol [21], and PCR products were purified using a PCR purification kit (Qiagen, Mi-

lano, Italy). Sequences were assembled and analyzed by CLC DNA Workbench 6.0 (Qi-

agen). Molecular Evolutionary Genetics Analysis (Mega) 11 software 

(https://www.megasoftware.net/, accessed on 30 November 2022) was used to align se-

quences by the Clustal W method, to compare the sequences with those contained in the 

GenBank and Global Initiative on Sharing Avian Influenza Data (GISAID) databases, and 

to generate phylogenetic trees. Amino acid substitutions were identified by comparing 

the HA gene sequences of the identified strains and the HA gene sequences of the refer-

ence strains through the Nextclade tool (https://clades.nextstrain.org/, accessed on 30 No-

vember 2022). All the sequences generated in this study were deposited in the GISAID 

database. Sequence accession numbers are reported in the phylogenetic tree.  

2.3. Ethical Statement 

Epidemiological investigations of cases involved in the outbreak were performed by 

the Department of Prevention of the Local Health Unit of Lecce (Apulia, Italy). 

The activities described in this study were part of the legislated mandate of the 

Health Promotion and Public Health Department of the Apulia region (Italy); therefore, 

approval of this study by the ethics committee was waived. All procedures were per-

formed in accordance with the Declaration of Helsinki, as revised in 2013, for research 

involving human subjects.  

3. Results 

Between 1 September 2015 and 31 August 2022, 1700 influenza-positive samples were 

collected for surveillance purposes in the Apulia region of Italy. Based on these data, the 

epidemic curves showing the usual seasonal circulation pattern of influenza viruses in the 

Apulia region from season 2015–2016 to season 2021–2022 have been constructed (Figure 1). 

 

Figure 1. Seasonal circulation pattern of influenza viruses in the Apulia region of Italy, from season 

2015–2016 to season 2021–2022. 
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Between 14 and 31 August 2022, 19 cases positive for influenza A virus were identi-

fied in the Apulia region. On 14 and 16 August 2022, two sporadic A/H3N2 influenza 

cases were identified in children (aged 2 and 15 years, respectively) hospitalized with an 

influenza-like illness. The two children were from different provinces and neither had any 

history of travel out of the region in the weeks prior to their hospitalization.  

Around the same time, an outbreak of influenza A virus was identified in a group of 

85 adolescents and adult guides residing in the south of Apulia, after attending a religious 

retreat in a sanctuary in the Basilicata region (southern Italy). The clinical and demo-

graphic characteristics of the patients involved in the outbreak related to the religious re-

treat are reported in Table 1.  

Table 1. Clinical and demographic characteristics of patients involved in an A/H3N2 influenza out-

break related to the religious retreat, in the Apulia region of Italy, in August 2022. 

 N % 

Patients  85 100% 

Sex   

Female 45 52.9% 

Male 40 47.1% 

Median age (IQR 1) 13 (10–21)  

Clinical status   

Asymptomatic 20 23.5% 

Symptomatic 65 76.5% 

Fever 45 52.9% 

Cough and/or sore throat 53 62.4% 

Cold 15 17.6% 

Headache 13 15.3% 

Otalgia and/or otitis 3 3.5% 

Nausea and/or vomiting 17 20.0% 

Diarrhea and/or abdominal cramps 2 29.4% 

Dyspnea 1 1.2% 

Neurological symptoms (stunning, confusion) 3 3.5% 

General malaise 33 38.8% 

Tested nasopharyngeal swab 17 20.0% 

Positive for influenza A/H3N2 11 12.9% 

Positive for SARS-CoV-2 0  

Positive for rhinovirus 4 4.7% 

Negative 2 4 4.7% 

Flu vaccination (2021/2022) 14 16.5% 

Travel in the last 2 weeks 19 22.4% 
1 IQR = interquartile range; 2 negative for all the tested viruses. 

Four participants had resided in the venue from 7–17 August 2022 (group A), 73 par-

ticipants from 8–14 August 2022 (group B), and eight participants from 12–17 August 2022 

(group C). Nasopharyngeal swabs were taken from 17 symptomatic patients (20%), all 

from group B. Of these, nine were positive for influenza A/H3N2 virus, two were positive 

for influenza A/H3N2 and rhinovirus, two were positive for rhinovirus, and four were 

negative for all the tested viruses.  

All the influenza-positive subjects who showed symptom onset between 8 and 11 

August 2022 belonged to group B. Overall, the average length between the onset of symp-

toms and the date of sample collection was 5 days (range: 3–10 days), while for negative 

subjects it was 7 days (range: 6–9 days). All symptomatic patients tested negative for 

SARS-CoV-2. 
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Between 22 and 31 August 2022, five further cases of influenza A/H3N2 virus (with 

no linkage to one another) and one case of A/H1N1pdm09 infection were also identified. 

One A/H3N2 case was in an adult subject returning from Ibiza (Spain), and the other four 

A/H3N2 cases were all in hospitalized children. The A/H1N1pdm09 case was in an ado-

lescent with no history of travel in the previous weeks.  

Phylogenetic analysis was performed on the HA gene of 12 A/H3N2 sequences, seven 

of which were associated with the outbreak (Figure 2).  

 

Figure 2. Phylogenetic analysis of the hemagglutinin (HA) gene of 12 A/H3N2 influenza viruses 

characterized in the Apulia region of Italy in August 2022. Red dots represent strains identified from 

the outbreak and blue squares represent sporadic strains; green triangles represent the vaccine 

strains for the 2022–2023 season, and the orange triangle represents the vaccine strain for the 2021–
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2022 season. The phylogenetic tree was constructed using Mega 11 software, applying the neighbor-

joining algorithm. The evolutionary distances were calculated using the Kimura 2-parameter 

method. Amino acid substitutions defining specific genetic clusters are shown at the nodes. Genetic 

clades are shown to the right of the tree, and the scale bar represents the nucleotide substitutions 

per site (GISAID accession numbers: EPI2155546, EPI2155545, EPI2155544, EPI2155543, EPI2155541, 

EPI2155535, EPI2155534, EPI2155533, EPI2155532, EPI2163106, EPI2179877, and EPI2179878). 

All the sequences clustered into subclade 3C.2a1b.2a.2 (reference strains A/Bangla-

desh/4005/2020 and A/Darwin/9/2021; the latter is the vaccine strain for the Northern 

Hemisphere for the 2022–2023 season). All the strains from the outbreak and the sporadic 

cases, except for the A/Foggia/26/2022, clustered with strains isolated in Spain and the 

Netherlands in August 2022, and with an Italian strain identified in a sample collected on 

22 August 2022 (A/Genoa/01/2022). The strain A/Foggia/26/2022, isolated from the patient 

returning from Spain, clustered separately with strain A/Catalonia/NSVH101889597/2022. 

The HA gene of all the strains identified in the Apulia region during the summer of 2022 

encoded Y159N, T160I, L164Q, G186D, and D190N amino acid substitutions when com-

pared with the HA gene sequence of the A/Cambodia/e0826360/2020 reference strain. 

Moreover, the HA genes of all the strains isolated from the outbreak, along with those 

from four of the sporadic cases, encoded an E50K substitution, while the A/Foggia/26/2022 

strain also encoded D104G and K267R substitutions (Figure 2). 

The single A/H1N1pdm09 strain (accession number: EPI2176758) belonged to sub-

clade 6B.1A.5a.2, which is the same subclade as the 2022–2023 season vaccine strains 

(A/Victoria/2570/2019 and A/Wisconsin/588/2019). 

4. Discussion 

An out-of-season circulation of influenza viruses, which was associated with an out-

break of A/H3N2 influenza virus, was identified in the Apulia region of Italy during Au-

gust 2022. Summer season epidemics of influenza are common in subtropical areas, where 

they are the principal cause of acute respiratory infections in children and adults [22]. All 

of the influenza cases in this study were caused by influenza A viruses, whereas in other 

countries such as Japan, the influenza B virus has been the most frequent cause of summer 

epidemics [22]. In Italy, the influenza B virus has not been in circulation since the 2017–

2018 influenza season [20,23]. It could be hypothesized that both the geographical area 

and the different climate could have influenced the spread of virus A at our latitudes and 

also in the summer season.  

Nineteen subjects involved in the outbreak connected to the religious retreat showed 

symptoms between 8 and 11 August 2022, all of them residing in the location of the reli-

gious retreat from 8–14 August 2022 (group B). Since the incubation period of influenza 

ranges from 1–4 days, with an average of 2 days [1], we can speculate that these individ-

uals acquired the infection before arriving at the retreat. This hypothesis is also supported 

by phylogenetic analysis, which showed that the sequences of the A/H3N2 viruses recov-

ered from the retreat patients were closely related to the sequences of influenza A viruses 

found in other symptomatic patients, with no apparent epidemiological linkage, in the 

Apulia region. 

The influenza virus-negative results for six patients associated with the outbreak 

could be explained by the time taken for sample collection after symptom onset (average: 

7 days).  

Influenza viruses circulating in the summer months usually diverge from the previ-

ous winter viruses, and more closely resemble the viruses detected in the following season 

[22]. The influenza A/H3N2 viruses detected in this study are all closely related to the 

2022–2023 season vaccine strains (A/Darwin/6/2021 and A/Darwin/9/2021). Similarly, the 

single A/H1N1pdm09 strain detected is closely related to the A/H1N1pdm09 strains in-

cluded in the seasonal vaccine. 
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The circulation of influenza viruses in the summer months in temperate regions 

could be considered a sentinel event during changes in the epidemiology of respiratory 

viruses after the COVID-19 pandemic. Due to the rapid waning of immunity after influ-

enza vaccination, the availability of year-round influenza vaccines, even during the out-

of-season circulation period, could prevent a high burden of disease [24]. Based on the 

recommendations of the Advisory Committee on Immunization Practices, influenza vac-

cines for the 2022–2023 influenza season might be available as early as July or August. 

However, vaccination during these months is not recommended for adults aged ≥65 years, 

or for pregnant women in the first or second trimester, because of the possible waning of 

immunity over the course of the influenza season [25]. The vaccine coverage recorded in 

the Apulia region in the 2021–2022 influenza season was lower than in the previous year 

[26]. However, even with high vaccine coverage, the population may not have been fully 

protected against influenza viruses since protective antibodies induced by immunization 

are efficacious for only a few months after administration of the vaccine, and not for the 

whole year [1,24]. In previous seasons, low vaccine efficacy against A/H3N2 was demon-

strated in Italy [27]. In the cases described here, a mismatch between the circulating influ-

enza A/H3N2 virus and the 2021–2022 vaccine strain (A/Cambodia/e0826360/2020) was 

identified. Moreover, since almost all of these cases related to young people, high vaccina-

tion coverage would not have impacted this out-of-season circulation of influenza viruses.  

Based on the occurrence of out-of-season outbreaks of respiratory viruses such as 

influenza [24,28] and respiratory syncytial viruses [29,30], other unexpected outbreaks 

might occur in periods of COVID-19 remission. At the time of writing, further influenza 

A/H3N2 viruses have been identified in hospitalized patients, particularly children, in the 

Apulia region, indicating long-lasting circulation of this virus, as well as community 

spread of the infection, in an out-of-season period. The implementation of NPIs to mitigate 

the spread of SARS-CoV-2 impacted the circulation of influenza viruses worldwide [10]. 

The dynamics of novel respiratory diseases in the post-pandemic era could be driven by 

discontinuation of the mitigating measures, but also by the presence of other prevailing 

competing viruses in the ecosystem, as well as by changing weather patterns [24,31]. In 

Brazil, the occurrence of an unexpected diffusion of influenza virus A/H3N2 in the late 

spring of 2021 was linked to the lower-than-expected mean temperature registered in that 

period [24]. It is well-known that confinement of people to indoor settings increases per-

son-to-person contact and facilitates virus transmission [32]. Therefore, we could specu-

late that environmental factors could have also promoted the out-of-season circulation of 

influenza viruses described here. Further studies would clarify the role of climate change 

in the changing epidemiology of respiratory viruses.  

This study has some limitations. First, the whole-genome sequencing of the identified 

strains was not performed. However, sequencing the HA gene is the standard method for 

the molecular characterization of influenza viruses. Moreover, the results of the molecular 

characterization of the HA gene allowed a rapid national sharing of data to alert the com-

munity about this out-of-season circulation of influenza viruses. Second, only 20% of the 

subjects involved in the outbreak were tested through a nasopharyngeal swab. However, 

the epidemiological investigation was sufficient to link all the cases.  

The summer circulation of seasonal influenza viruses here described has been con-

sidered an epidemic alert since influenza viruses had never been detected during the sum-

mer months in Italy, except for the 2009 pandemic flu. Based on the out-of-season circula-

tion of respiratory viruses, a sensitive, nationwide, year-round surveillance system of 

SARS-CoV-2, influenza, and respiratory syncytial virus should be set up for monitoring 

the circulation of such viruses [33]. This is particularly the case when other, new, or more 

virulent viruses emerge since, like SARS-Cov-2, they may also change the dynamics of the 

viruses under surveillance, triggering significant outbreaks at atypical times [22]. Moreo-

ver, gaining insight into the circulation of other respiratory viruses is of utmost im-

portance to guide decisions on preventive strategies in public health. A particular concern 
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is that the reopening of schools in the next fall season will result in more widespread in-

fluenza outbreaks, and a more severe influenza season, since fewer children were natu-

rally exposed to influenza viruses during the COVID-19 pandemic period [34]. 

5. Conclusions 

Seasonal patterns of respiratory viruses have been unpredictable during the COVID-

19 pandemic. These changing dynamics could be driven by reduced pathogen exposure 

that is due to the robust implementation of NPIs, as well as to the impact of climate 

change. Effective surveillance is a crucial point of pandemic influenza preparedness since 

it allows close monitoring of circulating viruses and the early detection of, and responses 

to, any unusual activity that could result in large-scale outbreaks. 

Author Contributions: Conceptualization, D.L. and M.C.; methodology, A.S. and M.A.; validation, 

A.S., M.A. and D.C.; formal analysis, D.L. and F.C.; investigation, F.C., V.A. and Influenza Working 

Group; resources, D.C., D.S. and R.Z.; data curation, F.C. and A.S.; writing—original draft prepara-

tion, D.L.; writing—review and editing, M.C.; supervision, M.C. All authors have read and agreed 

to the published version of the manuscript.  

Funding: This research was supported by the Regional Epidemiological Observatory (D.G.R. 

137/2017) Apulia, Italy. 

Institutional Review Board Statement: This investigation was conducted as part of the legislated 

mandate of the Health Promotion and Public Health Department of the Apulia region and thus did 

not require ethical approval. All procedures were carried out in accordance with the Declaration of 

Helsinki, as revised in 2013, for research on human subjects. 

Informed Consent Statement: Not applicable. 

Data Availability Statement: The data that support the findings of this study are available on re-

quest from the corresponding authors. The data are not publicly available because of privacy or 

ethical restrictions. 

Acknowledgments: The authors would like to thank the Influenza Working Group to kindly help 

us with investigation of cases: Alberto Fedele, Anna Rita Bruno, Giambattista Lobreglio, Daniela 

Tatò, Rosella De Nittis, Alice Angelini, Anna Serena De Cataldo, Simona di Bari, Chiara Amoruso, 

Alessia De Marzo, Miriana Girardi, Alessia Perrucci, and Lucia Servedio. 

Conflicts of Interest: The authors declare no conflicts of interest. 

References 

1. World Health Organization. Vaccines against Influenza: WHO Position Paper—May 2022. Available online: 

https://www.who.int/publications/i/item/who-wer9719 (accessed on 23 August 2022). 

2. Fowlkes, A.; Steffens, A.; Temte, J.; Lonardo, S.D.; McHugh, L.; Martin, K.; Rubino, H.; Feist, M.; Davis, C.; Selzer, C.; et al. 

Influenza Incidence Surveillance Project Working Group. Incidence of medically attended influenza during pandemic and post-

pandemic seasons through the Influenza Incidence Surveillance Project, 2009–2013. Lancet Respir Med. 2015, 3, 709–718. 

https://doi.org/10.1016/S2213-2600(15)00278-7. 

3. World Health Organization. Influenza (Seasonal). Available online: https://www.who.int/news-room/fact-sheets/detail/influ-

enza-(seasonal) (accessed on 24 August 2022). 

4. Iuliano, A.D.; Roguski, K.M.; Chang, H.H.; Muscatello, D.J.; Palekar, R.; Tempia, S.; Cohen, C.; Gran, J.M.; Schanzer, D.; Cowl-

ing, B.J.; et al. Global Seasonal Influenza-associated Mortality Collaborator Network. Estimates of global seasonal influenza-

associated respiratory mortality: A modelling study. Lancet 2018, 391, 1285–1300. Erratum in Lancet 2018, 391, 1262. 

https://doi.org/10.1016/S0140-6736(17)33293-2. 

5. World Health Organization. Influenza and Influenza Vaccines: A Background Document for the Strategic Advisory Group of 

Experts (SAGE) on Immunization from the SAGE Working Group on Influenza. Geneva, 2021. Available online: 

www.who.int/news-room/events/detail/2021/10/04/default-calendar/sage_meeting_october_2021 (accessed on 24 August 

2022). 

6. Giacchetta, I.; Primieri, C.; Cavalieri, R.; Domnich, A.; de Waure, C. The burden of seasonal influenza in Italy: A systematic 

review of influenza-related complications, hospitalizations, and mortality. Influenza Other Respir. Viruses 2022, 16, 351–365. 

https://doi.org/10.1111/irv.12925. 



Viruses 2022, 14, 2689 9 of 10 
 

 

7. Epicentro. Picentro. Sistema di Sorveglianza Integrata dell’Influenza. Available online: https://w3.iss.it/site/RMI/influnet/pag-

ine/stagioni.aspx (accessed on 24 November 2022). 

8. Tang, J.W.; Bialasiewicz, S.; Dwyer, D.E.; Dilcher, M.; Tellier, R.; Taylor, J.; Hua, H.; Jennings, L.; Kok, J.; Levy, A.; et al. Where 

have all the viruses gone? Disappearance of seasonal respiratory viruses during the COVID-19 pandemic. J. Med. Virol. 2021, 

93, 4099–4101. https://doi.org/10.1002/jmv.26964. 

9. Mansuy, J.M.; Bourcier, M.; Trémeaux, P.; Dimeglio, C.; Izopet, J. COVID-19 pandemic period, where are the seasonal viruses? 

J. Med. Virol. 2021, 93, 4097–4098. https://doi.org/10.1002/jmv.26959. 

10. Sanz-Muñoz, I.; Tamames-Gómez, S.; Castrodeza-Sanz, J.; Eiros-Bouza, J.M.; de Lejarazu-Leonardo, R.O. Social Distancing, 

Lockdown and the Wide Use of Mask; A Magic Solution or a Double-Edged Sword for Respiratory Viruses Epidemiology? 

Vaccines 2021, 9, 595. https://doi.org/10.3390/vaccines9060595. 

11. Nickbakhsh, S.; Mair, C.; Matthews, L.; Reeve, R.; Johnson, P.C.D.; Thorburn, F.; von Wissmann, B.; Reynolds, A.; McMenamin, 

J.; Gunson, R.N.; et al. Virus-virus interactions impact the population dynamics of influenza and the common cold. Proc. Natl. 

Acad. Sci. USA 2019, 116, 27142–27150. https://doi.org/10.1073/pnas.1911083116. 

12. Li, Y.; Wang, X.; Msosa, T.; de Wit, F.; Murdock, J.; Nair, H. The impact of the 2009 influenza pandemic on the seasonality of 

human respiratory syncytial virus: A systematic analysis. Influenza Other Respir. Viruses 2021, 15, 804–812. 

https://doi.org/10.1111/irv.12884. 

13. Olsen, S.J.; Winn, A.K.; Budd, A.P.; Prill, M.M.; Steel, J.; Midgley, C.M.; Kniss, K.; Burns, E.; Rowe, T.; Foust, A.; et al. Changes 

in Influenza and Other Respiratory Virus Activity During the COVID-19 Pandemic—United States, 2020–2021. MMWR Morb. 

Mortal Weekly Rep. 2021, 70, 1013–1019. https://doi.org/10.15585/mmwr.mm7029a1. 

14. Abou El Naja, H.; Tempia, S.; Barakat, A.; Elkholy, A.; Aman, A.; Khan, W.; Abubakar, A. Influenza activity in the Eastern 

Mediterranean Region (EMR) in 2020–2021 amidst the COVID-19 pandemic. BMJ Glob. Health 2022, 7 (Suppl. 4), e008506. 

https://doi.org/10.1136/bmjgh-2022-008506. 

15. Sberna, G.; Lalle, E.; Valli, M.B.; Bordi, L.; Garbuglia, A.R.; Amendola, A. Changes in the Circulation of Common Respiratory 

Pathogens among Hospitalized Patients with Influenza-like Illnesses in the Lazio Region (Italy) during Fall Season of the Past 

Three Years. Int. J. Environ. Res. Public Health 2022, 19, 5962. https://doi.org/10.3390/ijerph19105962. 

16. European Centre for Disease Prevention and Control. Flu News Europe. Season Overview, 2021–2022 Season. Available online: 

https://flunewseurope.org/SeasonOverview (accessed on 24 August 2022). 

17. Centers for Disease Control and Prevention. Weekly U.S. Influenza Surveillance Report. Available online: 

https://www.cdc.gov/flu/weekly/ (accessed on 24 August 2022). 

18. InfluNet. Rete Italiana Sorveglianza Influenza. Rapporto Epidemiologico N. 26 del 8 Maggio 2022. Available online: 

https://w3.iss.it/site/rmi/influnet/pagine/rapportoinflunet.aspx (accessed on 24 August 2022). 

19. InfluNet&CovidNet. Protocollo Operative Stagione 2021–2022. Sistema di Sorveglianza Sentinella delle Sindromi 

Similinfluenzali, dei virus Influenzali e del Virus SARS-CoV-2. Available online: https://www.epicentro.iss.it/influ-

enza/pdf/Protocollo-Influnet-2020-2021.pdf  (accessed on 30 November 2022). 

20. Loconsole, D.; De Robertis, A.L.; Morea, A.; Casulli, D.; Mallamaci, R.; Baldacci, S.; Centrone, F.; Bruno, V.; Quarto, M.; Accogli, 

M.; et al. High Public-Health Impact in an Influenza-B-Mismatch Season in Southern Italy, 2017–2018. Biomed. Res. Int. 2019, 

2019, 4643260. https://doi.org/10.1155/2019/4643260. 

21. World Health Organization (WHO). WHO Information for the Molecular Detection of Influenza Viruses. February 2021. Avail-

able online: https://cdn.who.int/media/docs/default-source/influenza/molecular-detention-of-influenza-viruses/protocols_in-

fluenza_virus_detection_feb_2021.pdf?sfvrsn=df7d268a_5 (accessed on 08 September 2022). 

22. Sunagawa, S.; Iha, Y.; Taira, K.; Okano, S.; Kinjo, T.; Higa, F.; Kuba, K.; Tateyama, M.; Nakamura, K.; Nakamura, S.; et al. An 

Epidemiological Analysis of Summer Influenza Epidemics in Okinawa. Intern. Med. 2016, 55, 3579–3584. 

https://doi.org/10.2169/internalmedicine.55.7107. 

23. Epicentro. FluNews Italia: Archivio. Available online: https://www.epicentro.iss.it/influenza/FluNewsArchivio (accessed on 31 

August 2022). 

24. Nott, R.; Fuller, T.L.; Brasil, P.; Nielsen-Saines, K. Out-of-Season Influenza during a COVID-19 Void in the State of Rio de 

Janeiro, Brazil: Temperature Matters. Vaccines 2022, 10, 821. https://doi.org/10.3390/vaccines10050821. 

25. Grohskopf, L.A.; Blanton, L.H.; Ferdinands, J.M.; Chung, J.R.; Broder, K.R.; Talbot, H.K.; Morgan, R.L.; Fry, A.M. Prevention 

and Control of Seasonal Influenza with Vaccines: Recommendations of the Advisory Committee on Immunization Practices—

United States, 2022–2023 Influenza Season. MMWR Recomm. Rep. 2022, 71, 1–28. https://doi.org/10.15585/mmwr.rr7101a1. 

26. Epicentro. Istituto Superiore di Sanità. Coperture della Vaccinazione Antinfluenzale in Italia. Available online: https://www.ep-

icentro.iss.it/influenza/coperture-vaccinali (accessed on 23 August 2022). 

27. Rizzo, C.; Gesualdo, F.; Loconsole, D.; Pandolfi, E.; Bella, A.; Orsi, A.; Guarona, G.; Panatto, D.; Icardi, G.; Napoli, C.; et al. 

Moderate Vaccine Effectiveness against Severe Acute Respiratory Infection Caused by A/H1N1pdm09 Influenza Virus and No 

Effectiveness against A/H3N2 Influenza Virus in the 2018/2019 Season in Italy. Vaccines 2020, 8, 427. https://doi.org/10.3390/vac-

cines8030427. 

28. Umunnakwe, C.N.; Makatini, Z.N.; Maphoto, R.; Tempelman, H.A. Sharp increase in influenza A infections in Limpopo: A call 

for increased influenza vaccinations. S. Afr. Med. J. 2022, 112, 13508. 



Viruses 2022, 14, 2689 10 of 10 
 

 

29. Agha, R.; Avner, J.R. Delayed Seasonal RSV Surge Observed During the COVID-19 Pandemic. Pediatrics 2021, 148, e2021052089. 

https://doi.org/10.1542/peds.2021-052089. 

30. Loconsole, D.; Centrone, F.; Rizzo, C.; Caselli, D.; Orlandi, A.; Cardinale, F.; Serio, C.; Giordano, P.; Lassandro, G.; Milella, L.; 

et al. Out-of-Season Epidemic of Respiratory Syncytial Virus during the COVID-19 Pandemic: The High Burden of Child Hos-

pitalization in an Academic Hospital in Southern Italy in 2021. Children 2022, 9, 848. https://doi.org/10.3390/children9060848. 

31. Zheng, Z.; Pitzer, V.E.; Shapiro, E.D.; Bont, L.J.; Weinberger, D.M. Estimation of the Timing and Intensity of Reemergence of 

Respiratory Syncytial Virus Following the COVID-19 Pandemic in the US. JAMA Netw. Open. 2021, 4, e2141779. 

https://doi.org/10.1001/jamanetworkopen.2021.41779. 

32. Neumann, G.; Kawaoka, Y. Seasonality of influenza and other respiratory viruses. EMBO Mol. Med. 2022, 14, e15352. 

https://doi.org/10.15252/emmm.202115352. 

33. European Centre for Disease Prevention and Control. Operational Considerations for Respiratory Virus Surveillance in Europe. 

2022. Available online: https://www.ecdc.europa.eu/en/publications-data/operational-considerations-respiratory-virus-sur-

veillance-europe (accessed on 31 August 2022). 

34. Rubin, R. Influenza’s Unprecedented Low Profile During COVID-19 Pandemic Leaves Experts Wondering What This Flu Sea-

son Has in Store. JAMA 2021, 326, 899–900. https://doi.org/10.1001/jama.2021.14131. 

 


