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Abstract

Background In Italy, influenza viruses typically circulate from October to April, causing seasonal epidemics. The pat-
tern of influenza virus circulation varies each season regarding the timing of the first case notification, period of circu-
lation, and predominant influenza virus types and subtypes.

Methods This analysis used comprehensive data from the national influenza surveillance network for the 2017/2018
to 2023/2024 influenza seasons in the Veneto Region. Influenza A (IAV) and B (IBV) viruses were detected and sub-
typed using real-time reverse transcriptase-polymerase chain reaction assays.

Results Of 21,180 oropharyngeal swabs collected from 2017 to 2024, 4,325 (20.42%) were positive for influenza
viruses. IAV accounted for 78.68% of positive cases overall, representing more than 65% of cases in every season
except 2017/2018 (26.72%). Both A(HTN1)pdmO09 and A(H3N2) subtypes were detected in all seasons with varying
proportions. IBV represented 21.32% of all positive cases, with Victoria and Yamagata lineages detected simultane-
ously during the 2017/2018 season. No Yamagata lineage was detected after the 2018/2019 season, and no IBV
cases were detected in the 2021/2022 season. In almost all seasons, influenza virus circulation was more significant
in adults, especially those 65 years and older, than in children.

Conclusions In the Veneto Region, influenza virus circulation varied considerably from 2017/2018 to 2023/2024. In
the 2020/2021 season, no influenza-positive samples were detected due to circulation of SARS-CoV-2 and related
countermeasures. IAVs were the predominant type in most seasons, while IBVs made a limited contribution

to the overall disease burden.
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rhinosinusitis, weakness, fatigue, and general malaise.
Fever usually subsides within 3-7 days, though some
infections are asymptomatic. According to the World
Health Organization (WHO), there are 1 billion seasonal
influenza cases annually, with 3—-5 million severe cases
and 290,000 to 650,000 deaths [4, 5]. Mortality is mainly
due to respiratory complications, particularly in people
over 65 years and those with high-risk conditions like
asthma, heart disease, chronic kidney failure, or diabetes.
Extra-respiratory complications can also occur at
cardiovascular and neurological levels [6, 7]. Measures to
counteract influenza spread include primary prevention
with trivalent or quadrivalent vaccines and antiviral
drugs [8-10].

Two species of Influenza viruses are clinically relevant
in humans: Influenza A viruses (IAVs) and Influenza
B viruses (IBVs). IAVs are further divided into many
subtypes, specially A(HIN1)pdm09 and A(H3N2), which
are involved in seasonal flu epidemics. IBVs are divided
into two lineages: B/Victoria and B/Yamagata [11-14].

The high pandemic risk associated with zoonotic IAVs
and the widespread annual influenza transmission led the
WHO to establish an influenza surveillance network in
the 1950s. This platform reports and analyzes influenza
data shared through FluNet and FluID platforms by the
Global Influenza Surveillance and Response System
(GISRS) and national epidemiological institutions [15].

In Italy, surveillance has been active since the
1999/2000 season, integrating data from a network of
primary care physicians, pediatricians, and hospital
doctors through Regional Reference Laboratories for
Respiratory Viruses coordinated by the National Institute
of Health (Istituto Superiore di Sanita—ISS). The
InfluNet network operated until the 2022/2023 season,
and from 2023/2024, the new RespiVirNet network
includes the surveillance of other respiratory viruses:
respiratory syncytial virus, rhinovirus, parainfluenza
viruses, adenovirus, bocavirus, metapneumovirus,
SARS-CoV-2 and other human coronaviruses.

This study aims to describe the virological data
collected in the Veneto Region, the fourth most
populous Region in Italy, during the influenza seasons
between 2017 and 2024, highlighting differences in
virus circulation between the pre- and post-COVID-19
pandemic periods.

Methods

Study design

This study describes the circulation of IAVs and IBVs
over seven consecutive influenza seasons from 2017/2018
to 2023/2024. Data were collected at the Microbiology
and Virology unit of the Padua University Hospital,
the Regional Reference Center for Influenza and other
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Respiratory infections, part of the Italian influenza
surveillance network RespiVirNet. Oropharyngeal swabs
were collected from each patient with Influenza-Like
Illness (ILI), defined by the WHO as an acute respiratory
infection with clinical manifestations such as fever and
coughing, with onset within the last 10 days.

Laboratory analysis
Laboratory analyses for influenza virus detection were
conducted using an In-House Real-Time RT-PCR
system until the 2020/2021 season. Briefly, total nucleic
acids were purified from 200 pl of nasopharyngeal swab
samples and eluted in a final volume of 100 pl by using
a MagNA Pure 96 System (Roche Applied Sciences).
Detection of Influenza viruses RNA were performed
according to the WHO protocols for each season [16].
From the 2021/2022 season onward, the Food and
Drug Administration-cleared Panther Fusion SARS-
CoV-2/Flu A/B/RSV system (Hologic, Inc.) was adopted.
Positive samples for IAVs or IBVs were further tested by
in-house Real-Time PCR to determine the IAVs subtype
or the IBVs lineage using primers and probe sequences
according to WHO protocols.

Statistical analysis

Influenza seasons are defined from week 46 of a
given year to week 17 of the following year. Data were
divided into the following groups to analyze influ-
enza infection across different age groups:<2, 2-4,
5-14, 15-44, 45-64, and >65 years, as per the ISS
protocol. For each IAV subtype and IVB lineage we
analyzed trends in peak-time and epidemic duration
over the years. Each week, number of IAV samples
that were not further tested were assigned to either
A/HIN1pdmO09 or A/H3N2 according to the respec-
tive proportions among the tested IAVs [17]. Similarly,
number of IBV samples of unknown lineage were dis-
tributed between B/Victoria and B/Yamagata accord-
ing to the proportions recovered on samples that went
further testing. For each season and each subtype/
lineage, we applied a 3 week moving average to the
incidence timeseries and defined the peak as the week
with maximum number of cases. We then defined the
epidemic duration as the length of the briefest contin-
uous period during which incidence exceeded 75% of
the season’s total [18]. Peak week and epidemic dura-
tion were computed whenever at least 10 positive sam-
ples were collected for the subtype/lineage during the
season. To analyze the impact of the COVID-19 pan-
demic we defined three periods: pre-pandemic (sea-
sons 2017-2018, 2018-2019, 2019-2020), pandemic
(2020-2021, 2021-2022), and post-pandemic (2022—
2023, 2023-2024). We used the Mann—Whitney U test
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to compare pre- and post-pandemic peak and dura-
tions, considering separately IAV subtypes and IAV
lineages, as the two IV species have typically different
epidemic characteristics—e.g. IVB epidemics occurs
usually later then IAV epidemics [17]. As a robustness
check, we explored alternative window lengths and
weighting functions for the moving average.

All data were analyzed using Microsoft Excel
(http://www.microsoft.com, RRID:SCR_016137), and
Python3, version 3.9.6, Scipy.stats package.

Results

Influenza confirmed cases

During the flu seasons from 2017/2018 to 2023/2024,
21,180 respiratory samples were analyzed (Table 1). The
lowest number of samples (570 and 851) were collected
in the 2020/2021 and 2021/2022 seasons, respectively,
while the highest number (6,718) was examined in the
2023/2024 season. Of the 21,180 samples tested, 4,325
(20.42%) were positive for influenza. The proportion
of influenza-positive cases ranged from 14.86% in the
2019/2020 season to 34.55% in 2021/2022. No positive
influenza samples were detected during the 2020/2021
season, characterized by the COVID-19 pandemic.
In the 2022/2023 season, activity returned to pre-
pandemic levels with 3,866 samples collected, of which
830 (21.47%) were positive for influenza viruses. The
number of samples increased in the following season to
6,718, with 1,220 (18.16%) testing positive for influenza
viruses. Overall, IAVs accounted for 3,403 (78.68%) of all
confirmed cases, more than 65% of cases in every season,
except 2017/2018, when only 194 (26.72%) samples were
[AVs-positives (Table 1). IBVs accounted for 922 (21.32%)
of all confirmed cases, representing at least 10% of cases
each season except 2018/2019 (0.11%) and 2021/2022 (no
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cases). The highest proportion of IBV-positive samples
(532, 73.28%) was observed in the 2017/2018 season.

Analysis of influenza cases by season

The weekly distribution of confirmed influenza cases
(Fig. 1) followed the typical seasonal pattern until the
2019/2020 season, with a peak around the 5th—6th week.
Due to the SARS-CoV-2 pandemic, a few samples (570)
were collected during the 2020/2021 season, and all were
negative. In the 2021/2022 season, samples increased to
851, reaching the highest positivity rate (294, 34.55%)
from the 12th to the 16th week.

Regarding the proportion of influenza-positive cases,
the flu seasons analyzed in this study are characterized
by the predominance or the exclusive presence of IAVs,
except for the 2017/2018 (Fig. 2).

Circulation of 1AV subtypes and IBV lineages
Data regarding IAV subtypes and IBV lineages identified
during the 2017-2024 seasons are shown in Table 2; not
all influenza-positive samples were characterized due
to low viral load in the sample. During the 2017/2018
season, 681 of 726 influenza-positive samples were
molecularly characterized: 507 (74.45%) were positive
for IBVs and 174 (25.55%) for IAVs. Of IBV positive
sample, 506 (74.30%) were IBV Yamagata lineage and one
(0.15%) was IBV Victoria lineage. Regarding IAV positive
samples, 152 (22.32%) were A(HIN1)pdmO09, and 22
(3.23%) were A(H3N2). Only one coinfection between
the A(HIN1)pdmO09 and the IBV Yamagata was detected.
In the 2018/2019 season, IAV A(HIN1)pdm09 was
detected in 372 samples (47.88%) and A(H3N2) in
404 samples (51.99%); three cases of coinfection were
observed. Only one sample of this season was positive for
IBV (B/Victoria lineage).

Table 1 Number of tested samples and percentage of positivity for influenza viruses, influenza A (IAV) and influenza B (IBV) viruses by

season
Season Number of samples  Influenza-positive IAV-positive IBV-positive

n % n %t n %t
2017/2018 3,136 726 23.15 194 26.72 532 73.28
2018/2019 3,555 886 24.92 885 99.89 1 0.1
2019/2020 2484 369 14.86 250 67.75 119 32.25
2020/2021 570 0 / 0 / 0 /
2021/2022 851 294 34.55 294 100 0 0
2022/2023 3,866 830 2147 745 89.76 85 10.24
2023/2024 6,718 1,220 18.16 1,035 84.84 185 15.16
All-season 21,180 4,325 2042 3,403 78.68 922 21.32

 Proportion of influenza-positive cases
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Fig. 1 Distribution of influenza-positive samples in the Veneto Region by week

The 2019/2020 season was characterized by limited
surveillance activity. Of 307 samples, 68 (22.15%) were
positive for A(HIN1)pdm09, 140 (45.60%) for A(H3N?2),
and 99 (32.25%) samples were positive for influenza B/
Victoria. Interestingly, in the short period of surveillance,
seven cases of coinfections were detected (4 A(H3N2)-B/
Victoria, 2 A(HIN1)pdmO09-B/Victoria, and 1 A(HIN1)
pdm09-A(H3N2)).

As reported above, no influenza viruses were detected
during the 2020/2021 season.

In the next season, 283 IAV positive samples were
characterized, 3 (1.06%) were A(HIN1)pdm09, and 280
(98.94%) were A(H3N2) subtypes.

During the 2022/2023 season, 736 of the 830 positive
samples were characterized: 80 (10.87%) A(HINI)
pdm09, 579 (78.67%) A(H3N2), and 77 (10.46%) B/
Victoria. One sample tested positive for the B/Yamagata
lineage; however, further investigations demonstrated
that it resulted from a vaccine-related influenza virus
B infection in a child with undiagnosed B-cell acute
lymphoblastic leukemia [19].

In the 2023/2024 season, 877 of the 1,220 samples were
further characterized: 729 (83.12%) A(H1N1)pdmO09, 29
(3.31%) A(H3N2), and 119 (13.57%) B/Victoria.

Overall, the 2017/2018 season was dominated by
the circulation of the B/Yamagata lineage, which was
not observed in the following seasons. In contrast, the
2018/2019 season was dominated by IAV circulation,
with both A(HIN1)pdmO09 and A(H3N2) subtypes co-
circulation. IAVs remained the prevalent type in the
following seasons, with A(H3N2) being the dominant
subtype from 2019/2020 to 2022/2023, while in the
2023/2024 season, A(H1IN1)pdm09 became the preva-
lent subtype. Interestingly, no coinfections of influenza
viruses were detected after the COVID-19 pandemic.

The 2022/2023 and 2023/2024 seasons showed earlier
(46th and 49th week, respectively) and prolonged virus
circulation (until the 9th of 2023 and the 10th week of
2024) compared to previous seasons. Stratifying by sub-
type/lineage we found a heterogenous behavior (Fig. 3).
For the IAV A(HIN1)pdmO09 epidemic of 2022/2023 we
could not compute the peak week since no clear epidemic
trend was observed, and the week with maximum inci-
dence varied greatly according to the smoothing window
used. Analyzing the other epidemics, we found that, for
the IAV subtypes, the epidemic peaks occurred earlier
in the post-pandemic, compared with the pre-pandemic
period (Mann—Whitney U test, p = 0.024). The same was
not true for the B lineages (Fig. 3, no test was performed
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Fig. 2 Relative percentage (y-axis) and numbers (on columns) of cases positive for influenza A viruses (IAVs) and B viruses (IBVs) by season

Table 2 A(HTN1)pdm09, A(H3N2), B/Victoria, and B/Yamagata cases detected during each influenza season. t The number of samples
characterized is less than influenza positive samples due to low viral load in the sample

Season Influenza positive Samples A(H1N1)pdm09 A(H3N2) B/Victoria B/Yamagata
samples characterizedt
n % n % n % n %
2017/2018 726 681 152 2232 22 323 1 0.15 506 74.30
2018/2019 886 777 372 47.88 404 51.99 1 0.13 0 0
2019/2020 369 307 68 2215 140 45.60 99 3225 0 0
2021/2022 294 283 3 1.06 280 98.94 0 0 0 0
2022/2023 830 736 80 10.87 579 7867 77 1046 0 0
2023/2024 1,220 877 729 83.12 29 3.31 119 13.57 0 0

due to the limited size of the sample). Finally, we find no
significant change in epidemic duration from the pre- to
the post-pandemic periods for both IAV and IBV.

Distribution of influenza-positive samples in different age
groups

In accordance with the RespiVirNet protocol, the posi-
tive samples were stratified by age groups:<2, 2-4,
5-14, 15-44, 45-64, and > 65 years old (Table 3). Unlike
children under 14 vyears old, adults, especially those
aged >65, experienced a more significant circulation

of influenza viruses, reaching almost 50% of all cases
in the 2019/2020 and 61.69% in the 2020/2021 flu sea-
sons. This distribution pattern was not observed in the
2021/2022 season, where most cases were reported in the
15-44 years group, and only 10.20% were in the > 65 age

group.

Discussion

Influenza is a severe public health problem due to the
high number of hospitalizations and deaths. Most
influenza-associated deaths occur among people aged 65
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of 2021/2022 as the incidence profile was flat during the season

and older. Although the disease can be prevented with
vaccination, prevention programs are below the desirable
threshold due to vaccine hesitancy and no-vax theory.
Additionally, the antigenic variations of influenza viruses
pose a significant obstacle for the immunization of the
population, reducing confidence in vaccination practices
[11].

The WHO emphasizes the need for enhanced
surveillance and adequate laboratory capacity to plan

control strategies, enable early diagnosis, and respond
to potential new variants and emerging influenza viruses
from wildlife. Indeed, reports generated by surveillance
systems and laboratories provide critical information for
developing effective countermeasures, such as raising
awareness among risk groups and the general population
about vaccination campaigns, enhancing preparedness of
the national health system network, updating diagnostic
systems, controlling the spread and the severity of
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Table 3 Number and percentage of positive samples for
influenza virus, influenza A virus (IAV), and influenza B virus (IBV)
in different age groups

Season Category IAV-positive IBV-positive
n % n %
2017/2018 Samples tested 194 532
Age groups (y)
<2 27 13.92 17 3.20
2-4 26 13.40 18 3.38
5-14 12 6.19 18 3.38
15-44 22 11.34 36 6.77
45 - 64 42 21.65 125 23.50
>65 65 3351 318 59.77
2018/2019 Samples tested 885 1
Age groups (y)
<2 48 542 0
2-4 22 249 0
5-14 27 3.05 0
15 -44 76 8.59 1 100
45 - 64 166 18.76 0
>65 546 61.69 0
2019/2020 Samples tested 250 119
Age groups (y)
<2 19 7.60 13 10.92
2-4 17 6.80 20 16.81
5-14 18 7.20 33 2773
15 -44 35 14.00 32 26.89
45 -64 39 15.60 5 420
>65 122 48.80 16 1345
2021/2022 Samples tested 294 0
Age groups (y)
<2 18 6.12
2-4 60 2041
5-14 58 19.73
15-44 101 34.35
45 - 64 27 9.18
>65 30 10.20
2022/2023 Samples tested 745 85
Age groups (y)
<2 90 12.08 1 12.94
2-4 91 12.21 8 941
5-14 134 17.99 25 2941
15 -44 142 19.06 34 40.00
45 - 64 m 14.90 6 7.06
>65 177 23.76 1 118
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Table 3 (continued)
Season Category IAV-positive IBV-positive
n % n %
2023/2024 Samples tested 1,035 185
Age groups (y)
<2 95 9.18 27 14.59
2-4 109 10.53 23 1243
5-14 115 1.1 89 4811
15-44 91 8.79 29 15.68
45 - 64 260 2512 8 432
>65 365 35.27 9 4.36

epidemic episodes, and minimizing the impact of
potential influenza virus pandemics.

In Italy, the RespiVirNet system currently collects sur-
veillance data on the circulation of different respiratory
viruses from every Region. In the Veneto Region, the
Microbiology and Virology Unit of the Hospital-Univer-
sity of Padua is the Regional Laboratory of Reference.

In the 2017/2018 season, 3,136 samples were processed,
with 23.15% samples positive for influenza viruses,
particularly IBVs. Confirmed cases of influenza were
reported from the 49th week of 2017 until the 11th week
of 2018, with the disease trend peaking around the 45th
week of 2018. Data indicated that the B/Yamagata lineage
was the most prevalent influenza virus, detected in more
than 70% of samples. The same trend was observed
nationally and in Europe [20]. Typically, flu seasons are
characterized by the predominant circulation of IAVs
due to their high antigenic variability, which gives them
a significant ability to adapt to the host [11]. The high B/
Yamagata lineage circulation in this season was probably
due to the use of trivalent vaccines lacking this lineage
[21]. However, in the rest of the world, there were no
substantial differences between IAVs and IBVs frequency,
or type A predominated, as reported in the Americas and
the African Regions. This different circulation among the
countries might be due to the intrinsic characteristics
of the populations and environmental factors favoring
the circulation of one type of flu over another [22].
Considering the high circulation of B/Yamagata in many
areas of the world, the WHO subsequently proposed
the quadrivalent vaccine formulation for the following
seasons [23].

The 2018/2019 flu season was characterized by
a cocirculation of the two IAV subtypes A(HINI)
pdm09 and A(H3N2), 47.88% and 51.99%, respectively,
analyzing 3,555 samples. In this season the peak of
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influenza-positive cases was observed between the 4th
and 9th weeks of 2019. Only one case of IBV, of the B/
Victoria lineage, was identified in this flu season. Our
data were in accord with the European data published in
the ECDC’s annual report for the 2018/2019 flu season
that highlighted the more significant circulation of IAVs
(99%) with the cocirculation of A(HIN1)pdm09 (55%)
and A(H3N2) (45%) subtypes. However, in Europe
was also observed the circulation of IBV, mainly the B/
Yamagata lineage then the B/Victoria lineage (79% vs 21%
considering the IBV cases) [24].

The 2019/2020 flu season was characterized by low
influenza virus circulation, detected in 14.86% of the
2,484 samples analyzed, the lowest positivity rate among
the seasons considered in the Veneto Region in the last
7 years. Of these, 67.75% were reported as IAVs, with
A(H3N2) accounting for 45.60% of all influenza viruses.
The subtype A(HIN1)pdm09 was found in 22.15% of the
cases compared to all influenza viruses. The circulation
of IBVs (represented by Victoria lineage) was lower
than IAVs, contributing to 32.25% of influenza-positive
samples. From the 10th week of 2020, there was a drastic
reduction in the incidence curve. Around this week,
the surveillance system was suspended due to the rapid
and widespread diffusion of SARS-CoV-2 in Italy and in
particular in the Veneto Region [25]. The last surveillance
report of the 2019/2020 season explicitly stated that the
virological data contribution from regional laboratories
was progressively reduced due to the COVID-19
emergency. Therefore, the published data did not reflect
the real circulation of influenza viruses in Italy [26].

The 2020/2021 flu season occurred during the SARS-
CoV-2 pandemic, which significantly impacted influenza
virus circulation. Only 570 samples were analyzed in Italy,
and none tested positive for influenza. This absence of
influenza cases was observed across the country and may
be due to pandemic-related measures like lockdowns,
mask-wearing, sanitization [27] or viral interference. The
European Centre for Disease Prevention and Control
(ECDC) described the 2020/2021 flu season as unusual,
declaring influenza virus activity very low; reports of
positive cases involved only a few countries with rare
hospitalization cases. A strong decline of influenza
circulation was also reported outside Europe, worldwide
[17, 28].

In the 2021/2022 flu season, unlike the previous flu
season, several positive cases of influenza virus were
reported in the Veneto Region. Overall, 851 samples
were analyzed, with most positive cases occurring
between the twelfth and sixteenth weeks of 2022.
During the 2021/2022 season, only IAVs circulated; of
these, 98.94% were A(H3N2), and 1.06% were A(HIN1)
pdm09. This is according to the European situation, as
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shown in the ECDC’s annual epidemiological report for
the 2021/2022 flu surveillance season, where 98.70% of
positive samples were identified as IAVs and only 1.30%
as IBVs. The seasonal trend of the incidence curve was
also comparable, with the peak around the 13th week.

During the 2022/2023 flu season, 3,866 samples were
analyzed, with an influenza positivity rate of 21.47%,
of which 89.76% were IAVs. The most common [AV
subtype was A(H3N2), accounting for 78.67% of all
positive influenza virus cases, whereas A(H1N1)pdm09
was reported in 10.87% of cases. All positive IBV
samples belonged to the Victoria lineage. During this
season, influenza virus circulation returned to almost
pre-pandemic levels. Unlike the previous flu seasons,
the seasonal epidemic started earlier, and the peak of
incidence was reached around the 48th week of 2022.
Additionally, this flu season shows an extended period of
influenza virus circulation compared to previous seasons.
These was due to the combination of two waves one after
the other. IAVs were predominant in the early phase of
the epidemic, but in the later phase of the season, almost
all reported influenza virus infections were associated
with IBV, showing a mutually exclusive circulation.

The 2023/2024 flu season was characterized by the
highest number of samples tested. Among the 6,718
samples, 18.16% were positive for influenza viruses,
which peaked between the last week of 2023 and the
first week of 2024. The most prevalent influenza virus
was IAVs (84.84%), with 83.12% of A(H1N1)pdmO9
and 3.31% of A(H3N2). Interestingly, compared to the
previous influenza season, there was an inversion of
the predominant circulating strain from A(H3N2) to
A(HIN1)pdm09 while maintaining a cocirculation of
IAVs and IBVs with a later increase in IBV cases. The
reversal in the trend of the circulating strain could be
explained by the fact that the prolonged circulation of
the A(H3N2) virus in previous years has contributed to
increasing population immunity towards this subtype.
This has made its spread more difficult compared to
(HIN1)pdm09, to which the population was more
susceptible. We may expect vaccination does not have a
strong impact on the type of circulating strain, given the
low vaccine adherence in both the at-risk and general
populations.

Notably, the increased number of samples tested for
influenza reflects the different diagnostic approaches.
In the seasons from 2017 to 2020, influenza viruses
were tested in individuals with influenza-like illnesses
and suspected influenza etiology. From 2021 onwards,
the subjects analyzed included those with suspected
SARS-CoV-2 and RSV etiology. This change may bias
the positivity rates, affecting the direct comparison of
positivity rates between the 2017-2020 and 2021-2024
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seasons. However, it is possible to analyze the weekly
positivity rate and the peak for each flu season. In fact,
in the post-pandemic seasons from 2021 to 2023, the
peak of cases no longer occurred from the second to
the third weeks of the year. In the 2021/2022 season, it
was delayed following the reduction of influenza virus
circulation due to pandemic restrictions, whereas in
the 2022/2023 season started even before the seasonal
surveillance began, probably due to the immunity gap in
the population, and in the last season, it was around the
end of the 2023 and the beginning of 2024.

Regarding the influenza virus type, IAVs are generally
the most represented and widespread due to their high
genetic variability and, therefore, a more remarkable
ability to counteract host defenses than IBVs [13]. The
alternating circulation of IBV lineages compared to IAVs,
which is particularly evident in the last two seasons, may
be imputed to viral interference, as well as the immune
memory developed by the patients following previous
IBV infections, which provides some, albeit incomplete,
immune coverage for the following year against the same
virus type.

Analyzing the distribution of influenza-positive
samples across age groups, there is generally a direct
proportionality between increasing age and positivity for
IAVs. However, this trend is not evident in the 2021/2022
season, where subjects over 45 had a lower positivity
rate than those aged 2 to 44 years (9.69% vs. 24.83%),
with a peak in the 15 to 44-year-old group. This season
was characterized by pandemic restrictions, which
might suggest that subjects over 45 years old were more
compliant with restrictive measures and were more
effectively targeted by the flu vaccination campaign.
Actually, this season was characterized by the highest
vaccination coverage for influenza [29]. In contrast, the
15-to 44-year-old age group in the 2021/2022 season
showed the highest positivity rate among the three
seasons considered (34.35%). This could be attributed
to a lack of preventive measures, an immunity gap
resulting from the lack of contact with influenza viruses
in the previous season, and low adherence to influenza
vaccination in this age group [30]. In fact, influenza
vaccination in Italy exhibits notably low rates when
considering the general population (range 15.3-23.7%
across the influenza seasons analyzed). In age groups
below 60 years, the vaccination rate is less than 10%
(between 3 and 9%), increasing to approximately 20%
among individuals aged 60-64 years, and exceeding
50% in subjects aged 65 years and older (with variations
between 52.7% and 65.3% across the influenza seasons
studied) 29].

Regarding IBVs, in the 2017/2018 season, dominated
by the B/Yamagata lineage, the positivity rate increased
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with age. In other seasons, where only the B/Victoria
lineage circulated, most positive cases were among those
aged 5 to 14. Many studies confirm our observation: the
B/Yamagata lineage preferentially infects adults and older
people, while the B/Victoria lineage is more common in
those up to 15 years old [31-33]. Since the 2017/2018
influenza season, no cases related to the IBV Yamagata
lineage have been reported in the Veneto Region.
Additionally, since March 2020, the IBV Yamagata
lineage has not been reported globally, suggesting the
possible extinction of the virus [34]. The extinction of
the B/Yamagata lineage was driven by three main factors:
preventive measures during the pandemic, reduced
circulation due to decreased travel, and the intrinsic
genetic characteristics of the virus. Given the theoretical
risk of reintroducing this virus into the population
through live attenuated vaccines containing the IBV
Yamagata lineage, the WHO recommends its exclusion in
the vaccine formulation [35].

This study may be subject to some limitations due to
the variability in the number of samples analyzed across
different seasons, particularly coinciding with the initial
phases of the COVID-19 pandemic, which could create
biases in the obtained results. Furthermore, there is also
a risk of having underestimated influenza cases during
the COVID-19 pandemic when activities were polarized
towards the diagnosis and surveillance of SARS-CoV-2
infections. This could affect the reported positivity rates
for influenza viruses. However, the fact that the results
obtained in the Veneto Region are in line with national
data suggests that the trend in the circulation of influenza
viruses described in this work has not been significantly
influenced.

Conclusion

Data on influenza surveillance in the Veneto Region from
2017 to 2024 overlap the trends observed in the rest of
Italy. Results support four key concepts: the interference
of SARS-CoV-2 circulation on influenza virus circulation,
the immunity gap in the population caused by SARS-
CoV-2 pandemic restrictions, the extinction of the B/
Yamagata lineage, and the varying susceptibility of the
population to influenza infection depending on the age
group considered.
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