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ABSTRACT

Background: The emergence of SARS-CoV-2 in late 2019 saw the implementation of public health and social measures (PHSM)
by countries across Europe to reduce its transmission and impact on populations. Consequently, countries reported changes in
influenza circulation and extensive disruptions to routine surveillance systems.

Methods: We describe the epidemiology of influenza in Europe between Weeks 40/2020 and 39/2022 compared to the 2016/17 to
2019/20 seasons, to assess the impact of the COVID-19 pandemic and PHSM on surveillance systems and influenza circulation.
Results: Low detections of influenza were observed through primary care sentinel sources during seasonal influenza periods
(Week 40 to 20); 56 (of 39,457 specimens tested; < 1% positivity) in 2020/21 and 7261 (of 64,153 specimens tested; 11% positivity)
detections in 2021/22 were observed, compared to an average of 18,383 (of 50,544 specimens tested; 36% positivity) detections in
2016/17 to 2019/20. Similarly, 11 (of 19,989 specimens tested; < 1% positivity) and 1488 (of 23,636 specimens tested; 6% positivity)
detections were reported through SARI surveillance sources in 2020/21 and 2021/22, respectively, compared to an average of
2850 (of 10,389 specimens tested; 27% positivity) detections in 2016/17 to 2019/20. However, the 2021/22 interseasonal period saw
unusual increases in influenza detections across surveillance site types when PHSM were easing.

Conclusion: In conclusion, findings suggest that the restriction and easing of PHSM measures were associated with variations in
influenza detections. Our observations of out-of-season influenza activity highlight the importance of an integrated respiratory sur-
veillance strategy to monitor circulating respiratory viruses throughout the year to inform optimal prevention and control strategies.

1 | Introduction global morbidity and mortality [1]. Following the emergence of

the Severe Acute Respiratory Syndrome Corona Virus 2 (SARS-
Influenza surveillance is recognized to be of critical public CoV-2) in 2020 (officially declared as a public health emergency
health importance to monitor and assess the impact of seasonally of international concern on 30 January 2020) [2], a substan-
circulating influenza viruses, which significantly contribute to tial decline in the circulation of a range of respiratory viruses,
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including influenza virus, was observed. This was notable
through long-established sentinel and non-sentinel surveillance
systems in countries, territories, and areas (hereafter referred
to as countries) in the World Health Organization (WHO)
European Region, the European Union (EU), and European
Economic Area (EU/EEA) (hereafter referred to as Europe), in
the 2019/20 and 2020/21 seasons [3,4].

Influenza surveillance in the European Region is jointly co-
ordinated by the European Centre for Disease Prevention and
Control (ECDC) and the WHO Regional Office for Europe,
where weekly epidemiological and virological influenza data are
submitted by countries to The European Surveillance System
database (TESSy; managed by ECDC). Regional surveillance
data are used to determine the start, end, magnitude, and sever-
ity of the season as well as the dominant circulating influenza
virus types, A subtypes and B lineages.

Sentinel surveillance systems remain the gold standard for the
detection and monitoring of circulating respiratory viruses
including influenza virus. In the European Region, sentinel
surveillance for influenza is conducted by countries using a
representative subset of primary care outpatient and, separately,
hospital sites. These systems have centralized coordination and
application of predefined case definitions such as influenza-like
illness (ILI) and/or acute respiratory infection (ARI) and severe
acute respiratory infections (SARI), as described previously [5].

Existing sentinel systems in primary and secondary care have
been negatively impacted by the COVID-19 pandemic as a result
of a spectrum of factors including limited access to health care,
redistribution of patients and specimens to COVID-19 testing
centers, suspension of physical consultation in primary care,
or limited capacity to maintain or enhance these systems given
other pandemic-related priorities [6].

To assess the impact of the COVID-19 pandemic on surveillance
systems, including laboratory confirmed hospitalizations for in-
fluenza, and influenza circulation, this study provides a descrip-
tive epidemiological summary of influenza virus testing and
detections in the European Region over the two main influenza
seasons during the pandemic between Weeks 40/2020-2021 and
40/2021-20/2022 and the 2021 and 2022 interseasonal periods
(Weeks 21-39) in comparison to the same in the previous four
seasons (2016/17 to 2019/20).

2 | Methods

This retrospective epidemiological analysis used data submitted
to The European Surveillance System (TESSy) by countries in
Europe. The influenza season is defined for the northern hemi-
sphere as Week 40 in a given year to Week 20 of the following
year. For the purposes of this analysis, each interseasonal period
(ranging between Weeks 21 and 39 of a given year) was also in-
cluded; however, it is of note that not all countries report or mon-
itor influenza activity outside of the influenza seasonal weeks.

The study period ranges from Week 40/2020 to Week 39/2022
with comparisons to the four previous seasons (2016/17 to
2019/20), where appropriate.

2.1 | Data Sources

Qualitative indicator intensity is a measure of influenza activity
that considers the level of ILI and/or ARI rates as well as in-
fluenza virus detections and is reported based on an individual
country assessment according to set definitions such as calculat-
ing and using their respective Moving Epidemic Method (MEM)
thresholds per surveillance system [7].

Weekly aggregated data on number of sentinel tests and de-
tections in primary care and hospital settings were extracted
from TESSy during Week 40/2022 (7 October 2022), from re-
porting countries in Europe. Although, there is a total of 54
countries in Europe; the number of countries included for each
surveillance system described in this study differs based on an
individual country's ability to report data to each surveillance
system; for example, one country may only have reported data
for sentinel surveillance and not SARI surveillance; therefore;
the number of countries reporting to SARI surveillance will
differ.

The distribution of influenza virological data derived from
specimens taken in sentinel primary care outpatient (from
ILI or ARI cases) and hospital inpatients (from severe acute
respiratory infections [SARI] cases) sites, separately, was
summarized by week and where available by influenza virus
type, A-subtype or B-lineage at regional level. A subset of
countries additionally monitors laboratory-confirmed influ-
enza cases hospitalized in intensive care units (ICU) and/or
other wards. Data from non-sentinel sources (such as hospitals,
schools, primary care facilities not involved in sentinel sur-
veillance, or nursing homes and other institutions) were also
summarized.

2.2 | Statistical Methods

Circulating viruses were classified as dominant by surveil-
lance systems if at least 10 specimens were tested and >60%
of influenza viruses were identified as a given type (A or B),
A-subtype (A(H1) pdmO09 [seasonal influenza subtype after
the 2009 pandemic|, A(H3)), or B-lineage (B/Victoria, B/
Yamagata) at regional level. If between 41% and 59% of viruses,
inclusive, were assigned to more than one type or A-subtype
or B-lineage, these viruses were classified as codominant.
This methodology has been previously used and outlined in
the TESSy guidance [5].

2.2.1 | Positivity (Proportion Positive)

Positivity was calculated as the number of weekly influenza
virus-positive specimens divided by the number of specimens
tested for influenza virus, when at least 10 specimens were
tested for a given week at regional level.

Epidemic influenza circulation is considered to have started
when the first of two consecutive weeks with at least 10% of
specimens from sentinel sources tested positive for influenza
and the end of the epidemic as the last week with a percent pos-
itive of at least 10%.
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2.2.2 | Stringency of Public Health and Social Measures
(PHSM)

Stringency of PHSM was derived from the PHSM Severity Index
[8], which was developed to capture a severity index for each
country based on six standardized PHSM indicators (wearing
of masks [face coverings], school closures, workplace closures,
restrictions on gatherings, stay-at-home mandates, and inter-
national travel limitations) as reported by countries, to mitigate
the transmission of COVID-19. Stringency of PHSM was calcu-
lated [8] as the weekly mean percentage of the six composing
measures from 15 January 2020 to 30 September 2022, with 0%
defined as no restrictions imposed and 100% defined as all con-
sidered restrictions imposed. Data for the United Kingdom could
not be disaggregated (England, Northern Ireland, Scotland, and
Wales) for this analysis and was therefore considered as one
member state of the WHO European Region.

3 | Results

3.1 | Seasonal Period (Week 40/2020 to 20/2021
and Week 40/2021 to 20/2022)

3.1.1 | Intensity Indicators

During the 2020/21 season, only 11 out of 54 countries (mainly
in the eastern parts of the Region) reported at least 1week of
influenza intensity to be above baseline level, of which three
countries (Kazakhstan, Kyrgyzstan, and Ukraine) reported at
least 1week of medium intensity in this time period (Figure 1).
In comparison, during the 2021/22 season, 42 out of 54 coun-
tries reported at least 1week of influenza intensity above base-
line, including seven countries reporting at least 1 week of high
intensity in Eastern Europe and two countries (Finland and
Luxembourg) reporting very high intensity (Figure 1).

3.1.2 | Primary Care Sentinel Surveillance

Between Weeks 40/2020 and 20/2021, there was no notable sea-
sonal trend in the circulation of influenza viruses compared
to previous seasons with a small number (< 10 except in Week
42/2020) of sporadic weekly detections observed of both influ-
enza virus types A and B through primary care sentinel surveil-
lance sites. There were 40 influenza A virus (13 A(H1) pdm09,
seven A(H3), 20 A [not subtyped]) and 16 influenza B virus
(three B/Victoria lineage and 13 B with no known lineage; no
B/Yamagata lineage) detections reported in these weeks from
44 countries (Tables 1 and 2 and Figures S1 and S3). The high-
est number of detections (n =11, all influenza A [not subtyped])
was noted in Week 42/2020, and all reported by one country
(Tajikistan) (Figures 2, S1 and S3). This is in stark contrast with
the prior four seasons that had a mean of 18,382 detections and
arange of 16,445 to 22,321 (Table 1).

The highest positivity was also noted in Week 42/2020 at 2%,
which means that a seasonal influenza epidemic was not de-
clared as the 10% positivity threshold was not exceeded during
any week of the seasonal period. This percentage positivity dif-
fers greatly from that observed over the previous four seasons

(2016/17 to 2019/20) where the average peak positivity was cal-
culated at 53% (range: 50%-59%) and often later in the seasonal
period between Weeks 51 and 5 (Figure 5B).

The 2021/22 season was characterized by two peaks in influ-
enza activity with positivity peaking at 16% in Week 52/2021
and 27% in Week 12/2022 (Figure 5B and Table 1). A total of
7261 influenza detections was noted with 99% characterized
as influenza A, with the majority (5626) detected as A(H3),
and 1% characterized as influenza B during this period in
the Europe (Table 2). The first wave of activity was mainly
noted in the Eastern parts of the Region, whereas activity in
the Western parts of the region was mainly noted during the
second wave in the latter weeks of the season, with Finland
observing the greatest positivity at 80% during Week 17/2022
(Figure S1).

The largest number of specimens tested was recorded during the
2021/22 season, with a total of 64,153 specimens tested, which
was a 21% increase in comparison to the average of 50,543.5
specimens tested over the previous seasons, 2016/17 to 2019/20
(Table 1). However, the range of weekly tests performed was
more uniform across the season rather than being character-
ized by a peak in testing when positivity increased (Figure 5A).
In contrast, the 2020/21 season saw a total of 39,457 specimens
tested, a 28% decrease in comparison to the average of 50,543.5
specimens tested over the previous seasons, 2016/17 to 2019/20
(Table 1).

3.1.3 | Non-sentinel Data

Between Weeks 40/2020 and 20/2021, there was no notable
seasonal trend in the circulation of influenza viruses com-
pared to previous seasons with a small number (<50 except in
Week 49/2020) of sporadic weekly detections observed of both
influenza types A and B through primary care non-sentinel
surveillance sites. There were 436 influenza A (49 A(H3), 26
A(H1) pdm09, 361 A [not subtyped]) and 431 influenza B (12
B/Victoria lineage, one B/Yamagata lineage [derived from
LAIV vaccines] and 418 B with no known lineage) detections
reported in these weeks from 41 countries (Tables 1 and 3). A
total of 24 countries reported at least one detection per week
for the season; the highest number of detections (n=50, 27
type B and 23 type A) was noted in Week 49/2020, of which
72% (n=36) was from United Kingdom (England) (Figure 3).
This is in stark contrast with pre-COVID-19 pandemic sea-
sons where the number of detections ranged between 132,384
and 229,033.

The 2021/22 season was also characterized by two peaks in
influenza non-sentinel activity with detections peaking in
Week 51/2021 (n=5420) and in Week 12/2022 (n=12,988),
during each respective peak, albeit not to the same level as
the average noted across the previous four seasons (range of
132,384 to 229,033) (Figure 5C and Table 1). Influenza A vi-
ruses were dominant in this season, accounting for 98% of de-
tections, of which 91% was characterized as A(H3) (Table 3).
The countries most affected by each wave were not as distinct
as seen in sentinel surveillance, with some countries like
Finland, Montenegro, Republic of Moldova, Spain, Sweden,
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2020721 season and 2021 inter-season

Week numbers

493234882955 65300 2090D890.12 343071520 2220572290 12BISEEY

lceland -]

Ireland -}

Poriugal |

Spain |

United Kingdom (Northem Irefand) |
United Kingdom (Wales)-|

United Kingdom (Scotland) -
United Kingdom (Engtand) |
France-|

Belgium-

Netherlands -

Luxembourg -

Switzerand-|
Germany |
Denmark-|

Noway |

Italy -

Austria-}
Malta
Slovenia |
Sweden -]
Croatia -}
Czechia-|

Bosnia and Herzegovina

Slovakia-|8- 8-

Albania |

Hungary|-|-|-|-

Poland-|
Mantenegro |

Sarbia|

Kosovo™ -

North Macedonia -}
Greece

Lithuania |

Bulgana 8-

Latvia |
Remaria -}
Estonia-]
Finland |
Belarus -
Republic of Moldova ]
Ukraine -
Cyprus~
EIEEE
Turkiye -]
Georgia-|

Armenia |

2021/22 season and 2022 inter-season
Weak numbers

4R RS ED D IODO TSI N TSNP 2T 0IR DRI B OALIETIE

S |- el

Turkmenistan -
Uzbekistan |
Kazakhstan ]
Russian Federation -]
Tapkistan |

Kyrgyzstan

and Tajikistan experiencing two distinct waves of activity
(Figure S1).

The first peak of detections (Week 51/2021) saw 15 countries
reporting at least 10 detections, with Sweden and Russian
Federation reporting the most, with 1851 and 1320, respectively.
The second peak of detections (Week 12/2022) saw 29 countries

FIGURE 1 | Qualitative indicator influenza intensity, by week and West (W) to East (E), between weeks 40/2020
Note: Seasonal weeks: 40/2020 to 20/2021 and 40/2021 to 20/2022; interseasonal weeks: 21 to 39/2021 and 21 to 39/2022.

reporting detections, with Denmark and France reported 3214

and 2016 detections, respectively.

The countries with the largest number of influenza B virus de-
tections were Netherlands (Kingdom of the) (n=202), Russian
Federation (n =256), and the United Kingdom (England) (n=950),
with the Russian Federation reporting most of its detections (n =23,

Reported Intensity
Not Reported
Baseline
Low
Medium
High
Very High

and 39/2022, Europe.
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Influenza count and percentage positivity

Seasonal weeks: between weeks 40 and 20 Interseasonal weeks: between weeks 21 and 39 (grey rectangles)

Number specimens

—— 10% positivity threshold- 100

AANISO abejuanlad

40 45 50 02 07 12 17 22 21 32 37
2021

Stringency (%)
e
(=]

42 47 52 05 10 15 20 25 30 35

Calendar weeks

40 45 50 07 12 w2 2 32 3

02
2021

— Positivity

B A1)pdmos

\\\-__‘—’_
42 47 52 05 10 15 20 25 30 35
2022
A unsubtyped B/Victoria

A(H3) . B lineage not ascribed . BfYamagata

FIGURE2 | Weekly number of laboratory-confirmed positive tested influenza specimens in sentinel primary care with percentage positivity (upper

figure) and percentage of stringency of public health and social measures (PHSM) (lower graph), by week, between weeks 40/2020 and 39/2022, Europe.

79% of detections) as type B (no lineage ascribed). However, the big-
gest proportion of type B detections was reported by Kazakhstan
(n=23, 64% of detections), followed by the United Kingdom
(Northern Ireland) (n =125, 22% of detections) and Poland (n=33,
13% of detections) during the 2021/22 season.

3.1.4 | SARI Surveillance

In line with observations from the primary care surveillance
sites, between Weeks 40/2020 and 20/2021, very low influenza
virus detections were noted through SARI surveillance sites re-
ported by 19 countries. A total of 11 (<1% positivity) influenza
A virus detections was reported from two countries (Armenia
and Ukraine) (seven A(H3), three A(H1) pdm09, and one A [not
subtyped]) and no influenza B virus detections reported (Table 4
and Figure S2). Week 48/2020 was noted to be the week with the
most detections during the 2020/21 season where four influenza
Avirus detections (three A(H1) pdm09 and one A [not subtyped])
were reported by one country (Ukraine) (Figures 4 and S2).

In contrast, a total of 1488 (6% positivity) detections was reported
from 22 countries during the 2021/22 season, with influenza A
viruses (95%) accounting for most detections of which 96% were
influenza A(H3) (Tables 2 and 4 and Figure 4). Additionally,
of the 77 influenza B virus detections, 10 were attributed to
the B/Victoria lineage and none to the B/Yamagata lineage
(Table 4). These detections were from 22 countries, of which
both Lithuania and Serbia recorded the highest overall percent-
age positivity of 36% (Figure S4). Armenia recorded a peak of
70% (50/71) positivity (Week 51/2021), much higher than in any
previous season (Figure S4). Similarly, to sentinel surveillance,
SARI detections saw two waves of activity, with a first peak of
positivity in Week 51/2021 (92 detections; 12% positivity) and in
Week 15/2022 (83 detections; 14% positivity) (Figures 4 and 5E).

During the 2021/22 season, the number of patients tested was
higher than the 2020/21 season, with a total of 23,636 tests

performed (Table 1). A peak in testing was observed in Week
2/2022, with 1039 tests compared to an average of 463.8 in prior
seasons for the same week (Figure 5D).

The weekly number of SARI patients tested for influenza in
both seasons was continuously greater than that of the average
across the previous four seasons. During the 2020/21 season, a
peak of 947 patients tested was noted in Week 4/2021 in com-
parison to the average peak of 583.8 tests (range: 501-610) in the
same week in prior seasons mainly reported by Turkmenistan
and Albania (Figure 5D).

In the 14 countries where a comparison was possible, Republic
of Moldova and Ukraine were the only countries where SARI
positivity peaked later compared to sentinel positivity. In the
other 12 countries, peaks of positivity in both systems occurred
at a similar time (Figures S2 and S4).

3.1.5 | Laboratory-Confirmed Hospitalizations

During the 2020/21 season, three laboratory-confirmed influ-
enza hospitalizations (one influenza A(H1), one influenza A [not
subtyped]. and one influenza B [no lineage ascribed]) from ICU
wards were reported from three countries (Czechia, Sweden,
and Ukraine) with no clear age group distinction (Table 5). Only
two laboratory-confirmed infections were reported from non-
ICU wards during the seasonal period (from Ukraine); both
were patients infected with influenza A(H1) pdm09 viruses and
aged between 15 and 64 years.

In contrast, during the 2021/22 season, 739 laboratory-confirmed
hospitalizations from ICU wards (from Czechia, France, Ireland,
Sweden, and the United Kingdom [England]) and 574 from non-
ICU wards (from Czechia, Ireland, and Ukraine) were reported.
Of those reported from ICU wards, 732 (99%) were type A (of
which 93 [13%] were A(H3), 59 [8%] were A(H1) pdm09, and 580
[79%] were not subtyped), and 7 were type B (no lineage ascribed).
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Seasonal period
(range)
132,384-229,033
102,528-194,096
420-36,515
16,638-40,086
65,107-131,578
2082-126,505
46-2067
65-8919
1958-117,388
597,413-860,610

(range)
48-1422
30-1147
4-138
6-567
20-445
18-1032
0-23
0-179
18-840
52,138-73,658

2016/17-2019/20 seasons

Previnterseason Seasonal period Previnterseason

675.8
2644.8
767,305.5

Note: For subtype and lineage percentage calculations, the denominator is the total influenza A subtyped and total influenza B lineage determined, respectively; as not all countries have a true non-sentinel testing denominator, no

percentage calculations for total tested are shown.

(mean)
176,715
130,557.5 (74%)
18,588.2 (42%)
25,729.8 (58%)
86,239.5
46,157.5 (26%)
42,836.9

837
503.2 (60%)
9.5
47.2
277.1
62,868.8

76.2 (25%)
200.2

226.8 (75%)

(mean)
333.8 (40%)

Interseasonal
period
360
301 (84%)
6 (3%)
222 (97%)
73
59 (16%)
58
332,582

2020/21 season

Seasonal
period
867
436 (50%)
26 (35%)
49 (65%)
361
431 (50%)
12
418
869,347

Interseasonal
period
6650
6267 (94%)
398 (18%)
1869 (82%)
4000
383 (6%)
32
351
575,538

2021/22 season

Seasonal
period
134,493

132,117 (98%)
2631 (9%)
28,036 (91%)
101,450
2376 (2%)
98
2276
2,600,987

| Distribution of influenza virus (sub)types and lineages from non-sentinel surveillance for 2020/21 and 2021/22 seasons and previous seasons for respective seasonal and interseasonal periods,

subtyped
B lineage unknown

Subtype/lineage
Positive samples
Influenza A

A(H1)

A(H3)

Influenza A not
Influenza B
B/Victoria
B/Yamagata

Total samples tested

TABLE 3
Europe.

Of those with known age (559 patients, 69%), 250 (45%) were aged
between 15 and 64 years, 198 (35%) were aged 65years and older,
58 (10%) were aged 4years or younger, and 53 (9%) were aged
between 5 and 14years (Table 5). Of the 574 patients reported
from the non-ICU wards, only three (< 1%) were reported to be
infected with type B viruses (no lineage ascribed), and of the type
A viruses, 155 (27%) were A(H3), three (1%) were A(H1) pdm09,
and 413 (72%) were not subtyped. Of these non-ICU patients, 241
(42%) were aged 65years and older, 223 (39%) were aged between
15 and 64 years, 72 (13%) were aged four and younger, and 38 (7%)
were aged between 5 and 14years (Table 5). The largest number
of cases from ICU wards (n =81) were detected in Week 15/2022,
but in Week 10/2022 from non-ICU wards (n=93).

3.2 | Interseasonal Period (Weeks 21 to 39/2021
and Weeks 21 to 39/2022)

3.2.1 | Intensity Indicators

During the 2020/21 interseasonal period, only seven out of 31
countries reported influenza intensity to be above baseline level,
of which Kazakhstan reported at least 1 week of medium inten-
sity in this time period (Figure 1). In comparison, during the
2021/22 season, nine out of 34 countries reported influenza in-
tensity above baseline, including Kazakhstan that reported very
high intensity in 1 week (Figure 1).

3.2.2 | Primary Care Sentinel Surveillance

Between Weeks 21 and 39/2021, there were 10 influenza type A
viruses (eight A(H3) and two A [not subtyped]) reported from
three countries (France, Germany, and Kyrgyzstan) and no type
Bvirus detections (Table 2 and Figures 3 and S3). This total num-
ber of type A virus detections was lower than the average num-
ber of detections seen during prior interseasonal periods, but the
lack of detection of type B viruses contrasted with their detec-
tion in prior interseasonal periods (Table 2). The total number of
primary care sentinel specimens tested (n=7993) for influenza
virus during this period was greater than those observed in the
average number of specimens tested in the previous four sea-
sons (average: 2110.5) (Tables 1 and 2). Week 39/2021 saw the
highest number of detections during the 2021 interseason with
5 detections (all influenza A(H3)); all detections were reported
from Kyrgyzstan. The overall positivity in Week 39/2021 was
22%, which was greater than the average positivity of <1% noted
in previous seasons for this period (Figure 5B).

Between Weeks 21 and 39/2022, a total of 1045 influenza virus
detections was reported, with an overall positivity of 5%, which
was higher than the average number of detections and positiv-
ity (<1%) from any prior interseasonal periods. The majority
(97%) of these detections were type A viruses, of which A(H3)
accounted for 91% (n=3855). Of the 33 type B viruses identi-
fied, six were B/Victoria and none of those subtyped were B/
Yamagata (Tables 1 and 2). The largest number of detections
was recorded in Week 21/2022 (Figure 2), with 96 detections
(of which 91 were type A(H3), two were A(H1) pdm09, and
two were not subtyped) reported from 12 countries and the
majority (n=62, 65%) was identified in Spain. From Week 34
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Influenza count and percentage positivity (non-sentinel)

Seasonal weeks: between weeks 40 and 20 Interseasonal weeks: between weeks 21 and 39 (grey rectangles)
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FIGURE3 | Weekly number of laboratory-confirmed positive tested influenza specimens in non-sentinel primary care with percentage positivity

(upper figure) and percentage of stringency of public health and social measures (PHSM) (lower graph), by week, between weeks 40/2020 and

39/2022, Europe.

to 39/2022, percentage positivity ranged between 6% and 8%,
which was higher than the same weeks in any previous sea-
sons (Figure 5B).

3.2.3 | Non-sentinel Data

Between Weeks 21 and 39/2021, there were 301 (84% of detec-
tions) influenza type A viruses (222 A(H3), six A(H1) pdm09,
and 73 A [not subtyped]) reported from 31 countries and 59 type
B virus detections (only one was ascribed to a lineage, and it was
B/Victoria) (Tables 1 and 3 and Figure 3). This total number of
type A virus detections was within range of the average number
of detections seen during prior interseasonal periods (Table 3).
Week 37/2021 saw the highest number of detections during the
2021 interseason with 88 detections (52 influenza A(H3), one
A(H1) pdmo09, 20 influenza A unsub typed and 15 type B viruses
[no lineage ascribed]) with the majority of detections (n =43, all
A(H3)) reported from Croatia. The maximum number of de-
tections previously seen in pre-COVID-19 pandemic seasons
during Week 37 was 60 (Figure 5C).

Between Weeks 21 and 39/2022, a total of 6570 influenza virus
detections was reported, which was higher than the average
number of detections from any prior interseasonal periods (max-
imum number of detections =1422). The majority (94%) of these
detections was type A viruses, of which A(H3) accounted for
83% (n=1846). Of the 368 type B viruses identified, 32 were B/
Victoria, and none were B/Yamagata (Tables 1 and 3). The largest
number of detections was recorded in Week 21/2022 (Figure 3),
with 1145 detections (of which 288 were type A(H3), 14 were
A(H1) pdm09, 784 were not subtyped, and 59 were type B [three
were B/Victoria]) reported from 21 countries and the largest
proportion (n=339, 30%) were identified in Norway. Between
Weeks 25 and 39/2022, the number of positive detections ranged
between 152 and 365, which was higher than the same weeks
in any of the four pre-COVID-19 pandemic seasons (Figure 3).

3.2.4 | SARI Surveillance

Between Weeks 21 and 39/2021, there were no type B virus de-
tections and 18 influenza virus type A detections (17 A(H3), and
one A (not subtyped) (Tables 3 and 4) reported from three coun-
tries (Croatia, Kyrgyzstan, and Russian Federation). The aver-
age weekly number of SARI patients tested for influenza during
this period was greater than the average number of patients
tested in previous seasons: 218.2 specimens tested compared to
an average of 59 per week in prior seasons. The largest number
of patients (n =280) were tested in Week 37/2021 in comparison
to an average of 69.8 tests (range: 28-105) in Week 37 during the
previous four seasons (Figure 5B).

Between Weeks 21 and 39/2022, a total of 100 detections was re-
ported, of which the majority (86%) was type A (52 were A(H3),
four were A(H1) pdm09, and 30 were not subtyped) and 14
were type B (two B/Victoria, 12 did not have a lineage ascribed)
(Tables 2 and 4). These detections were reported from seven
countries (Georgia, Ireland, Kazakhstan, Kyrgyzstan, Malta,
Russian Federation, and Uzbekistan) (Figure S4). A peak of 4%
percentage positivity was seen in Week 35/2022, with 10 detec-
tions from 280 tests. The average number of weekly patients
tested for the 2022 interseason was 406.6, higher than in any
prior season, with a peak in testing in Week 30/2022 (n=532
patients tested performed) (Figure 5).

3.2.5 | Laboratory Confirmed Hospitalizations

Only one case was identified from ICU wards during the 2021
interseasonal period. The patient was infected with a type B
virus (no lineage ascribed). No cases were reported from other
wards during this period (Table 5).

During the 2022 interseasonal period, 79 cases were reported
from ICU wards from four countries (Czechia, Ireland, Sweden,
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| Influenza viral virus distribution by (sub)types and lineage from severe acute respiratory infections (SARI) surveillance for 2020/21 and 2021/22 seasons and previous seasons for respective

TABLE 4

seasonal and interseasonal periods, Europe.

2016/17-2019/20 seasons
Seasonal period Previnterseason Seasonal period

2020/21 season

2021/22 season

Prev interseason

Interseasonal Seasonal Interseasonal

Seasonal
period
1488 (6.3%)

(range)
2043-3645

(mean) (range)
2849.8 (27.4%)

(mean)

period period

11 (0.1%)

period
100 (1.3%)

Subtype/lineage

1-11
0-10
0-7
0-3

7.8 (0.7%)
4.0 (51%)
2.0 (50%)
2.0 (50%)

18 (0.4%)

Positive samples

893-2770

1996.2 (70%)
842.2 (46%)
975.8 (54%)

11 (100%) 18 (100%)

86 (86%)
4 (7%)
52 (93%)

1411 (95%)
59 (5%)
1208 (95%)

Influenza A

A(H1)
A(H3)

7-1978
301-2564
44-267

0 (0%)
17 (100%)

3(30%)
7 (70%)

0-0
0-8
0-1

178.2
853.5 (30%)

0.0
3.8 (49%)

30
14 (14%)

144
77 (5%)

Influenza A not subtyped

32-1304

0 (0%)

0(0%)

Influenza B
B/Victoria

0-673
1-341
31-770
9556-11,308

214.8
123
515.7
10,389.0

0.2

10

B/Yamagata

0-8
474-1608

3.6
1122.8

12

7725
Note: For type percentage calculations, the denominator is total detections; for subtype and lineage, it is total influenza A subtyped and total influenza B lineage determined, respectively.

67
23,636

B lineage unknown

4146

19,989

Total samples tested

and United Kingdom [England]). The majority of which (n =71,
90%) was infected with type A viruses (60 were not subtyped,
eight were A(H1) pdm09, and three were A(H3)), and eight were
infected with type B viruses (no lineage ascribed). Of the cases
with known age groups (n=9), five were aged 65years and older,
two were aged between 15 and 64 years, one was aged between 5
and 14 years, and one was younger than 4years (Table 5). During
the same period, 85 patients were identified from other wards,
all reported from Ireland. Of these patients, 83 were infected
with type A viruses (eight were infected with A(H3) and three
with A(H1) pdm09), and two were infected with type B viruses
(no lineage ascribed). Of these 85 patients, 67 were aged 15years
and older (36 were aged between 15 and 64years and 31 were
aged 65years and older), three were aged 5 to 14years, and 15
were 4 four or younger).

4 | Discussion

Our study described substantially fewer detections and circula-
tion of influenza during the 2020/21 (Week 40 to 20) and during
the 2021/22 seasonal period despite an increase testing in this
season, in comparison to those observed in the previous four in-
fluenza seasonal periods (2016/17 to 2019/20) in Europe. This
further builds on evidence seen mid-season of 2020/21 [3]. We
also highlight that despite the subsequent resurgence in influ-
enza activity in 2021/22 compared to the 2020/21 season, the
circulation and timing were different to typical influenza an-
nual epidemic activity observed before the COVID-19 pandemic
and seasons following the 2009 influenza pandemic. The study
saw additional unusual interseasonal detections reported from
sentinel, non-sentinel, and SARI surveillance sites in 2022.

Our findings of low or no detections of influenza viruses
through both primary and SARI systems in 2020/21 coin-
cided with increased transmission of SARS-CoV-2 during the
2020/21 seasonal period and high levels of PHSM stringency
implemented to reduce the transmission of SARS-CoV-2, but
which also disrupted influenza virus transmission. Indeed,
since the declaration of the COVID-19 pandemic in March
2020 and subsequent implementation of PHSM across the
globe, decreases in influenza virus detections have been
noted in the latter part of the 2019/20 influenza season across
Europe, a trend that was still evident mid-season of 2020/21
[2, 3, 9, 10]. The findings of decreased detections of influ-
enza during the 2020/21 season are consistent with those ob-
served in other countries of the Northern as well as then the
Southern hemisphere, with influenza positivity not exceeding
10% throughout each hemisphere's seasonal period [11-14].
This is also evidenced through our findings of decreased in-
fluenza virus detections when the PHSM were at their most
stringent denoting the impact of the SARS-CoV-2 waves on in-
fluenza detections in the Region. With the reduced stringency
of PHSM during the 2021/22 season, atypical late influenza
activity was detected with two waves of activity, although this
circulation was still lower than during the 2016/17 to 2019/20
seasons. Further aberrant circulation of influenza can still be
anticipated.

Additionally, our findings highlighted a mix of influenza sub-
types circulating, and we noted that only one influenza B/
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Influenza count and percentage positivity from SARI specimens

Seasonal weeks: between weeks 40 and 20 Interseasonal weeks: between weeks 21 and 39 (grey rectangles)
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FIGURE 4 | Weekly number of laboratory-confirmed positive tested influenza specimens in hospitalized patients with severe acute respiratory

infections (SARI) and percentage positivity (upper graph) and percentage of stringency of public health and social measures (PHSM) (lower graph),

by week, between weeks 40/2020 and 39/2022, Europe.

Yamagata lineage virus derived from LAIV vaccines was de-
tected throughout the study periods. Possible extinction of B/
Yamagata has been highlighted before, and in line with this,
since September 2023, WHO has recommended the exclusion
of a B/Yamagata lineage antigen in seasonal influenza vaccines
[15, 16]

It is also significant to note that our study of reduced influenza
virus detections coincided with high numbers of SARS-CoV-2
detections during the seasonal period in the SARI data, and
an increase in influenza virus detections was noted when the
circulation of SARS-CoV-2 detections decreased in both inter-
seasonal periods [17]. This was particularly evidenced through
SARI sentinel sites during the interseasonal period. It has been
suggested these observations may be due to viral interference
[18]. Further work is required to understand this phenomenon
better.

The reduction in testing activity could be one factor that con-
tributed to a lower detection of influenza viruses. Most proba-
bly, a true reduction in influenza virus transmission occurred
because some countries sustained their sentinel surveillance at
the same level as before. We demonstrate ongoing testing for in-
fluenza through a range of surveillance systems, with actually
greater number of specimens tested for influenza than several
seasons before, and through both primary care sentinel and
SARI surveillance schemes during the interseasonal period in
2022. This observation of increased testing may have been due
to the increased use of multiplex assays to test for influenza vi-
ruses, SARS-CoV-2 and RSV. There was also the increased need
to detect SARS-CoV-2 and its variants at a time when PHSM
were relaxed. Nonetheless, it is important to note that there
were changes in the number of reporting countries during the
pandemic in comparison to pre-pandemic seasons [19]. The
main factor for the reduced transmission thus appears to be the
impact of PHSM, across the Region. These measures aimed to

mitigate the increasing spread of SARS-CoV-2 variants, Alpha
(B.1.1.529) and Beta (B.1.351) detected in December 2020; how-
ever, as measures were relaxed in the 2021/22 season and at a
time when the Omicron variant, with greater transmissibility,
began circulating and as it was also usually a time of seasonal
circulation of influenza viruses, the implementation of PHSM
would have hypothetically also naturally reduced transmission
of influenza virus. Potential viral interference and competition
of both influenza and SARS-CoV-2 could have also been a factor
[17]. Further work is required to disentangle these effects.

The reduced circulation of influenza virus for a prolonged pe-
riod poses several uncertainties and implications for future sea-
sons. First, the reduced/lack of exposure to influenza viruses
increases susceptibility among populations, particularly those
in younger age groups, within whom late first exposure to such
viruses, may impact future immune response, but also in older
age-groups in whom immunity may then have waned. This
could lead to a surge in rates of influenza once its circulation
resumes and/or it co-circulate with other respiratory viruses
[20]. Indeed, the 2022/23 season has seen an unexpectedly early
influenza season [21]. Second, the lack of circulation may have
an impact on virus characterization for the annual recommen-
dations of influenza vaccines' composition as predictions are
heavily reliant on laboratory information from characteriza-
tion of currently circulating viruses [6]. These characteristics,
therefore, have been based on a reduced sample of circulating
viruses available increasing the risk of suboptimal vaccine effec-
tiveness. This issue is less of a concern now since the circulation
of influenza has increased in the 2022/23 season and in subse-
quent seasons.

Some limitations to this study should be considered. First, it
is important to highlight the influence of the COVID-19 pan-
demic on the varying degrees of disruption to national sentinel
surveillance systems, particularly influenza-specific indicators
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detections compared to the mean, minimum (Min), and maximum (Max) from pre-COVID-19 pandemic seasons (C); bottom row: count of specimens
detected for influenza (D) and percentage positivity (E) of patients tested per week from SARI sites compared to the mean, minimum (Min), and
maximum (Max) from pre-COVID-19 pandemic seasons, Europe. Note: Percentage positivity was calculated when at least 10 specimens were tested.

such as ILI and ARI rates, due to changes in health seeking be-
haviors and limitations in the capacity of sites to receive cases
and take specimens, impacting their ability to monitor respi-
ratory viruses, including RSV. Second, not all countries who
collate sentinel surveillance data report these data through the
TESSy [19]. Furthermore, some countries do not maintain all-
year-around surveillance and, therefore, may not have reported
data for the interseasonal periods, introducing the likelihood
of underestimating our findings. Third, not all countries have
fully implemented an integrated approach with the inclusion of
influenza and SARS-CoV-2 testing in NICs and, therefore, will

still note varying testing numbers. Despite this, findings from
sentinel surveillance, which has been considered to be the gold
standard for the monitoring of influenza, correlate with those
from non-sentinel sources, as described earlier [3]. Lastly, there
is potential for differential reporting across countries, due to
variations in population coverage; for example, there may have
been an increase in participating surveillance sites due to the
COVID-19 pandemic, sampling approaches, for example, the use
of antigen testing impacting health seeking behaviors during the
COVID-19 pandemic and laboratory techniques used (for exam-
ple, multiplex assays).
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TABLE 5 | Influenza viral virus distribution by (sub)types and lineage from severe acute respiratory infections (SARI) surveillance for 2020/21
and 2021/22 seasons and previous seasons for respective seasonal and interseasonal periods, Europe.

Hospital ward Variable 2021/22 season 2022 interseason 2020/21 season 2021 interseason
ICU A(H1)pdm09 59 8 1 0
A(H3) 93 3 0 0
A unsubtyped 580 60 1 0
B 7 8 1 1
Total (subtypes) 739 79 3 1
00-04years 58 1 0 0
05-14years 53 1 1 0
15-64years 250 2 1 1
65+ years 198 5 1 0
Age unknown 180 70 0 0
Total (ages) 739 79 3 1
Other wards A(H1)pdm09 3 3 2 0
A(H3) 155 8 0 0
A unsubtyped 413 72 0 0
B 3 2 0 0
Total (subtypes) 574 85 2 0
00-04years 72 15 0 0
05-14years 38 3 0 0
15-64years 223 36 2 0
65+ years 241 31 0 0
Total (ages) 574 85 2 0

In conclusion, the 2020/21 season observed exceptionally low
detections of influenza virus, despite elevated testing, this was
followed by unusual activity during the 2021 interseasonal
period when SARS-CoV-2 circulation was low. The easing of
PHSM was associated with a rise in influenza virus detections
during the 2021/22 season in many countries. The circulation
and timing of influenza activity during the 2021/22 season are
not comparable to any influenza annual epidemic activity ob-
served before the COVID-19 pandemic.

As countries move towards integrating surveillance of SARS-
CoV-2, influenza, and other relevant respiratory viruses fol-
lowing the ECDC and WHO guidance from October 2020,
underlying systems might change and reported data might not
be comparable to historical data [3,4,22-24]. Further work is also
needed to understand the recent lack of circulation of influenza
B/Yamagata lineage, which has had implications on vaccine
composition [15,16]. Our study has highlighted the importance
of resourcing, strengthening, and implementing integrated sur-
veillance across the region for the most commonly circulating
respiratory viruses throughout the year, to identify unusual out
of season detections as we move from the acute phase of the
COVID-19 pandemic. It is, therefore, vital for countries to con-
tinue to plan towards the implementation of robust and agile in-
tegrated respiratory disease surveillance in line with the WHO
European Region and ECDC guidelines [23] to vigilantly and
simultaneously survey, sequence, and report the circulation of
the most commonly circulating respiratory pathogens such as
influenza, RSV, and SARS-CoV-2 [8].
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