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Abstract (word count 250)

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, many countries reported changes in influenza virus circulation and extensive

disruptions to routine surveillance systems. We describe the epidemiology of influenza in Europe

between weeks 40/2020 and 39/2022 compared to the 2016/17 to 2019/20 seasons using sentinel,

non-sentinel and Severe Acute Respiratory Infections (SARI) surveillance systems.

Low detections of influenza were observed through primary care sentinel sources during seasonal
influenza periods (week 40 to 20); where 56 detections (<1% positivity) in 2020/21 and 7,261 (11%
positivity) detections in 2021/22 were observed, compared to an average of 18,383 detections (36%
positivity) in 2016/17 to 2019/20. Similarly, 11 (<1% positivity) and 1,488 (6% positivity) detections
were noted through SARI surveillance sources in 2020/21 and 2021/22 respectively, compared to an
average of 2,850 (27% positivity) detections in 2016/17 to 2019/20. However, the 2021/22
interseasonal period saw unusual increases in influenza detections through all surveillance site types.
Negative correlations between PHSM stringency and detections were noted for 6 countries in the

2021/22 season, with R-values ranging from -0.60 to -0.75.

In conclusion, findings suggest that the restriction and easing of PHSM measures were associated
with decreases and increases in influenza virus detections. Our observations of out-of-season
influenza activity highlight the importance of an integrated respiratory surveillance strategy to monitor

circulating respiratory viruses throughout the year to inform optimal prevention and control strategies.
Keywords

Influenza, sentinel, non-sentinel, severity, surveillance, epidemiology, Europe, COVID-19 pandemic
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Introduction

Influenza surveillance is recognized to be of critical public health importance to monitor and assess
the impact of seasonally circulating influenza viruses which significantly contribute to global morbidity
and mortality!. Following the emergence of the Severe Acute Respiratory Syndrome Corona Virus 2
(SARS-CoV-2) in 2020 (officially declared as a public health emergency of international concern on
30 January 2020) 2, a substantial decline in the circulation of a range of respiratory viruses, 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 34,

Influenza surveillance in the European Region is jointly coordinated 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 is used to
determine the start, end, magnitude, and severity 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 centralised coordination and application of pre-defined
case definitions such as influenza-like iliness (ILI) and/or acute respiratory infection (ARI) and severe
acute respiratory infections (SARI), as described previously®.

Since the start of the Coronavirus Disease 2019 (COVID-19) pandemic, some countries have also
integrated testing for SARS-CoV-2 and Respiratory Syncytial Virus (RSV) into these systems in line
with influenza testing from sentinel sourced specimens, following the ECDC and WHO guidance from

October 20203647,

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 centres, suspension of physical
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consultation in primary care, or limited capacity to maintain or enhance these systems given other
pandemic-related priorities®.

To assess the impact of the COVID-19 pandemic on sentinel surveillance including laboratory
confirmed hospitalizations for influenza, this study provides a descriptive 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).
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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 hemisphere
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 included. 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.

Data sources

Qualitative indicator intensity is a measure of influenza activity that considers the level of ILI and/or
ARI rates as well as influenza virus detections and is reported based on an individual country
assessment according to set definitions®.

Weekly aggregated data on number of sentinel tests and detections in primary care and hospital
settings were extracted from TESSy during week 40/2022 (7 October 2022), including data from 47
reporting countries in Europe.

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 lliness
(SARI) cases) sites, separately, was summarized by week and where available by influenza virus
type, A-subtype or B-lineage. A subset of countries additionally monitor laboratory confirmed influenza
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 surveillance, or nursing
homes and other institutions) were also summarized.

Statistical methods

Circulating viruses were classified as dominant by surveillance systems if at least 10 specimens were
tested and 260% 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).
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.

10
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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.

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 positive of at least 10%.

Correlation with Public health and social measures (PHSM)

Stringency of PHSM was derived from the PHSM Severity Index1°, 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 international travel limitations) as reported by countries, to mitigate the transmission of COVID-19
Stringency of PHSM was calculated!® 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 considered 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.

Pearson’s correlations were calculated using each country’s sentinel and SARI positivity against each
PHSM in turn and data were restricted to at least 100 detections, to allow for more robust correlations,
which meant that only the 2021/22 seasonal period was included in these analyses as the 2020/21
seasonal period did not reach 100 detections. Only statistically significant (p<0.05) results are
reported here. As previously described®, the strength of relationships was defined using the following r
value ranges: very strong (r ranging between -1 and -0.80), strong (between -0.79 and -0.60), medium
(between -0.59 and -0.40), weak (between -0.39 and -0.20) and very weak (between -0.19 and 0) °.
Geo-temporal correlations

Additionally, geo-temporal analyses were used to calculate Pearson’s correlations to determine
potential relationships between a country’s central longitude and latitude in relation to the start of its
epidemic period. This analysis could only be done for the 2021/22 seasonal period as this was the
only time period with enough data.

Analyses were performed using R version 4.0.51%,

11



287

12



288

289

290

201

292

293

294

295

296

297

298

299

300

301

302

303

304

305

306

307

308

309

310

311

312

313

314

315

316

Results

Seasonal period (week 40/2020 to 20/2021 and week 40/2021 to 20/2022)

Intensity indicators

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

Geo-temporal correlation

From the 31 countries in the 2021/22 seasons, with sufficient data to be included in the geo-temporal
analysis, a medium negative (R =-0.52, 95% confidence intervals = -0.60 to -0.42) correlation was
observed with latitude and a medium positive (R = 0.44, 95% confidence intervals = 0.34 to 0.53)

correlation was observed with longitude.

Primary care sentinel surveillance

Between weeks 40/2020 and 20/2021, there was no notable seasonal 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 influenza virus types A and B through primary care
sentinel surveillance sites. There were 40 influenza A virus (13 A(H1)pdmQ9, 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, Table 2, SF1,
SF3). The highest number of detections (n=11, all influenza A (not subtyped)) was noted in week
42/2020 and all reported by one country (Tajikistan) (Figure 2, SF1). This is in stark contrast with prior
four seasons which had a mean of 18,382.2 detections and a range 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 declared as the 10% positivity threshold was not exceeded during any week of the

seasonal period. This percentage positivity differs greatly from that observed over the previous four
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seasons (2016/17 to 2019/20) where the average peak positivity was calculated 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 influenza activity with positivity peaking at
16% in week 52/2021 and 27% in week 12/2022 (Figure 5B, Table 1). A total of 7,261 influenza
detections were noted with 99% characterized as influenza A; with the majority (5,626) 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 SF1).

The largest number of specimens tested were 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 characterized 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).

Non-sentinel data

Between weeks 40/2020 and 20/2021, there was no notable seasonal trend in the circulation of
influenza viruses compared 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)pdmO09, 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; with
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) were from United Kingdom (England) (Figure 3). This is in stark contrast with pre-

COVID-19 pandemic seasons where the number of detections ranged between 132,384 and 229,033.

14
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The 2021/22 season was also characterized by two peaks in influenza non-sentinel activity with
detections peaking in week 51/2021 (n=5,420) 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, Table 1). Influenza A viruses were dominant in this season,
accounting for 98% of detections, of which 91% were characterized as A(H3) (Table 3). The countries
most affected by each wave was not as distinct as seen in sentinel surveillance, with some countries
like Finland, Montenegro, Republic of Moldova, Spain, Sweden and Tajikistan experiencing two
distinct waves of activity (Figure SF1).

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 1,851 and 1,320 respectively. The second
peak of detections (week 12/2022), saw 29 countries reporting detections, with Denmark and France

reported 3,214 and 2,016 detections, respectively.

The largest number of influenza B virus detections were observed in 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, 79% of detections) as type B (no lineage ascribed).
However, the biggest 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.

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 reported by
19 countries. A total of 11 (<1% positivity) influenza A virus detections were 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, SF2). Week 48/2020 was noted to be the week with
the most detections during the 2020/21 season where four influenza A virus detections (three
A(H1)pdm09 and one A (not subtyped)) were reported by one country (Ukraine) (Figure 4, SF2).

In contrast, a total of 1,488 (6% positivity) detections were reported from 22 countries during the

2021/22 season, with influenza A viruses (95%) accounting for most detections of which 96% were
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influenza A(H3) (Tables 2, 4, 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 percentage
positivity of 36%. Armenia recorded a peak of 70% positivity (week 51/2021), much higher than in any
previous season (Figure SF4). 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 1,039

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 comparison 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 (SF2, SF4).

Laboratory confirmed hospitalizations

During the 2020/21 season, three laboratory confirmed influenza 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)pdmO09

viruses and aged between 15 and 64 years.

16



406

407

408

409

410

411

412

413

414

415

416

417

418

419

420

421

422

423

424

425

426

427

428

429

430

431

432

433

434

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)pdmO09 and 580 (79%) were
not subtyped) and 7 were type B (no lineage ascribed). Of those with known age (559 patients, 69%),
250 (45%) were aged between 15 and 64 years, 198 (35%) were aged 65 years and older, 58 (10%)
were aged four years or younger and 53 (9%) were aged between five and 14 years (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)pdmO09 and 413 (72%) were not subtyped. Of these non-ICU patients, 241 (42%) were
aged 65 years and older, 223 (39%) were aged between 15 and 64 years, 72 (13%) were aged four
and younger, and 38 (7%) were aged between five and 14 years (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).

PHSM correlation

When considering the PHSM used by countries during the 2021/22 season, statistically significant
results were seen in 18 countries using the overall average of stringency, all experiencing negative
correlations (Figure 6). An overall strong negative correlation could be found between the number of
sentinel detections and the overall stringency of measures in Slovenia (r: -0.82, 95% confidence
intervals (Cl): -0.91 to -0.69), Georgia (r: -0.75, CI: -0.85 to -0.62), Poland (r: -0.75, 95%CI: -0.85 to -
0.62), Luxembourg (r=-0.75 CI: -0.85 to -0.6), UK (r: -0.66, CI: -0.77 to -0.49), Hungary (r= -0.63 CI: -
0.8 to -0.36), France (r=-0.62 CI: -0.75 to -0.44), Germany (r: -0.62, CI: -0.75 to -0.45), Kyrgyzstan (r=
-0.62 CI: -0.8 t0 -0.33) and Italy (r=-0.6 CI: -0.76 to -0.38). Of the six measures considered here,
restrictions on gatherings had the biggest impact on the number of sentinel detections, with Slovenia
and Spain recording very strong correlations and eight countries (Denmark, Luxembourg, France,
Georgia, Germany, Hungary, Poland, and Switzerland) recording strong correlation, followed by mask
wearing (very strong in Georgia; strong in Denmark, Italy, Slovenia, Poland and United Kingdom) and

workplace restrictions (strong correlation in Georgia, Luxembourg, Kyrgyzstan, Poland, Slovenia and
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United Kingdom). School closures had strong correlation with sentinel number of cases in Georgia,

Poland and Kyrgyzstan (Figure 6).

Data for only three countries was statistically significant when considering correlations between
overall stringency of PHSM and SARI cases: Belgium (r=-0.59, Cl: -0.74 to -0.37), Georgia (r= -0.67,
ClI: -0.80 to -0.49) and Russian Federation (r= 0.42, CI: 0.20 to 0.60). From these, a strong negative
correlation could only be seen in Georgia with travel (r=-0.68, CI: -0.80 to -0.50), gatherings (r= -0.66,
Cl: -0.79 to -0.48) and masks (r=-0.43, Cl: -0.64 to -0.18) restrictions and in Belgium with gatherings

(r=-0.70, CI: -0.82 to -0.52) and workplace (r=-0.61, CI: -0.76 to -0.39) restrictions.

Interseasonal period (weeks 21 to 39/2021 and weeks 21 to 39/2022)

It is of note that not all countries report or monitor influenza activity out of the influenza seasonal
weeks.

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 one week of medium intensity in this
time period (Figure 1). In comparison, during the 2021/22 season, nine out of 34 countries reported
influenza intensity above baseline, including Kazakhstan that reported very high intensity in one week
(Figure 1).

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 B virus
detections (Table 2, Figure 3). This total number of type A virus detections was lower than the
average number of detections seen during prior interseasonal periods, but the lack of detection of
type B viruses contrasted with their detection in prior interseasonal periods (Table 2). The total
number of primary care sentinel specimens tested (n= 7,993) for influenza virus during this period was
greater than those observed in the average number of specimens tested in the previous four seasons
(average: 2,110.5) (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
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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 1,045 influenza virus detections were reported, with an
overall positivity of 5%, which was higher than the average number of detections and positivity from
any prior interseasonal periods (n=<1%). The majority (97%) of these detections were type A viruses,
of which A(H3) accounted for 91% (n=855). Of the 33 type B viruses identified, six were B/Victoria
and none of those subtyped were B/Yamagata (Tables 1 and 2). The largest number of detections
were recorded in week 21/2022 (Figure 2), with 96 detections (of which 91 were type A(H3), two were
A(H1)pdmO09 and two were not subtyped) reported from 12 countries and the majority (n=62, 65%)
were identified in Spain. From week 34 to 39/2022, percentage positivity ranged between 6 and 8%,
which was higher than the same weeks in any previous seasons (Figure 5B).

Non-sentinel data

Between weeks 21 and 39/2021, there were 301 (84% of detections) 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) (Table 1 and 3, 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
unsubtyped 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 detections previously seen in pre-COVID-19

pandemic seasons during week 37 was 60 (Figure 5C).

Between weeks 21 and 39/2022, a total of 6,570 influenza virus detections were reported, which was
higher than the average number of detections from any prior interseasonal periods (maximum number
of detections = 1,422). The majority (94%) of these detections were type A viruses, of which A(H3)
accounted for 83% (n=1,846). 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 were recorded in week 21/2022
(Figure 3), with 1,145 detections (of which 288 were type A(H3), 14 were A(H1)pdmQ9, 784 were not

subtyped and 59 were type B (three were B/Victoria)) reported from 21 countries and the largest
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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).
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SARI surveillance

Between weeks 21 and 39/2021, there were no type B virus detections and 18 influenza virus type A
detections (17 A(H3), and one A(not subtyped) (Tables 3 and 4) reported from three countries
(Croatia, Kyrgyzstan and Russian Federation). The average 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 were reported, of which the majority (86%)
were type A (52 were A(H3), four were A(H1)pdmO09 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). A peak of 4% percentage positivity was seen in week 35/2022, with 10 detections 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).

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 and United Kingdom (England)). The majority of which (n=71, 90%) were
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 65 years and older, two were aged between 15 and 64 years, one was

aged between five and 14 years and one was younger than four years (Table 5). During the same
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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)pdmO09) and

two were infected with type B viruses (no lineage ascribed). Of these 85 patients, 67 were aged 15

years and older (36 were aged between 15 and 64 years and 31 were aged 65 years and older), three

were aged 5 to 14 years and 15 were aged four or younger).
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Discussion

Our study described substantially fewer detections and circulation of influenza during the 2020/21
(week 40 to 20) and during the 2021/22 seasonal period despite widespread testing, in comparison to
those observed in the previous four influenza seasonal periods (2016/17 to 2019/20) in Europe. This
further builds on evidence seen mid-season of 2020/213. We also highlight that despite the
subsequent resurgence in influenza activity in 2021/22 compared to the 2020/21 season, the
circulation and timing were different to typical influenza annual 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 coincided 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, albeit
past its peak, across Europe; a trend which was still evident mid-season of 2020/2131213, The
findings of decreased detections of influenza during the 2020/21 season are consistent with those
observed 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#-1"This is also
evidenced through our findings of decreased influenza virus detections when the PHSM were at their
most stringent denoting the interference of the SARS-CoV-2 waves on influenza 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 subtypes circulating and we noted that

influenza B/Yamagata lineage viruses were not detected through primary, SARI or non-sentinel
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sources throughout our study period. Possible extinction of B/Yamagata has been highlighted before

and has potential future implications for influenza vaccine composition?8,

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 interseasonal periods %°. This was particularly evidenced through SARI sentinel sites during the
interseasonal period. It has been suggested these observations may be due to viral interference?°.

Further work is required to understand this phenomenon better.

The reduction in testing activity could be one factor that contributed to a lower detection of influenza
viruses. Most probably, 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 influenza 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
viruses, 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?t, The main factor for the reduced transmission thus seems to be the impact of PHSM,
including travel measures 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,
however 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, so 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'®. Further work is required to disentangle these effects.
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The reduced circulation of influenza virus for a prolonged period poses several uncertainties and
implications for future seasons. Firstly, 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 co-circulate with other respiratory viruses?2. Indeed, the 2022/23 season has seen an
unexpectedly early influenza season?®. Secondly, the lack of circulation may impact on virus
characterization for the annual recommendations of influenza vaccines’ composition as predictions
are heavily reliant on laboratory information from characterization of currently circulating viruses®.
These characteristics, therefore, have been based on a reduced sample of circulating viruses
available increasing the risk of suboptimal vaccine effectiveness, this issue is now reducing following

the subsequent increase in circulation in 2021/23 and in subsequent seasons.

Some limitations to this study should be considered. Firstly, it is important to highlight the influence of
the COVID-19 pandemic on the varying degrees of disruption to national sentinel surveillance
systems, particularly influenza specific indicators such as ILI and ARI rates, due to changes in health
seeking behaviors and limitations in the capacity of sites to receive cases and take specimens,
impacting their ability to monitor respiratory viruses, including RSV. Secondly, not all countries who
collate sentinel surveillance data report these data through the TESSy?'. Furthermore, some
countries do not maintain all-year-around surveillance therefore may not have reported data for the
interseasonal periods, introducing the likelihood of underestimating our findings. Thirdly, not all
countries have fully implemented an integrated approach with the inclusion of influenza and SARS-
CoV-2 testing in NICs. 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 earlierd. 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 example multiplex assays).
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In conclusion, the 2020/21 season observed exceptionally low detections of influenza virus, despite
elevated testing, which was followed by unusual activity during the 2021 interseasonal period
coinciding with the differing waves of SARS-CoV-2 circulation. 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 observed before the COVID-19 pandemic. As countries move towards integrating
surveillance of SARS-CoV-2, influenza and other relevant respiratory viruses, underlying systems
might change and reported data might not be comparable to historical data. Further work is also
needed to understand the recent lack of circulation of influenza B/Yamagata lineage which could have
implications on future vaccine composition!®, Our study has highlighted the importance to ensure
resources and strengthening and implementing integrated surveillance 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 continue to plan towards the implementation of robust and agile integrated respiratory
disease surveillance in line with the WHO European Region and ECDC guidelines?* to vigilantly and
simultaneously survey, sequence and report the circulation of the most commonly circulating

respiratory pathogens such as influenza, RSV and SARS-CoV-28,
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Figures

Figure 1. Qualitative indicator influenza intensity, by week and West (W) to East (E),
between weeks 40/2020 to 39/2022, Europe

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.
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Figure 2. Weekly number of laboratory-confirmed positive tested influenza specimens in
sentinel primary care with percentage positivity (upper figure) and % of stringency of
public health and social measures (PHSM) (lower graph), by week, between weeks
40/2020 to 39/2022, Europe
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Figure 3. Weekly number of laboratory-confirmed positive tested influenza specimens in
non-sentinel primary care with percentage positivity (upper figure) and % of stringency
of public health and social measures (PHSM) (lower graph), by week, between weeks
40/2020 to 39/2022, Europe
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Figure 4. Weekly number of laboratory-confirmed positive tested influenza specimens in
hospitalized patients with severe acute respiratory illness (SARI) and percentage
positivity (upper graph) and % of stringency of public health and social measures
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(PHSM) (lower graph), by week, between weeks 40/2020 and39/2022, Europe

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 5. Top row: Count of specimens tested (A), and percentage positivity (B) of
influenza specimens per week from sentinel sources compared to the mean, minimum
(Min) and maximum (Max) from pre-COVID-19 pandemic seasons; Middle row: count of
non-sentinel influenza detections compared to the mean, minimum (Min) and maximum
(Max) from pre-COVID-19 pandemic seasons (C); Bottom row: count of specimens
tested for influenza (D), and percentage positivity (E) 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 ten specimens were
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Figure 6. Summary of correlations between public health and social measure (PHSM)

and sentinel surveillance systems for the 2021/22 season, Europe
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Tables

Table 1. Number of countries reporting by reporting systems with total number of tested
specimens and overall positivity for seasons 2020/21 and 2021/22 compared to the
median and range of seasons 2016/17-2019/20, by season (weeks 40-20) and
interseason (weeks 21-39), Europe

2021/22 season 2020/21 season 2016/17-2019/20 seasons

Season Intersea Season Intersea Inter- Inter-
Season Season
al sonal al sonal season season
. . . . (mean) (range)
period period period period (mean) (range)

Sentinel surveillance

Number
of . 49 37 44 26 48 46 - 50 20.8 14 - 25
countries
*
Specime 46,234 - 1,519 -
ns tested 64,153 20,709 39,457 7,993 50,543.5 55.171 2,110.5 2904
Positive
. 7,261 1,045 0 0 18,382.5 16,445 - 14.8 i
getecnon (11.3%) (5%) 56 (0.1%) 10 (0.1%) (36.4%) 22,321 (0.7%) 3-37
Non sentinel surveillance
Number
of . 46 33 41 31 47.2 45 - 48 23 16 - 26
countries
*
Specime  2,600,98 767,305. 597,413 - 52,138 -
ns tested 7 575,538 869,347 332,582 5 860,610 62,868.8 73.658
Positive
g 176,715 132,384 - 837 48 -
getecnon 134,493 6,650 867 360 (23%) 229,033 (1.3%) 1,422
SARI surveillance
Number
of . 22 16 19 12 17 15-18 6 4-7
countries
*
Specime 9,556 - 474 -
ns tested 23,636 7,725 19,989 4,146 10,389.0 11,308 1,122.8 1,608
Positive ;) /ag 100 28498  2,043-
detection ! 11 (<1%) 18(0.4%) . ' ' 7.8(<1%) 1-11

(6.3%) (1.3%) (27.4%) 3,645

S
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2021/22 season 2020/21 season 2016/17-2019/20 seasons

Season Intersea Season Intersea Inter-
Season Season
al sonal al sonal season
, . . . (mean) (range)
period period period period (mean)

Inter-
season
(range)

* Reporting at least one specimen tested per season.
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Table 2. Distribution of influenza virus (sub)types and lineages from primary care
sentinel surveillance for 2020/21 and 2021/22 seasons and previous seasons for
respective seasonal and interseasonal periods, Europe

2021/22 season 2020/21 season 2016/17 - 2019/20 seasons

Prev Season Prev Season
Season Intersea Season Intersea

S_ubtype al sonal al sonal Inter- a_l Inter- a_I
/lineage eriod eriod eriod eriog  Season period season period
P P P P (mean) (mean) (range) (range)
Positive 7,261 1,045 56 10 14.8 18,382.5 3.37 16,445 -
samples  (11.3%) (5%) (0.1%) (0.1%) (0.7%)  (36.4%) 22,321
Influenza 7,157 1,012 40 10 o 12,737.5 8,200 -
A ©9%)  (97%)  (71%)  (100%) OSO00O4%) Tggen 114 4575
4,884.8 149 -
0, 0, 0, 0, 0, ! -
A(H1) 394 (7%) 85(9%) 13(65%) 0 (0%) 2.8 (40%) (429%) 0-7 8 208
5,626 855 7 8 o 6,864.5 2,650 -
AH3)  (g306)  (@1%)  (35%)  (100%) 2 (60%)  “5gn 1-8 13375
Influenza 579 -
A not 1,137 72 20 2 1.0 988.2 0-2
1,265
subtyped
Influenza o o o o o 5,645.0 248 -
B 104 (1%) 33(3%) 16 (29%) 0 (0%) 6.8 (46%) (319%) 1-23 14121
B/Victoria 18 6 3 0 1.5 762.5 0-5 13 -
) ) 2,492
Blvamag 0 0 0 0 0.0 18395  0-0  7-6,943
B lineage 228 -
unknown 86 27 13 0 5.3 3,043.0 1-18 6,978
Total

1,519 - 46,234 -

samples 64,153 20,709 39,457 7,993 2,110.5 50,543.5 2.904 55171

tested

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.
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Table 3. 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, Europe

2021/22 season 2020/21 season 2016/17 - 2019/20 seasons

Prev Season Prev Season
Season Intersea Season Intersea

S_ubtype al sonal al sonal Inter- a_l Inter- a_I
/lineage eriod eriod eriod eriog  Season period season period
P P P P (mean) (mean) (range) (range)
Positive 48 - 132,384 -
samples 134,493 6,650 867 360 837 176,715 1,422 220 033
Influenza 132,117 6,267 436 301 503.2 130,557. 30 - 102,528 -
A (98%) (94%) (50%) (84%) (60%) 5 (74%) 1,147 194,096
2631 398 o 0 76.2 18,588.2 ] 420 -
A(H1) (9%) asw) 203N  6(B%) o500 2wy 4718 36515
A(H3) 28,036 1,869 49 222 226.8 25,729.8 6 - 567 16,638 -
(91%) (82%) (65%) (97%) (75%) (58%) 40,086
Influenza 65,107 -
A not 101,450 4,000 361 73 200.2 86,239.5 20-445 ;
131,578
subtyped
Influenza 2376 o 431 o 333.8 46,157.5 18 - 2,082 -
B 2w) 383 06%) 5oy 96N gy (26%) 1,032 126,505
B/Victoria 98 32 12 1 9.5 675.8 0-23 46 -
) ) 2,067
B/Yamag 65 -
ata 2 0 1 0 47.2 2,644.8 0-179 8919
B lineage 1,958 -
unknown 2276 351 418 58 277.1 42,836.9 18 - 840 117,388
Total 5 500,98 767,305. 52,138- 597,413 -
s?er‘ggalgs 7 575,538 869,347 332,582 62,868.8 5 73.658 860,610

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.
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Table 4. Influenza viral virus distribution by (sub)types and lineage from severe acute
respiratory illness (SARI) surveillance for 2020/21 and 2021/22 seasons and previous
seasons for respective seasonal and interseasonal periods, Europe

2021/22 season 2020/21 season 2016/17-2019/20 seasons
Prev Season Prev Season
Subtype Season Intersea Season Intersea inter- al inter- al
. al sonal al sonal ) .
/lineage eriod eriod eriod eriog  Season period season period
P P P P (mean) (mean) (range) (range)
Positive 1,488 100 o o 7.8 2,849.8 i 2,043 -
samples  (6.3%)  (1.3w) 11 (©1%) 18(04%) (700 5740 111 3ess5
Influenza 1,411 o 11 18 o 1,996.2 893 -
A ©506) 208%) 1000 (100%) AOOI®) 700 0710 5979
842.2
A(H1) 59 (5%) 4 (7%) 3(30%) 0(0%) 2.0 (50%) (46%) 0-7 7-1,978
1,208 . . 17 . 975.8 ) 301 -
A(H3) ©O5%) 52 (93%) 7 (70%) (100%) 20 (50%) (54%) 0-3 > 564
Influenza
A not 144 30 1 1 0.0 178.2 0-0 44 - 267
subtyped
Influenza o o o o o 853.5 32 -

B 77 (5%) 14 (14%) 0 (0%) 0(0%) 3.8 (49%) (30%) 0-8 1304
B/Victoria 10 2 0 0 0.2 214.8 0-1 0-673
B/Yamag 0 0 0 0 0 123 0-0 1-341

ata
B lineage 67 12 0 0 3.6 515.7 0-8 31-770
unknown
Total
474 - 9,556 -
s?er‘;lggs 23,636 7,725 19,989 4,146 1,122.8 10,389.0 1,608 11,308

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.
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Table 5. Influenza viral virus distribution by (sub)types and lineage from severe acute
respiratory illness (SARI) surveillance for 2020/21 and 2021/22 seasons and previous
seasons for respective seasonal and interseasonal periods, Europe

Hospital Variable 2021/22 infgrzszea 2020/21 in?grzslea
ward season season
son son
A(H1)pd
mo9 59 8 1 0
A(H3) 93 3 0 0
A
unsubtyp 580 60 1 0
ed
B 7 8 1 1
Total
(subtypes 739 79 3 1
ICU 00-04 58 1 0 0
years
05-14
years 53 1 1 0
15-64 250 2 1 1
years
65+ 198 5 1 0
years
Age 180 70 0 0
unknown
Total 739 79 3 1
(ages)
A(H1)pd
mo9 3 3 2 0
A(H3) 155 8 0 0
A
Other unsubtyp 413 72 0 0
wards ed
B 3 2 0 0
Total

(subtypes 574 85 2 0




Hospital Variable 2021/22 infgrzszea 2020/21 infgrzslea
ward season season

son son
00-04 72 15 0 0
years
05-14 38 3 0 0
years
15-64 223 36 2 0
years
65+
s 241 31 0 0
Total 574 85 2 0

(ages)




Supplementary Figures
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Supplementary Figure 1 (SF1). Individual country-level weekly number and percentage
positivity reported for influenza detections through sentinel primary care surveillance,
between week 40/2020 and week 39/2021, Europe
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Seasonal weeks: between weeks 40 and 20; interseasonal weeks: between weeks 21 and 39.
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Supplementary Figure 2 (SF2). Individual country-level weekly number and percentage

positivity reported for influenza detections through SARI surveillance, between week

40/2020 and week 39/2021, Europe
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Supplementary Figure 3 (SF3). Individual country-level percentage positivity for
influenza, week 40/2020 and 39/2021 in comparison with the mean, minimum,
maximum number of specimens in the previous four seasons (week 40 to 39, 2015/16
to 2019/20) through sentinel primary care surveillance, Europe
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Supplementary Figure 4 (SF4). Individual country-level percentage positivity for
influenza, week 40/2020 and 39/2021 in comparison with the mean, minimum,

maximum number of specimens in the previous four seasons (week 40 to 39, 2015/16

to 2019/20) through SARI surveillance, Europe
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