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Abstract

We analysed the influenza epidemic that occurred in Australia during the 2022 winter

using an age-structured dynamic transmission model, which accounts for past

epidemics to estimate the population susceptibility to an influenza infection. We

applied the same model to five European countries. Our analysis suggests Europe

might experience an early and moderately large influenza epidemic. Also, differences

may arise between countries, with Germany and Spain experiencing larger epidemics,

than France, Italy and the United Kingdom, especially in children.
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1 | INTRODUCTION

Before the COVID-19 pandemic, influenza was responsible for

15 000–70 000 deaths and up to 50 million symptomatic cases

every year in the European Union (EU) and European Economic

Association (EEA).1 After April 2020 and during the 2020/21 winter,

influenza circulation was massively reduced by the emergence of

SARS-CoV-2 and the related non-pharmaceutical interventions

(NPIs).2 NPIs have been largely lifted in the EU/EEA and influenza

co-circulated with SARS-CoV-2 during the 2021/22 winter,3 and it is

expected to make a stronger return during the 2022/23 winter.4

A number of news reports have looked at the influenza season in

Australia and predicted alarming scenarios for the Northern

Hemisphere.5

2 | METHODS

We adapted an age-structured SEIR-like transmission model, which

accounts for the impact of past influenza epidemics on the suscepti-

bility for influenza in the population.6 The model was calibrated with

laboratory-confirmed detections7,8 and burden estimates9,10 to repli-

cate the dynamic of strain specific influenza epidemics over the period

2012–2022 in Australia and in the five largest countries in Western

Europe: France, Germany, Italy, Spain and the United Kingdom. Age-

stratified contact matrices in this model were based on the Mistry

et al. model.11 Our model accounts for influenza vaccination and

effectiveness (i.e., some vaccinated may still be susceptible), and this

allows an estimation of the level of immunity acquired after an influ-

enza epidemic and its progressive exponential waning over time
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(average duration of 6 years for influenza A). In all six countries, the

vaccination coverage rates (VCRs) for influenza were collected and

included in the model.12,13 The United Kingdom was the only country

that reached the WHO VCR target of 75% for people aged 65 years

and older, with 81% in 2020/21 and 82% in 2021/22. Spain was the

second country closest to meet the target with 69% in 2021/22. We

also introduced the impact of NPIs on influenza transmission by using

the outcomes of a COVID-19 model14 in which country-specific levels

of NPIs were estimated as part of model calibration to reported cases,

hospitalizations and deaths.14,15

3 | RESULTS

Figure 1 displays the number of laboratory-confirmed influenza

detections per week from 2017–2022, available through FluNet.8 In

the Southern Hemisphere, the influenza season in Australia usually

starts in May and lasts until October.16 Following the emergence of

SARS-CoV-2 and the implementation of strong NPIs, including heavy

restrictions on travel to and from Australia, there was very little influ-

enza activity until the winter of 2022. After a 2-year absence, this sea-

son was characterised by an early appearance (mid-April 2022) and a

relatively high peak in influenza detections in June, followed by a

steep decrease and the season was dominated by influenza A (mostly

A(H3N2), if subtyped).17

The influenza season in Europe (Northern Hemisphere) typically

lasts from November to April, with the number of cases usually peak-

ing around February.18 In 2020/21, there were hardly any influenza

detections (see Figure 1) in France, Germany, Italy, Spain and the

United Kingdom, and the following winter of 2021/22 was generally

mild, with a late influenza season dominated by influenza A(H3N2).

There was some variation in influenza activity between countries; in

the United Kingdom, the season started relatively early, but the peak

was postponed in all five countries. Spain was the only country with

two distinct peaks, and the United Kingdom had the lowest levels of

laboratory detections compared with previous seasons.

Figure 2 displays the proportion of susceptible persons per coun-

try and age-group from 2017 to 2022 for influenza A. Because vacci-

nated individuals remain partially susceptible, both vaccinated and

unvaccinated persons are presented. Results for Australia showed an

overall increase in the proportion of susceptible persons (+10.1%),

ahead of the 2022 influenza season compared with the reference

(maximum susceptible population between 2017 and January 2020).

The estimated susceptible population was also higher in Germany

(+8.0%) and Spain (+6.2%), and lower in the United Kingdom

(�1.6%). The percentage increase compared with the reference was

highest in the youngest two age-groups in both Australia (0–4 and

5–14 years) and the five European countries (0–1 and 2–17 years).

The susceptibility picture in Germany and Spain looked most like the

one in Australia; in France and Italy, the proportion of susceptible

F I GU R E 1 Weekly number of laboratory confirmed influenza detections, reported to FluNet, since the 2017 season in Australia and
2017/18 season in France, Germany, Italy, Spain and the United Kingdom. The period preceding the COVID-19 pandemic is shown with a blue
background, the period with most COVID-19 related non-pharmaceutical interventions (NPIs) and few influenza cases is shown with a yellow
background, the period in 2022 after most NPIs were lifted per country28,29 is shown with a green background.
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persons did not increase as much. In the United Kingdom, the esti-

mated susceptible population only exceeded the reference in the two

youngest age-groups.

4 | DISCUSSION

The 2022 influenza season in Australia was characterised by an early

onset and a slightly shorter and sharper epidemic than previous seasons

(see Figure 1). The number of laboratory-confirmed detections was very

high compared with previous seasons; however, primary care data

showed low rates and the hospitalisation rate was average.17 Factors

that could have influenced the duration of the influenza season were

the rise of a new SARS-CoV-2 Omicron variant (see Figure 3) and the

vaccination levels that are relatively high compared with Europe (68.3%

in persons aged 65 years and over). Vaccination against influenza is

recommended for anyone over 6-months-old and is available free of

charge for certain risk groups.19 In addition, in June and July of 2022,

some states (Queensland and Western Australia) provided the vaccine

free of charge to all inhabitants over 6 months to increase vaccine

uptake.20,21 One difference between Australia and Europe is that

Australia had no real influenza activity since the start of COVID-19 pan-

demic, but Europe experienced some mild influenza activity during the

2021/22 winter, and this will affect the proportion of the population

that is susceptible to influenza due to infections.

Predictive modelling can be an important tool to generate possi-

ble influenza activity scenarios. In these models, a crucial role is given

to the level of susceptibility for influenza in the population, which is

F I GU R E 2 Evolution of the population susceptibility to influenza A (H1N1 and H3N2) since 2017 by age group in Australia, Germany, Spain,
France, Italy and the United Kingdom. Horizontal red lines show the maximum level of susceptibility before January 2020. The percentage of
increase (or decrease) displayed on the plots are computed for the highest susceptibility level ahead of the 2022 (Australia) and 2022–2023
(Europe) influenza season compared with the red lines. Transparent areas stand for susceptible who vaccinated.

F I GU R E 3 Influenza and SARS-CoV-2 detections in Australia, between January 2020 and September 2022
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altered by both infection and vaccination. Our approach allows one to

reconstruct the immune status of the population based on past epi-

demics. We then used the susceptible population metric to interpret

influenza epidemics that occurred in Australia and to assess what may

be expected this winter in Europe. Based exclusively on this metric, a

larger than usual influenza outbreak could be expected in the five

European countries. However, given that the largest overall increase

in the susceptible population was seen in Australia and this did not

lead to an extreme caseload, or increased number of hospitalisations

due to influenza in 2022, a scenario with a very large outbreak in

Europe seems unlikely. In addition, the highest levels of susceptibility

increase are found in the young population (0–14 years for Australia

and 0–17 years for the five European countries), a population where

influenza circulation could be high, but probabilities of severe out-

comes remain generally low. However, another study found that a

10–60% increase in the population susceptibility might lead to a maxi-

mum of onefold to fivefold rise in peak magnitude and a onefold to

fourfold rise in the epidemic size for the upcoming 2022–2023

influenza season.22

An early rise in influenza detections is possible, especially in coun-

tries with the highest increase in the susceptible population. Germany

has already reported an increase in influenza detections in late

November 2022, just like the United States, Canada and Mexico.23 A

similar early start was observed in Australia and also described in

Chile,24 where the season was characterised by an early start and

atypical course, but fewer hospitalisations, compared with before the

COVID-19 pandemic. An important factor that will impact the upcom-

ing influenza epidemics in Europe will be the specific viruses that cir-

culate in Europe. Some countries in the southern hemisphere had an

H3N2 dominant season, such as Australia, Chile24 and Argentina,25

while others had an H1N1 dominant season (South Africa). The H1N1

epidemic in South Africa, was then followed by a separate influenza B

epidemic.26 Another important factor would be the emergence of a

new SARS-CoV-2 variant, which could impact influenza activity (see

Figure 3 for how this played out in Australia), for example, via the

implementation of NPIs.

One limitation of our study is that we have focussed our analysis

on influenza A. This was a methodological choice as (a) influenza A is

typically the dominant virus circulating in the population (B generally

represents only 23% of detections in a season),27 (b) influenza B did

not play an important role in influenza epidemics in Australia and the

other southern hemisphere countries, and (c) our estimation of sus-

ceptibility is mainly illustrative and should only be used for relative

comparisons between countries. Another limitation is that these are

modelled estimates of susceptibility, which would be important to

compare to serological data. Finally, our analysis was limited by some

of the data inputs (e.g., the VCR data for Germany was limited).

In summary, the data from Australia suggest that Europe might

experience an earlier epidemic than usual, but based on our estimates

of the susceptible population and the hospitalisation rates in Australia

and Chile, we would not expect a major influenza outbreak this winter

in Europe. There may, however, be differences in the epidemics across

Europe, with Germany and Spain experiencing larger epidemics,

especially in children, compared with France, Italy and the

United Kingdom. These results highlight the importance of monitoring

and modelling the level of immunity against influenza across coun-

tries. They also depend on the European population maintaining their

prevention and control measures, including influenza vaccination.
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