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a b s t r a c t 

Objectives: The COVID-19 pandemic is characterized by successive waves that each developed differently 

over time and through space. We aim to provide an in-depth analysis of the evolution of COVID-19 mor- 

tality during 2020 and 2021 in a selection of countries. 

Methods: We focus on five European countries and the United States. Using standardized and age-specific 

mortality rates, we address variations in COVID-19 mortality within and between countries, and demo- 

graphic characteristics and seasonality patterns. 

Results: Our results highlight periods of acceleration and deceleration in the pace of COVID-19 mortality, 

with substantial differences across countries. Periods of stabilization were identified during summer (es- 

pecially in 2020) among the European countries analyzed but not in the United States. The latter stands 

out as the study population with the highest COVID-19 mortality at young ages. In general, COVID-19 

mortality is highest at old ages, particularly during winter. Compared with women, men have higher 

COVID-19 mortality rates at most ages and in most seasons. 

Conclusion: There is seasonality in COVID-19 mortality for both sexes at all ages, characterized by higher 

rates during winter. In 2021, the highest COVID-19 mortality rates continued to be observed at ages 75 + , 

despite vaccinations having targeted those ages specifically. 

© 2022 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases. 

This is an open access article under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ) 
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The COVID-19 pandemic is characterized by a sequence of 

aves that exhibit different features over time and through space. 

or example, in some European countries and in the Northeastern 

nited States, COVID-19 mortality rates substantially declined be- 

ween the first and the second wave [1] . Likewise, Italian provinces 

ith the most severe initial COVID-19 outbreaks faced milder sec- 

nd waves [ 2 , 3 ]. However, the experience of successive COVID-19 

aves in other countries remains relatively unexplored, as previ- 

us studies tend to focus on the cumulative number of deaths 

y a given date or use other approaches that make it difficult to 
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learly distinguish variations in the age and sex-specific structure 

f COVID-19 mortality across pandemic waves [4–7] . 

International comparisons of the demographic characteristics of 

eople who died during these different waves provide valuable 

nsights into the efficiency of health measures implemented by 

overnments, from basic prevention—such as regular hand wash- 

ng, facemask use, and lockdowns—to testing and immunization. 

o document the possible impact of those measures, it is crucial to 

arefully analyze the pace at which the lethal impact of COVID-19 

rogressed over time while simultaneously disaggregating COVID- 

9 mortality by age and sex. However, such comparisons must be 

onducted cautiously, given the heterogeneity of the available data 

cross countries. More precisely, data collected through specific ob- 

ervation and registration systems could potentially lead to differ- 

nces in data coverage and representativeness, thus introducing 

ias when carrying out undocumented international comparisons 

8] . 
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Here, we aim to provide an in-depth descriptive analysis of 

he evolution of COVID-19 mortality in a selection of countries 

hroughout the pandemic seasons and waves during the years 

020 and 2021, including changes in the age and sex structure of 

he deceased. 

Since COVID-19 waves were driven by different variants of the 

irus and public health interventions, we hypothesize that the in- 

ensity of epidemic waves in each country may show distinct pat- 

erns according to calendar, overall lethality, and sex- and age- 

pecific mortality. For example, we expect cross-country variations 

n the lethal impact of the first COVID-19 waves in 2020, which 

ay partly reflect the strictness of public health protocols in the 

se of non-pharmaceutical interventions. Furthermore, considering 

hat COVID-19 vaccination was introduced during the first months 

f 2021, we expect the 2020 waves to be more lethal than those of 

021, especially among the oldest age groups, who were the first 

o be targeted by vaccination campaigns and received booster shots 

n priority. 

ata 

We used national-level data on COVID-19 death counts by age 

nd sex from “The Demography of COVID-19 Deaths” database [9] , 

ith a specific focus on six countries: Belgium, England and Wales, 

rance, Scotland, Sweden, and the United States (see Supplements: 

able S1 and Figure S1). We chose these countries because their of- 

cial data sources use comparable definitions in the attribution of 

 death to COVID-19 [10] , providing comprehensive COVID-19 death 

ounts , that is, “statistics from the vital registration system, where 

OVID–19 is mentioned on the death certificate, or surveillance 

ystems or health agencies that report both laboratory-confirmed 

nd suspected COVID-19 deaths” [8] . Most data sources used in 

his study provide COVID-19 death counts based on data from the 

ivil registration system, that is, death certificates where COVID- 

9 is mentioned. The only exception is Belgium, for which data 

ome from the epidemiological surveillance system where both 

onfirmed and suspected COVID-19 deaths are reported. Thus, even 

hough we use comparable data from sources offering comprehen- 

ive death counts, our results refer to deaths associated with (and 

ot due to) COVID-19, as not all data sources allow a clear distinc- 

ion of the role of COVID-19 in the death, that is, whether under- 

ying or contributory cause of death. 

We focus on the period beginning with the pandemic in March 

020 and ending with the 2021-2022 winter season (i.e., until the 

nd of February 2022)—except for France, who, at the moment of 

riting this article, has no available COVID-19 data after December 

4, 2021. 

For calculating COVID-19 mortality rates, we also used popula- 

ion counts by age and sex. Population estimates and projections 

or 2019, 2020, and 2021 were retrieved from the official national 

tatistics websites pertaining to our study populations (see Supple- 

ents: Box S1). 

Finally, to compare the structure of COVID-19 mortality with 

hat of all-cause mortality in a prepandemic year, we also used 

019 death counts by age and sex for each study country, retrieved 

rom the Human Mortality Database (HMD, [11] ). 

ethods 

To highlight overall differences and similarities between coun- 

ries and across waves, we first show how total COVID-19 mortal- 

ty rates have evolved over time. For international comparisons, we 

stimate weekly standardized COVID-19 death rates (SDR) for each 

ountry by applying the classic direct standardization method [12] . 

o remove the influence of different age structures across popula- 

ions, we use Eurostat’s European Standard Population [13] . 
33
Weekly and seasonal COVID-19 mortality rates by age are calcu- 

ated as the number of COVID-19 deaths occurring (or registered) 

uring a specific week or season, divided by the corresponding es- 

imated population (see Supplements: Table S2 and Figure S2). For 

he analyses by season, we used the meteorological definitions: 

inter (December 1 - February 28), spring (March 1 - May 31), 

ummer (June 1 - August 31), and autumn (September 1 - Novem- 

er 30). 

Finally, sex differences are explored using the ratio of male-to- 

emale COVID-19 mortality rates, that is, the age-specific COVID- 

9 mortality rates for men divided by those for women. We also 

sed the sex and age distribution of COVID-19 deaths within each 

eason in each country. 

esults 

iming and intensity of COVID-19 waves 

Figure 1 shows the evolution of the COVID-19 SDR by country. 

ithin each country can be identified at least three waves that 

nequally affect the population. 

The first COVID-19 wave began abruptly in March 2020 and 

eaked in April 2020, reaching 164 deaths per 1 million in Bel- 

ium; 149 in England and Wales; 127 in Scotland; 90 in France; 

0 in Sweden; and 62 in the United States. Then, the SDR declined 

n all countries, albeit slightly faster in Belgium and France. In the 

ve European countries included in Figure 1 , few COVID-19 deaths 

ccurred during the summer and beginning of autumn 2020. In 

ontrast, in the United States, there was a new period of increase 

eginning in June 2020, which reflects the geographic spread of 

he pandemic from east to west [ 14 , 15 ]. 

During the second wave, mortality increased rapidly in Belgium, 

ith an SDR rising from about eight at the end of September to 

20 at the beginning of November 2020. However, England and 

ales had the highest COVID-19 mortality rates during the second 

ave, as the SDR reached 162 in the third week of January 2021. 

rance had the lowest SDR at the peak of the second wave (60.1 in 

he second week of November 2020), followed by renewed periods 

f increased mortality between which the SDR did not substan- 

ially decline. 

During the spring and summer of 2021, a new stabilization 

hase began, first in England and Wales and in Scotland (March) 

nd then in Belgium, France, and Sweden (June). Unlike the sta- 

ility observed during the summer of 2020, the SDR increased 

lightly in England and Wales, Scotland, and France during the 

ummer of 2021. 

Compared with the same seasons 1 year earlier, markedly lower 

OVID-19 mortality rates were observed in autumn 2021 and in 

inter 2021-2022. This difference is striking in all study countries 

xcept the United States, where COVID-19 mortality was higher 

han in the other countries during the indicated period. Although 

he weekly SDR did not exceed 100 in the United States at any 

oment during the study period, it is the only country where it 

id not decline close to zero, as occurred in the European coun- 

ries during the summer months. By the end of the study period, 

he United States had the highest cumulative COVID-19 mortality 

ate since the beginning of the pandemic, followed by England and 

ales (see Supplements: Figure S3). 

ariations in COVID-19 mortality by age group 

Figure 2 illustrates the differential impact of COVID-19 on mor- 

ality by age, as younger age groups were less affected than older 

nes in all countries and waves. Below age 45, marked wave pat- 

erns in the death rates are observed only in England and Wales 

nd in the United States. From age 45, each wave has a distinct 
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Figure 1. Weekly standardized death rate (SDR, per 1 million) associated with COVID-19 by country. 

Note: Labels for the dates on the x-axis correspond to the first day of the indicated months. The gray vertical lines indicate the start of each season. SDR, standardized 

COVID-19 death rates. 
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mpact in all countries. At the peak of the first wave, England and 

ales had the highest mortality rates under age 75, while Belgium 

ad the highest mortality at ages 75 + . Comparing the age patterns 

ith all-age COVID-19 mortality ( Figure 1 ), the mortality peaks at 

ges 75 + clearly drive each country’s trends in COVID-19 mortality 

nd the intensity of each wave. 

A rapid mortality decline following the second peak is observed 

t all ages in England and Wales and in Scotland, and above age 
34 
5 in the United States, whereas a slight mortality increase from 

arch to May 2021 is observed in France and Belgium at all ages, 

nd below age 75 in the United States. After spring 2021, the mor- 

ality rates at ages 75 + significantly diminished in comparison to 

revious levels in all countries. 

Unlike the summer of 2020, more cross-country variation in 

OVID-19 mortality rates is observed during the summer of 2021, 

ith most countries (except Belgium and Sweden) having an in- 
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Figure 2. COVID-19 mortality rates (weekly deaths) by age group for both sexes combined. 

Note: Scales for each age group are different. Due to different age groups in the original data sources, data for Sweden correspond to ages 0 to 49 and 50 to 74 (instead of 

0 to 44 and 45 to 74, respectively). See also the cumulative mortality rates by age (Supplements: Figure S4). 
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rease toward the end of the season. This increase—which is more 

ronounced under age 75—was modest in England and Wales, 

cotland, and France but sharp in the United States. 

Figure 3 summarizes variations between seasons in the age 

tructure of COVID-19 mortality. In general, mortality is highest 

uring winter (especially the winter of 2020-2021) and at old ages. 

n all countries except the United States, the spring of 2020 (which 

epresents the first wave) also has among the highest mortality 

ates at most ages compared with the other periods. 

With a few exceptions, the COVID-19 mortality rates in 2020 

ncreased or decreased proportionally at most ages across seasons, 

s shown by the solid lines shifting up and down. In 2021 there 

as a crossover, as COVID-19 mortality rates among the oldest age 

roups did not increase as much as in 2020 (except for France 
35 
uring the summer of 2021). However, at younger ages, COVID-19 

ortality rates in 2021 were close to (or even higher than) those 

bserved in 2020 in most countries and seasons. 

In all countries except Sweden, COVID-19 mortality rates at all 

ges during summer 2020 were among the lowest observed, but 

hey were higher in summer 2021, especially at the youngest ages. 

n Sweden, mortality rates in summer 2020 were relatively high, 

s they were even higher at most ages than those observed in the 

021-2022 winter season. Swedish mortality rates during the sum- 

er of 2020 were also higher in comparison with the other Euro- 

ean study countries (see Supplements: Figure S5). 

Figure 3 shows that COVID-19 mortality rates were lower in 

he 2021-2022 winter season than in the previous one. However, 

hile the difference is substantial in England and Wales, Scotland, 
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Figure 3. Age-specific COVID-19 mortality rates by sex and season. 

Note: For Sweden, the point at the youngest age corresponds to the age group 0 to 49. Overall differences between seasons are further explored in the Supplements (Table 

S3). In Scotland (spring 2020 and summer and autumn of both years) and Belgium (summer 2021), no COVID-19 deaths were registered in the youngest age group (i.e., ages 

0 to 14 in Scotland and ages 0 to 24 in Belgium). Therefore, we dropped those points from Figure 3 , as the y-axis shows the mortality rate in log scale (and log(0) = - inf). 
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nd Sweden, it is only modest and concerns mainly the oldest age 

roups in Belgium and in the United States. In the latter coun- 

ry, young age mortality was even slightly higher in the 2020-2021 

inter season than in the previous one. 

ariations in COVID-19 mortality by sex 

Sex differences in COVID-19 mortality are explored in Figure 4 . 

n general, COVID-19 mortality rates are higher among men than 

omen. The largest differences are observed at ages 50 to 75. The 

nly instances where women displayed higher COVID-19 mortality 

ates compared with men (shown in orange-red colors in Figure 4 ) 

oncern the youngest age groups, but they involve very few deaths. 

Sweden is the country with the largest sex differences in 

OVID-19 mortality, as the rates for men in most age groups and 

n most seasons were at least 1.75 times higher compared with 

heir female counterparts. In contrast, such large sex differences 
36 
ave been rare in the United States throughout the pandemic. Fur- 

hermore, the age gradient of sex differences in COVID-19 mortal- 

ty has been smaller in the United States than in the other coun- 

ries, where the rates at older ages have been much higher than at 

ounger ages. 

Finally, Figure 5 illustrates how the age and sex distribution of 

OVID-19 mortality changed across seasons in 2020 and 2021. We 

lso compare these distributions with those of all-cause mortality 

n 2019. We chose 2019 because it is the most recent prepandemic 

ear with available data for all study countries in the HMD. Fur- 

hermore, we do not distinguish between seasons in 2019 because 

he age and sex distribution of deaths from all causes did not vary 

uch by season (see Supplements: Figures S6 and S7). Although 

here were indeed more deaths in winter, their age and sex distri- 

ution varied little compared with the other seasons in 2019. 

In most seasons and countries, the age and sex structure of 

OVID-19 deaths in 2020 were older than that of all-cause mortal- 
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Figure 4. Sex differences in age-specific COVID-19 mortality rates (colored boxes) and total female COVID-19 death counts (numbers) by season. 

Note: Relative differences illustrated with the colored boxes are calculated as the ratio of COVID-19 mortality rates for men to those for women. Similar mortality levels for 

men and women are represented in beige. Higher mortality among men compared with women is represented in blue, while higher mortality among women compared 

with men is represented in red (the darker the color, the greater the differences). Darker rows indicate higher male or female mortality during a specific season at various 

ages, while darker columns indicate higher male or female mortality for a specific age group across various seasons. Inside each colored box is indicated the total number of 

COVID-19 deaths among females observed in each country, season, and age group. Higher or lower COVID-19 mortality among men—as illustrated by the relative differences—

is therefore calculated with respect to the shown number of female deaths. 
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ty in 2019. By contrast, the age and sex distribution in 2021 tells 

f a younger structure of COVID-19 deaths, driven mainly by a re- 

uction in the proportional weight of female mortality at the old- 

st ages. In all countries, there is a marked decline in the propor- 

ions of female COVID-19 deaths at ages 85 + in the 2021 seasons 

ompared with those of 2020. The younger structure of COVID-19 

eaths in 2021 is, however, more visible among men, as there are 

igher proportions of male COVID-19 deaths in the 45 to 74 age 

ange. This pattern is most visible in Sweden and Belgium during 

he summer of 2021 and in the United States during the summer 

nd autumn of 2021. It should be kept in mind, however, that the 

ata used for these analyses do not specify the role of COVID-19 

n the death, which can contribute to an increase in the number 

f deaths (with or due to COVID-19) at young ages in periods with 

ore contagious variants, such as Delta and Omicron in 2021. 

onclusion and discussion 

This study shows that the timing and intensity of the waves 

f COVID-19 mortality experienced during 2020 and 2021 varied 

cross study countries. Pronounced periods of stabilization were 

dentified during the summer (especially in 2020) among the Eu- 

opean countries included in our analyses but not in the United 

tates. Possibly, this is related to stricter and more uniform pub- 

ic health measures within the European countries. For example, 

ockdowns were implemented almost simultaneously across the 

ational territories of the European countries analyzed here, ex- 

ept for Sweden [16] . In contrast, the United States was more het- 

rogeneous in terms of each wave’s beginning and the types and 

iming of public health strategies implemented by local govern- 

ents to contain the spread of the virus [ 14 , 15 , 17 ]. Between the

uropean countries analyzed here, we found calendar differences, 

ith France and Belgium experiencing an earlier start of the stabi- 

ization period in 2020 and Sweden doing so later. An analysis of 

he differential effect of public health policies could be refined in 

ight of these findings, considering that Sweden distinguished it- 

elf from most other European countries during the first wave by 

ot imposing mandatory lockdowns [ 18 , 19 ]. According to the Con- 
37 
ainment and Health Index [20] , Sweden had the least strict policy 

esponses to COVID-19 throughout the periods in 2020 and 2021, 

ompared with the other European study countries. Seasonal varia- 

ions in policy responses are most evident in France, where there is 

 relaxation of government measures during the summer months. 

espite variations in policy responses to the COVID-19 crisis, our 

esults show that there are certain similarities between the Euro- 

ean countries in terms of the general trends in COVID-19 mortal- 

ty, as noted previously. 

In the European countries studied here, the first two COVID-19 

aves were the most lethal, while the waves that followed during 

he year 2021 and the first months of 2022 were milder in com- 

arison. Previous studies have observed a decrease in COVID-19 

ethality over time as a result of a combination of factors, notably 

ass vaccination, improved medical management of the disease, 

mmunity from natural infection, and new variants of the virus 

 21 , 22 ]. Nevertheless, we also observed a sharp increase in COVID- 

9 mortality in the United States toward the end of summer 2021, 

hich lasted through the autumn and winter. This finding suggests 

igher mortality during the Delta and Omicron variants (predomi- 

ant from July until November 2021 and from December 2021 un- 

il February 2022, respectively) in the United States than in the Eu- 

opean countries studied here. This finding requires further inves- 

igation and should be interpreted with caution, however, as the 

ata used here do not allow identifying the precise role of COVID- 

9 in the death. The Delta and Omicron strains, while highly con- 

agious, were initially thought to be less fatal compared with pre- 

ious variants. Nevertheless, in Massachusetts (a state with high 

accination coverage), Omicron caused a substantial number of ex- 

ess deaths, even more than Delta [23] . 

By the end of the study period, the highest cumulative COVID- 

9 mortality rates from the beginning of the pandemic were ob- 

erved in the United States and then in England and Wales. How- 

ver, we found that the age distribution of deaths in those two 

ountries differs substantially, as the United States displayed the 

ighest COVID-19 mortality rates at young ages. In addition to 

igher COVID-19 mortality, all-cause mortality was already higher 

n the United States than in Europe even before the pandemic. The 
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Figure 5. Age and sex distribution of COVID-19 deaths by season and of all-cause mortality in 2019. 

Note: The colored lines (red and blue) show the distribution of COVID-19 deaths, whereas the black line shows the distribution of all-cause mortality in 2019. The age groups 

for Scotland and Sweden are different than those for the other countries due to different age groupings in the original data sources. For each season, the proportions by age 

and sex (i.e., the two characteristics simultaneously) add up to 100%. 
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andemic may have “accentuated the preexisting mid-life mortal- 

ty crisis” in the United States, as non-COVID mortality (mainly 

rom external causes of death) also increased in 2020 and 2021 

mong working age adults, especially among men, possibly reflect- 

ng the lethal impact of drug overdose and homicides [24] . Previ- 

us studies have shown that COVID-19 hit the United States more 

everely than other countries; substantial losses in life expectancy 

n that country in 2020 are attributed to the pandemic [25–27] . 

We also found that in general, COVID-19 mortality is highest 

uring winter (especially the winter of 2020-2021) and at old 

ges. The seasonality of COVID-19 mortality is hence similar to 

hat of influenza, which is one of the causes of death associated 

ith higher winter mortality - a pattern already observed before 

he pandemic. For instance, in the United States, ‘winter life ex- 

ectancy’ is about 1 year lower than ‘summer life expectancy’ [28] . 

In 2020, the age and sex structures of COVID-19 deaths were 

lder compared with that for all causes of death in 2019. Lower 

OVID-19 mortality rates and changes in the sex and age distribu- 

ion of those deaths were observed in 2021, which could be linked 

o country-specific health policies. A marked reduction in COVID- 

9 mortality rates at the oldest ages was observed in England and 

ales, Scotland, and the United States in the spring of 2021. This 

ould possibly reflect (at least in part) the effects of vaccination 

n those populations (i.e., lower COVID-19 mortality rates with in- 

reasing vaccination coverage): by the beginning of April 2021, the 

hare of people who had received at least one dose of COVID-19 

accine was about 46% in the United Kingdom and 34% in the 

nited States, but only 14% in France and Belgium and 13% in Swe- 

en [29] . COVID-19 mortality at the oldest ages declined in France, 

elgium, and Sweden during the summer of 2021, a period when 

hese countries considerably increased their share of fully vacci- 
38 
ated people (70.5% in Belgium, 60% in France, and 56% in Sweden 

y the end of August 2021). Increased vaccination coverage during 

he summer of 2021 in these three countries is most likely related 

o reductions in mortality at ages 40 to 75 during the following 

utumn. In contrast, the reduction in COVID-19 mortality at ages 

0 to 75 continued to be a challenge for the United States, which 

ould possibly be related to the slower pace of vaccination dur- 

ng the second half of 2021. After being one of the forerunners in 

OVID-19 vaccination, the share of fully vaccinated people in the 

nited States fell behind all other study countries; only 65% of the 

nited States population was fully vaccinated by the end of Febru- 

ry 2022. This proportion was higher at the oldest ages (92% and 

6% at ages 65 to 74 and 75 + , respectively) but considerably lower 

mong the youngest (between 62% and 74% in the 18 to 49 age 

roup) [30] . It should be noted, however, that other factors may 

lso have contributed to changes in the structure and intensity of 

OVID-19 mortality during 2021 in the study countries, as vacci- 

ations alone are insufficient to contain the pandemic [ 23 , 31 , 32 ].

ven when a large share of the population has been fully vacci- 

ated, widespread COVID-19 testing among both vaccinated and 

nvaccinated individuals remains important as the efficacy of the 

accine wanes over time [33] . Furthermore, fully vaccinated indi- 

iduals who later get infected with SARS-CoV-2 may carry high vi- 

al loads (even if they do not develop serious symptoms). 

Finally, the pattern observed for sex differentials in COVID-19 

ortality also shows consistency with that of all-cause mortal- 

ty, with men experiencing higher risks of dying compared with 

omen at any age [ 34 , 35 ]. Other studies have found that excess

ortality—that is, higher mortality levels from all causes com- 

ined, compared with previous years—has been greater among 

en than women during the COVID-19 pandemic [ 36 , 37 ]. We 
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ound that sex differences were largest at ages 50 to 75. However, 

he magnitude of those differences varies by country. While co- 

orbidities and, more specifically, respiratory diseases are major 

isk factors for COVID-19 death, sex differences in the prevalence 

f diseases might be at play. Another possible explanation could be 

ifferential exposure to the virus associated with sex differences in 

omestic, social, and economic activities. Further examinations are 

equired for a better understanding of such variations across coun- 

ries. 

trengths and limitations of this study 

This paper compares the variability in cross-seasonal COVID-19 

ortality by age and sex in six countries, covering the years 2020 

nd 2021. Our analyses add to current evidence on the lethality 

f COVID-19 by showing the changing age and sex structure of 

OVID-19 mortality between populations and over time within the 

ame population. 

Furthermore, unlike previous studies, our analyses are based ex- 

lusively on the type of data sources that currently offer complete 

nformation on COVID-19 deaths. These results provide solid ma- 

erial to be confronted with country-specific health policies imple- 

ented by governments. Nevertheless, the real burden of COVID- 

9 will be more accurately determined once vital statistics for 2020 

nd 2021 become available by assessing the precise role played by 

OVID-19 in death, whether the immediate, contributory, or under- 

ying cause of death. 
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