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Abstract
Purpose The severe acute respiratory syndrome coronavirus type 2 (SARS-CoV-2) has caused substantial mortality world-
wide. We investigated clinical and demographic features of COVID-19-related deaths that occurred between March 2020 
and January 2022 in Regensburg, Germany.
Methods We compared data across four consecutive time periods: March 2020 to September 2020 (period 1), October 
2020 to February 2021 (period 2), March 2021 to August 2021 (period 3), and September 2021 to January 2022 (period 4).
Results Overall, 405 deaths in relation to COVID-19 were reported. The raw case fatality ratio (CFR) was 0.92. In peri-
ods 1 to 4, the CFRs were 1.70%, 2.67%, 1.06%, and 0.36%. The age-specific CFR and mortality were highest in persons 
aged ≥ 80 years in period 2 while mortality in younger cases increased with time. The median age at death was 84 years and 
it varied slightly across periods. Around 50% of cases of death were previously hospitalized. In all time periods, the cause 
of death was mostly attributed to COVID-19. Over the four periods, we did not find significant changes in the distribution 
of sex and risk factors for severe disease. The most frequent risk factor was cardio-circulatory disease.
Conclusion In conclusion, the CFR decreased over time, most prominently for period 4. Mortality was considerable and 
younger cases were increasingly at risk.
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Introduction

The severe acute respiratory syndrome coronavirus type 2 
(SARS-CoV-2) has caused hundreds of millions of known 
cases and millions of deaths worldwide [1]. It has impacted 
health systems, economies, and social interactions on a mass 
scale. While even mild disease or the necessity of isolation 
of asymptomatic cases or quarantine of contacts have caused 
costs, loss of work force, delayed medical treatment and social 

deprivation, a death due to COVID-19 is regarded as the 
most severe outcome [2, 3]. Thus, mortality data have been 
of major importance for guiding infection control measures.

Changes in viral variants leading to altered pathogenic fea-
tures and transmission properties, along with evolving popu-
lation immunity, have raised the question of whether charac-
teristics of COVID-related deaths have changed over time. 
We, therefore, performed a retrospective observational study 
and investigated whether case fatality ratio (CFR) and mor-
tality or clinical and demographic features of COVID-related 
deaths changed across four specific time periods between 
March 2020 and January 2022 in Regensburg, Germany.

Methods

Study period and population

We searched the health department’s database Äsculab21 
for all COVID-19-related deaths reported in Regensburg 
residents (city/county) between March 2020 and March 
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2022 according to the date of reporting to the Robert Koch 
Institute (RKI), Germany’s national institute of disease 
control and prevention. We restricted those deaths to the 
time period March 2020 to January 2022 by date of death 
(to exclude the presumed time of onset of the omicron 
wave [4]). We defined four time periods according to the 
observed monthly numbers of deaths (Fig. 1A): March 
to September 2020 (period 1), October 2020 to February 
2021 (period 2), March to August 2021 (period 3), and 
September 2021 to January 2022 (period 4). The overall 
population of Regensburg (city and county) comprised 
346,545 residents (according to [5]).

Case definitions and characteristics of deaths

We applied the case definition of COVID-19/SARS-CoV-2 
according to the RKI [6]. Deaths were defined as “death in 
relation to COVID-19”, including deaths that were reported 
to the RKI as caused by SARS-CoV-2 and deaths that were 
reported as caused otherwise. We assessed data on risk fac-
tors (RF), hospitalizations, and the attributed cause of death 
(using Äsculab21 reporting software). For period 1, we took 
into account additional information on RF documented only 
on paper.

Fig. 1  Number of deaths, 
incidence, case fatality ratio 
(CFR) and mortality. A Number 
of deaths by month between 
March, 2020, and January, 
2022, and mortality per 100,000 
(calculated for Regensburg 
population acc. to [5]). B.1.1.7, 
Alpha variant; B.1.617.2, Delta 
variant; B.1.1.529, Omicron 
variant, acc. to [4]. B Inci-
dence proportion per day in the 
respective period (left vertical 
axis), mortality per day, and 
CFR by period (both right verti-
cal axis)
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Statistics

We calculated the raw case fatality ratio (CFR) based on 
all COVID-related deaths. We calculated incidence pro-
portions and mortality on the basis of population data for 
Regensburg [5]. For inter-period comparisons, we calcu-
lated mortality per day because time periods varied in their 
duration. Case fatality ratio (CFR) and mortality were com-
pared across periods for the following age groups: 0–59, 
60–79, and ≥ 80 years. For descriptive analysis, we present 
absolute and relative frequencies, and 95% confidence inter-
vals (95% CIs) as interval estimates. For statistical testing, 
we used a Chi-squared test for categorical variables and a 
Kruskal–Wallis rank-sum test for comparison of medians 
(level of significance p < 0.05). All analyses were performed 
using Microsoft Excel 2016 and Epi Info, version 7.2.5.0.

Results

We found the largest death count and a distinct mortality 
peak in period 2 (Fig. 1A). The four defined periods roughly 
correspond with the four infection waves reported for Ger-
many so far [7]. From November 2021 onwards, we found 
decreasing death counts.

In the overall study period, 405 deaths in relation to 
COVID-19 were reported (Table 1). The overall CFR was 
0.92. The median age was 84 years (range 32–103 years; 195 
male [48.15%], 206 female [50.86%], 4 unknown [0.99%]). 
Hospitalization was reported for 212 cases (52.35%). The 
most prevalent risk factors were chronic cardio-circulatory 
disease, neurological/neuromuscular disease, and diabetes. 
The proportion of unknown risk factors ranged from 28.40% 
(cardio-circulatory disease) to 37.53% (immunodeficiency/
HIV).

Table 1  Characteristics of study 
population and Case fatality 
ratio (CFR) and mortality per 
100,000 per day of different 
age strata by period (mortality 
calculated for Regensburg 
population acc. to [5])

Study period and characteristics of study population

Total deaths 405 (Missing: 2 without date of death)
Total number of cases 44,174
Case fatality ratio (CFR) 0.92
Mortality per 100,000 (%) 116.87 (0.12)
Age (median; IQR; Range) [years] 84; 75–89; 32–103
Sex Male % Female % Unknown %

195 48.15 206 50.86 4 0.99
Hospitalization Yes % No % Unknown %

212 52.35 155 38.27 38 9.38
Risk factors Yes % No % Unknown %
Cardio-circulatory disease 236 58.27 54 13.33 115 28.40
Neurological/neuromuscular disease 112 27.65 159 39.26 134 33.08
Diabetes 89 21.98 179 44.20 137 33.38
Kidney disease 75 18.52 185 45.68 155 35.80
Chronic lung disease 63 15.56 199 49.14 143 35.31
Neoplastic disease 56 13.83 205 50.62 144 35,56
Liver disease 22 5.43 232 57.28 151 37.29
Immunodeficiency/HIV 18 4.44 235 58.02 154 37.53

Age-specific CFR and mortality by period

Age group [years] 0–59 60–79  ≥ 80
CFR
 Period 1 0.22% 4.38% 20.29%
 Period 2 0.09% 4.01% 20.62%
 Period 3 0.12% 3.91% 14.60%
 Period 4 0.03% 1.20% 9.40%

Mortality
 Period 1 0.005 0.076 0.325
 Period 2 0.013 0.438 5.065
 Period 3 0.015 0.263 0.891
 Period 4 0.020 0.278 2.045
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Absolute numbers of deaths were 28, 204, 73, and 100 
for time periods 1, 2, 3, and 4. Absolute numbers of reported 
cases for the respective time periods were 1648, 7645, 6909, 
and 27,972, resulting in incidence proportions of 2.22, 
14.61, 10.84, and 52.76 per 100,000 per day. The mortal-
ity per 100,000 per day was 0.04, 0.39, 0.11, and 0.19; and 
the CFR was 1.70%, 2.67%, 1.06%, and 0.36%, respectively 
(Fig. 1B).

Comparing different age groups (0–59, 60–79, 
and ≥ 80 years), in all time periods, we found the largest 
CFRs among cases aged ≥ 80 years, culminating in a CFR of 
approximately 21% in period 2 (Table 1). Overall, the age-
specific CFR decreased in all three age groups from periods 
1 through 4 (p = 0.004, p < 0.001, and p < 0.001 for 0–59, 
60–79, and ≥ 80 years). COVID-19-related mortality was 
highest in the age group ≥ 80 years in period 2 (5.065 per 
100,000 per day), which was 16-fold higher than in period 
1 (Table 1). While mortality in 60–79-year-olds was sixfold 
higher during period 2, with a decrease in periods 3 and 4, 
in cases aged 0–59 years it increased steadily from period 
1 to 4.

We found no significant differences in the sex distribution 
across time periods (p = 0.100). The median age at death 
varied between periods, with a tendency towards higher ages 
in the winter waves (median age 79, 86, 79, and 82 years; 
interquartile range 64–85, 80–90, 70–87, and 73–89 years 
for periods 1 to 4; p < 0.001). Deaths in young cases 
(< 50 years) were rare (3 cases) and were only observed in 
period 4. Hospitalizations were more common during the 
first period: 89.29% (95% CI 71.77–97.73%) of deaths were 
hospitalized compared to 45.10% (95% CI 38.14–52.20%), 
38.36% (95% CI 27.21–50.48%) and 67.00% (95% CI 
56.88–76.08%) in periods 2–4. Cause of death was mainly 
attributed to COVID-19 in all time periods. However, during 
period 2, 73 deaths (35.78%; 95% CI 29.21–42.78%) were 
attributed to a different cause.

Discussion

In our retrospective analysis of 405 consecutive COVID-
related deaths over four time periods, we found the largest 
death counts during the second COVID-19 wave (period 2), 
with a maximum CFR of 2.67% and decreasing values for 
periods 3 and 4. The overall raw CFR was below 1% in the 
entire study period. While COVID-19-related mortality was 
highest in the age groups ≥ 80 years and 60–79 years dur-
ing period 2, it is noteworthy that mortality in cases up to 
59 years of age increased steadily from period 1 to 4.

Official estimates by the RKI state a CFR of 1.8% for 
Germany (by November, 2021 [8]), which is approxi-
mately 100% higher than in our cohort. This finding is 
consistent with our results from the analysis of the first 

wave in Regensburg and might be due to differences in the 
age structure and the distribution of RF [9]. It has been 
reported that differences in CFRs in Germany depended 
mainly on the age structure of the population and the con-
firmed infection rates [10]. Moreover, different observed 
CFRs across countries converge after adjusting for age 
[11]. In Regensburg, the old-age dependency ratio (num-
ber of persons aged 65 per 100 persons aged 14–64) is 
lower than the national figures: Regensburg city: 26.4, 
Regensburg county: 33.1, Germany: 36.9 (data for 2020) 
[12–14]. Yet, the share of persons aged ≥ 80  years in 
Regensburg (city and county) is only slightly lower than 
in Germany overall (5.8% and 7.1%, respectively) [5, 15].

We compared raw CFRs between time periods assum-
ing constant age strata. While we found a linear decrease 
of the CFR from period 2 onwards, mortality increased 
between periods 3 and 4 by approximately 50%. At the 
same time, the incidence proportion per day was almost 
fivefold higher in period 4 than in the previous one. While 
we must assume significant underreporting of cases dur-
ing the first wave (resulting probably in overestimating 
lethality based on the CFR), detection and reporting of 
cases was facilitated later by growing test capacities. 
On the other hand, immunity of the population has built 
up through vaccination and infection, viral tropism has 
changed with less lower respiratory tract involvement, and 
thus viral pathogenicity might have decreased [16–18]. 
However, the transmissibility of predominant variants 
has continuously grown [18]. This—together with higher 
detection rates—results in larger case numbers, especially 
in period 4 when variant B.1.617.2 became predominant. 
Vaccinations started in January 2021. A relatively full vac-
cination coverage of vulnerable and/or elderly people can 
be assumed by mid-2021, so the decrease in CFR may also 
be explained by the protective effect of vaccination against 
severe disease and death (the effectivity in this regard was 
stated approximately 90% during the Delta wave, acc. to 
[4]) [19]. Mortality rates show that old and very old people 
were at especially high risk of COVID-19-related death in 
period 2 when vaccines were not available. Comparing our 
data to national excess mortality data, the marked peaks 
in absolute numbers of deaths/mortality in periods 1 and 
4 (Fig. 1) correspond well with reported excess mortality 
for both time periods in Germany [20].

Numbers of hospitalizations differed between periods. In 
period 1, 90% of cases who died were previously admit-
ted to hospital. One reason for this finding might be that 
there was less experience with this new disease. For period 
2, there were fewer capacities as case counts were rising. 
Cases tended to be even older (interquartile range IQR 
80–90 years), and many died in retirement homes because 
they were likely not eligible or willing to be hospitalized. 
However, reporting hospitalizations of COVID-19 patients 
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was not mandatory before July 2021, so information bias is 
likely [21].

Overall, deaths were mainly attributed to COVID-19. In 
comparison, a greater share of deaths was not attributed to 
COVID-19 in period 2. One reason for this is the higher 
age of the deceased in this time period. Differences between 
periods might also reflect uncertainty in the causal attribu-
tion of deaths, as reported previously [22].

Our analysis is limited by its retrospective nature and 
small sample size. Due to differences in the distribution of 
age and risk factors, our results may not be applicable to 
other geographic regions. Data were collected by telephone 
interviews and are therefore prone to several types of bias 
(selection, reporting, and interviewer bias). Data on vaccina-
tion status were incomplete and were therefore not consid-
ered for evaluation. Data on hospitalizations were dependent 
on reports by clinicians and could not be verified. The attri-
bution of the cause of death to COVID-19 or an alternative 
cause has been an unresolved problem [22].

In conclusion, we found that between March 2020 and 
January 2022, mainly elderly people died in relation to 
COVID-19. Demographic and clinical characteristics of 
deaths did not change significantly over time. The CFR 
decreased over time, most likely owing to higher transmis-
sibility of new variants and increasing immunity based on 
vaccination coverage and continuous endemic transmission. 
Yet, with higher contagiousness in period 4, death counts are 
still considerable and younger cases are at risk.
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