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INTRODUCTION

Estimations about confirmed COVID-19 deaths may be limited to the testing capaci-
ty and frequency, along with correct and complete reporting of the cause of deaths 
(1). The number of confirmed and probable COVID-19 deaths may not include peo-

ple who did not obtain a test/received false-negative results/got infected after testing 
negative, or people who died outside of the healthcare system (2). An overwhelmed 
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healthcare system or the fear of contracting the 
disease may also alter health-seeking behaviors 
and increase non-COVID-19 related deaths (3).
 
Estimating excess mortality, especially where as-
ymptomatic cases are present and diagnostic and 
reporting systems are inadequate, is a non-specific 
measure of pandemics’ severity or effects and pub-
lic health emergencies (4). So, reporting the excess 
number of deaths may provide a more accurate es-
timate of the pandemic’s results (2).

The term “excess mortality” was first used by Col-
lins in 1932 while investigating the increase in in-
fluenza and pneumonia-related deaths during 
the 1918 Influenza Pandemic (5). This concept is 
defined as the difference between the number of 
deaths observed in a certain period and the number 
of expected deaths in the same period (6). Today, 
it is recommended as one of the most appropriate 
indicators to measure the burden of the COVID-19 
pandemic on all-cause death (7).

The calculations were made for comparing the 
deaths in the last five years in the countries severe-
ly affected by the pandemic. For example, 47,490 (8) 
deaths were detected during the first wave in Italy 
excess. In the USA, 538,615 (6) excess deaths were 
seen between February 1, 2020, March 13, 2021, and 
101,852 (9) excess deaths were reported in the UK be-
tween March 21, 2020, and February 26, 2021. Thus, 
the numbers reported by the countries as confirmed 
COVID-19 deaths are pretty low compared to the cal-
culated excess number of deaths. 

The first confirmed case in Turkey was reported on 
March 11, 2020, the same day the World Health Or-
ganization (WHO) characterized COVID-19 as a pan-
demic. After that, the number of cases reached 2208 
652 until the end of the year. After March 17, when the 
first confirmed COVID-19 death was declared, 20,881 
deaths were reported by the end of the year (10). Be-
cause only confirmed cases are reported as COVID-19 
deaths in Turkey, deaths due to COVID-19 are thought 
to be underreported than they are (11).

In addition to the low sensitivity and selectivity 
of the RT-PCR test used for diagnosing COVID-19 
(12), the Ministry of Health allowed testing if there 

was a history of travel abroad, close contact with 
a case, or at least one of these symptoms: cough, 
fever, shortness of breath. Many infected people 
could have been missed because of the strict test-
ing guidelines and the absence of screening in risk 
groups. We should also note that the Turkish Minis-
try of Health reported only the confirmed COVID-19 
deaths; the distribution of deaths by age, gender 
and place was not declared. Therefore, it is not 
known which groups are affected by the deaths re-
lated to the pandemic. Because there might be pos-
sible/suspicious cases-deaths that were diagnosed 
clinically and epidemiologically with COVID-19 but 
not confirmed by testing, the true impact of the 
pandemic could not be evaluated (13).

This study aimed to estimate the burden of the 
COVID-19 pandemic in Bursa in 2020 concerning 
mortality by calculating the number of excess deaths.

METHODS

This descriptive retrospective study included the 
analysis of daily death numbers between 2015-2020 
in Bursa, Turkey’s fourth-largest city. Bursa, having 
17 districts, is located in the Marmara region in the 
west of Turkey, and its population was 3,101,833 in 
2020 (14).

The data set of Bursa Metropolitan Municipality 
documenting daily deaths were used to analyze 
the mortality data. Daily death data were classified 
according to age, gender, the date of death. Unfor-
tunately, the cause of death was available only as 

HIGHLIGHTS

• Estimating excess mortality is a non-specific 
measure of pandemics’ severity or effects and 
public health emergencies.

• Five thousand three hundred ninety excess 
deaths occurred in Bursa in 2020 compared to the 
previous five years (2015-2019).

• The number of weekly deaths in Bursa peaked at 
the 48th week in 2020.

• Most of the excess deaths (85.3%) were because 
of communicable diseases.
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communicable and non-communicable disease in 
the data set. Although we requested more detailed 
information about the causes of death from the Pro-
vincial Health Directorate and the Turkish Statisti-
cal Institute, we could not obtain this information. 

We used an excel mortality calculator to analyze 
data, calculate excess deaths, and generate figures 
(15). This tool calculated weekly baseline values by 
linear regression using the Excel FORECAST func-
tion or averages of weekly values of deaths. By cal-
culating standard error and confidence interval 
according to the values of each week in five years 
(2015-2019), it obtained the threshold value, which 
was the weekly upper limit for expected deaths un-
der normal conditions. Next, it obtained the num-
ber of excess deaths for each week by separately 
subtracting the weekly excess deaths from both the 
threshold value and the baseline from the number 
of deaths corresponding to the same week of 2020. 
As a result of these subtractions, values in which 
the weekly excess deaths were negative or incorrect 
were corrected as 0. The annual excess mortality 
was found by adding up these corrected weekly ex-
cess deaths. Finally, the excess mortality-expected 
death ratio (P-score) was calculated as a percentage 
difference between the average number of deaths 
in 2015-2019 and the number of deaths in the same 

period (week or month) of 2020. The Chi-square test 
was used for statistical analysis. 

RESULTS

The total number of deaths in Bursa between 2015-
2020 was 97,674. While the annual average number 
of deaths was 15,381 (95% CI: 14,515-16,246) in 2015-
2019, the number of deaths in 2020 was 20,771 (Table 
1). There were no gender data for 3105 (4.0%) people 
and age data for 489 (0.6%) people who died in 2015-

Years Deaths (%)

2015 13,735 (14.1)

2016 15,250 (15.6)

2017 16,257 (16.6)

2018 15,788 (16.2)

2019 15,873 (16.3)

2020 20,771 (21.3)

Total 97,674 (100.0)

Table 1. Distribution of deaths recorded in Bursa between 2015-
2020 by years.

Figure 1. Weekly deaths in Bursa (Previous five years (2015-2019) and 2020).
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2019. In 2020, gender data of 615 (2.9%) people and 
age data of 115 (0.5%) people were not available. 

In 2015-2020, the highest number of daily deaths 
occurred on the 338th day of 2020 (131 people), and 
the highest number of weekly deaths happened in 
the 48th week of 2020 (769 people). 

Compared to the previous five years, the number of 
weekly deaths showed an increasing trend from the 
41st week to the 47th week in 2020, and after two 
weeks of being on the rise, a decrease was observed 
after the 49th week (Figure 1). 

In Bursa, crude excess mortality was calculated as 
5390 (95% CI: 4525-6256) in 2020 compared to the 
previous five years’ average. Thus, the excess num-
ber of deaths is 4330 when calculated from the 
threshold value and 5447 when calculated from the 
baseline (Table 2). 

Excess deaths occurred mainly in the group over 
65 years of age in both genders (Figure 2). In 2020, 
compared to the average of the previous five years, 
2041 (95% CI: 1677-2425) excess deaths in wom-
en and 3355 (95% CI: 2966-3797) excess deaths in 
men were calculated (Table 2). The mortality rate 

Table 2. Distribution of observed and excess mortality in Bursa by gender and age groups.

Gender & 
age groups

Observed 
mortality 

2020

Mortality 
rate  

(Per 10,000) 
2020

Observed 
mortality 
2015-2019

Mortality 
rate  

(Per 10,000) 
2015-2019

p Score 
(%)

Crude 
excess 

mortality 
2020

EM1a

EM1 
Mortality 

rate  
(Per 10,000) 

2020

EM2b

EM2 
Mortality 

rate  
(Per 10,000) 

2020

Female

All femalec 8443 54.4 6402 41.3 31.9 2041 1619 10.4 2119 13.7

0-14 170 5.3 202 6.3 -15.8 -32 10 0.3 35 1.1

15-64 1581 14.9 1204 11.3 31.3 377 301 2.8 428 4.0

65+ 6641 398.5 4959 297.6 33.9 1682 1317 79.0 1734 104.0

Male 

All malec 11,713 75.5 8358 53.9 40.1 3355 2724 17.6 3367 21.7

0-14 179 5.3 249 7.3 -28.0 -70 8 0.2 27 0.8

15-64 3456 32.0 2704 25.1 27.8 752 588 5.4 800 7.4

65+ 8014 606.4 5344 404.4 49.9 2669 2194 166.0 2687 203.3

All death

Bursad 20,771 67.0 15,381 49.6 35.0 5390 4332 14.0 5447 17.6

0-14 963 14.6 1058 16.0 -9.0 -95 24 0.4 79 1.2

15-64 5037 23.5 3914 18.3 28.7 1123 929 4.3 1199 5.6

65+ 14,656 490.4 10,311 345.0 42.1 4345 3521 117.8 4367 146.2

a EM1: Excess deaths from threshold using historical average
b EM2: Excess deaths from baseline using historical average
c Caused by some death data with unknown age, observed mortalities of All Male and All Female are not equal
to the sum of age groups in the table. 
d Caused by some death data with unknown sex and/or age, observed mortality of Bursa is not equal to the 
sum of age groups and the sum of both sexes in the table.
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was higher in males in both periods. While the pro-
portion of men among all deaths was 56.7% in the 
2015-2019 period, this rate increased to 58.2% in 
2020 (χ² = 7.8, p <0.01).

The number of deaths observed in women in 2020 
was lower in the 0-14 age group compared to the 
average of the previous five years (χ² =18.9, p <0.01), 
while there was no statistically significant differ-
ence in the 15-64 and 65+ age groups (p> 0.05). 

The number of deaths observed in men in 2020 was 
lower in the 0-14 age group (χ² =48.7, p <0.01) com-
pared to the average of the previous five years, how-
ever, higher in the 15-64 (χ² =19.2, p <0.01) and 65+ 
age groups (χ² =41.9, p <0.01). 

In 2020, the number of excess deaths due to com-
municable diseases was determined as 4596 (95% CI: 
4562-4631), and due to non-communicable diseases 
were 794 (95% CI: -73-1661) (Table 3). Thus, 85.3% of 
excess mortality in 2020 was related to communica-
ble diseases. While the mortality rate from commu-
nicable diseases among total deaths in the previous 
five years was 0.4%, this rate increased to 22.4% in 
2020 (χ² = 3775.6, p <0.01). While the yearly average 
of communicable disease-related deaths was 61 in 
the previous five years, in 2020, it was 4657. Thus, 

the number increased approximately 76 times in 
2020 compared to the average of 2015-2019. 

In Bursa, weekly deaths from communicable diseas-
es increased from the 13th week of 2020 compared 
to the previous five years, and after reaching its peak 
at the 48th week, a decreasing trend was observed 
towards the end of the year (Figure 3). 

DISCUSSION 

In 2020, 5390 excess deaths occurred in Bursa com-
pared to the previous five years, and the crude death 
rate, which was 49.6 per ten thousand in 2015-2019, 
increased to 67.0 per ten thousand in 2020 (Table 
2). In Turkey, the excess number of deaths was not 
declared officially; however, it is known that, when 
the COVID-19 pandemic started, excess deaths oc-
curred in various countries and cities compared to 
previous years (1, 3, 6, 8, 16-18).

In Istanbul, excess mortality was identified in two 
separate studies conducted at different times in 
2020 (19, 20). However, the only information regard-
ing Bursa was obtained when the Mayor of Bursa 
announced the number of people who died because 
of COVID-19 at the City Council meeting on De-
cember 17, 2020 (21). With this announcement, the 

Cause of 
death

Observed 
mortality 

2020

Mortality 
rate  

(Per 10,000) 
2020

Observed 
mortality 
2015-2019

Mortality 
rate  

(Per 10,000) 
2015-2019

p score 
(%)

Crude 
excess 

mortality 
2020

EM1a

EM1 
Mortality 

rate  
(Per 10,000)  

2020

EM2b

EM2 Mortality 
rate  

(Per 10,000)  
2020

Communicable disease

Female 1799 11.6 24 0.2 7395.8 1775 1749 11.3 1777 11.5

Male 2855 18.4 35 0.2 8151.4 2820 2784 18.0 2823 18.2

Total 4657 14.9 61 0.2 7584.8 4596 4540 14.6 4601 14.8

Non-communicable disease

Female 6644 42.8 6378 41.1 4.2 266 157 1.0 424 2.7

Male 8858 57.1 8323 53.7 6.4 535 273 1.8 710 4.6

Total 16,114 51.7 15,320 49.2 5.2 794 352 1.1 1044 3.4

Table 3. Distribution of observed and excess mortality according to causes of death and gender in Bursa.

aEM1: Excess deaths from threshold using historical average
bEM2: Excess deaths from baseline using historical average
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death rate related to COVID-19 in Bursa was calcu-
lated as 1133 per million. This rate was much high-
er than Turkey’s COVID-19 death rate at the end of 
2020 (248 per million) (22). Besides, the Turkish Min-
ister of Health reported that Istanbul became the 
“Wuhan of Turkey” (23) with the highest number of 
cases and deaths but did not share any information 
about the other provinces. The COVID-19 mortality 
rate in Bursa was very high compared to Turkey in 
general, and it was unexpected. Therefore, the de-
bate that the Ministry of Health was underreport-
ing COVID-19 deaths in Turkey was raised (11, 24). 

According to this study, the highest number of daily 
and weekly deaths in Bursa between 2015-2020 was 
reported in 2020. Similarly, in Sweden, 18% excess 

deaths occurred in 2020 compared to 2010-2019 
(25). With the highest number of COVID-19 deaths 
in 2020, Spain had the highest excess mortality rate 
among European countries with 29.1% (25). Com-
pared to 2016-2019, 63 942 excess deaths were ob-
served in Germany in 2020 (25). Thus, the findings 
of our research showed similarities with the studies 
conducted in other countries.

The number of weekly deaths in Bursa showed an 
increasing trend after the 41st week of 2020, peak-
ed at the 48th week, and then started to decrease 
(Figure 1). However, deaths due to communicable 
diseases increased from the 13th week and fol-
lowed a plateau until the 43rd week, with a rapid 
increase after the 43rd week peaked at the 48th 

Figure 2. Weekly 2020 deaths compared with the upper and lower limits of the 2015-2019 year averages 
(95% CI) in different age groups in Bursa province.

MALE FEMALE
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week, and then showed a decreasing trend (Figure 
3). In addition, the number of excess deaths started 
to increase after the 11th week of 2020 in İstanbul 
(19, 20). The first COVID-19 death in Turkey was an-
nounced in the 12th week of 2020 (March 17, 2020). 
Our findings are consistent with the first COVID-19 
death in the country and the studies conducted in 
Istanbul. 

Excess mortality during the COVID-19 pandemic 
varied according to countries’ strategies and the 
capacity of their health system. Excess mortality 
in Germany in 2020 was observed in two different 
periods between the 12th-21st and 31st-53rd weeks. 
The intense increase in excess deaths started at 
the 41st week, similar to our study, and reached 
its peak at the 52nd week and then started to de-
crease (25). In a study conducted in Stockholm, 
excess deaths increased rapidly at the 12th week 
and continued to increase between the 12th-17th 
weeks (16). In France, excess deaths were observed 
at the 11th week, peaked at the 14th week, and then 
trended downward  (17). In parallel with the spread 
of the pandemic, an increase was observed between 
the 15th-32nd weeks of 2020 in the USA (1). In the 
countries monitored within the scope of EUROMO-
MO, the periods in which the number of deaths 
started to increase were observed as two waves. The 

first wave between the 12th-20th weeks peaked at 
the 14th week, and the second wave started at the 
42nd week (26). Unlike other countries, the number 
of deaths in the United States had not decreased to 
the average level in any other week since the 13th 
week of 2020 (6).

When the number of excess deaths in Bursa in 2020 
was compared with the averages of the previous 
five years, an increase of 32.4% in women, 40.8% in 
men, and 35.0% in total were observed. Compared 
to the last five-year period, the proportion of males 
in all deaths also increased in 2020. In a study con-
ducted in the UK during the first wave of COVID-19, 
the excess mortality rate in men was 1.4 times 
higher than in women (27). In a three-month study 
during the first wave in Italy, an increase of 32.1% 
in men and 27.7% in women was observed (8). In 
agreement with our findings, the other studies 
showed that the mortality rate in males was higher 
than in females during the COVID-19 pandemic. 

In our study, while the number of deaths decreased 
in the 0-14 age group in both genders, the P-score 
was highest in the 65+ age group. 18.4% of the ex-
cess deaths seen in France’s first wave (10th-22nd 
weeks) were among the 65+ age group. Similar to our 
study, a significant decrease was found in France’s 

Figure 3. Weekly communicable diseases-related deaths in Bursa ( Previous five years (2015-2019) and 2020)
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0-14 age group compared to other years (17). During 
the first wave in the UK, the excess mortality rate in 
the 75+ age group increased ten times compared to 
the 45-64 age group (27). It was reported that most 
deaths in the US state of California between March 
7 and August 22 occurred among the 65+ age group 
(28). The finding of our study was consistent with 
other studies. In addition, WHO declared that peo-
ple over 60 years were at a higher risk of COVID-19 
(29).

Most of the excess deaths (85.3%) in Bursa in 2020 
were because of communicable diseases. Many 
studies showed that the leading cause of excess 
mortality in 2020 was COVID-19. In the study sur-
veying deaths between the 1st-33rd weeks in Swit-
zerland and Stockholm, 85-90% of the excess deaths 
were identified as confirmed COVID-19 deaths (30). 
In another study conducted in Los Angeles, USA, the 
estimated number of excess pneumonia, influenza, 
and COVID-19-related deaths was approximately 
equal to the number of probable COVID-19 deaths 
and deaths confirmed by surveillance (31). Accord-
ing to a study investigating the deaths in Belgium 
until the end of June 2020, 107% of the excess deaths 
were due to COVID-19 (32). 

Our study showed that deaths due to communicable 
diseases in Bursa increased 76 times in 2020 com-
pared to the average of the previous five years. Since 
the distribution of COVID-19 deaths by provinces 
was not declared in Turkey, we could not precise-
ly know how many communicable disease-related 
deaths in Bursa were because of COVID-19, and it 

was not possible to make comparisons with other 
provinces. However, since there was no increase in 
communicable diseases other than COVID-19 in 
2020, we could assume that all excess deaths from 
communicable diseases were COVID-19-related. 

Based on this assumption, the COVID-19 mortality 
rate in Bursa in 2020 could be calculated as 1464 per 
million, according to the threshold value from the 
average number of deaths of the last five years (Ta-
ble 3, EM1). At the end of 2020, Bursa ranked fourth 
globally after Peru, San Marino and Belgium, with its 
COVID-19 mortality rate per million people (22). Ac-
cording to the official announcements of the Turk-
ish Ministry of Health, Turkey’s COVID-19 death rate 
at the end of 2020 was 248 per million (22). The fact 
that the COVID-19 mortality rate was much higher 
in Bursa than in Turkey may be related to the possi-
ble underreporting of COVID-19 deaths by the Min-
istry of Health, as mentioned before. Claims that 
COVID-19 deaths are higher than official numbers 
worldwide are still discussed (33).

Our study is limited because the number of con-
firmed and possible COVID-19 deaths could not be 
obtained from the Provincial Health Directorate.

Given that the Turkish Ministry of Health does not 
share detailed data on the COVID-19 pandemic, it 
is almost impossible to evaluate the response to 
the pandemic on a regional basis and the effects of 
the measures taken. Reporting suspected and con-
firmed deaths from COVID-19 is essential to indi-
cate the actual burden of the pandemic.
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