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Abstract

Background: The COVID-19 pandemic followed a unique trajectory in Eastern Europe compared to other
heavily affected regions, with most countries there only experiencing a major surge of cases and deaths towards
the end of 2020 after a relatively uneventful first half of the year. However, the consequences of that surge
have not received as much attention as the situation in Western countries. Bulgaria, even though it has been
one of the most heavily affected countries, has been one of those neglected cases.

Methods: We use mortality and mobility data from Eurostat, official governmental and other sources to
examine the development and impact of the COVID-19 pandemic in Bulgaria and other European countries.

Results: We find a very high level of excess mortality in Eastern European countries measured by several
metrics including excess mortality rate (EMR), P-scores and potential years of life lost. By the last metric
Eastern Europe emerges as the hardest hit region by the pandemic in Europe in 2020. With a record EMR
at ~0.25% and a strikingly large and mostly unique to it mortality rate in the working age demographics,
Bulgaria emerges as one of the most affected countries in Eastern Europe. The high excess mortality in Bul-
garia correlates with insufficient intensity of testing and with delayed imposition of “lockdown” measures. We
also find major geographic and demographic disparities within the country, with considerably lower mortality
observed in major cities relative to more remote areas (likely due to disparities in the availability of medical
resources). Analysis of the course of the epidemic revealed that individual mobility measures were predictive
of the eventual decline in cases and deaths. However, while mobility declined as a result of the imposition of a
lockdown, it already trended downwards before such measures were introduced, which resulted in a reduction
of deaths independent of the effect of restrictions.

Conclusions: Large excess mortality and high numbers of potential years of life lost are observed as a result
of the COVID pandemic in Bulgaria, as well as in several other countries in Eastern Europe. Significant delays
in the imposition of stringent mobility-reducing measures combined with a lack of medical resources likely
caused a substantial loss of life, including in the working age population.

Introduction

The SARS-CoV-2 virus and COVID-19, the disease it
causes ¥ have emerged as the most acute public health
emergency in a century. The novel coronavirus spread
rapidly before significant efforts at containment were im-
plemented in much of the world, resulting in devastating
early outbreaks in the United States and Western Europe,
starting in late February and early March of 2020.

Some combination of lockdown measures, imposed in

response to surging infections, voluntary changes in be-
havior, and the onset of the summer season is thought
to have caused the major decline in COVID-19 cases in
FEurope in the summer of 2020. However, winter in the
Southern hemisphere, during which large epidemics devel-
oped in South Africa and South America, together with
the well-documented seasonality of common-cold coron-
aviruses?, strongly suggested that a major second wave was
to be expected in Europe with the arrival of winter®, and
when it eventually arrived expectation turned into reality.



During the early months of the pandemic, a dichotomy
emerged between countries in Western and Eastern Europe
(with the possible exception of Russia). Western Europe
was heavily affected - by June 2020 official COVID mortal-
ity reached 600 to 800 deaths per million (DPM) in coun-
tries such as Spain, Italy, the UK, Belgium, France, and
Sweden, with excess mortality rates even higher®1Y In
contrast, most Eastern European countries registered rel-
atively few deaths, possibly because of much earlier im-
plementation of social distancing measures relative to the
development of the outbreak.

This dichotomy disappeared during the second wave at
the end of 2020, with both countries in Western and East-
ern Europe officially registering a large number of COVID-
related fatalities, as well as in some cases considerably larger
excess mortality. However, the development of the pan-
demic in Eastern Europe has so far generally received much
less attention than that in the West even though multi-
ple countries in the region were heavily affected by it. We
show this using multiple excess mortality measures, which
quantify the pandemic-related loss of life and allow for stan-
dardized comparisons between countries.

Among Eastern European countries, Bulgaria has
emerged as perhaps the most heavily affected by the pan-
demic as suggested by excess mortality analysis®. Here we
analyze the development and impact of the pandemic on
Bulgaria, in the broader European context, across demo-
graphic groups within the country, and for its regional sub-
divisions, as well as the influence of human mobility changes
and government-imposed quarantine measure on the course
of the pandemic. We use these analyses to identify correlate
factors likely responsible for particularly high unexplained
excess mortality in certain settings.

Methodology

Data Sources

All-cause mortality data for European countries, as well as
NUTS-3 (Nomenclature of Territorial Units for Statistics)
regions in Bulgaria, was obtained from Eurostat™2. The
data presented in the datasets is sex- and age-stratified,
with age groups split in increments of 5 years. Since not
all countries submit data at the same time and in the same
manner, only countries that have consistent weekly data for
the period 2015-2020 (inclusive) were analyzed.
Country-level population data at the beginning of 2020
was collected through Eurostat!®, but was further supple-
mented by population data from the United Nations’ UN-
data Data Servicel?. We further elaborate on this topic
in the subsequent section on Potential Years of Life Lost
(PYLL) and Working Years of Life Lost (WYLL) estimates.
Life expectancy values at different ages were obtained
from three separate sources. We acquire the full life tables
for Bulgaria through the country’s National Statistical In-
stitute®, and for Czechia through the country’s Statistical
Office™.  Abridged life tables for all European countries

were obtained from the World Health Organization’s open
data platform?. This dataset is partitioned by age, in in-
crements of 5 years.

COVID-related mortality and testing data for Bulgaria
was collected through the resources available from the Min-
istry of Health™®12  COVID-related mortality for Czechia
was acquired from Czech Ministry of Health official website
tracking the pandemic?!,

Data Availability

All datasets and associated code can be found at https:
//github.com/Mlad-en/COV-BG.git.

Excess mortality and P-scores

To calculate excess mortality across countries as well as
across Bulgarian regions, we analyze the mortality observed
between week 10 and 53 of 2020 and compare it to the
mean mortality between the same period for the previous
five years (2015-2019). We derive this mean both on a
weekly and aggregate total basis. We then establish a 95%
confidence interval for this mean. This range is used to
calculate excess mortality as:

Excess Mortality = Mortality,p,, — Mean Mortality

This calculation is done both as a sex- and age-stratified
metric, as well as an aggregated total. To normalize excess
mortality across countries, we calculate excess mortality per
100,000 people. To do this, we use population data from
Eurostat for 2020.

Based on the excess mortality ranges we also compute
a P-score value for each country/region. A P-score value is
defined as “the percentage difference between the number of
deaths in 2020]...] and the average number of deaths in the
same period-week or month over the years 2015-2019.”41

We calculate the P-score as follows:

Mortalitysp20 — Mean Mortality
= *

P
Mean Mortality

100

We also calculate the ratio between excess mortality and
official COVID-19-attributed mortality. Due to the demon-
strably low testing in Bulgaria®? and other countries, this
allows us to estimate under-reported COVID-19 fatalities.
We also use the total positive tests per region reported at
the end of 2020 to compute a Case Fatality Ratio (CFR)
between the total cases and the total COVID-19 fatalities.

Potential Years of Life Lost (PYLL),
Aged-Standardized Years of life lost Rate (ASYR),
and Working Years of Life Lost (WYLL) estimates

Potential Years of Life Lost (PYLL) is a metric that esti-
mates the burden of disease on a given population by look-
ing at premature mortality. It is derived as the difference
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Average Mortality . Excess all ages total P-score all ages total EMR
Country N Population N P-score
Mortality  (2020) mortality
Spain 336,932 | 418959 |47,332,614| 82,027 | 243 H
Poland | 329,989 | 410,313 [37,958,138| 80,324 | 243 =
Slovenia | 16,395 | 20,260 | 2,095,861 | 3,865 236 -
Belgium | 89,076 | 108,337 [11,522,440| 19,261 | 21.6 HH
Czechia 91,116 | 110,437 [10,693,939] 19,321 | 212 HH
Italy 523,664 | 632,791 |59,641,488| 109,127 | 20.8 =
mmm) Bulgaria 88,784 | 106,136 | 6,951,482 | 17,352 19.5 =
Switzerland | 54,563 | 64,647 | 8,606,033 | 10,084 | 185 HH
Romania | 213,927 | 253,027 [ 19,328,838 39,100 | 183 HH
Malta 2,826 3,332 514,564 506 17.9 ——
1 3,405 3973 | 626,108 568 16.7 ——
Netherlands | 122,940 | 142,890 17,407,585 19,950 | 16.2 HH
Portugal 88,458 | 102,505 | 10,295,909 | 14,047 15.9 —
Montenegro | 5,295 6116 | 621,873 821 15.5 H
Slovakia [ 43,723 | 50,147 | 5457,873 | 6,424 14.7 HH
France 492,698 | 564,198 |67,320,216| 71,500 | 145 tH
Austria 66,271 | 75824 | 8,901,064 | 9,553 14.4 =
Hungary | 105603 | 119,020 | 9,769,526 | 13,417 | 127 (==
Croatia 42,923 | 48394 | 4,058,165 | 5471 12.7 =
Cyprus 4,718 5285 | 888,005 567 12 ——
Lithuania | 32,907 | 36,797 | 2,794,090 [ 3,890 11.8 ——
Sweden 73,036 | 80,720 |10,327,589| 7,684 10.5 [ )
Greece 99,509 | 108,019 |10,718,565| 8,510 8.6
Estonia 12,643 | 13410 | 1,328,976 | 767 6.1
Denmark | 44,156 | 45815 | 5822763 | 1,659 3.8
Finland | 44365.8 | 46023 | 5525292 | 1657.2 3.7
Latvia 23424.6 | 24093 | 1907675 | 668.4 2.9
Norway | 334206 | 33521 | 5367580 | 914 03
Iceland 1878 1876 364134 2 0.1 — H
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B Average Mortality . Excess all ages females P-score all ages females EMR
Country > Population P-score
Mortality  (2020) mortality
Slovenia 8,285 | 10,364 | 1,044,795 | 2,079 25.1 = HH
Spain 165,789 | 206,764 | 24,133,301 40,975 | 24.7 H []
Poland 158,479 | 194,943 | 19,584,757 | 36,464 23 ——
Belgium | 45287 | 55253 | 5841,215 | 9,966 2 HH
Czechia 44,723 | 53,442 [ 5421943 | 8719 19.5 ——
Italy 271,894 | 323,781 |30,591,392| 51,887 | 19.1 ——
Portugal 43,912 51,543 | 5435932 | 7,631 17.4 ——
wmmpBulgaria | 42,599 | 49,823 | 3,581,836 | 7,224 17 HH
Malta 1,389 1,625 248,802 236 17 —
Switzerland | 28,078 | 32,663 | 4,337,170 | 4,585 16.3 HH
Romania | 101,728 | 117,813 | 9,868,177 | 16,085 | 158 H—
Luxembourg [ 1,670 1,929 | 311,144 259 15.5 ——
France 246,071 | 281,202 |34,787,547| 35131 | 143 HH
Slovakia 21,278 | 24,276 | 2,792,523 | 2,998 14.1 HH
Hungary | 53852 | 60,931 | 5088736 | 7,079 13.1 (==
Netherlands [ 62,985 | 71,188 | 8,759,554 [ 8,203 13 H
Croatia 21,803 24,468 | 2,086,515 | 2,665 122 ——
Lithuania | 16,803 | 18798 | 1,489,736 | 1,995 11.9 ——
Austria 34317 | 38321 | 4,522,202 | 4,004 11.7 =
Montenegro | 2,529 2,817 | 314318 288 114 =
Cyprus 2,227 2,468 | 453,534 241 10.8 ——
Greece 48,738 | 53,328 | 5503,077 | 4,590 9.4 HH
Sweden | 37,308 | 40434 | 5131,775 | 3,036 8.1
Estonia 6,644 7,084 | 699,699 440 6.6
Latvia 12,358 | 12,864 | 1,026,719 | 506 4.1
Finland | 221856 | 22850 | 2797030 | 664.4 3
Denmark | 21873.2 | 22340 | 2925845 | 466.8 2.1
Iceland 919.2 910 177193 9.2 -1 n
Norway 17159 | 16947 | 2661018 | -212 -1.2 ﬁ :é
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C county Averase Morality | Eess all ages males P-score all ages males EMR
Mortality  (2020) mortality
Poland 171,510 | 215,370 |18,373,381| 43,860 | 25.6 HH HH
Spain 171,143 | 212,19 [23,199,313| 41,053 24 H
Czechia 46393 | 56,995 | 5271,99 | 10,602 | 22.9 HH
Italy 251,770 | 309,010 | 29,050,096 | 57,240 | 227 HH
Slovenia 8,109 9,806 | 1,051,066 | 1,787 22 HH
) Bulgaria 46,185 | 56,313 | 3,369,646 | 10,128 | 21.9 HH
Belgium | 43,789 | 53,084 | 5681,225 [ 9,295 21.2 H
Switzerland | 26,485 | 31,984 | 4,268,863 | 5499 20.8 HH
Romania | 112,198 | 135214 | 9,460,661 | 23,016 | 20.5 HH
Netherlands [ 59,955 | 71,702 | 8,648,031 | 11,747 | 196 HH
Montenegro | 2,766 | 3,209 | 307,555 533 193 =
Malta 1437 | 1,707 | 265762 | 270 188 [
Luxembourg | 1,735 2,044 | 314,964 309 17.8 ——
Austria 31,953 | 37,503 | 4,378,772 | 5,550 17.4 ——
Slovakia 2,445 | 25871 | 2,665350 | 3,426 15.3 HH
France 246,626 | 282,996 |32,532,669| 36,370 | 14.7 H
portugal | 44,546 | 50,962 | 4,859,977 | 6,416 14.4 —HH
Croatia 21,120 | 23,926 | 1,971,650 | 2,806 13.3 ——
Cyprus 2,491 2,817 434,471 326 13.1 ——
Sweden | 35638 | 40,286 | 5195814 | 4,648 13 —HH
Hungary | 51,752 | 58,089 | 4,680,790 | 6,337 12.2 HH
Lithuania | 16,105 | 17,999 [ 1,304,354 | 1,894 11.8 ——
Greece 50,771 | 54,691 | 5215488 | 3,920 7.7
Estonia 5,999 6326 | 629,277 327 55
Denmark | 22,283 | 23,475 | 2,896,918 | 1,192 5.4
Finland | 22180.2 | 23173 | 2728262 | 992.8 4.5
Norway | 16270.6 | 16574 | 2706562 | 303.4 19
Latvia 11066.6 | 11229 | 880956 | 162.4 15 H
Iceland 958.8 966 186941 7.2 0.8 H H
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Figure 1: Excess mortality in
Bulgaria and other EU coun-
tries in 2020. (A) Overall P-scores
and excess mortality (in deaths per
million; DPM) for all ages in Bul-
garia (highlighted in red) and other
EU countries; (B) P-scores and ex-
cess mortality for females of all ages;
(C) P-scores and excess mortality for
males of all ages.



EMR PFR EMR/PFR

Austria 0.11 | 0.07 1.54
Belgium 0.17 | 0.17 0.99
Bulgaria 0.11 2.30
Croatia 0.13 | 0.10 1.40
Czech Republic | 0.18 | 0.11 1.64
Denmark 0.03 | 0.02 1.28
Estonia 0.06 | 0.02
Finland 0.03 | 0.01
France 0.11 | 0.10
Greece 0.08 | 0.05
Hungary 0.14 | 0.10
Iceland 0.00 [ 0.01
Italy 0.18 | 0.12
Latvia 0.04 | 0.03

Lithuania 0.14 | 0.06
Luxembourg 0.09 | 0.08
Malta 0.10 | 0.04
Montenegro 0.13 | 0.11
Netherlands 0.11 | 0.07
Norway X 0.01
Poland
Portugal
Romania
Slovakia
Slovenia
Spain 0.17 | 0.11 1.61
Sweden 0.07 | 0.10 0.78
Switzerland 0.12 | 0.09 1.32

Figure 2: Ratio between excess mortality and official COVID-attributed deaths in European countries in
2020. Note that the high EMR/PFR ratios for 2020 in countries like Finland and Estonia might be an artifact of overall

low both excess and COVID-attributed mortality.

between a person’s age at the time died and the expected
years of life for people at that age in a given country. As
such, the metric attributes more weight to people that have
died at a younger age.

We compute the PYLL across countries by taking the
positive all-cause excess mortality for all ages groups (in Eu-
rostat they are aggregated at 5 year intervals). We use the
abridged life expectancy tables by the WHO (also aggre-
gated at 5 year intervals) and calculate a total and average
PYLL value for all countries. To be more precise, for an age
interval [z,z + 4] and sex s define by ED([z,z + 4], s) the
excess deaths and by LE([z,z + 4], s) the life expectancy.
Then the potential years of life lost are computed as

PYLL([z,z + 4],s) = ED([z,x + 4], s) * LE([z,  + 4], 5).

The total PYLL is computed by summing over all age inter-
vals. In our computations we take into account the margin
of error for each ED([z, z + 4], s).

A limitation on this approach is the upper-boundary
aggregation value for the two datasets. The all-cause mor-
tality dataset’s upper boundary is 90+, while the WHO'’s
abridged life tables only go up to the 85+ age bracket. To
account for this, we attribute the life expectancy of the 85+

age group to the 85-89 mortality group. We have further
excluded the 90+ mortality group from our analysis. This is
further elaborated on in the Limitations subsection, where
we also provide a way of correcting for this exclusion.

Two countries for which we have the exact ages and
sex for each reported COVID-19 fatality are Bulgaria and
Czechia. We also have full life tables (increments of one
year) for both countries provided by their respective sta-
tistical institutes. This allows us to compute and compare
the PYLLs for each country based on excess mortality data
and official data for COVID-19 fatalities.

Finally, we standardize PYLL values across countries by
diving the total sum value by the population and normal-
izing it per 100,000 people:

PYLL L PYLLtotal
st Total Country Populationg_gg

%100, 000

The data for country-level populations in Eurostat has
a similar limitation in the upper boundary of the age dis-
tribution (a cut-off at 85+). To mitigate this limitation,
we supplement the population data from Eurostat for ages
0-84 with population size data for the 85-89 age group from
the UNdata Data Service.
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Figure 3: Geographic distribution of excess mortality-based ASYR and PYLL values for European coun-
tries in 2020. Shown are the total (per 100K people) values. (A) ASYR values for the whole population; (B) ASYR
values for females; (C) ASYR values for males; (D) PYLL values for the whole population; (E) PYLL values for females;

(F) PYLL values for males.

To compare the impact of the pandemic across Euro-
pean populations with different age structures we compute
the Age-Standardized Years of Life Lost Rate (ASYR)2324,
Let ([z,z + 4],s) be an age interval for a sex s in a stan-
dard life expectancy table for a given population. Denote
by P([z,z+4], s) the population size of ([x, z+4], s). Define

the PYLL rate for ([z,z + 4], s) as

_ PYLL([z,z +4])

PYLL,ate([z, x + 4], s) := * 100, 000.

P([z,z + 4], s)

For the 2013 European Standard Population (ESP) de-
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Country  Aversge Mortality Exess P ages 30-39 total P-score Country  Average Morality Excess - ages 30-39 females P-score Country  Average Morality Excess - ages 30-39 males P-score
Mortality _(2020) _mortality _score Mortality (2020) _mortality _score Mortality (2020) _mortality _score
Austria 538 600 62 114 ] Iceland 8 1 3 41 [———— Liechtenstein| 1 1 o 2
Iceland 33 36 3 104 —H=— Austria 178 211 33 184 [ 541 612 7 132
885 977 92 103 [ % Sweden 179.2 203 238 133 [ Poland 4,555 4,966 411 9
Poland | 5843 | 6400 566 97 [ ¥ Poland 1,288 | 1,443 155 12 [ Bulgaria 732 792 60 82
i 2186 | 447 284 | 68 - Finland 126 135 9 68 b Austria 360 389 29 8
Bulgaria | 1,045 | 1,101 56 54 HH 345 365 20 59 H 264 | 287 206 | 77
Czechia | 1,014 | 1,034 20 2 H Czechia 310 327 17 53 H Malta 2 25 1 5.9
Romania 2,752 2,801 49 18 HH i 152.2 160 7.8 5.1 H Belgium 573 592 19 33
Belgium 864 878 14 16 H Spain 8196 | 876 %64 | 31 H L 2 2 0 16
Denmark 313 317 4 14 HH Denmark 111 114 3 2.7 H Romania 1,952 1,982 30 15
Finland 457 462 5 1 H Croatia 98 101 3 26 L Iceland 2 2 0 08
Slovakia 695 601 -4 06 H Romania | 800 819 19 24 H Denmark | 202 203 1 07
France 5007 | 4,967 40 | -08 Hungary 330 333 3 1 HH Estonia 152 153 1 07
Estonia 203 201 -2 -1 —t— France 1,557 | 1,554 -3 0.2 Czechia 704 707 3 0.5
Spain 2575 2538 -37 -1.4 HH Bulgaria 313 309 -4 -13 H Slovakia 508 508 0 01
Hungary | 1,021 | 1,005 16| 16 —HH Belgium 291 286 5 19 H France 3450 | 3413 37 |11
Norway 342 332 -10 3 H Slovakia 188 183 -5 -2.6 —H Finland 331 327 -4 -12
Croatia 354 343 a1 | 32 H Cyprus 20 19 1 31 —— Norway 231 227 4 16
portugal 726 703 23 | 32 = Portugal 252 23 9 36 H Hungary 692 672 20 | 28
L 36 35 -1 -33 —H— Estonia 51 48 -3 -5.9 H Portugal 474 460 -14 3
Malta 36 35 -1 -33 H Norway 112 105 -7 -5.9 —H Spain 17254 | 1655 -704 -4.1
Sweden | 5536 | 531 26 | 41 H Greece 233 217 16 | -68 H Croatia 256 242 4| 54
Cyprus 57 54 -3 -5.6 —H- Latvia 100 87 13 127 A Cyprus 38 35 -3 -6.9
Greece 815 728 & | -107 =N Italy 1,032 | 889 43| 138 Ha] italy 1,945 | 1,770 175 9
Italy 2,976 | 2,659 317|107 —= L 12 10 2 138 i Slovenia | 1196 | 105 146 | 122
Slovenia | 1662 | 142 242 | 146 —= ] Lithuania | 147 121 26 | 177 ] Greece 582 511 71 [ -123
Lithuania 627 524 4103 [ -165 —=] Malta 13 10 -3 -206 HE ] Sweden | 3744 328 464 | -12.4
Latvia 451 | 35 % | -213 =] Slovenia | 466 37 6 | 206 —H lithuania | 480 | 403 77| 161
Li i 2 1 1| 3ns| —F—— 1 0 1 100 | [ Latvia 351 268 83 | -237
r T T T T 1 r T T T 1 r T T 1
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Country  Aversge Mortality Excess - ages 40-64 total P-score Country  Aversge Morality Excess - ages 40-64 females P-score County  Averege Mortlity Excess  P- ages 40-64 males P-score
Mortality (2020) _mortality _score Mortality (2020) _mortality _score Mortality (2020) _mortality _score
Bulgaria | 16732 | 19,849 | 3117 | 186 — Bulgaria [ 5185 | 6255 | 1,070 | 206 ] Cyprus 400 473 73 182 [
Cyprus 622 717 %5 153 = Spain 14,146 | 16349 | 2,203 | 156 C Bulgaria | 11,547 | 13,594 | 2,047 | 17.7  +H
Spain 42,803 | 48530 | 5727 | 134 [ # Estonia | 6268 | 702 75.2 12 - Italy 32,686 | 36742 | 4,05 | 124 C
italy 52,327 | 57,752 | 5425 | 104 [+ Cyprus 22 244 2 10 C—— Spain 28,657 | 32,187 | 353 | 123 [ #
Romania | 456612 | 50307 | 47358 | 104 [~ Lithuania | 1,941 | 2,128 187 97 C—— L 340 379 39 113 C
Lithuania | 6,854 | 7464 610 89 [—— Romania | 13,395 | 14662 | 1,267 | 95 i~ Romania | 322658 | 35735 | 34692 | 108 [ #h
Malta 386 416 30 7.8 =gl Italy 19,641 | 21,000 | 1,369 7 [ HH Malta 241 266 25 104 [
Austria | 8718 | 97255 537 6.2 [ HH Greece 3795 | 4036 241 6.4 ) Lithuania | 4,914 | 5336 422 86 =
Iceland 253 268 15 5.9 = Iceland 104.4 111 66 63 =— Austria 5597 | 6,051 254 81 [
Portugal | 12,014 | 12,694 | 680 57 [H Portugal | 3,755 | 3,907 152 4 [ Portugal | 8,259 | 8787 528 6.4 K
Estonia | 2,237 | 2,350 113 51 [H— Malta 145 150 5 34 —— Belgium | 7,589 | 8021 432 57 HF—
524 550 2 s [HH Czechia | 4,658 | 4,800 142 31 =i Iceland 149 157 8 57 =g
Czechia | 14502 | 15103 | 601 a1 = Austria | 3,121 | 3204 83 27 =5 Poland | 51241 | 53,776 | 2535 | 49 =N
Poland | 73100 | 75954 | 2845 | 39 H—- Slovakia | 2,972 | 3,038 66 22 A Czechia | 9,845 | 10303 | 458 47 [
Belgium | 122338 | 12680 | 4462 | 36 = Poland | 21,868 | 22,178 | 310 14 H— 9079 | 9364 285 31 T
Greece | 11,798 | 12,182 | 384 33 [ Belgium | 4,645 | 4,659 1 03 —— Estonia | 1,610 | 1,648 38 23 i
Netherlands | 15,913 | 15,969 56 04 HH France | 23,899 | 23,957 58 02 in Greece | 8003 | 8146 143 18 H
i 6211 | 6187 24| 04 i Croatia | 2,060 | 2,060 0 [ —— i 3,008 | 3,927 19 05 i
France | 70241 | 69811 | -430 | -06 HH i 2,304 | 2,260 a4 | 19 +H sweden | 3990 | 4,007 17 04 ——
Slovakia | 9,850 | 9,780 70| -07 - Latvia 1,637 | 1,399 38 | 26 —gH France | 46342 | 45854 | -a88 | -11 HH
Croatia | 6830 | 6716 | -114 | -17 —H Slovenia 802 781 21 | 26 — Hungary | 15042.4 | 14753 | 2894 | -1.9 —Hh
sweden | 67322 | es8t | 1512 | 22 —HH Hungary | 7,486 | 7,253 23 | 31 —EH Slovakia | 6,878 | 6,742 136 2 Hh
Hungary | 22528 | 22006 | 522 [ -23 —H Li in|__12 12 0 32 = Croatia | 4,771 | 465 A5 | 24 h
Slovenia | 2,565 | 2,486 79 | 31 —HH 6834 | 6,605 229 | 34 —H Finland | 3851 | 3741 110 | 29 —H
Finland | 5741 | 5463 278 | 48 = Norway [ 1,551 [ 1,457 94 6 ] Slovenia | 1763 | 1705 58 | -33 —fH
latvia | 47772 | 4543 | 2342 | -49 —H] sweden | 2742 | 2574 | -168 | 6.1 —=] Norway | 2405 | 2270 | 135 | 56 ]
Norway | 3,955 | 3,727 228 58 ] Luxembourg | 183 171 ET) 68 —=] Latvia 33404 | 3144 | -19%4 | 59 =1
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Figure 4: Excess mortality in working age populations in Bulgaria and other EU countries in 2020. (A)
P-scores for the overall population in ages 30-39; (B) P-scores for females in ages 30-39; (C) P-scores for males in ages
30-39; (D) P-scores for the overall population in ages 40-64; (E) P-scores for females in ages 40-64; (F) P-scores for males

in ages 40-64.

note by W([z,x + 4], s) the weight of ([z,z + 4],s) in the
standard population. Define

ASYR(s) := Y PYLLyate([z, x + 4], 5) # W([z,z + 4], 5)

where the sum is taken over all age intervals. For a given
population of sex s this measure is interpreted as the years
of life lost per 100,000 people (of sex s) if the population
has the same age distribution as the ESP. ASYR allows for
comparison of the pandemic impact on EU countries having
different age distributions. Finally, we derive total, average
and total standardized WYLL value approximations. To
accomplish this, we first assume a common retirement age
at 65 and thus exclude excess mortality for all age groups
over 65. To calculate the remaining years of working life, we
further assume a mean age for each age group, e.g. for the

age interval 60-64 we assume a mean age at 62.5 years. This
would leave this group with approximately 2.5 years until
retirement. Limitations on this approach are discussed in
the subsequent Limitations subsection.

Stringency index and Mobility data

Metrics of population mobility were obtained from the
Google COVID-19 Community Mobility Reports22. These
datasets contain data on how visits and length of stay at
different places change compared to a baseline by generat-
ing anonymized metrics from data of Google users who have
switched on “Location History” on their mobile devices.
To quantify governmental pandemic-response measures
across countries, we used the Oxford COVID-19 Govern-
ment Response Tracker20, which systematically collects in-



formation on several different common policy responses that
governments have taken to mitigate the effects of the pan-
demic??d. This allows a comparison of governmental mea-
sures between over 180 countries worldwide.

Limitations

Each of the presented data sources and approaches to anal-
ysis have their own limitations. Below we discuss each one
in detail.

Limitation of scope

The current time frame that is analyzed creates a hard
boundary between week 10 and week 53 of 2020. The exit
conditions of different countries at these boundaries, how-
ever, are not equal. Some countries experienced subsequent
surges in January 2021 and later months. Thus the current
research provides a snapshot of the effects of the pandemic
up to the end of 2020, not the totality of its effects.

Limitation of Data

All cause mortality figures for 2020 are still provisional for
most EU countries, so they are subject to readjustment in
future time. Even so, they can provide a good estimate
of the effect of COVID-19 in different countries up to this
point.

Limitation of Excess mortality and P-scores

Our mean mortality calculations do not account for popu-
lation changes in the 2015-2019 period. For example, Bul-
garia has one of the highest negative growth rates in the
world. Between 2015 and 2020 Bulgaria’s population has
decreased by around 250,000 or approximately 6.5% per
year?8, The country also has a negative net migration and
has seen approximately 25,000 people leave its borders in
the last five years2?

Since the P-score metric we compute is derived from
the excess mortality figures we calculate for each individual
country, this metric also suffers from the issues we outline
for excess mortality.

Limitations of PYLL/ASYR/WYLL

Since PYLL, ASYR and WYLL data only take into ac-
count fatalities, these metrics do not provide information
about any worsened quality of life of surviving individuals,
reduced life expectancy of these individuals and working
capacity. Metrics such as Disability-Adjusted Life Years
(DALY), Quality-adjusted life year (QALY) and Healthy
Years of Life (HALE) metrics may illuminate further the
total disease burden on the European population, however,
obtaining the necessary information for these measurements
is not yet possible.

As mentioned before, due to data availability limita-
tions from Eurostat in our computations of PYLLs and

ASYRs we excluded the 90+ group. Given that countries
like France, Italy and Spain have significant excess mortal-
ity in this age group, we also present a computation of the
ASYRs including the 90+ age by assuming 4 years of life ex-
pectancy (the average life expectancy for the 90+ age group
for the European population is 4.74, according to the UN-
data Data Service) in Supplementary Tables 4| and [} This
rough approximation gives an upper bound of how large
the ASYRs can go. It leads to 5% — 14% and 14% — 22%
increase in the ASYRs for the (0 — 89) population of East-
ern and Western European countries, respectively, but it
does not yield a decrease between the inequalities of the
countries from the two groups or any significant change in
their ranks (see Fig. [5| and Table [7| in the supplementary
sections).

The WYLL measure we present has some additional lim-
itations. The first comes from the assumption that retire-
ment age across European countries is 65. While it is most
often assumed as a standard between European countries,
there is actually some variation between individual mem-
ber states®. Furthermore, we assume that the mean age of
people who have died in a given age group is the middle of
the given range, e.g. for the age group 60-64 - mean age =
62.5. It may well be a fact that a majority of the fatalities
are concentrated in the upper part of the age bracket. How-
ever, since we do not have data about the different causes
of mortality, but rather an aggregate total, we cannot be
certain that this trend will hold true for all age groups and
across different countries.

Google COVID-19 Community Mobility Reports

Bulgaria is below the EU average when it comes to use of
mobile devices in the 16-74 age group. Still, a majority of
the population within that group (~64%) utilized mobile
devices to access the internet in 20193, However, it is pos-
sible that there might be a skew towards the younger half
of this age range of users who are supplying data.

Results

Mortality during the COVID pandemic in Bulgaria

We analyzed overall excess mortality patterns in Bulgaria
for the year 2020 and compared it to data for other Euro-
pean Union (EU) countries for the same period. We focus
on excess mortality rather than officially registered COVID
deaths because limited testing and varying standards for
official reporting of COVID deaths can result in large dis-
parities between public figures for COVID-related mortality
and the actual burden the disease has imposed on the pop-
ulation™. While some of the excess deaths are caused by
the collapse of healthcare services during peak moments of
COVID waves, when a particularly large discrepancy be-
tween official COVID deaths and excess deaths is observed,
this is likely mostly due to underreporting of COVID deaths
due to insufficient testing and other irregularities.



In total, we estimate that 17,352 lives have been lost
in Bulgaria in 2020 in excess of the baseline from previous
years (Figure[TJA). This amounts to an EMR of 2,496 DPM,
or ~0.25%, for the year and ranks the country as the most
highly affected within the EU (Figure ; Supplementary
Table [1} according to P-scores Spain, Poland and Belgium
rank higher). COVID mortality is in most countries higher
in males than in females®?, and this is also what is ob-
served in Bulgaria and most other EU countries (Figure
[B-C; Supplementary Tables [23). For females, an EMR of
2,178 DPM is observed (P-score of 18.79), compared to an
EMR of 3,198 DPM for males (P-score of 23.99) across all
ages.

These observed EMR values are much higher than the
officially reported COVID-attributed population fatality
rate (PFR), by a factor of ~2.3x. Examination of the
EMR/PFR ratios in Europe showed that excess deaths are
higher than official COVID death tolls in most countries
(Figure . However, a clear dichotomy emerges between
Eastern and Western Europe, with the EMR/PFR ratio
being considerably higher in countries in Eastern Europe
such as Bulgaria, Romania, Poland, Slovakia, Lithuania,
and others.

These estimates and geographic patterns are in agree-
ment with other recent analyses of excess mortality=3:34,

Loss of life as a result of the COVID pandemic

We next examined the impact of the pandemic in terms of
years of life lost using the PYLL and ASYR metrics based
on excess mortality (Figure . Both metrics paint a sim-
ilar picture, which is also consistent with the raw excess
mortality measures.

Using standardized ASYR and PYLL values (per
100,000 population; Supplementary Figures —C and ,
we find that the highest total loss of life among the exam-
ined countries occurred in Bulgaria, for both males and fe-
males, followed by Romania, Poland, Hungary and Czechia.
This higher loss of life burden in Eastern European coun-
tries is explained not only by their high EMRs but also by a
large numbers of deaths in younger age groups. In Bulgaria
and Romania, 28% and 29% of excess deaths, respectively,
are of people under the age of 70. In Poland, 13% of the ex-
cess deaths are of people in the age ingerval 65—69 and 42%
of the excess deaths are of people under 75. Moreover, 18%
of all excess deaths in Bulgaria are of people under the age
of 65, in particular in the 40-64 age group (Supplementary
Figure . Calculation of WYLL values, which show the loss
of working years of life, showed Bulgaria to have incurred
the highest such loss within the set of examined countries
(Figure —E; note that the high total WYLL value for Ice-
land is possibly an artifact of the small population of the
country). In contrast, in countries such as Italy, France and
Spain, only 18% — 19% of excess deaths are under 75 years
of age. In Ttaly and Spain, 34% — 35% of the excess deaths
are of people older than 90. In France, 46% of excess deaths
are of people older than 90. Remarkably, in Greece, one of

the least affected countries in the EU (having a low EMR
and P-score), 55% of all excess deaths are of people above
90 and 20% are people under 80.

For Bulgaria, we find an average PYLL value of 13.46 +
0.11 in total, 12.56 £ 0.03 for males, and 13.68 + 0.24 per
female (Figure [2)). Excluding outliers (note that average
PYLL values based on excess mortality are very high in
countries such as Iceland, Luxembourg due to stochastic-
ity associated with the very low number of excess deaths),
these values are generally higher than what is seen in West-
ern Europe. The only three countries with an average PYLL
greater than 13 are Bulgaria, Poland, and Romania, com-
pared to values as low as in the 10 to 11 years range for
countries such as Denmark, Switzerland and Sweden (Sup-
plementary Table. Despite males exhibiting higher mor-
tality due to COVID-19, the average PYLL based on excess
deaths in Bulgaria is higher for females (it is also higher for
females in several other European countries; Supplementary
Figure [3).

Using official COVID-attributed deaths, for Bulgaria we
obtain an average of 12.37 years lost for males and 14.01
years lost for females. Based on the official COVID-19 mor-
tality data for Czechia (the other country for which exact
data about the age of the diseased is available) we obtain
9.78 and 9.35 for males and females, respectively. In both
cases, the estimates we obtain for the average PYLLs from
excess mortality and official COVID-19 deaths data are in
agreement (note, however, that there are substantial differ-
ences between Bulgaria and Czechia in other aspects — for
example, the average age of officially registered COVID-19
deaths for women is 71 years in Bulgaria compared to a life
expectancy of 78.4 years, while in Czechia, the average age
of the female COVID-19 deaths is 80.81, which is very close
to the 82.1 life expectancy for women in that country).

These observations suggest that the impact of the pan-
demic in hard hit in late 2020 countries in Eastern Europe
was not only large in absolute terms but also heavily af-
fected younger demographics than in Western Europe.

Demographic-specific mortality patterns in
Bulgaria

By the official statistics of the Ministry of Healtht®49 the
average age of a deceased male and female from COVID-
19 are 69 and 71, respectively. The leading comorbidity is
cardiovascular disease (55%), followed by diabetes (17%),
pulmonary disease (12%), obesity (3%), and 30% are listed
with no known comorbidity. An overwhelming majority of
94.5% of all 7576 COVID-19 deaths occurred in the hospi-
tals with working age deaths comprising 28% of all COVID-
19 deaths. For the working age group females on average
died at age 55.9 and males at age 55.7 with 45% of the
deceased having a cardiovascular disease.

Data on excess mortality for people under 65 reveals
a slightly different picture. The working age group excess
deaths are 18.3% of all excess deaths with an average age
of the deceased 55.65 4+ 0.07 for men and 57.57 4+ 0.28 for



women. The reason for the higher average age for women is
that our data does not reveal excess deaths in women under
40, whereas in the official statistics 5% of the casualties are
in the age interval between 10 and 39.

Next, we examine mortality in Bulgaria within the work-
ing age population in detail. Due to the well-documented
age-related skew of COVID fatalities, we focused on two
subgroups of working age individuals — those in the 30-39
and those in the 40-64 age ranges.

We find no elevated mortality in females in the 30-39
age group, while mortality is elevated in males of the same
age bracket, with P-scores of —0.39 and 9.37, respectively
(Figure [A-C).

In contrast, we find highly elevated excess mortality in
both males and females in the 40-64 age group, in which
Bulgaria ranks highest in the EU (Figure —F), with P-
scores of 17.7 and 20.6 for males and females, respectively.
The difference between males and females is remarkable, as,
unlike the typical situation, elsewhere in the world in this
group in Bulgaria excess mortality measured by P-scores is
lower for males than for females. A similar reversal of the
usual sex-specific mortality pattern is only also observed in
Spain within the EU. We discuss the possible explanation
for these observations in subsequent sections.

Regional disparities in COVID pandemic-related
mortality in Bulgaria

Following from the observation of considerable disparities
between different European regions, we then analyzed re-
gional differences in pandemic impacts within Bulgaria
(Figure . As a reminder, the overall statistics for Bul-
garia are an EMR of 0.25%, P-score of 19.5%, CFR of 3.7%,
an EMR/PFR ratio of 2.3, and a percentage of population
tested positive of 2.9%.

The first major such disparity we observe is that be-
tween the four most populated provinces and the rest of
the country. The excess deaths in these four major regions
— Sofia (city), Plovdiv, Varna and Burgas — account for just
34% of all excess deaths even though > 50% of the Bulgar-
ian population lives there. Moverover, Sofia (city), Varna
and Burgas have the lowest EMR of all provinces (Figure
[[lA) and P-scores of up to 20% (Figure [5B). The provinces
of Sofia (city) and Burgas also show the two lowest CFR
values (Figure [5F).

In contrast, the more peripheral regions are among the
most heavily affected. For example, the regions of Vidin and
Silistra exhibit some of the highest EMRs — 0.37 and 0.40,
respectively. Vidin also has the second highest CFR (8%).
The relatively low P-score of 19% in Vidin is likely a result
of already very high pre-pandemic mortality in the region
(the region has one of the fastest aging populations in the
EU and the death rate there is 22 per 1000 people per year,
whereas the death rate for Bulgaria is 15 deaths per 1000
people per year). In Silistra, the EMR/PFR ratio is 3.00,
the second highest in the country and the P-score is 28%.
In Kardzhali, the EMR/PFR ratio is 4.00, the highest in

the country, and the P-score is 24%. With a P-score of 31%
and EMR of 0.42, Smolyan is the hardest hit region in the
country. It also has a CFR of 8.9%, which is the highest
among all provinces.

These regions also tend to show a lower percentage of
the population that has tested positive, despite exhibiting
the highest excess mortality (Figure [5E), often high CFRs
(Figure [5F), and high EMR/PFR ratios (Figure [f|G).

We also find curious disparities in regional patterns
of male- and female-specific excess mortality (Figure —
D). The highest male excess mortality was observed in
Pazardzhik, Gabrovo, Sofia (region) and Smolyan, while
the highest female excess mortality is seen in Blagoevgrad,
Silistra, Pazardzhik and Targovishte.

Remarkably, only 30% of all excess deaths in the working
age group occurred in Sofia (city), Plovdiv, Varna and Bur-
gas. For women in the working age group only 27% of the
deaths occurred in those regions. A regional analysis reveals
that the regions that with the highest P-scores in this de-
mographic category are Blagoevgrad, Silistra, Pazardzhik,
Targovishte, Dobrich, Kardzhali and Kyustendil ranging
from 52% to 36% (Figure f|C). Women in the age group
65 — 69, which includes working women in retirement age,
were also heavily affected with an overall P-score of 23.7%
and exceptionally high regional P-scores in the provinces
of Sliven - 76%, Blagoevgrad - 49.5%, Pazadzhik - 46%,
Smolyan - 42% and Kardzhali - 42% (Supplementary Fig-
ure [5). We discuss the possible explanations for these ob-
servations in the Discussion section.

The trajectory of the pandemic in Bulgaria and
the effectiveness of implemented pandemic control
measures

Finally, we mapped the trajectory of the pandemic in Bul-
garia onto the timeline of imposition of social distancing
measures and independent measures of actual changes in so-
cietal mobility to understand the relationship between those
factors and its development (Figure @

The first period of the COVID-19 pandemic in Bulgaria,
from March to the end of September, was marked by a slight
elevation of the new confirmed cases in the summer, peak-
ing at 242 cases per day towards the end of July. The excess
mortality for this period is around 300 people and the of-
ficial COVID-19 death toll amounts to 820 people, with a
daily death rate of up to 10 deaths until the middle of Oc-
tober.

Rapid growth in the number of new confirmed cases
started around the end of September, then an explosion
of cases occurred in late October, November and the first
half of December (Figure [6B). The peak in the 7-day mov-
ing average of the number of confirmed cases occurred on
November 19th.

Official COVID-19 deaths peaked on December 6th with
a 7-day moving average of 140, or ~18 DPM/day; excess
deaths started decreasing around the same time (Figure
Ep) Excess deaths began diverging from official statistics
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Figure 5: Regional disparities in the impacts of the COVID-19 pandemic in Bulgaria. (A) Overall excess
mortality in Bulgarian regions (EMR units); (B) Overall excess mortality in Bulgarian regions (P-score); (C) Excess mor-
tality in working age (40-64) females in Bulgarian regions (P-score); (D) Excess mortality in working age (40-64) males
in Bulgarian regions (P-score); (E) Percentage of the population who have tested positive for SARS-CoV-2 in Bulgarian
regions; (F) CFR values for Bulgarian regions; (G) Ratio between excess deaths (EMR) and official COVID-19-attributed
deaths (PFR).
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with the start of the Fall surge, in the middle of Octo-
ber, and peaked at ~54 DPM/day in the week ending on
November 27th. This corresponds to a 112.3% increase in
relative age-standardised mortality rates (rASMRs) accord-
ing to the ONS®?; a higher number in Europe in 2020 was
observed only in Spain for the week ending on April 3rd at
at 142.9%.

One of the obvious candidate explanations for the dis-
crepancy between official and excess deaths is insufficient
testing®9Indeed, that appears to be the case for Bulgaria.
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Test positivity rates peaked ~40% in late November. How-
ever, a curious pattern is observed in the number of tests
recorded in official statistics, which actually began decreas-
ing while the positivity was still increasing in the month
of November (Figure [fJA). An explanation for this pattern
is that the results of rapid antigen tests were not included
in official statistics until late December, and a considerable
portion of testing shifted from PCR to antigen tests as the
Fall wave developed. This likely accounts for at least some
of the discrepancy between recorded and excess deaths.
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tion of social distancing measures and of
reductions in mobility in Bulgaria around
the peak of the late-2020 wave. The peak
occurred around November 11th 2020, as
demonstrated by mortality data, which at
any given moment reflects the dynamic of
new cases in Bulgaria approximately 2.5
weeks prior to that moment.
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We then examined the factors responsible for the Fall
surge eventually receding using the stringency index and
mobility metrics (see Methods), changes in which have been
shown before to be predictive of the trajectory of COVID
epidemics37H0,

The stringency index was at 35.19 from mid September
until October 29th (Figures[6]D and [7B), when the Bulgar-
ian government imposed some new restrictions (high schools
and universities moved to remote learning; nightclubs, pubs
and bars were closed), which is reflected by an increase in
the stringency index to 48.15. No further substantial epi-
demiological measures were introduced until after the peak
of the fall wave — on November 27th, restaurants, bars,
malls, schools and gyms were closed. However, the strin-
gency index, though now increased to 53.7%, remained con-
siderably below the levels of restrictions imposed in other
European countries (Figure ), as no stay-at-home or-
ders or curfews were imposed, non-essential stores and hair-
dressing salons remained open, and gatherings of up to 15
people were permitted.

T
Nov. 27th

12

As the peak of restrictions occurred around the time of
the peak of excess mortality and thus after the peak of in-
fections, it is likely that restrictions were not the main cause
for the eventual decline in cases. Indeed, changes in peo-
ple’s behavior as reflected in social mobility measures were
observed much earlier than the imposition of restrictions,
likely due to fear of becoming infected spreading among
the population, a pattern previously noted elsewhere in the
world*. The 7-day running average Google mobility data
measured on November 19th shows a total decrease of —29%
percent of time spent in retail and recreation and a 6.43%
increase in time spent at home compared to the baseline
(Figures [6D and [7B). However, as with the stringency in-
dex, these values are still the lowest among analyzed Euro-
pean countries (Figure EIB), which is likely a contributing
factor to the very high excess mortality resulting from the
pandemic.

Finally, we examine hospitalization trends in Bulgaria
and several other European countries. We find that at
their peak on December 12th, hospitalizations in Bulgaria
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Figure 8: Peak hospitalizations in Bulgaria and other countries.

reached a level of 0.1% of the population, which is one of
the highest hospitalization rates up to date (it has since
been exceed by Hungary and by Bulgaria itself during the
subsequent March surge; Figure .

Discussion

In this survey, we analyze the impact of the COVID-19
pandemic in 2020 in Bulgaria and the broader Eastern Eu-
ropean context. After a relatively low level of COVID-19
cases and deaths prior to that, in the concentrated span of
less than three months in October, November, and Decem-
ber 2020, Bulgaria recorded the largest (per capita) num-
ber of excess deaths among the examined countries. Simi-
lar, though somewhat lower, large excess mortality increases
were observed in most other countries in Eastern Furope.
However, official COVID-19-attributed deaths account for
only less than half of the excess deaths.

This discrepancy is likely caused by a combination of
multiple factors — COVID-19 cases leading to death that
were not reported as such in official statistics, COVID-
19 cases resulting in death some time after recovery due
to longer-term complications from the disease, and deaths
from other causes that increased as a result to the inability
of the healthcare system to treat them due to it being over-
whelmed by COVID-19 patients. As the disparity between
excess deaths and official COVID-19 mortality is very large
in the case of Bulgaria — excess deaths amount to ~0.25%
of the population while official COVID-19 are at ~0.11%,
ie. a ~0.14% difference — and excess mortality is highly
temporally concentrated in a short time span of about ten
weeks (i.e. the contribution of the latter two factors is un-
likely to have been so large in such a brief period), it is most
likely that the bulk of excess deaths were caused directly by
COVID-19.

Why they were not recorded as such is also probably
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due to a multitude of factors. Testing in Bulgaria has been
greatly insufficient throughout the pandemic and even more
so during the late-2020 surge; in addition to that, the de-
cision to not include rapid antigen tests in public statistics
certainly has contributed to the underreporting. Most re-
ported deaths occurred in hospitals, and many of those who
could not be hospitalized due to healthcare systems being
overwhelmed and died at home were not recorded as hav-
ing died of COVID. Whether additional social and socioe-
conomic factors could have contributed, as has been sug-
gested to be the case elsewhere in the world®2, is a subject
for future investigations, as is the question of whether the
reasons for underreporting are uniform across the more gen-
eral Eastern European region. Lack of testing on its own in
turn has probably contributed to the epidemic growing out
of control and leading to such a number of excess deaths.

Another contributing factor to the high mortality rate
in Eastern Europe is probably the very high prevalence of
cardiovascular diseases in the region“s. In Bulgaria over
half of the COVID-19 officially reported fatalities are listed
with cardiovascular disease as a comorbidity.

Bulgaria also exhibits the most highly elevated working-
age excess mortality, and it is also an outlier in terms
of working-age excess mortality among females. We also
observe significant regional disparities within the different
regions in the country in total and in working age sex-
specific excess mortality. A possible explanation for the
latter is the development of outbreaks at workplaces where
mostly women work — for example, garment, textile and
shoe factories, which in Bulgaria almost exclusively em-
ployee women and which are major sectors of the econ-
omy in provinces such as Blagoevgrad, Kardzhali, Smolyan,
Sliven, and Kyustendil*¥. Indeed, there were numerous re-
ports about outbreaks in such settings. Analogous causality
might be behind regional disparities in working age male-
specific excess mortality (Figure ) A list of reports about



outbreaks in these regions can be found in our GitHub
repository, which includes reports about outbreaks in bat-
tery, automotive parts, power transmission, sanitary ceram-
ics, and other factories.

Of note, Spain is another European country with a
notable substantial number of working-age female excess
deaths. The likely cause in that case is the overrepresenta-
tion of middle-aged women among home care workers, who
were identified as essential workers early on in the pandemic
and were thus affected by it to a greater extent,

Regional disparities in overall excess mortality, in par-
ticular the clear dichotomy emerging between the major
population centers, in which generally better outcomes are
observed, and the more heavily affected peripheral regions,
also warrant further investigation. COVID-19 is still of-
ten considered a disease that impacts highly populated big
cities the most, where disease spread is thought to be facil-
itated by density; this is due to many of the most notable
initial outbreaks affecting well-connected in terms of inter-
national travel large metropolitan areas. However, as the
pandemic has spread throughout the countries that have not
controlled it, it may be the case that previously established
regional disparities in healthcare infrastructure are becom-
ing a key factor determining differential outcomes between
generally better resourced major cities on one hand, and the
less equipped to test, track and treat COVID-19 patients
countryside areas. There is evidence that such causation is
at play in Bulgaria — many of the heavily affected regions
have fewer ICU beds, fewer doctors, and fewer specialists in
the most relevant to the treatment of COVID-19 specialties
than the capital and a few other major cities (Supplemen-
tary Figure @ For example, Vidin and Silistra have fewer
than average hospital beds, Kardzhali has the lowest num-
ber of doctors, general practitioners and pulmonologists and
the second to last number of ICU beds per capita in the
country, and Smolyan has the lowest number of ICU beds
(just 9 in total for the whole region) and a generally low
number of doctors.

In addition, in some of these regions (e.g. Smolyan, the
most heavily impacted in the country) there are purely geo-
graphic factors that may have complicated the timely treat-
ment of patients due to the logistic challenges of transport-
ing patients to the regional center (which is where the only
ICU units are located) from remote small towns through
mountainous terrain while the core city’s health infrastruc-
ture is itself under immense stress (as shown in Figure
Bulgaria recorded record hospitalization levels during the
peaks of the pandemic). Whether similar regional patterns
of pandemic-related excess mortality are observed in other
areas of Europe will be informative and instructive for min-
imizing the impact of subsequent COVID-19 waves.

It should also be noted that healthcare disparities possi-
bly play a role on a broader-level6"48 a5 Eastern Europe’s
healthcare systems as a whole are well-documented to be
suffering from an outflow of skilled medical labor due to
large numbers of doctors and nurses emigrating to Western
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Europe in recent years?,

However, the main factor behind the very high levels of
excess mortality is still most likely the late imposition of
restrictions on social mobility and lax governmental efforts
at controlling the spread of SARS-CoV-2, as our analysis
shows. In Bulgaria these were adopted long after exponen-
tial growth in cases had commenced and was clearly going
to overwhelm hospital resources, little testing was carried
out and insufficient efforts were made to ensure the isola-
tion of infected individuals, and even when restrictions were
imposed, they were generally the most lax in Europe; fur-
thermore, the late-2020 epidemic appears to have begun to
trend downward due to changes in individual behavior, the
onset of which actually preceded the imposition of restric-
tions by the government. The high levels of excess mortality
are probably a natural consequence of following these poli-
cies.
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Supplementary Figure 1: Excess mortality-based ASYR values for European countries in 2020. Shown are
the total (per 100K people) values. (A) ASYR values for the whole population; (B) ASYR values for females; (C) ASYR
values for males.
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Supplementary Figure 2: Excess mortality-based PYLLs and WYLL values for EU countries in 2020.
Shown are the total (per 100K people) and average (per death) values. (A) PYLL values for the whole population; (B)
PYLL values for females; (C) PYLL values for males; (D) WYLL values for the whole population; (E) WYLL values for
females; (F) WYLL values for males.
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Supplementary Figure 3: Comparison between male- and female-specific average PYLL values in European
countries. Shown are the average PYLL values per excess death.
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Supplementary Figure 4: ASYR values computed over the 0-89 age range and ASYR values computed
over the whole population (with 90+ year-olds included) are consistent. (A) ASYR total; (B) ASYR females;

(C) ASYR males.
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Supplementary Figure 5: Excess mortality in the 65-69 age range in Bulgarian regions. (A) females, P-scores;
(B) males, P-scores.
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Supplementary Figure 6: Availability of medical resources in Bulgarian regions. (A) Overall hospital beds (in
units of people per bed); (B) ICU beds; (C) Total doctors; (D) General practitioners; (E) Cadiologists; (F) Pulmonologists;
(G) Infection disease specialists; (H) Internal medicine specialists. Data from the Bulgarian National Statistical Institute
(https://www.nsi.bg/bg)
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Supplementary Table 4: ASYR values for European countries for the year 2020, for ages 0-89.

ASYR total ASYR males ASYR females
country ASYR country ASYR country ASYR
Bulgaria 2642.71 + 387.64 Bulgaria 3429.04 + 494.95 Bulgaria 1870.95 + 322.65
Poland 2176.02 + 425.24 Poland 2979.2 + 531.98 Poland 1409.38 + 333.52
Romania 2166.23 £ 386.11 Romania 2971.23 £+ 506.87 Romania 1362.30 + 297.74
Montenegro 1591.07 + 474.47 Montenegro 2201.28 + 765.93 Luxembourg 1167.63 + 450.58
Czechia 1561.77 + 338.36 Czechia 2083.52 4+ 411.74 Montenegro 1114.90 + 406.12
Slovakia 1416.99 + 222.16 Slovakia 1916.80 + 316.7 Hungary 1093.03 + 224.89
Luxembourg 1385.34 + 561.60 Lithuania 1867.11 + 984.67 Czechia 1088.59 + 294.64
Hungary 1371.86 + 257.82 Luxembourg 1698.68 + 848.55 Slovakia 1054.24 + 327.81
Lithuania 1308.71 £ 705.12 Hungary 1684.16 + 360.10 Spain 942.20 + 169.04
Spain 1237.10 + 195.03 Malta 1624.29 + 680.96 Lithuania 842.8 + 438.91
Malta 1122.81 + 528.47 Spain 1528.26 + 232.74 Slovenia 761.89 + 274.98
Slovenia 1065.83 + 262.79 Ttaly 1431.94 + 203.13 Belgium 743.09 + 237.88
Ttaly 1020.91 + 177.37 Slovenia 1412.31 + 423.85 Estonia 713.18 + 403.65
Belgium 1008.50 + 301.28 Belgium 1278.93 + 342.72 Malta 684.67 + 551.42
Croatia 879.37 + 301.07 Croatia 1229.67 + 361.12 Iceland 616.88 + 380.42
Netherlands 830.38 + 210.23 Cyprus 1155.62 + 595.19 Ttaly 605.74 + 155.89
Austria 818.23 £ 233.29 Austria 1123.27 £+ 340.89 Netherlands 603.04 + 195.17
Cyprus 806.27 + 339.84 Netherlands 1095.74 + 222.74 Austria 592.24 + 189.30
Portugal 742.72 + 187.97 Iceland 1087.99 + 587.39 Croatia 589.37 + 326.44
Estonia 733.79 + 384.83 Portugal 959.40 + 291.99 Cyprus 546.61 + 306.67
Iceland 705.81 4+ 457.04 Estonia 861.08 + 440.19 Portugal 529.72 + 192.09
France 599.00 + 165.45 Switzerland 842.88 + 255.68 France 422.21 + 117.61
Switzerland 572.07 + 136.63 France 780.58 4+ 213.49 Sweden 398.40 + 79.04
Sweden 508.34 4+ 100.43 Sweden 702.98 4+ 179.45 Switzerland 386.31 + 100.48
Finland 400.07 £+ 172.88 Finland 526.50 + 207.13 Greece 355.06 + 165.77
Greece 387.31 £ 147.26 Latvia 496.83 £ 261.61 Finland 285.37 + 162.98
Denmark 319.15 + 141.77 Greece 433.70 £ 135.00 Denmark 257.42 + 92.80
Latvia 292.95 + 229.64 Denmark 408.03 £ 160.00 Latvia 208.70 + 84.34
Norway 219.82 + 142.17 Norway 279.00 + 142.00 Norway 179.47 £ 141.82
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Supplementary Table 5: ASYR values for European countries for the year 2020, for ages 0 to 90+.

ASYR total ASYR males ASYR females
country ASYR country ASYR country ASYR
Bulgaria 2963.08 + 423.25 Bulgaria 3842.60 £+ 529.63 Bulgaria 2147.98 £ 362.37
Poland 2676.11 £ 479.93 Poland 3700.81 £ 597.50 Poland 1823.31 + 387.70
Romania 2501.03 £ 430.02 Romania 3396.66 £ 546.60 Romania 1658.84 4+ 344.88
Czechia 1963.81 + 389.01 Czechia 2612.61 £ 476.53 Czechia 1435.77 + 346.58
Montenegro 1825.12 + 530.49 Lithuania 2517.08 £ 1058.43 Luxembourg 1416.52 + 505.13
Lithuania 1789.84 + 758.74 Montenegro 2451.80 £ 866.94 Montenegro 1342.87 + 487.51
Luxembourg 1704.25 + 628.43 Slovenia 2223.7 + 534.70 Hungary 1326.87 + 255.44
Slovakia 1666.51 + 250.84 Slovakia 2213.56 £ 344.59 Spain 1288.61 4+ 190.40
Spain 1638.01 + 220.31 Luxembourg 2152.29 4+ 961.87 Slovakia 1277.82 + 358.38
Slovenia 1635.98 + 320.95 Spain 2026.51 + 275.46 Slovenia 1249.83 + 328.03
Hungary 1616.83 + 282.59 Hungary 1966.58 + 380.22 Lithuania 1222.45 + 495.15
Belgium 1438.89 + 330.31 Belgium 1822.65 + 392.28 Belgium 1120.08 + 268.13
Malta 1427.67 + 577.51 Malta 1820.27 + 747.73 Malta 1043.07 &+ 606.69
Ttaly 1354.28 + 204.22 Croatia 1800.53 + 448.09 Croatia 965.27 £ 368.26
Croatia 1309.57 + 352.60 Netherlands 1587.07 + 291.09 Estonia 863.81 + 443.5
Netherlands 1136.98 + 238.97 Austria 1492.68 + 402.59 Portugal 850.83 + 238.20
Portugal 1098.04 + 245.12 Ttaly 1415.77 + 200.74 Netherlands 816.38 + 210.52
Austria 1024.27 + 276.29 Portugal 1384.46 + 374.22 Austria 730.49 + 231.15
Estonia 909.88 + 451.22 Estonia 1168.07 + 571.62 Iceland 635.56 + 436.84
France 829.05 £ 192.34 Cyprus 1142.61 £+ 587.28 France 605.05 £+ 145.93
Cyprus 796.80 + 335.12 France 1112.10 £ 247.55 Italy 601.71 + 154.81
Iceland 725.93 + 507.83 Iceland 1109.31 + 639.07 Greece 557.5 4+ 228.32
Sweden 667.81 £+ 126.16 Sweden 955.58 + 203.81 Cyprus 539.87 £ 303.08
Greece 604.26 + 207.60 Switzerland 837.75 £+ 252.29 Sweden 503.02 £+ 110.52
Switzerland 567.55 £+ 134.87 Latvia 826.88 + 373.38 Switzerland 384.27 + 99.47
Finland 476.93 £ 198.87 Greece 674.05 £ 198.07 Latvia 357.84 + 152.71
Latvia 474.65 + 301.96 Finland 651.73 £ 265.71 Finland 346.96 + 182.45
Denmark 358.89 + 151.64 Denmark 496.97 + 181.88 Denmark 267.38 £ 99.06
Norway 221.17 + 146.99 Norway 314.10 + 161.51 Norway 177.81 £ 140.37
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Supplementary Table 6: Average PYLL values for European countries for the year 2020.

PYLL total PYLL males PYLL females
country PYLL country PYLL country PYLL
Iceland 29.25 + 1.22 Iceland 23.86 + 1.99 Iceland 39.71 + 0.13
Luxembourg 23.08 £ 0.26 Luxembourg 19.79 £ 0.37 Luxembourg 29.63 £ 2.83
Estonia 16.37 + 1.03 Cyprus 15.58 4+ 0.49 Estonia 18.73 + 1.48
Finland 15.73 + 0.77 Finland 14.82 + 0.51 Finland 16.65 £ 0.48
Cyprus 14.48 + 0.41 Malta 13.99 + 1.09 Norway 14.92 + 0.02
Norway 13.95 4+ 0.39 Norway 13.88 4+ 0.22 Cyprus 13.79 + 1.04
Poland 13.87 £ 0.18 Estonia 13.58 £+ 1.28 France 13.76 £ 0.1
Malta 13.76 + 1.4 Poland 12.96 + 0.21 Poland 13.76 + 0.19
Bulgaria 13.46 4+ 0.11 Romania 12.56 4+ 0.11 Bulgaria 13.68 + 0.24
Romania 13.29 4+ 0.01 Bulgaria 12.56 4+ 0.03 Greece 13.63 + 0.14
Spain 13.08 + 0.16 Spain 12.4 £ 0.15 Spain 13.3 £ 0.14
Lithuania 13.04 + 0.82 Lithuania 12.14 + 1.14 Slovakia 13.02 £ 0.7
France 12.77 + 0.33 Greece 12.01 + 0.38 Malta 13 + 2.19
Greece 12.68 + 0.1 Austria 11.89 + 0.68 Romania 12.91 + 0.05
Austria 12.21 + 0.35 Portugal 11.75 + 0.53 Austria 12.8 + 0.07
Slovakia 12.17 + 0.12 France 11.64 + 0.46 Lithuania 12.65 £+ 0.21
Hungary 11.99 £ 0.43 Italy 11.46 £ 0.25 Denmark 12.44 + 0.66
Ttaly 11.72 + 0.21 Hungary 11.26 + 0.54 Montenegro 12.39 + 1.07
Portugal 11.69 + 0.38 Belgium 11.19 + 0.59 Hungary 12 + 0.37
Czechia 11.62 + 0.37 Slovakia 11.14 + 0.43 Czechia 11.9 £ 0.3
Montenegro 11.57 + 1.08 Slovenia 10.95 + 0.97 Netherlands 11.43 = 0.9
Belgium 11.15 + 0.72 Netherlands 10.87 + 0.49 Ttaly 11.15 + 0.22
Netherlands 11.14 £ 0.73 Czechia 10.8 + 0.5 Portugal 11.08 £+ 0.79
Croatia 11.06 + 0.23 Montenegro 10.64 + 0.58 Sweden 11.03 + 0.02
Slovenia 11.05 £ 0.6 Croatia 10.56 £ 0.3 Croatia 10.97 £ 0.52
Denmark 10.52 £ 0.68 Switzerland 10.42 £ 1.15 Belgium 10.74 £ 0.6
Switzerland 10.32 £ 0.77 Sweden 10.36 + 0.78 Slovenia 10.74 + 0.77
Sweden 10.29 £ 0.37 Latvia 9.63 £ 0.44 Switzerland 10.41 + 0.59
Latvia 9.71 + 0.66 Denmark 9.58 £ 0.27 Latvia 9.47 £ 0.18

SM 12



Supplementary Table 7: Average WYLL values for European countries for the year 2020.

WYLL total WYLL males WYLL females
country WYLL country WYLL country WYLL
Norway 38.11 £+ 6.23 Norway 43.02 + 0.02 Denmark 39.15 £ 0.13
Denmark 35.38 £ 1.03 Denmark 31.69 £ 0.41 Finland 35.65 £+ 2.69
Finland 31.87 £ 0.33 Finland 31.39 £ 1.39 Sweden 29.18 £ 0.4
Slovenia 21.09 £+ 0.92 Slovakia 23.4 + 1.04 Iceland 25.56 + 1.69
Iceland 20.78 £ 2.31 Slovenia 19.81 + 3.12 Luxembourg 24.77 £ 1.09
Slovakia 18.84 + 1.04 Hungary 17.68 + 1.01 Hungary 19.5 £+ 0.06
Malta 18.47 £ 0.75 Malta 17.08 + 1.6 Slovenia 18.89 + 3.14
Hungary 18.43 £ 0.31 Iceland 15.32 £ 2.22 Malta 18.77 £ 2.23
Sweden 15.57 + 1.43 Croatia 15.07 + 4.6 Norway 17.03 + 1.79
Czechia 13.54 + 0 Czechia 12.96 + 0.56 Cyprus 17.03 + 1.54
Estonia 12.25 + 0.9 Sweden 12.66 + 3.65 Czechia 15.3 £ 0.47
Poland 12.04 + 0.37 Estonia 12.37 + 0.17 Slovakia 14.86 + 4.48
Luxembourg 11.21 + 1.06 Poland 11.74 + 0.1 Netherlands 14.01 + 0.47
Netherlands 10.17 + 0.24 Switzerland 10.86 + 2.88 Poland 13.72 + 0.89
Switzerland 10.13 £+ 1.81 Netherlands 10.26 £ 0.02 Switzerland 13.14 +£ 1.34
Montenegro 9.4 + 2.33 Montenegro 9.77 + 2.16 Montenegro 11.59 + 1.85
Bulgaria 8.68 £ 0 Bulgaria 9.35 £ 0.07 Estonia 11.42 + 0.22
Romania 8.47 4+ 0.58 Romania 8.32 4+ 0.52 Portugal 10.27 + 1.86
Cyprus 7.78 + 0.21 Luxembourg 8.27 + 1.91 Belgium 9.77 £ 0.95
Portugal 7.73 £ 1.52 Portugal 7.22 £ 1.75 Romania 8.91 £ 0.42
Austria 6.28 £ 1.16 Austria 7.09 £ 1.13 Austria 8.52 £ 1.49
Belgium 6.03 + 2.23 Cyprus 6.98 + 0.92 Bulgaria 7.43 + 0.28
Croatia 5.69 £ 1.44 Belgium 6.2 +1.28 Greece 6.46 £ 1.22
Spain 5.42 + 0.96 Spain 5.3+ 1.1 Spain 6.25 + 0.6
Lithuania 5.03 + 1.97 Lithuania 4.97 £ 2.19 Croatia 5.89 + 2.53
Italy 54 0.18 Italy 4.93 £ 0.16 Lithuania 5.78 £ 1.57
Greece 4.61 £ 0.6 Greece 3.46 + 0.32 Italy 5.29 + 0.42
France 3.04 £ 0.67 France 25+0 France 5+ 091
Latvia 25+0 Latvia 25+0 Latvia 25+0
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