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Abstract

Background The COVID-19 pandemic followed 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 TO BE FILLED WITH PROPER DETAILS, STRINGENCY
INDEXES, Eurostat, Official BG sources to examine the development and impact of the COVID-19 pandemic
in Bulgaria.

Results We find exceptionally high level of excess mortality in Bulgaria relative to other European countries in
the second half of 2020. The excess mortality rate (EMR) for 2020 stands at 0.27% of the population, compared
to officially registered COVID deaths amounting to 0.11% of it. PYLLs. This high excess mortality 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, and a striking and largely unique to the country high mortality
burden in the working age population, especially females. Analysis of the course of the epidemic revealed time
spent at home to be the most predictive mobility measure of the eventual decline in cases and deaths. However,
while mobility declined as a result of the imposition of quarantine, it already trended downwards before such
measures were introduced, which resulted in a reduction of deaths independent of the effect of restrictions.
Conclusions Large, largely unaccounted for excess mortality is observed as a result of the COVID pandemic
in Bulgaria. Early imposition of stringent mobility reducing measures was critical for avoiding an explosion

of casualties due to COVID-19, and significant delays in introducing such restrictions caused massive loss of life.
MORE.

Introduction

The SARS-CoV-2 virus and COVID, the disease it
causes™M13| have emerged as the most acute public health
emergency in a century. The novel coronavirus spread
rapidly before significant efforts at containment were imple-
ment in much of the world, resulting in devastating early
outbreaks in the United States and Western Europe start-
ing late February and March of 2020.

Some combination of lockdown measures, imposed in
response to surging infections, voluntary changes in behav-
ior, and the onset of the summer season is thought to have
caused the major decline in COVID cases in Europe in the
summer of 2020. However, winter in the Southern hemi-
sphere, during which large epidemics developed in South
Africa and South America, together with well-document

seasonality of common-cold coronavirusest, strongly sug-
gested that a major second wave was to be expected in Eu-
rope with the arrival of its winter, which eventually indeed
arrived.

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 mor-
tality reached the 600 to 800 death per million (DPM) in
countries such as the Spain, Italy, UK, Belgium, France,
and Sweden, with excess mortality rates even higher® ™, In
contrast, most Eastern European countries registered rela-
tively few deaths, possibly because of much earlier relative
to the development of the outbreak implementation of social
distancing measures.

This dichotomy has 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 multiple
countries in the region were heavily affected by it.

Here we analyze the development and impacts of the
pandemic over the course In Bulgaria, across demographic
groups and the regions of the country, as we;l as the influ-
ence of human mobility changes and government-imposed
quarantine measure on the course of the pandemic. We use
these analyses to identify correlate factors likely responsi-
ble for particularly high unaccounted for excess mortality
in certain settings.

Methods

Data on excess mortality

Eurostat, NSI, etc.

Mobility data
XXX

P-score calculation

XXX

Potential Years of Life Lost (PYLL) estimates
XXX

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 standard for of-
ficial reporting of COVID deaths can result in large dispar-
ities 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.

a couple sentences about data

In total, we estimate that 18,715 lives have been lost
in Bulgaria in 2020 in excess of the baseline from previ-
ous years. This amounts to an EMR rate of 2,673 death
per million (DPM), or ~0.27%, for the year and ranks the
country as the most highly affected within the EU (Figure

[MA; according to P-scores Spain, Poland and Belgium rank
higher). COVID mortality is in most countries higher in
males and in females?, and this is also what is observed
in Bulgaria and most other EU countries (Figure [IB-C).
For females, a EMR of 2178 DPM is observed (P- score of
18.79), compared to an EMR of 3198 DPM for males (P-
score 23.99) across all ages. These estimates are in agree-
ment with other recent analyses of excess mortality ™™

We next examine the impact of the pandemic in terms
of PYLLs.

DETAILS - T DON'T HAVE THE NUMBERS FOR
THIS

Demographic-specific mortality patterns in
Bulgaria

Next, we examine mortality in Bulgaria within the working
age population. 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 in contrast mortality is elevated in males
of the same age bracket, with P-scores of —0.39 and 9.37,
respectively (Figure —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 BD-F), with P-
scores of 21.97 and 19.45 for males and females, respectively.
The difference between males and females is remarkable, as,
unlike the typical situation, in this group in Bulgaria excess
mortality is lower for males than for females. A similar re-
versal of the usual sex-specific mortality pattern is only also
observed in Spain and Estonia within the EU. We discuss
the possible explanation for these observations in the sub-
sequent section.

MORE

Regional disparities in COVID pandemic-related
mortality in Bulgaria

TO BE WRITTEN — ANTONI
Figure []

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

— cases, testing, lockdown measures, to be written
Figure [5
testing is negatively correlated with mortality*
XXX

Discussion

XXX
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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 death 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.
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Figure 2: PYLLs . (A)

A Count Average Mortality  Excess 30-39 total p-score B Country Average Mortality  Excess 30-39 females p-score c Country Average Mortality ~ Excess 30-39 males p-score
™ Mortality  (2020)  mortality Mortality _ (2020) _mortality Mortality  (2020) _mortality

Austria 532 600 68 Austria 175 211 36 Netherlands | 531 612 81

Netherlands [ 869 977 108 Sweden 177 202 25 [ 1] Poland 4,459 4,932 473

Poland 5,731 6,367 636 Poland 1,272 1,435 163 1 Bulgaria 717 784 67
Bulgaria 1,021 1,087 66 Finland 125 135 10 [ Austria 357 389 32
Finland 445 462 17 Netherlands [ 338 365 27 | Malta 24 25 1 ]
Denmark 308 317 9 [ Czechia 300 316 16 [] Belgium 563 590 27 ]
Belgium 848 873 25 B Spain 840 876 36 [ Denmark 198 203 5 [
Czechia 987 998 11 Denmark 109 114 5 0 Finland 320 327 7 1l
France 4919 | 4951 2 France 1,529 1,551 2 Estonia 151 153 2

Spain 2,523 2,536 13 Hungary 325 326 1 France 3,389 3,400 11
Estonia 202 201 -1 Bulgaria 304 303 -1 Czechia 687 682 -5
Portugal 710 701 -9 | Croatia 98 97 -1 Portugal 463 459 -4
Hungary 1,005 983 22 [ Belgium 285 283 -2 Spain 1,683 1,653 -30 I
sweden 542 530 12 1 Portugal 247 242 -5 Il Hungary 680 657 -23 []

Malta 36 35 1 n Estonia 51 48 -3 ] Croatia 254 235 -19 [
Croatia 352 332 -20 ] Romania 775 705 -70 ] Sweden 366 328 -38 [
Romania 2,677 2,399 278 1 Cyprus 19 17 -2 1 Romania 1,903 1,694 -209
Slovakia 680 588 -92 [ Latvia 99 87 12 ] Slovakia 496 432 -64
Lithuania 608 524 -84 [ Slovakia 184 156 -28 1 Lithuania 464 403 -61 1
Cyprus 56 47 9 [ Lithuania 144 121 -23 1 Italy 1,906 1,579 -327 1

Italy 2,912 2,364 -548 [ Greece 231 193 -38 [ Slovenia 116 95 -21 1

Latvia 437 355 -82 [ Malta 13 10 -3 | L 25 20 -5 [

Slovenia 161 129 -32 [ Italy 1,006 785 -221 1 Cyprus 37 30 -7 [
Greece 801 639 -162 [ Slovenia 45 34 -11 [ Latvia 339 268 -71 [
Luxembourg 36 28 -8 [ Luxembourg 12 8 -4 [ Greece 570 446 -124 [
r T T T T 1 T T T T 1 T T T T T 1
3 20 40 0 10 20 -40 20 0 20 40 30 20 -0 0 10 20
P-score P-score P-score
D Country Average Mortality  Excess 40-64 total p-score E Country Average Mortality  Excess 40-64 females p-score F Country Average Mortality  Excess 40-64 males p-score

Mortality  (2020)  mortality Mortality  (2020)  mortality Mortality  (2020)  mortality

Bulgaria 16403 | 19,722 | 3,319 Bulgaria 5,094 6,213 1,119 E Bulgaria 11,309 | 13,509 | 2,200 q
Spain 41,977 | 48513 | 6,536 Spain 13,867 | 16342 | 2,475 Spain 28,110 | 32,177 | 4,067
lithuania | 6,699 7,464 765 1 Estonia 618 701 83 | Malta 236 264 28
Malta 378 412 34 1 Lithuania | 1,904 | 2128 224 Lithuania | 4,795 5,336 541
Austria 8553 | 9,248 695 1 Portugal 3,666 | 3,900 234 1 Austria 5,493 6,047 554
Portugal | 11,753 | 12631 | 878 1 Austria 3,060 | 3,201 141 [] Portugal | 8087 | 8731 644 [ 1
Estonia 2199 | 2,345 146 ] Malta 142 148 6 | Belgium 7,430 | 7,995 565 1
Belgium | 11,983 | 12,648 665 ] Poland 21,429 | 22,094 665 [ Cyprus 394 421 27 [ ]
Poland 71,599 | 75501 | 3,902 1 Czechia 4562 | 4,663 101 0 Poland 50,170 | 53,407 | 3,237 1
Cyprus 611 634 23 ] Belgium 4554 | 4,653 99 0 Netherlands| 8906 | 9,364 458 [ 1]
Czechia 14,206 | 14,634 428 1 France 23435 | 23,921 486 0 Estonia 1,581 1,644 63 ]
Netherlands | 15,603 | 15969 366 N Latvia 1,402 1,399 -3 Luxembourg | 331 342 11 []
France 68,832 | 69,648 816 Croatia 2,019 1,993 -26 Il Czechia 9645 | 9,971 326 []
Sweden 6605 | 6581 -2 Netherlands | 6,697 | 6,605 92 Il Sweden 3910 | 4,007 97 1
Hungary | 22040 | 21,749 | -201 I Cyprus 217 213 -4 1 France 45397 | 45727 330
Italy 51,247 | 50,139 | -1,108 0 Hungary 7328 | 7,169 -159 [ Italy 32,006 | 31,868 | -138
1 510 497 -13 0 Greece 3,725 3,606 -119 N Hungary | 14712 | 14580 | -132
Croatia 6683 | 6,505 -178 0 Sweden 2695 | 2574 -121 ] Finland 3,777 3,739 -38
Finland 5620 | 5460 -160 n Romania | 13,102 | 12473 | -629 | Croatia 4,664 | 4,512 -152 n
Latvia 4680 | 4,543 -137 0 Italy 19241 | 18271 | -970 ] Latvia 3,277 3,144 -133 ]
Romania | 44,692 | 42,725 | -1,967 ] Denmark [ 2,311 2173 138 ] Romania | 31,500 | 30252 | -1,338 ]
Greece 11,576 | 10861 | -715 ] Finland 1,843 1,721 -122 ] Greece 7,852 7,255 -597 ]
Denmark | 6005 | 5568 -437 ] Slovenia 795 716 -79 [ Denmark | 3694 | 3,395 -299 1
Slovenia 2,532 2,288 -244 [ Slovakia 2,928 2,534 -394 [ Slovenia 1,737 1,572 -165 | .
Slovakia 9,669 8,181 -1,488 1 Luxembourg [ 179 155 -24 [ Slovakia 6,741 5,647 1,04 | [
T r r T T . r T T T T 1 T T T T T 1
20 40 o0 10 20 30 20 0 0 10 20 30 20 40 0 10 20 30
P-score P-score P-score

Figure 3: 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.
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Figure 4: Regional disparities in the handling of the pandemic in Bulgaria . (A) Overall excess mortality
in Bulgarian regions; (B) COVID testing in Bulgarian regions; (C) Excess mortality in working age (40-64) females in
Bulgarian regions; (D) Excess mortality in working age (40-64) females in Bulgarian regions.
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TESTING PER WEEK LOCKDOWN TIMING
(STACKED BAR CHART WITH PCR AND AgT) vs MOBILITY CHANGES

Figure 5: Development of the COVID pandemic in Bulgaria over 2020 and the effectives of measures
implemented in order to control it. (A) Officially registered COVID cases. Note that rapid antigen tests were only
included in statistics starting at XXXX (B) Officially registered weekly COVID deaths and overall weekly excess mortality
over the course of 2020. (C) Number of tests conduced and test positivity percentage (D) Social mobility changes and the
timing of imposition of restrictions.
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