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higher, while in the 10 districts with the lowest Roma 
population the incidence was higher than the national 
average and mortality risk was lower.

There is a clear mismatch between morbidity and 
mortality clusters.

There was a negative association between relative 
incidence of confirmed cases and deprivation (males: 
� 2

Homogeneity=2277.81, p=0; � 2
Linearity=1687.14, p=0; females: 

� 2
Homogeneity=1568.36, p=0; � 2

Linearity=852.03, p=0), but 
there was a strong positive association between relative 
mortality and case fatality and deprivation (for mortality, 
males: � 2

Homogeneity=122.95, p=0; � 2
Linearity=118.33, p=0; 

females: � 2
Homogeneity=154.86, p=0; � 2

Linearity=145.19, p=0; for 
case fatality, males: � 2

Homogeneity=49.81, p=0; � 2
Linearity=44.68, 

p=0; females: � 2
Homogeneity=75.44, p=0; � 2

Linearity=73.39, p=0) 
(figure  2A–C, table  1). In the least deprived quintile, 
incidence was 7% higher than average for males, while 
for females it was at the national average. In marked 
contrast, relative incidence in the most deprived quintile 
was 36% lower for males and 30% for females (figure 2A, 
table  1). In the least deprived quintile mortality was 
about 30% lower for both sexes and in the most deprived 
band (V. quintile), it was about 30% higher than the 

Figure 2  Relationship between the deprivation and relative incidence of confirmed cases (A), relative mortality (B), and relative 
case fatality (C) due to COVID-19 during the second pandemic wave by DI quintile in Hungary.

Figure 1  The spatial distribution of deprivation (A), incidence ratio of confirmed cases (B), relative mortality (C), and relative 
case fatality (D) due to COVID-19, during the second pandemic wave in Hungary.
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national average (figure  2B, table  1). Consistent with 
these findings, case fatality in the least deprived quintile 
was 15%–18% lower and in the most deprived quintile 
27-32% higher than average (figure 2C, table 1).

Excess mortality due to all causes of death was signifi-
cantly elevated from the 42nd week of 2020 to the 2nd 
week of 2021 in all age groups (figure  3). The highest 
relative excess mortality at all ages combined (1.60 (CI: 

1.55 to 1.65)) and in the 50–64 years (1.37 (CI: 1.26 to 
1.49)) was observed in the 48th week (figure 3A,B), while 
for the 65 years and above age group it was in the 46th 
week (1.67 (CI: 1.61 to 1.73)) (figure 3C).

Looking at the period of the second pandemic wave 
as a whole, excess mortality between the 42nd week of 
2020 and the 2nd week of 2021 was 35% higher (excess 
mortality0-X years: 1.35 (CI: 1.34 to 1.36) with 12 973 (CI: 

Table 1  Relative risks of incidence of confirmed cases, mortality and case fatality due to COVID-19 during the second 
pandemic wave by DI quintiles and sex in Hungary

DI quintiles
(range of DI values) Relative incidence ratio Relative mortality ratio Relative case fatality ratio

Males

 � I. Least deprived
 � (−11.13≤SES≤−1.21)

1.07 (1.06–1.08) 0.73 (0.68–0.79) 0.85 (0.79–0.91)

 � II.
 � (−1.21<SES≤−0.45)

1.07 (1.06–1.08) 0.96 (0.91–1.00) 0.99 (0.94–1.03)

 � III.
 � (−0.45<SES≤0.25)

1.05 (1.04–1.06) 1.05 (1.00–1.09) 0.99 (0.95–1.04)

 � IV.
 � (0.25<SES≤1.13)

0.91 (0.90–0.92) 1.11 (1.05–1.17) 1.05 (0.99–1.11)

 � V. Most deprived
 � (1.13<SES≤8.57)

0.64 (0.62–0.65) 1.32 (1.20–1.44) 1.27 (1.16–1.39)

Females

 � I. Least deprived
 � (−11.13≤SES≤−1.21)

1.01 (1.00–1.02) 0.69 (0.64–0.75) 0.82 (0.76–0.89)

 � II.
 � (−1.21<SES≤−0.45)

1.05 (1.05–1.06) 0.93 (0.88–0.97) 0.95 (0.90–0.99)

 � III.
 � (−0.45<SES≤0.25)

1.04 (1.03–1.05) 1.05 (1.00–1.09) 0.99 (0.95–1.04)

 � IV.
 � (0.25<SES≤1.13)

0.96 (0.95–0.97) 1.18 (1.12–1.25) 1.11 (1.05–1.17)

 � V. Most deprived
 � (1.13<SES≤8.57)

0.70 (0.69–0.72) 1.27 (1.16–1.39) 1.32 (1.20–1.44)

DI, Deprivation Index; SES, Socioeconomic status.

Figure 3  Relative excess mortality due to all causes of death during the second COVID-19 pandemic wave, compared to the 
average weekly mortality for the period 2014-2019 by age group in Hungary.
*The thin lines indicate the 95% CIs.
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12 646 to 13 297) excess death at all ages combined, 16% 
higher (excess mortality50-64 years: 1.16 (CI:1.13 to 1.18) with 
981.23 (CI: 834.76 to 1123.5) excess death in the 50–64 
years age group and 40% higher (excess mortality65-X years: 
1.40 (CI: 1.39 to 1.42) with 11 724 (CI: 11 440 to 12 005) 
excess deaths in the 65 years and above age group, in all 
cases compared with average rates in the same period in 
the previous 6 years (figure 3).

Looking by deprivation quintile, excess mortality in 
the most deprived quintile was 38,51% higher than in 
the least deprived one. The excess death rate in districts 
with the lowest representation of Roma population was 
10.16% lower than the average in the least deprived 
quintile, while the excess death rate in districts with the 
highest representation of Roma population was 17.46% 
higher than the average in the most deprived quintile 
(table  2). The excess death rates observed in districts 
with the largest share of the Roma population were 1.81 
times higher than in those with the smallest share.

DISCUSSION
In Hungary, the second wave of the COVID-19 outbreak, 
which started on 22 June 2020, has been much more 
severe than the first.1 3 However, not everyone was 
affected equally. The spatial distribution of incidence 
disease showed reversed correlation with deprivation, 
as those living in more deprived areas had a lower risk 
of being ascertained as a confirmed COVID-19 case. In 
contrast, those living in more deprived areas had a higher 
risk of death. The risk of death was also higher among 
those who become ill in more deprived areas. The most 
obvious explanation is that many cases in the deprived 
north-eastern region were not ascertained, although 
further research would be required to confirm this.

This pattern was even more accentuated in those 
districts where the Roma population made up the greatest 
share of the population. There is extensive evidence that 
Roma are disadvantaged materially and in health terms 
in Hungary as in its neighbouring countries.38 39 In these 
districts, despite low reported incidence, death rates 
were even higher than the average for the most deprived 
municipalities. Although we lack the individual data 
needed to determine whether Roma experience higher 
death rates, this would be consistent with a comment 
from a Hungarian Roma rights advocate describing 
multiple deaths in single families: ‘Our people are falling 
like flies’.40A single study of a COVID-19 outbreak (from 
8 April to 4 June 2020) in a Greek Roma settlement 
with about 2500 permanent residents, 142 laboratory-
confirmed cases and one death were reported, but the 
immediate lockdown of the settlement prevented the 
disease from spreading beyond the settlement’s borders 
and no COVID-19 cases were observed in either the 
nearby city of Larissa or in other Roma communities in 
the region.41

This study is subject to several limitations. It is likely 
that reported COVID-19 cases almost everywhere are Ta
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underestimated because of incomplete detection of 
cases.42 43 Hungary seems no exception and, despite consis-
tent case definitions and reporting procedures within the 
country,44 it does seem likely that the relatively low reported 
incidence in the more deprived areas is at least in part due to 
artefact because of undertesting, which may have become a 
greater problem when the health system was under extreme 
pressure. Unfortunately, we have been unable to obtain data 
on the volume of testing at the level of municipalities to 
explore this further.

It is also likely that reported COVID-19 deaths are under-
estimated because of incomplete follow-up of all reported 
cases and deaths of people who had COVID-19 but were 
never diagnosed, although this is probably less of a concern 
when undertaking comparisons within rather than among 
countries.

We can take some reassurance from the finding that 
the ratio of confirmed COVID-19 deaths to all excess 
deaths is higher (74.07% in the most deprived quintile 
and 86.35% in the middle quintile) than in several other 
countries. The corresponding figures in 2020 (compared 
with death rates in 2019) were 69.5% in the EU (530 634 
excess death vs 368 543 COVID-19 death), 64.8% in Spain 
(78 491 excess death vs 50 837 COVID-19 death), 42.7% 
in Romania (36 899 excess death vs 15 767 COVID-19 
death) and 36.6% in Slovakia (5835 excess deaths vs 
2138 COVID-19 death).45–47 The figure for the USA 
from 1 March 2020 to 2 January 2021 was 72.4%, but this 
varied considerably among states (eg, it was only 27.9% 
in Vermont).48 However, within-country differences still 
exist in Hungary, as COVID-19 deaths explain a some-
what smaller proportion of excess deaths (66.33%) in 
districts with a high representation of Roma population. 
In a recently published study, age-standardised weekly 
cumulative excess mortality in Hungary in the calendar 
year 2020, excess mortality was lower than that of the most 
European countries with more severe first and second 
waves and also lower compared with neighbouring coun-
tries where the second wave resulted in more than 10% 
excess mortality compared with the preceding years.49 
However, that study did not consider the whole period of 
the second pandemic wave and the mortality data were 
not yet complete when the analysis was carried out.

It should be noted that several different mathematical 
techniques to determine the duration of the second wave 
could be used, such as moving averages (e.g., 7 days) or a 
general additive model, as well as the use of the Savitzky-
Golay filter combining polynomial smoothing and 
moving average calculations through a two steps process 
to select and refine the inflection points.3 However, when 
we applied these approaches, the difference amounted 
to only a few days in the duration of the second wave 
and very few cases. For example, using the 7-day moving 
average would result in only 474 additional cases, or just 
over 0.1%, which does not materially affect our results.

The age of the data used to calculate the DI is an 
unavoidable limitation. Most of the indicators at the 
municipal level can only be obtained from the last census 

in 2011 so, inevitably, the index may become less accurate 
over time. However, the distribution of less developed 
areas remains essentially the same in 2011 as was seen 30 
and 20 years ago (in censuses in 1990 and 2001); hence, 
it does not seem that the spatial distribution of under-
privileged areas has changed to any great extent.21

Finally, it should be emphasised that the available data 
on deprivation may not capture the most appropriate 
variables for explaining COVID-19 outcomes, with others, 
such as irregular or informal employment potentially 
more useful. There is a broad consensus that descrip-
tive epidemiology is hampered by the lack of individual-
level data of important socioeconomic variables in most 
routinely collected COVID-19 surveillance datasets. 
Future analytical epidemiological studies that can tease 
out the complex pathways linking individual and commu-
nity characteristics, illness, and death are now needed.

CONCLUSION
It is now well recognised that those already disadvan-
taged have suffered most in the pandemic in many coun-
tries, even if the magnitude of differences is rarely well 
described. The geographical inequalities in the health 
status of the Hungarian population long precede the 
pandemic21 25 26 28 29 but have been exacerbated by it. 
Those living in more deprived areas, with less education, 
and who are in disadvantaged groups such as Roma are 
more likely to have pre-existing conditions.4 8 12 14It is now 
well documented that people with hypertension, obesity 
and other metabolic disturbances have increased risk of 
to severe COVID-19 infections.50–54 In a 2018 study, it was 
showed that the prevalence of metabolic syndrome and its 
components (especially that of abdominal obesity, hyper-
tension and elevated fasting glucose level) has increased 
significantly in the Hungarian population in the last 
decade, as has the number of individuals whose hyper-
tension and metabolic disturbances remain untreated.55 
They are also at higher risk of contracting the virus 
because they are more likely to be in public facing jobs, 
are less likely to be able to work remotely and find it more 
difficult to isolate if infected.7 14 Although Hungary has a 
well-developed health system, we do know that Roma in 
particular often have high levels of unmet need so this 
may also play a role.56

In summary, we have identified parts of Hungary that 
have been especially hard hit during the pandemic, 
although this could be missed with a narrow focus on 
incidence. Our findings point to the importance of moni-
toring the course of the pandemic at a much more gran-
ular level than has so far been the case in many countries.

Given the widespread use of data on incidence of 
COVID-19, this paper is a timely reminder of the need 
for caution in comparisons, as reported cases may under-
estimate the overall disease burden, especially in more 
deprived municipalities. Identification of vulnerable 
communities, as a prelude to policy measures to address 
their needs, is of utmost importance to mitigate the 
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further devastating effects of COVID-19 pandemic and 
possible future epidemics.
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