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Abstract
Background. The incidence of COVID-19 novel coronavirus infection has a wave-like pattern with surges in new 
cases followed by declines. Viral mutations, changes in viral properties, and new strains continue to emerge and 
are regularly reported.
The aim of the study is to present a comparative analysis of clinical and epidemiological characteristics of 
hospitalized patients with COVID-19 during different periods of the coronavirus infection pandemic in Moscow.
Materials and methods. A two-center, retrospective observational epidemiological study was performed using 
medical records of patients hospitalized with the confirmed diagnosis of COVID-19 in Moscow from March 2020 
to March 2022 (34,354 patients). 
Results. Within 2 years of the pandemic, there were significant differences in the age structure of hospitalized 
patients. During the early months (March–June 2020) of the pandemic, age groups of 18–45 and 46–65 year-
olds accounted for higher percentages of hospitalizations. Later on (July 2020 – February 2021), the proportion 
of older age groups demonstrated an upward trend. From spring 2021 (the emergence of the SARS-CoV-2 
delta strain) to March 2022 (dominance of the omicron strain), the proportion of hospitalized working-age adults 
increased once again.
The proportion of severe and critically severe cases among the patients hospitalized during different periods 
remained at steady levels: 7.7% (6.6–8.8%) and 5.5% (4.4–6.6%), respectively. The highest death rates were 
observed during the delta strain surge, while the lowest death rates were reported for the omicron strain. 
Throughout the pandemic, the older age and chronic diseases remained risk factors contributing to the severity 
of the disease and adverse outcomes.
Conclusion. The emergence of new variants of SARS-CoV-2 causing a shift of the need for hospitalization towards 
younger age groups, the persistent high rates of severe cases and death rates among people of retirement age 
are pressing for the unfailing readiness for implementing preventive and epidemic control measures focusing on 
the above groups of population.
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Аннотация
Актуальность. Динамика заболеваемости новой коронавирусной инфекцией (COVID-19) характеризуется 
волнообразным течением с периодами спадов и подъёмов. Регулярно появляются сообщения о мутациях 
и изменении свойств вируса, о новых штаммах.
Цель работы — дать сравнительную характеристику клиническо-эпидемиологических особенностей па-
циентов, госпитализированных с COVID-19 в различные периоды пандемии коронавирусной инфекции в 
Москве.
Материалы и методы. Проведено двуцентровое ретроспективное наблюдательное эпидемиологическое 
исследование. Материалом послужили истории болезни пациентов, госпитализированных в Москве в пе-
риод с марта 2020 г. по март 2022 г. c подтверждённым диагнозом COVID-19 (34 354 наблюдения). 
Результаты. На протяжении 2 лет пандемии имелись существенные различия в возрастной структуре 
госпитализированных. В начальный период (март–июнь 2020 г.) преобладали возрастные группы 18–45 
и 46–65 лет. В дальнейшем (июль 2020 г. – февраль 2021 г.) вырос удельный вес более старших возраст-
ных групп. Начиная с весны 2021 г. (появление штамма «дельта» коронавируса SARS-CoV-2) и по март 
2022 г. (доминирование штамма «омикрон»), удельный вес госпитализированных трудоспособного возрас-
та вновь увеличился.
Доля тяжёлых и крайне тяжёлых форм среди пациентов, госпитализированных в различные периоды, 
оставалась стабильной: 7,7% (6,6–8,8%) и 5,5% (4,4–6,6%) соответственно. Наиболее высокий уровень 
летальности наблюдался при штамме «дельта», низкий — при штамме «омикрон». Более старший возраст 
и наличие хронических заболеваний во все периоды пандемии оставались фактором риска более тяжёло-
го течения и неблагоприятного исхода заболевания.
Заключение. Смещение потребности госпитализации на более молодые возрастные группы при появ-
лении новых вариантов SARS-CoV-2, сохранение существенного количества тяжёлых форм и уровня ле-
тальности среди лиц старше трудоспособного возраста требуют поддержания готовности к проведению 
профилактических и противоэпидемических мероприятий с акцентом на эти группы населения.

Ключевые слова: инфекционные болезни, пандемия, COVID-19, госпитализированные пациенты, эпи-
демиологические особенности, летальность

Источник финансирования. Авторы заявляют об отсутствии внешнего финансирования при проведении ис-
следования.
Конфликт интересов. Авторы декларируют отсутствие явных и потенциальных конфликтов интересов, свя-
занных с публикацией настоящей статьи. 
Для цитирования: Брико Н.И., Коршунов В.А., Краснова С.В., Проценко Д.Н., Глазовская Л.С., Гостищев Р.В., 
Салтыкова Т.С., Чернявская О.П., Поздняков А.А., Лабанович В.В., Канеев А.И. Клинико-эпидемиологические 
особенности пациентов, госпитализированных с COVID-19 в различные периоды пандемии в Москве. Журнал 
микробиологии, эпидемиологии и иммунобиологии. 2022;99(3):287–299.
DOI: https://doi.org/10.36233/0372-9311-272



ЖУРНАЛ МИКРОБИОЛОГИИ, ЭПИДЕМИОЛОГИИ И ИММУНОБИОЛОГИИ. 2022; 99(3) 
DOI: https://doi.org/10.36233/0372-9311-272

ОРИГИНАЛЬНЫЕ ИССЛЕДОВАНИЯ

Background
The epidemic of coronavirus infection 

(COVID-19) has been going on for more than 2 years. 
Over this time, more than 494 million cases and more 
than 6 million deaths have been reported globally1. 
Russia is among the countries with the highest number 
of COVID-19 cases and deaths2. The surge in the inci-
dence in Russia started later than in Europe, during the 
week when the epidemic reached its peak in the Euro-
pean Region. The epidemic started in the Southern Fed-
eral District (FD), spreading to the Central and the Far 
Eastern FDs, then, a week later, to the Siberian, Volga 
and Urals FDs, and in 3 weeks (in June) to the North-
western and North Caucasian FDs [1]. During the first 
days of the COVID-19 outbreak in Moscow (March 
06 – March 24, 2020), the infection was primarily de-
tected in people coming back from international trips. 
Many of the COVID-19 patients had to be hospitalized 
to receive treatment at hospitals. The disease hit harder 
older adults and patients with chronic diseases [2, 3]. 

Russia was the first country to register a vaccine 
against COVID-19 and to start voluntary vaccination 
in December 20203. Although the vaccines were avail-
able to the population and vaccination received exten-
sive media coverage, Russia demonstrated much lower 
vaccination coverage rates compared to other countries; 
these low rates may have contributed to the incidence 
dynamics and the number of hospitalizations4.

The COVID-19 incidence dynamics has an irregu-
lar pattern with surges and declines, different ratios be-
tween mild, severe and asymptomatic cases [4]. During 
the observation period, several variants of SARS-
CoV-2 were identified, including SARS-CoV-2 from 
Wuhan, alpha, delta and omicron strains causing most 
concern; several surges in the COVID-19 incidence 
were recorded. According to the data from Rospotreb-
nadzor5, the first case of infection with the Wuhan strain 
was reported in Russia on March 01, 2020; the first 
case of infection with the alpha strain was recorded at 
the end of December 2020. As explained by the Chief 
Sanitary Doctor of the Russian Federation, the above 
strains prevailed in the country till mid-June 2021 to be 
later superseded by the delta variant6. On December 06, 

1 Johns Hopkins University. URL: https://gisanddata.maps.arcgis.
com/apps/dashboards/bda7594740fd40299423467b48e9ecf6

2 Stopcoronavirus.rf. URL: www.stopcoronavirus.rf
3 Briefing of Minister of Health Tatiana Golikova. The Government 

of the Russian Federation. 04.12.2020. 
 URL: http://government.ru/news/41035
4 Global Change Data Lab, Our World in Data. 
 URL: https://ourworldindata.org
5 The interview with Head of Rospotrebnadzor A.Yu. Popova. 

10.01.2021. URL: https://www.vesti.ru/article/2508258
6 The report of RF Chief Sanitary Doctor A.Yu. Popova at the 

meeting of the Presidium of the Government Coordination 
Council to Control the Incidence of the Novel Coronavirus 
Infection in the Russian Federation. 16.07.2021. 

 URL: http://government.ru/news/42786/

2021, the first cases of infection with the omicron strain 
were reported7. According to the data from Rospotreb-
nadzor8, the omicron strain became a prevailing strain 
in Russia since February 2022. The above situation was 
observed at the time of writing the article (March 2022).

Quite a few studies have been focused on pa-
tients hospitalized during the 1st (spring) surge in the 
incidence. However, no large-scale studies have been 
performed to compare clinical and epidemiological 
characteristics of patients hospitalized during different 
periods of the pandemic.

The aim of the study is to present a comparative 
analysis of clinical and epidemiological characteristics 
of hospitalized patients with COVID-19 during differ-
ent periods of the pandemic in Moscow. 

Materials and methods
A two-center, retrospective observational epi-

demiological study was performed using medical re-
cords of patients in two hospitals of Moscow: Infec-
tious Diseases Clinical Hospital No. 2 of the Moscow 
Health Department (ICH No. 2) and City Clinical Hos-
pital No. 40 of the Moscow Health Department (CCH 
No. 40, Kommunarka Division) from March 2020 to 
March 2022. The above hospitals are large healthcare 
centers, which were among the first Moscow-based 
hospitals to admit patients with novel coronavirus in-
fection. The study included a total of 34,148 patients 
aged from 0 to 102 years, with confirmed diagnosis of 
COVID-19.

ICH No. 2 is also known for its Moscow City 
Center for AIDS Prevention and Control. Accordingly, 
some of the hospitalized patients with COVID-19 had 
HIV coinfection. Considering a specific disease course 
of COVID-19 in these patients, they were later exclud-
ed from the analyzed sample. The final analysis includ-
ed 31,380 cases.

The following information was retrieved from 
the electronic health record database: the patients’ gen-
der, age, date of hospital admission, outcome (hospital 
discharge/death), the date of outcome, transfer to the 
intensive care unit, disease severity at admission, un-
derlying medical conditions and symptoms (complaints 
at admission).

In addition, we used information about COVID-19 
morbidity and mortality in the Moscow population 
(based on the data from the stopcoronavirus.rf website 
and the Emergency Operation Center).

7 The Declaration of Minister of Health of the Russian Federation 
Mikhail Murashko. 25.12.2021. 

 URL: https://vedomosti.ru.turbopages.org/vedomosti.ru/s/
society/news/2021/12/25/902615-nezavoznih-sluchayah

8 The Declaration of Chief Sanitary Doctor of the Russian 
Federation A.Yu. Popova. 08.02.2022. 

 URL: https://www.gazeta.ru/social/news/2022/02/08/17259031.
shtml

https://www.vesti.ru/article/2508258
http://government.ru/news/42786/
https://vedomosti.ru.turbopages.org/vedomosti.ru/s/society/news/2021/12/25/902615-nezavoznih-sluchayah
https://vedomosti.ru.turbopages.org/vedomosti.ru/s/society/news/2021/12/25/902615-nezavoznih-sluchayah
https://www.gazeta.ru/social/news/2022/02/08/17259031.shtml
https://www.gazeta.ru/social/news/2022/02/08/17259031.shtml
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Statistical analysis

The descriptive research included measuring of 
intensive and extensive variables of morbidity, mortal-
ity; rates of trend increase/decline; death rates, length 
of hospital stay, etc. For quantitative variables, we used 
methods of descriptive statistics: calculation of the 
means, dispersion, standard deviation, the standard er-
ror of the mean, confidence intervals, the median, the 
25th and 75th percentiles, the interquartile range. The 
quantitative variables were checked for the normality 
of distribution using the Lilliefors test. For qualitative 
variables, we calculated proportions, the standard error 
of a proportion, and a 95% confidence interval.

The analytical research was performed using con-
tingency tables and included calculation of relative risk 
and odds ratio. The statistical significance of differences 
between groups of qualitative variables was measured 
using the χ2 test at the statistical significance level p < 
0.05. The association between qualitative variables was 
measured with Cramer’s V. 

The data were analyzed using the IBM SPSS 
V20.0 statistical software; Microsoft Excel 2016 was 
used for data visualization.

Characteristics of the hospitals
ICH No. 2 is located in the Eastern administrative 

district of Moscow. At the beginning of the pandemic, 
it had a total of 810 hospital beds, including 670 adult, 
60 pediatric, 80 obstetric and 27 intensive care beds. 
In addition, in September 2020, addressing the needs 
of COVID-19 patients, the hospital expanded its bed 
capacity by opening temporary RODER hospitals. As 
a result, the hospital increased the number of inpatient 
beds to 1,094 beds, including 37 intensive care beds. 
Meltzer units are used for the admissions unit, for some 
of the infectious diseases departments and for the inten-
sive care unit. ICH No. 2 is a specialized medical center 
for treatment of patients with infectious diseases. There-
fore, in addition to providing treatment to COVID-19 
patients, during the pandemic, the hospital continued to 
admit patients with other infectious diseases.

CCH No. 40 is a large healthcare center specializ-
ing in cancer care; it consists of several divisions. We 
collected data on patients hospitalized to the hospital 
division in Kommunarka. In March 2020, the inpatient 
treatment building of the hospital was converted in-
to an infectious diseases department for patients with 
COVID-19. A total of 802 beds were provided; the 
bed capacity of the intensive care units was increased 
to accommodate up to 128 people. In autumn 2020, an 
emergency hospital was set up for 1,249 beds — 919 
inpatient and 330 intensive care beds.

Results and discussion
At the beginning of the study, to pinpoint the as-

sessment of characteristics of hospitalized patients with 
COVID-19, we identified periods in coronavirus infec-

tion incidence in Moscow by the similarity of their pat-
terns. Their time boundaries were based on estimated 
incidence and death rates, the direction of the trend, the 
speed of its progression and rates of increase/decline 
(Fig. 1).

A total of 7 periods were identified:
• 1st period — a spring surge in the incidence — a 

rapid increase in the incidence and a subsequent 
decline. The highest incidence rate was recorded 
during the third week of May (327.2 per 100,000 
population); the average rate was 111.9. The 
period lasted from March through June 2020  
(4 months);

• 2nd period — summer stabilization with steady 
incidence rates ranging from 33.7 to 50.2 per 
100,000 population; the average rate — 38.0. 
The length of the period was 3 months (from Ju-
ly to September 2020);

• 3rd period — an autumn surge in the incidence, 
demonstrating the highest incidence rates (from 
64.0 to 401.4 per 100,000 population, with the 
average rate of 247.3). The period lasted from 
October 2020 to February 2021 (5 months); 

• 4th period — a spring period of relative incidence 
stabilization followed by an upward trend. The 
lowest incidence rate was 75.9 per 100,000 po-
pulation; the highest rate was 168.9; the average 
rate was 120.2. The period lasted from March 
2021 through May 2021 (3 months);

• 5th period — a summer (June–August 2021,  
3 months) surge in the incidence with the delta 
strain of SARS-CoV-2 accounting for most of 
the cases. The period was characterized by high-
er rates of increase and decline in the incidence. 
The highest incidence rate was recorded during 
the first week of July 2021 (425.0 per 100,000 
population); the average rate was 230.4;

• 6th period — an autumn-winter (September–De-
cember 2021, 4 months) surge in the incidence 
with most of the cases caused by the delta strain 
of SARS-CoV-2. The period was characterized 
by higher rates of increase and decline in the 
incidence. The highest incidence rate was re-
corded during the fourth week of October 2021 
(385.9 per 100,000 population); the average rate 
was 210.4;

• 7th period — a winter–spring surge in 2022, with 
the omicron strain of SARS-CoV-2 bursting onto 
the scene. The study included the period from Jan-
uary to March 2022. There was a sharp increase 
in the incidence, which was followed by a rapid 
decline. The pandemic all-time high incidence 
rate was recorded during the second week of 
February 2022 (1,316.8 per 100,000 population).

By and large, the above periods are comparable 
to the commonly reported periods (referred to by mass 
media and different studies) with more distinct time 
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limits. We had to identify the above periods to use them 
in our analysis of clinical and epidemiological charac-
teristics of hospitalized patients.

It was found that the dynamics of hospitaliza-
tions was generally comparable with the dynamics of 
incidence in Moscow. During the 1st period, the high-
est rates of new cases and hospitalizations had been 
reported before the incidence reached its peak. During 
the 2nd period, although the incidence decreased, the 
number of hospitalizations did not decrease signifi-
cantly, going up in autumn before the incidence rates 
demonstrated an upward trend. The similar situation 
was observed in spring 2021 (the 4th period); although 
the incidence rates remained stable, the number of 
hospitalizations was persistently high. The new peak 
in the incidence and hospitalization rates in May-June 
2021 (the 5th period) was triggered by a new strain of 
SARS-CoV-2 — the delta variant. However, compared 
to the previous variant of SARS-CoV-2, the delta vari-
ant-caused surges in the incidence (the 5th and 6th peri-
ods) were less pronounced and of shorter duration. The 
replacement of the delta variant by the omicron variant 
in January-March 2022 (the 7th period) sped up the ep-
idemic process. The incidence, including the rates of 
its increase and decline, was much (more than 3 times) 
higher compared to the previous periods. The increase 
was also reported in the number of hospitalizations. In 
general, the period from autumn 2020 to summer 2021 
(the 3rd–5th periods) was marked by the highest admis-
sion rates among new patients. The hospitalization rates 
were also pushed up by the redistribution of the patient 
flow due to the closure or the opening of in-patient fa-
cilities for COVID-19 patients.

Distribution of hospitalizations by age and gender
The median age of the patients hospitalized during 

the observation period was 53 years; the interquartile 
range (IQR) was 37–66 years. There were significant 
differences in the age structure of patients hospitalized 
during different periods of the pandemic (Fig. 2). The 
1st period of the pandemic was mostly represented by 
groups of 18–45 and 46–65 year-olds. Later, in sum-
mer and autumn of 2020 (the 2nd and 3rd periods), the 
proportion of hospitalized older age groups (of the re-
tirement age, including those over 80) increased. The 
increase was most likely associated with more severe 
COVID-19 infection affecting older age groups, result-
ing in higher requirement for hospitalization. At the 
same time, due to the adopted restrictions, the number 
of hospitalized working-age patients was relatively low. 

The spring period of 2021 was marked by chang-
es in the structure of hospitalizations demonstrating 
a shift toward younger age groups. By summer 2021 
(the dominance of the delta variant), the proportion 
of hospitalized working-age adults (18–65 years) had 
reached the highest level. The median age decreased to 
42 (IQR 33–62) years. The shift was most likely caused 
by loosening of the restrictive measures and by the new 
variant of SARS-CoV-2 entering the stage while the 
vaccination coverage was still relatively low. We as-
sume that the above factors contributed to the increase 
in the number of hospitalized working-age adults (the 
most socially active group of population). During the 
autumn surge in the incidence in 2021, the number of 
hospitalized patients of retirement age increased slight-
ly, suggesting their more active involvement in the epi-
demic process. The structure of hospitalizations during 

Fig. 1. Dynamics of COVID-19 incidence in Moscow and the number of new hospitalizations (weekly) from March 2020  
to March 2022 

Figures show periods of COVID-19 incidence in Moscow, which were identified by the similarity of their epidemiological pattern. 
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the omicron variant’s dominance was similar to the 
structure observed during the period of dominance of 
the delta strain – working-age adults accounted for the 
highest percentage of hospitalizations.

Thus, with an emerging new variant of COVID-19, 
absent active restrictive measures, and low levels of 
herd immunity, we can expect that people of working 
age will be intensively involved in the epidemic pro-
cess as an active part of the population. 

Among the hospitalized patients, women ac-
counted for 55.8%, while men accounted for 44.2%. 
There were no gender-related statistically significant 
differences between the periods. The analysis of the 
age and gender distribution of the hospitalized patients 
showed that among the patients aged under 35 years, 
the proportions of male and female cases were approx-
imately identical: 51.4% (95% CI, 48.3–56.6%) and 
48.6% (43.4–51.7%), respectively. The group of 36–
54 year-olds was mostly represented by men - 56.6% 
(55.1–58.1%), while women accounted for 43.4% 
(41.9–44.9%; p = 0.01). In all older age groups, wom-
en accounted for a higher percentage, which may be ex-
plained by their prevalence in the population structure. In 
the group of 55–64 year-olds, they accounted for 54.0% 
(52.4–55.5%), among 65–79 year-olds, they accounted 
for 60.3% (59.0–61.6%), and in the group over 80 years 
of age, they accounted for 67.6% (65.7–69.5%).

Severity of hospitalized cases
During the observation period, severe and criti-

cally severe cases accounted for 7.7% (6.6–8.8%) and 
5.5% (4.4–6.6%) of the hospitalization, respectively. 
The proportion of severe and critically severe cases was 
significantly higher among older age groups (Fig. 3).  
In the age group of 18–25 year-olds, it was 2.1% (1.3–
3.0%), while in the group over 85 years of age, it was 
39.6% (36.9–42.3%; p < 0.001). 

During the 1st surge in the incidence, the propor-
tion of severe and critically severe cases among all 
age groups was significantly lower compared to the 
other periods. The differences between the other pe-
riods were not significant. Among the age groups of 
18–25, 26–35, 56–65 year-, the proportion of severe 
and critically severe cases reached its highest levels 
during the summer period of 2020, while in the group 
over 85, the highest proportion of severe and critically 
severe cases was reported during the summer surge 
in 2021 (the emergence of the delta strain). On the 
other hand, when the omicron variant prevailed (Jan-
uary–March 2022), the proportion of severe cases in 
the above group was lower than during the delta strain 
dominance. The other groups demonstrated no statis-
tically significant differences between different pan-
demic periods. 

Thus, although omicron variant-caused cases tend 
to be generally mild and despite the larger involvement 
of the working-age population in the epidemic process 
during the delta variant dominance, the in-hospital se-
verity structure did not show any significant changes. 
The decrease in the incidence also does not result in 

Fig. 2. Age structure of hospitalized patients with COVID-19 in Moscow during different period from March 2020 to March 
2022 and the age structure of Moscow population as of January 2020 (based on the data from the Federal State Statistics 

Service as of January 01, 2020; URL: https://gks.ru/bgd/regl/b20_111/main.htm).
Here and in Fig. 3, 6: 1 — the spring surge in the incidence in 2020; 2 — the summer stabilization in 2020; 3 — the autumn surge in 2020; 
4 — the spring period of relative stabilization in 2021; 5 — the summer surge in the incidence in 2021; 6 — the autumn–winter surge in the 

incidence in 2021; 7 — the winter–spring surge in 2022.
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any reduction in the proportion of severe and critically 
severe cases: There are no differences between the peri-
ods of stabilization and surge in the incidence.

The requirement for transfer to the intensive care unit
The requirement for intensive care unit (ICU) 

admission was significantly higher during the au-
tumn-winter surge, with the cases accounting for 
10.7% (9.9–11.5%) compared to the summer period - 
6.0% (5.3-6,6%) and the spring surge in 2020 — 6.7% 
(6.1–7.4%; p < 0.05). The highest requirement levels 
for ICU were recorded in November (13.2%) and June 
(11.1%), the lowest levels were recorded in September 
(4.8%) and August (5.5%). 

A total of 7.9% (7.5–8.3%) of patients required 
transfer to ICU. The median age of the patients who had 
to be transferred to ICU was 70 (59–81) years; the me-
dian age of the patients who did not need ICU was 60 
(47–71) years. The requirement for transfer to ICU was 
predictably higher among older age groups, increasing 
with age. The ICU admission rates were highest among 
patients over 85 years of age — 20.0% (17.2–22.7%), 
being almost twice as high as the rates recorded for the 
group of 66-85 year-olds (10.8%; 10.0–11.6%); the 
lowest rates were recorded for patients under 55 years 
of age — 4.2% (3.7–4.7%). In the meantime, no statis-
tically significant changes in these rates were found in 
the age groups during different periods.

The analysis of data from researchers from other 
countries showed a large spread of the percentages of 
patients transferred to ICU: from 3.4% in Spain [5] to 
17% in Great Britain [6]. This spread can be associat-
ed with the differences in severity and age structure of 

hospitalization cases as well as with capabilities of the 
healthcare centers participating in the studies.

In-hospital mortality
The dynamics of in-hospital mortality is charac-

terized by a wave-like pattern with surges followed by 
declines (Fig. 4).

Note that the periods of increased death rates did 
not occur at the same time when the incidence increase 
was reported; rather they started later, having reached 
the highest levels when the incidence started to decline. 
This time lag cannot be explained by the length of stay 
for hospitalizations ending in death, as most of the pa-
tients were discharged within 3–4 weeks. The medi-
an length of hospital stay was 9 (IQR 5–13) days, 10 
(6–17) days for non-survivors and 8 (5–13) days for 
survivors. The age structure of hospitalizations and the 
proportions of severe and critically severe cases be-
tween the periods of stabilization and incidence surge 
remained the same. For example, when comparing 
the period of summer stabilization in 2020 and period 
of autumn-winter surge in 2020/2021, we can see no 
changes in the above variables, while there are changes 
in the death rates. Therefore, the above changes need 
the further research and analysis. 

The highest death rates associated with the spring 
surge in the incidence were recorded when the surge 
was over — during the 25th–29th week of the year (July 
2020), and then gradually decreased. The autumn-win-
ter surge demonstrated the same pattern: The high-
est death rates were recorded from the 9th to the 16th 
week of the year (March–April 2021). The period of 
high death rates lasted longer during the autumn-winter 

Fig. 3. The proportion of hospitalized patients with severe and critically severe COVID-19 in Moscow from March 2020  
to March 2022.
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surge compared to the spring surge in 2020. The longer 
length can probably be explained by the higher intensi-
ty of the epidemic process in autumn. At the same time, 
it should be noted that although there are fluctuations 
in the death rates, they do not result in any statistically 
significant differences between the periods.

The curve of the length of hospital stay before the 
fatal outcome showed a bimodal distribution (Fig. 5). 
The higher death rates were recorded for patients who 
stayed in a hospital for 1–3 days. During the next 2 
weeks (the 4th–the 13th days), the death rates were low-
er and then gradually increased. The mortality in the 
group of patients with the length of hospital stay up to 3 
days was 10.7% (9.6–11.8%), for those staying for 3-13 
days — 6.6% (6.2–7.0%), for more than 14 days — 
14.8% (13.8–15.8%; p < 0.001). The higher death rates 
during the first days in a hospital are most likely associ-
ated with the death of patients hospitalized with severe 
and critically severe conditions. 

The median age of non-survivors was higher than 
the age of the discharged patients — 73 (65–83) and 
56 (43–70) years, respectively. The age and the age 
structure of non-survivors did not change significantly 
during the entire period of observation — the non-sur-
vivors aged 66–85 years prevailed during all periods, 
except for the 1st period. The death rates were signifi-
cant higher among older age groups. While among the 
patients under 35 years of age, they were lower than 
1%, in the 56–65-year-old age group, the death rate was 
7.1% (4.7–9.5%), in the group of 66-85 year-olds — 
16.4% (14.6–18.2%), among those over 85 years of 
age — 36.2% (31.9–40.5%; p < 0.001).

Higher death rates among older age groups (the 
age-related increase) were reported in many studies 
[7]. In the British prospective study of the similar 
sample size, the estimated death rate was 26% at the 
median age of hospitalized patients being 73 years 
(IQR 58–82 years)) [6]. The study performed in Ger-
many in February–April 2020 demonstrated similar 
results – the in-hospital mortality was 22% (the me-
dian age of hospitalized patients was 72 years (IQR 
57–82 years) [8].

The highest death rates among older age groups 
(66–85 and over 85 years of age) and in the group 
of 56–65 year-olds were recorded during the summer 
surge in 2021 during the circulation of the delta strain, 
while during the dominant circulation of the alpha 
strain (before the spring surge in 2021) and the omi-
cron strain (during the spring–winter surge in 2022), 
the rates were significantly lower. Although these 
differences were also observed among working-age 
(36–55 year-old) adults, they were not as significant 
(Fig. 6). 

When comparing our findings with the results re-
ported by researchers from other countries, we should 
point out similarities of some results. For example, the 
cross-sectional study on death rates in different coun-
tries — "epicenters of the pandemic" during the 1st 
surge in the incidence showed that people aged under 65 
years accounted for 4.5–11.2% deaths from COVID-19 
in European countries and Canada, 8.3–22.7% — in re-
gions of the United States, 49.5% — in India, 62.0% — 
in Mexico [9]. In Russia, the non-survivors under  
65 years of age account for 24.6% (22.8–25.4%) in total 

Fig. 4. Dynamics of mortality among hospitalized patients with COVID-19 and incidence in Moscow from March 2020 
to March 2022. 
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or 36.2% (31.6–40.8%), 20.8% (17.1–24.5%), 22.5% 
(20.0–25.0%), 20.7% (15.7–25.7%) during the 1st–4th 
periods, respectively.

Chronic diseases and symptoms at admission
A total of 57.4% (55.0–59.8%) study participants 

had chronic diseases. The frequency of chronic diseas-
es among older age groups was 93.6% in the group of 
65–85 year-olds and 96.7% in patients aged 85 years 
and older, while among patients under 55 years of age it 
was significantly lower (24.3%). The most frequent dis-
eases were arterial hypertension (33.7%; 31.5–35.9%), 
ischemic heart disease and/or chronic heart failure 
(15.2%; 13.4–16.9%), type 1 and type 2 diabetes (in 
total, 11.8%; 10.3–13.4%), overweight and obesity 
(10.2%; 8.7–11.6%), chronic obstructive pulmonary 

disease (2.6%; 1.8–3.3%). In the group over 55 years 
of age, the most frequent diseases were circulatory sys-
tem diseases (66.9%; 64.7–69.2%), digestive diseases 
(21.5%; 19.6–23.5%), endocrine diseases (24.9%; 22.9 
± 27.0%). The same diseases were observed among pa-
tients under 55 years of age, though with significantly 
lower prevalence rates.

The study conducted by British researcher showed 
similar most frequent comorbidities: chronic cardi-
ac diseases (31%), uncomplicated diabetes (21%), 
non-asthmatic chronic pulmonary disease (18%) and 
chronic kidney disease (16%) [6].

We calculated the age-specific relative risk of a fa-
tal outcome depending on existing chronic diseases. It 
was found that overweight and obesity were most sig-
nificant risk factors for age groups of 18–45 and 46–65 

Fig. 5. Death rates among hospitalized patients with COVID-19 in Moscow from March 2020 to March 2022, depending  
on the length of hospital stay.
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Fig. 7. Frequency of symptoms and complaints at admission among hospitalized patients with COVID-19 in Moscow.

year-olds. Higher BMIs were associated with the higher 
risk of a fatal outcome (Table).

The relative risk of a fatal outcome associated with 
some diseases in hospitalized patients with COVID-19 
in Moscow

In the groups of 46–65 and 66–79 year-olds, 
chronic diseases were associated with the higher risk 
of a fatal outcome. The similar tendency is observed 
among patients over 80 years of age. However, the le-
vels of relative risk are not as high as in younger groups, 
and the differences are not statistically significant. Most 
likely, this fact can be explained by the stronger isolated 
effect of age as a risk factor. The absence of the statisti-
cally significant impact of chronic kidney failure can be 
associated with its low prevalence among the patients 
in our sample. Small numbers of fatal outcomes and 

low prevalence of chronic diseases among 18–45 year-
olds make it impossible to calculate the relative risk in 
this age group with reference to most of the parameters.

The most frequent symptoms and complaints at 
admission were elevated body temperature (68.5%; 
66.3–0.7%), fatigue (56.4%; 54.0–58.8%) and cough 
(47.8%; 45.4–50.2%), which were generally consis-
tent with the worldwide data (Fig. 7). For example, the 
systematic review of international prospective observa-
tional studies in hospitalized patients with COVID-19 
in 43 countries showed that the most common symp-
toms were fever (68%), cough (68%) and shortness of 
breath (63%) [10].

Adverse prognostic factors associated with the 
higher risk of a fatal outcome included at-admission 
complaints about shortness of breath at rest (OR = 2.38; 
p < 0.001) and on exertion (OR = 2.29; p < 0.001). On 

The relative risk of a fatal outcome associated with some diseases in hospitalized patients with COVID-19 in Moscow

Disease
Age, years

18–45 46–65 66–79 ≥ 80

Diseases of the circulatory system N/а 2,00* 2,13* 0,84

Diseases of the respiratory system N/а 2,47* 2,06* 1,47

Endocrine diseases N/а 3,12* 1,72* 1,21

Diabetes mellitus N/а 2,28* 1,96* 1,36

Coronary heart disease and chronic cardiac insufficiency N/а 2,33* 1,57* 1,01

Overweight and obesity 4,59* 4,11* 1,63 1,67

Chronic obstructive pulmonary disease N/а 3,7* 2,11* 1,76

Chronic kidne N/а 1,08 1,62 1,31

Note. N/а — not available. *p < 0.05.
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the contrary, patients complaints about runny nose (OR 
= 0.12; p < 0.001), sore throat (0.06; p < 0.001), loss of 
taste and smell (OR = 0.24; p = 0.12), elevated body 
temperature (0.63; p < 0.001) were associated with the 
lower risk of a fatal outcome.

Conclusion
Thus, the main differences during different peri-

ods of the COVID-19 pandemic among hospitalized 
patients were revealed in their age distribution. They 
are more likely to be associated with the implementa-
tion of restrictive measures during the early months of 
the pandemic rather than with changes in the properties 
of the virus. The increased proportion of hospitalized 
working-age patients during the emergence of the delta 
variant can be associated with the higher social activi-
ty of this age group and, consequently, with the higher 
risk of infection. Considering the large proportion of 
this group in the population, the above factors could 
cause the observed changes.

The emergence of new variants SARS-CoV-2 was 
accompanied by an increase in the incidence, higher 
rates of increase, changes in the proportion of severe 
cases among the affected population, though it did not 
result in a decreased or increased proportion of severe 
and critically severe cases among hospitalized patients.

Throughout all the periods of the pandemic, the 
older age and existing chronic diseases remained risk 
factors contributing to the adverse outcome of the dis-
ease. The highest death rate was reported for the delta 
variant of SARS-CoV-2, while the lowest death rate 
was recorded for the omicron strain. These differenc-
es are especially noticeable among older age groups. 
At the same time, the death rates, which were found to 
increase several weeks after the surge in the incidence 
rather than concurrently with the increasing incidence, 
require the further research and analysis.

The emergence of new variants of SARS-CoV-2 
causing a shift of the need for hospitalization towards 
younger age groups, the persistent high rates of severe 
cases and death rates among people of retirement age 
are pressing for the unfailing readiness for implement-
ing preventive and epidemic control measures focusing 
on the above groups of population. 
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