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Under the COVID-19 pandemic, healthcare workers were at the highest risk of getting infected with the disease; this 

necessitates specialized studies in this occupational group.  
The aim of the study was to identify non-occupational risk factors and laboratory markers indicating that severe clini-

cal forms of new coronavirus infection would probably develop in healthcare workers in the initial period of the pandemic. 
The study included 366 workers who suffered COVID-19 in 2020–2021. The disease was confirmed by examining 

smears from the pharynx and nose with PCR. Some of the samples were examined using the SARS-CoV-2 whole genome se-
quencing technology. To determine laboratory prognostic indicators evidencing the development of more severe forms of the 
disease (pneumonia), a number of healthcare workers underwent laboratory examination during the acute period of the dis-
ease, namely: general clinical and biochemical blood tests, immunophenotyping of lymphocytes, analysis of the hemostasis 
system and cytokine levels. To study non-occupational risk factors of pneumonia, all healthcare workers after recovery were 
asked to fill in a Google form developed by the authors. 
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The most severe clinical forms of COVID-19 were registered in healthcare workers who were older than 40 years, with 
low physical activity and a body mass index higher than 25.0, had diabetes mellitus and chronic diseases of the genitouri-
nary system. 

When analyzing the results of laboratory tests, markers indicating development of pneumonia were identified and their 
critical values (cut-off points) were determined: the level of lymphocytes (below 1.955·109/l), T-cytotoxic lymphocytes (be-
low 0.455·109/l), T-helpers (below 0.855·109/L), natural killers (below 0.205·109/l), platelets (below 239·109/L), erythrocyte 
sedimentation rate (above 11.5 mm/h), D-dimer (above 0.325 mcg/ml), total protein (below 71.55 g/L), lactate dehydro-
genase (above 196 U/L), C-reactive protein (above 4.17 mg/l), and interleukin-6 (above 3.63 pg/l). 

The study identified non-occupational risk factors causing development of severe COVID-19 and established labora-
tory prognostic indicators. 

Keywords: coronavirus infection, COVID-19, healthcare workers, clinical manifestations, non-occupational risk fac-
tors, laboratory markers, prognostic indicators of severe clinical forms. 
 

 
The new coronavirus infection (COVID-

19) was first detected at the end of 2019 in 
Wuhan, the People’s Republic of China. Over 
the next few months, it spread rapidly all over 
the world bringing about significant social and 
economic losses everywhere it occurred. Ac-
cording to the official statistical data, on Janu-
ary 01, 2023 there were more than 650 million 
COVID-19 cases registered all over the world 
and more than 6.5 million deaths caused by the 
disease1 [1, 2]. 

Since the pandemic started, healthcare ex-
perts worldwide have been actively investigat-
ing the new infection, its epidemiological, 
clinical and immune-pathological features; they 
have been developing and implementing new 
drugs to effectively prevent and treat it [3–8]. 
This research is especially significant when it 
comes down to people from occupational 
groups with higher risks of SARS-CoV-2, 
healthcare workers included. The latter were the 
first to face this new disease and became a 
population group that has suffered the greatest 
damage. The COVID-19 incidence among 
healthcare workers has been substantially 
higher against any other occupational group 
during all the periods in the pandemic [9–11]. 

Some studies showed that healthcare 
workers had several leading risk factors of get-
ting infected with the new coronavirus infec-
tion due to their occupational activity. These 
factors included contacts with infected pa-
tients, how close and how long these contacts 
were, necessity to work with infected biomate-
rials, insufficient provision with personal pro-

tective equipment (PPE) and PPE defects, ab-
sence of qualitative instructions prior to work 
with patients infected with SARS-CoV-2 etc. 
It is noteworthy that clinical forms with lung 
involvements were just as frequent in this oc-
cupational group as in population in general 
[11–13].  

We should bear in mind that healthcare 
workers have a specific sex, age, somatic and 
behavioral ‘profile’ just as employees of any 
other organization. Therefore, it is necessary to 
examine not only occupational risk factors of 
getting infected but also non-occupational 
ones in order to identify those able to cause 
infection and severe clinical course of the dis-
ease in future. 

Without any doubt, priority tasks the public 
healthcare has to tackle nowadays are to provide 
safety for healthcare workers, to develop the 
most effective prevention programs and new 
treatment and rehabilitation protocols for them. 

Given all the aforementioned, today there 
is a need in studies that address both clinical 
COVID-19 symptoms in healthcare workers 
and non-occupational risk factors of severe 
clinical forms of the disease as well as studies 
aimed at identifying laboratory indicators that 
can be used in clinical practice as markers of 
the infection clinical course and its outcome. 

In this study, our aim was to identify 
non-occupational risk factors and laboratory 
markers indicating that severe clinical forms of 
new coronavirus infection would probably de-
velop in healthcare workers in the initial pe-
riod of the pandemic. 

__________________________ 
 
 
1 Statistika koronavirusa v mire [World coronavirus statistics]. GOGOV. Available at: https://gogov.ru/covid-19/world 

(January 01, 2023) (in Russian). 
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Materials and methods. The study was 
accomplished in 2020–2021 during the first and 
second epidemic rises in the COVID-19 inci-
dence in the Russian Federation. The study de-
sign was approved by the Local Committee on 
Ethics of the European medical center 
‘UMMC-Health’ (The Meeting Report No. 1e 
dated June 02, 2020). Participation in the study 
was voluntary and each participating healthcare 
worker gave a written informed consent to it. 

The study included 366 healthcare work-
ers who lived in the Sverdlovsk region and 
was diagnosed with COVID-19. Among the 
participants, there were 110 doctors (30.0 %), 
93 nurses and 28 hospital attendants (25.4 and 
7.7 %, accordingly), 40 administrative and 
managerial staff (10.9 %), as well as 95 utility 
workers and technicians (25.9 %). The partici-
pants’ age varied between 18 and 70 years (the 
median age was 38 years). Most respondents 
were women (305 or 83.3 %). 

Eighty-five healthcare workers (23.2 %) 
who had the diseases as pneumonia were in-
cluded into the test group; the remaining 281 
(76.8 %) who had it as an acute respiratory 
infection (ARI) were included into the refer-
ence group. There were no deaths among the 
participants. The COVID-19 was diagnosed in 
accordance with the Temporary Methodical 
Guidelines on Prevention, Diagnostics and 
Treatment of the New Coronavirus Infection 
(COVID-19) (Versions 6–8).  

To confirm the diagnosis and to later es-
timate how long the SARS-CoV-2 virus per-
sisted in the body, each healthcare worker had 
several PCR-tests with a 3–5 day interval be-
tween them to detect the virus RNA in smears 
from the pharynx and nose (2356 samples 
were tested overall). The tests were performed 
in the PCR laboratory of the European medical 
center ‘UMMC-Health’ using test-systems 
produced by Saint Petersburg Pasteur Institute, 
MEDIPALTECH LLC, DNK-Tekhnologia TS 
LLC and Vector-Best JSC. We analyzed a cor-
relation between the threshold cycle value (Ct) 

that described a viral load and the disease se-
verity as well as a period in the disease pro-
gression. Samples with their Ct value being 
lower than 30 were sent to Smorodintsev Re-
search Institute of Influenza of the RF Public 
Healthcare Ministry (the laboratory for mo-
lecular virology) where the whole genome se-
quencing of SARS-CoV-2 was performed 
(58 samples). These tests were performed using 
the new-generation genome sequencing (NGS) 
with Illumina MiSeq device and ARTIC Net-
work modified sequencing protocol. The ob-
tained sequences were aligned with MAFFT 
v7.453 and deposited in an international (EpiCov 
GISAID2) and Russian (VGARus3) virus ge-
nome aggregator. 

In an acute period in the disease, several 
healthcare workers underwent additional labo-
ratory tests, 168 people overall including 67 
with pneumonia (the test group) and 119 with 
acute respiratory infection (the reference 
group). The laboratory tests included total 
blood count, immune phenotyping of leucocyte 
sub-populations with flow cytometry (T-lym-
phocytes including T-helpers and cytotoxic  
T-lymphocytes, CD-index, В-lymphocytes, 
NK-cells and ТNK-cells), some chemical indi-
cators (amylase, alkaline phosphatase, alanine 
transaminase (ALT), aspartate transaminase 
(AST), lactate dehydrogenase (LDH), creati-
nine kinase (CK), glucose, total protein, 
creatinine, cholesterol, total bilirubin, urea,  
С-reactive protein (СRP)), homeostasis indica-
tors (D-dimer) and some cytokines (interferons 
IFN-α, IFN-β, IFN-γ, С9-components in the 
complement system, TNF-α, interleukin IL-1β, 
IL-6, IL-10) identified with ELISA. All the 
healthcare workers had several points of labora-
tory control (from one to four). The total num-
ber of tests equaled 304 laboratory units (205 in 
the test group and 99 in the reference one) for 
total blood count and biochemical blood test; 
286 units (195 in the test and 91 in the refer-
ence group) for immune phenotyping of lym-
phocytes; 101 units (49 in the test and 52 in the 

__________________________ 
 
 
2 GISAID: database. Available at: https://www.gisaid.org (December 01, 2022). 
3 VGARus (Virus Genome Aggregator of Russia): the Russian platform for aggregating information about virus genomes. 

Available at: https://genome.crie.ru/app/index (December 19, 2022). 



T.A. Platonova, A.A. Golubkova, M.S. Sklyar, E.A. Karbovnichaya, S.S. Smirnova, K.V. Varchenko, A.A. Ivanova… 

Health Risk Analysis. 2023. no. 1 90 

reference group) to estimate D-dimer levels; 
288 units (190 in the test and 98 in the refer-
ence group) to estimate IL-6 levels in the cyto-
kine profile and 84 units (43 in the test and 41 
in the reference group) to estimate other indica-
tors in it (IL-1β, IL-10, TNF-α, IFN-α, IFN-β, 
IFN-γ). Units of measurement and reference 
values of the analyzed indicators are provided 
in Table 2. Laboratory tests were accom-
plished in the clinical and diagnostic labora-
tory of the European medical center “UMMC-
Health” using Sysmex XN 1000 and Roller 
20 PN / ALIFAX hematology analyzers, 
Beckman Coulter AU680 clinical chemistry 
analyzer, STA Compact Мах homeostasis 
analyzer (DIAGNOSTICA STAGO S.A.S., 
France), BD FACSCanto II flow cytometer; 
all the tests relied on using original reagents 
provided by the manufacturers of the equip-
ment. Cytokines were analyzed with Cobas 
e411 (Roche, Switzerland) with original re-
agents Elecsys IL6, Thermo Scientific Well-
Wash automated microplate washer, IEMS in-
cubator / shaker, Multiskan Ascent microplate 
reader and the following reagents: Human 
Complement C9 ELISA Kit, VeriKine Human 
IFN Beta ELISA Kit, Human IFN gamma 
ELISA Kit, Human IFNα ELISA Kit, Human 
TNFα ELISA Kit, Human IL-1β ELISA Kit, 
Human IL-10 ELISA Kit. 

To examine clinical symptoms and identify 
non-occupational risk factors of severe COVID-
19, all the participants were offered to fill in a 
Goggle form developed by the authors to clarify 
some clinical data and medical records. This 
Google form was made of 66 questions com-
bined into several information blocks, namely 
personal details, potential risk factors (anthro-
pometric parameters, blood group and Rh factor, 
intake of antiviral drugs, smoking, alcohol in-
take, physical activity, doing sports, chronic dis-
eases, vaccination against several communicable 
diseases), clinical COVID-19 symptoms, ther-
apy-related issues, consequences of the disease 
and rehabilitation. When analyzing vaccination 
records (hepatitis B, diphtheria, tetanus, measles, 
rubella, flu, and pneumococcal infection), we 
additionally took data from the participants’ vac-
cination certificates. 

The study involved using epidemiologi-
cal, clinical, immunological, molecular-
genetic and statistical methods. We esti-
mated how data were distributed based on 
Shapiro – Wilk test and Kolmogorov – 
Smirnov test. Quantitative data were given 
by median (Ме), the first and third quartiles 
(Q1–Q3), minimum and maximum values 
(Min–Max); categorical data were given by a 
share and frequency in percent (%). When 
comparing quantitative indicators, we esti-
mated statistical significance of differences 
with Mann – Whitney test; categorical indi-
cators were compared with chi-square test 
(χ2). Correlations between indicators were 
analyzed as per Spearman’s coefficient and 
estimated as per the Chaddock scale. Differ-
ences were considered statistically signifi-
cant at р ≤ 0.05. Probability of an outcome 
depending on impacts of various risk factors 
was estimated by drawing up a fourfold con-
tingency table and calculating odds ratio 
(OR) with 95 % confidence interval (95 % 
CI). We created ROC-curves to identify 
laboratory markers of severe COVID-19 
forms and their threshold values. Only prog-
nostic models with statistical significance 
(р < 0.05) as well as those with specificity 
and sensitivity higher than 50 % were con-
sidered in the study. All the data were statis-
tically analyzed with Microsoft Office 2016 
and IBM SPSS Statistics, Version 26. 

Results. The respondents most often men-
tioned the following clinical COVID-19 symp-
toms typical for any ARI: running nose (211 or 
57.7 %); cough (189 or 50.3 %), which was 
non-productive (dry) in most cases (up to 
85 %), as well as sore throat (133 or 36.3 %); 
‘tightness’ and pain in the chest (101 or 
27.6 %); shortness of breath (80 or 21.9 %). 
Among general infection symptoms, many 
healthcare workers mentioned apparent weak-
ness and elevated fatigability (289 or 79.0 %), 
muscle and joint pains (188 or 51.3 %) and 
fever (279 or 76.2 %) which did not exceed 
37.5 °С in 47.7 % of the cases, varied between 
37.5–38.5 °С in 33.7 % and was higher than   
38.5 °С in 18.6 % of the cases. Some health-
care workers had neurological symptoms in-
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cluding anosmia (265 or 72.4 %), headache 
(210 or 57.4 %) and not so frequent dizziness 
(83 or 22.7 %) and eyeball pains (97 or 
26.5 %). In other cases, gastrointestinal tract 
was involved since the participants had some 
dyspeptic symptoms including qualms or 
retching (37 or 10.1 %), diarrhea (66 or 
18.0 %), changes or losses of taste (176 or 
48.0 %). In some rare cases, the participants 
mentioned some skin symptoms including skin 
rush with various morphological elements, loss 
of coordination, excessive sweating, heart 
rhythm disorders, acute sense of smell, metal-
lic taste in the mouth, cramps in lower ex-
tremities and sleeping disorders. In singleton 
cases, the disease involved panic attacks, ele-
vated anxiety and irritability or apathy. 

Clinical symptoms of the coronavirus in-
fection could persist for 1–28 days in the in-
fected healthcare workers (Ме = 10 days). To-
gether with investigating clinical symptoms of 
the disease, this study involved estimating a 
viral load by analyzing the threshold cycle 
value in PCR in different periods of the dis-
ease and in different clinical forms as well as 
duration of the SARS-CoV-2 virus persistence 
in patients’ bodies. We established that the Ct 
value did not have any statistically significant 
differences in workers with different clinical 
forms of COVID-19: the median Ct value 
equaled 24.8 in the participants who had 
COVID-19 as ARI and 26.6 in those who had 
pneumonia (р = 0.136). It was noted that an 
increase in the threshold cycle value (a decline 
in a viral load) occurred simultaneously with 
progression of the disease; Spearman’s corre-
lation coefficient between the Ct value and a 
day in the disease equaled 0.410 (the direct 
moderate correlation according to the Chad-
dock scale), р < 0.001. 

After major COVID-19 symptoms disap-
peared, most healthcare workers still had the 
virus RNA in their smears from the pharynx 
and nose detected by PCR-tests. This indicated 
they were still ‘epidemiologically dangerous’ 
as potential sources of the virus and they could 
not be allowed to return to their workplaces 
since they could still spread the infection. 
Bearing in mind that the SARS-CoV-2 virus 

persisted in the infected healthcare workers for 
a long time, their absence from a workplace 
varied between 13 and 45 days (the median 
absence equaled 22 days). Different periods 
during which the virus was excreted into the 
environment were established for different 
clinical forms of the disease. Thus, when 
COVID-19 progressed as ARI, this period var-
ied between 13 and 34 days (Ме = 21 days); 
when the lungs were involved, between 14 and 
45 days (Ме = 24 days). Whole-genome se-
quencing of the SARS-CoV-2 virus from the 
infected healthcare workers established B.1.1 
to be the prevailing strain in the first and sec-
ond epidemic rises in the incidence (up to 
50 % of the analyzed samples); such genetic 
variants as В.1, B.1.1.397, B.1.1.317, 
B.1.1.387, B.1.1.409, B.1.1.141, B.1.1.274 
were identified in most remaining cases and 
several others were identified in singleton 
cases. 

Next, we analyzed non-occupational risk 
factors that could cause severe forms of the 
coronavirus infection in the examined health-
care workers (Table 1). We established a sta-
tistically significantly higher risk of the se-
vere disease for healthcare workers older than 
40 years, with BMI indicating overweight 
(higher than 25.0) and with low physical ac-
tivity due to absence of any regular training. 
Sex, blood group, Rh-factor, smoking and 
alcohol intake, intake of various antiviral 
drugs and vitamins were not identified as po-
tential risk factors of pneumonia for the ex-
amined healthcare workers. Among chronic 
diseases, genitourinary pathology and diabe-
tes mellitus had certain influence on a prob-
ability that the disease would progress in its 
severe form with the lung involvement. Our 
analysis of vaccination records did not estab-
lish any effects produced by previous vacci-
nations against hepatitis B, diphtheria, teta-
nus, measles, rubella, flu, and pneumococcal 
infection on a risk of pneumonia in patients 
infected with SARS-CoV-2. 

The next stage in the study involved labo-
ratory tests; the examined healthcare workers 
gave their consent to them. The test results are 
given in Table 2.  
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T a b l e  1  
Risk factors causing COVID-19 pneumonia in healthcare workers 

COVID-19 clinical form 
Pneumonia 
(test group) 

ARI 
(reference group) No. Risk factor 

abs % abs % 

OR 95 % CI  χ2 р 

1 2 3 4 5 6 7 8 9 10 
1 Age, years 

1.1 18–19 0 0.0 2 0.7 – – – – 
1.2 20–29 10 11.8 61 21.7 0.48 0.23–0.99 4.13 0.043 
1.3 30–39 22 25.9 105 37.4 0.59 0.34–1.01 3.79 0.052 
1.4 40–49 31 36.5 66 23.5 1.87 1.11–3.15 5.65 0.018 
1.5 50–59 16 18.8 35 12.4 1.63 0.85–3.12 2.21 0.138 
1.6 Older than 60 years 6 7.0 12 4.3 1.70 0.62–4.68 1.09 0.298 
1.7 *Older than 40 years 53 62.4 113 40.2 2.46 1.49–4.01 12.91 <0.001 
2 Sex 

2.1. Men 17 20 43 15.3 1.38 0.74–2.58 1.05 0.306 
2.2 Women 68 80 238 84.7 0.72 0.39–1.35 – – 
3 Body mass index 

3.1 Below 18.5  2 2.4 18 6.4 0.35 0.08–1.55 2.08 0.150 
3.2 18.5–24.9 37 43.5 147 52.3 0.70 0.43–1.15 2.01 0.156 
3.3 25–29.9 28 32.9 79 28.1 1.26 0.75–2.17 0.74 0.392 
3.4 30–34.9 12 14.1 25 8.9 1.68 0.81–3.51 1.96 0.162 
3.5 35–39.9 6 7.1 11 3.9 1.86 0.67–5.20 1.46 0.228 
3.6 Above 40  0 0.0 1 0.4 – – 0.30 0.582 
3.7 *Above 25 116 41.3 46 54.1 1.678 1.030–2.734 4.36 0.037 
4 Blood group 

4.1 0 28 32.9 95 33.8 0.96 0.57–1.61 0.02 0.883 
4.2 A 28 32.9 109 38.8 0.78 0.46–1.29 0.95 0.329 
4.3 B 20 23.5 52 18.5 1.36 0.76–2.43 1.04 0.308 
4.4 AB 9 10.6 25 8.9 1.21 0.54–2.71 0.22 0.638 
5 Rh-factor 

5.1 Rh+ 72 84.7 236 84.0 1.06 0.54–2.07 0.03 0.874 
5.2 Rh- 13 15.3 45 16.0 0.95 0.48–1.85   
6 Blood group and Rh-factor 

6.1 0, Rh+ 24 28.2 80 28.5 0.99 0.58–1.69 0.002 0.967 
6.2 0, Rh- 4 4.7 15 5.3 0.88 0.28–2.71 0.05 0.818 
6.3 A, Rh+ 25 29.4 91 32.4 0.87 0.51–1.48 0.27 0.606 
6.4 A, Rh- 3 3.5 18 6.4 0.65 0.18–2.29 0.99 0.318 
6.5 B, Rh+ 16 18.8 44 15.7 1.25 0.66–2.35 0.48 0.490 
6.6 B, Rh- 4 4.7 8 2.8 1.69 0.49–5.74 0.71 0.400 
6.7 AB, Rh+ 7 8.2 21 7.5 1.11 0.46–2.71 0.05 0.817 
6.8 AB, Rh- 2 2.4 4 1.4 1.67 0.30–9.27 0.35 0.555 
7 Intake of various antiviral (prevention) drugs 

7.1 No regular intake of 
polyvitamins 54 63.5 183 65.1 0.22 0.13–0.36 0.07 0.788 

7.2 No regular intake of 
vitamin C 77 90.6 255 90.7 0.98 0.43–2.26 0.002 0.965 

7.3 No regular intake of 
vitamin D 72 84.7 228 81.1 1.29 0.66–2.49 0.56 0.454 

7.4 No regular intake of 
zinc 82 96.5 267 95.0 1.43 0.40–5.11 0.31 0.578 

8 Bad habits 
8.1 Smoking 15 17.6 61 21.4 0.77 0.41–1.45 0.65 0.419 
8.2 Alcohol intake 67 78.8 233 82.9 0.77 0.42–1.41 0.74 0.390 
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E n d  o f  t h e  T a b l e  1  
1 2 3 4 5 6 7 8 9 10 
9 Doing sports and overall physical activity 

9.1 No sports or training 58 68.2 153 54.5 1.79 1.08–3.01 5.08 0.025 

9.2 Insufficient physical activity 
(less than 5000 steps a day) 23 32.9 53 72.6 1.56 0.87–2.81 2.27 0.132 

10 Chronic diseases 
10.1 Cardiovascular pathology 14 16.5 35 12.5 1.39 0.71–2.72 0.91 0.341 

10.2 Bronchopulmonary pathol-
ogy 7 8.2 17 6.0 1.39 0.56–3.48 0.51 0.476 

10.3 Diseases of the nervous 
system 7 8.2 14 5.0 1.71 0.67–4.39 1.28 0.259 

10.4 Gastrointestinal pathology 24 28.2 64 22.8 1.33 0.77–2.31 1.07 0.303 
10.5 Genitourinary pathology 14 16.5 16 5.7 3.27 1.52–7.01 10.07 0.002 
10.6 Diabetes mellitus 5 5.9 1 0.4 17.5 2.02–151.96 12.36 <0.001 
10.7 Oncological diseases 1 1.2 3 1.1 1.10 0.11–10.75 0.01 0.933 
10.8 Autoimmune diseases 2 2.4 7 2.5 0.94 0.19–4.63 0.01 0.943 
10.9 Allergic diseases 7 8.2 34 12.1 0.65 0.29–1.53 0.98 0.323 
10.10 Herpesviral infection 7 8.2 20 7.1 1.17 0.48–2.82 0.12 0.730 
10.11 Pregnancy 0 0.0 6 2.1 – – 1.845 0.175 

11 Vaccinations against 
11.1 Viral hepatitis B 85 100.0 279 99.3 – – 0.61 0.436 
11.2 Diphtheria 85 100.0 279 99.3 – – 0.61 0.436 
11.3 Tetanus 85 100.0 279 99.3 – – 0.61 0.436 
11.4 Measles 85 100.0 280 99.6 – – 0.30 0.582 
11.5 Rubella 63 74.1 230 81.6 0.64 0.36–1.13 2.44 0.118 
11.6 Pneumococcal infection 7 8.2 45 16.0 0.47 0.20–1.09 3.24 0.072 
12 Flu vaccination 

12.1 Regular 40 47.1 142 50.5 0.87 0.54–1.41 0.32 0.575 
12.2 Periodical 34 40.0 95 33.8 1.31 0.79–2.15 1.09 0.296 
12.3 No vaccination 11 12.9 44 15.7 0.80 0.39–1.63 0.377 0.540 

T a b l e  2  
The results of laboratory tests obtained for healthcare workers with different clinical forms 

of COVID-19 
COVID-19 clinical form  

Pneumonia (test group) ARI (reference group) № Indicator 
Units  

of meas-
urement 

Reference 
levels Me Q1–Q3 Min–Max Me Q1–Q3 Min–Max p 

1 2 3 4 5 6 7 8 9 10 11 
1. Total blood count 
1.1 Leucocytes 109/l 4.5–10.2 5.81 4.63–7.26 1.84–37.73 5.42 4.56–6.81 2.66–9.62 0.104
1.2 Lymphocytes  109/l 1–6.5 1.49 0.99–2.15 0.15–4.61 1.97 1.58–2.37 0.68–3.94 <0.001
1.3 Neutrophils  109/l 1.8–7.7 3.23 2.27–4.73 0.54–34.07 2.74 1.85–3.65 1.03–5.44 0.001
1.4 Eosinophils  109/l 0–0.7 0.04 0.01–0.14 0.0–0.5 0.07 0.03–0.13 0.0–1.29 0.014
1.5 Basophils  109/l 0–0.2 0.02 0.01–0.03 0.0–0.53 0.03 0.02–0.04 0.01–0.3 0.099
1.6 Monocytes  109/l 0–0.95 0.50 0.35–0.69 0.12–1.45 0.51 0.41–0.68 0.25–1.49 0.243
1.7 Red blood cells 1012/l 3.8–5.3 4.49 4.11–4.84 2.47–5.62 4.59 4.34–4.89 3.73–5.54 0.010
1.8 Hematocrit  % 34–47 39.5 36.5–42.4 23.5–52.2 39.5 37.0–43.3 30.8–47.9 0.332
1.9 Hemoglobin g/l 115–155 137 126–147 74–175 137.5 128–152 96–166 0.21 

1.10 
Mean corpuscu-
lar hemoglobin 
concentration  

g/l 310–370 347 338–354 279–379 348 341–354 303–372 0.497

1.11 
Mean corpuscu-
lar hemoglobin 

contents 
pg 26–34 30.6 29.7–31.4 22.6–35.1 30.3 29.1–31.1 20.8–31.0 0.055
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E n d  o f  t h e  T a b l e  2  
1 2 3 4 5 6 7 8 9 10 11 

1.12 Mean corpuscu-
lar volume  fl 73–101 87.7 85.5–90.2 72.6–107.1 86.7 83.7–89.4 68.6–97.3 0.004

1.13 Corpuscular 
anisocytosis   fl 37–54 40.9 39.2–44.6 34.2–71.0 40.0 38.5–42.2 33.2–47.0 0.001

1.14 Corpuscular 
anisocytosis, % % 11.6–14.8 12.9 12.3–13.8 11.0–21.2 12.6 12.1–13.4 11.3–18.0 0.044

1.15 Normoblasts 109/l 0.03 0.0 0.0–0.003 0.0–0.3 0.0 0.0–0.0 0.0–0.01 0.001
1.16 Platelets  109/l 142–424 226 184–280 25–540 253 198–301 112–584 0.054

1.17 Mean platelet 
volume fl 7–13 10.8 10.1–11.5 8.7–14.6 10.3 9.8–10.7 9.1–12.2 <0.001

1.18 Giant platelet 
count % 13–43 30.5 25.3–36.5 15.0–56.8 27.3 22.3–30.8 16.9–42.6 <0.001

1.19 Platelet distribu-
tion width  fl 9–17 12.6 11.2–13.9 9.1–25.3 11.7 10.6–12.8 9.0–16.2 <0.001

1.20 Thrombocrit % 0.17–0.35 0.24 0.19–0.29 0.06–0.59 0.25 0.20–0.30 0.12–0.56 0.162
1.21 ESR mm/h 0–20 23 10–37 2–108 7 4–13 2–41 <0.001
2. CD-typing of lymphocyte sub-populations 
2.1 Т-lymphocytes 109/l 0.80–2.20 1.13 0.70–1.64 0.09–4.11 1.47 1.15–1.91 0.64–2.97 <0.001
2.2 Т-helpers 109/l 0.60–1.60 0.69 0.41–0.97 0.01–1.93 0.92 0.71–1.12 0.36–1.98 <0.001

2.3 Cytotoxic Т-
lymphocytes 109/l 0.19–0.65 0.41 0.24–0.58 0.03–2.44 0.49 0.37–0.62 0.03–1.66 <0.001

2.4 СD-index  a.u. 1.0–2.5 1.70 1.20–2.50 0.0–4.80 1.85 1.40–2.40 0.30–4.10 0.203
2.5 NK-cells 109/l 0.15–0.60 0.15 0.09–0.24 0.02–1.57 0.24 0.17–0.34 0.06–0.97 <0.001
2.6 В-lymphocytes 109/l 0.10–0.50 0.16 0.11–0.25 0.0–0.83 0.19 0.13–0.26 0.07–0.53 0.019
2.7 TNK - cells 109/l 0.01–0.85 0.03 0.01–0.06 0.0–1.0 0.03 0.01–0.07 0.0–0.57 0.590
3 Biochemical blood test 

3.1 Alkaline phos-
phatase U/l 30–120 62 51–78 25–243 63 52–76 29–174 0.942

3.2 Amylase U/l 28–100 57 50–73 15–260 62 51–78 21–139 0.277
3.3 AST U/l 6–36 27 21–35 13–109 21 19–27 11–66 <0.001
3.4 ALT U/l 7–55 26 17–37 7–198 18 14–30 4–162 <0.001
3.5 CK U/l л 0–171 81.5 51–148 11–3152 70 50–93 15–661 0.016
3.6 LDH U/l 0–247 233 188–317 79–752 184.5 161–200 125–286 <0.001
3.7 Total protein g/l 66–83 68.9 63.2–73.5 50.0–83.5 73.2 69.8–75.5 64.2–92.3 <0.001
3.8 Urea mmol/l 2.8–7.2 5.0 3.9–7.9 2.5–69.4 4.4 3.7–5.0 2.1–8.9 <0.001
3.9 Total bilirubin µmol/l 5–21 9.7 6.9–13.5 2.6–128.4 8.2 6.0–10.9 2.5–28.2 0.002
3.10 Cholesterol mmol/l 1.8–5.2 4.1 3.4–4.9 1.7–9.1 4.4 3.8–5.1 2.7–7.7 0.058
3.11 Glucose mmol/l 4.1–5.9 5.2 4.5–6.3 1.2–21.9 5.1 4.5–4.7 2.5–15.7 0.336
3.12 Creatinine µmol/l 53–97 86 73–101 45.0–311.0 78 70–86 9.4–116.0 <0.001
3.13 CRP mg/l 0–5 9.12 3.1–24.1 0.29–257.1 1.98 0.7–4.8 0.16–39.7 0.001

4 Homeostasis indicators 
4.1 D-dimer µg/ml 0–0.5 0.40 0.27–0.59 0.10–1.80 0.29 0.21–0.37 0.06–2.0 <0.001
5 Cytokine profile 

5.1 IL-6 pg/ml 0–7 6.32 2.48–16.14 1.50–339.3 2.86 1.5–6.27 1.50– 
81.0 <0.001

5.2 IL-1β pg/ml 0 0.0 0.0–0.0 0.0–15.0 0.0 0.0–0.0 0.0–0.49 0.721
5.3 IL-10 pg/ml 7.9–12.9 2.68 1.78–3.59 1.22–155.0 1.72 1.58–2.23 1.15–109.0 0.018
5.4 TNF-α pg/ml 0 0.0 0.0–0.166 0.0–19.8 0.0 0.0–0.063 0.0–0.66 0.327
5.5 IFN-α pg/ml 0 0.0 0.0–0.20 0.0–35.1 0.0 0.0–0.35 0.0–48.4 0.961
5.6 IFN-β pg/ml 1.2–150 5.33 0.0–17.42 0.0–5645 2.29 0.0–19.76 0.0–7839 0.634
5.7 IFN-γ pg/ml 0–188.9 0.0 0.0–0.0 0.0–35.6 0.0 0.0–0.0 0.0–1.0 0.052

5.8 
С9-component 
in the comple-
ment system 

µg/ml 43.7–53.9 67.1 37.8–125.0 5.86–300.0 40.9 26.6–59.4 10.24–
123.4 <0.001
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Having analyzed the laboratory test re-
sults, we established statistically significant 
differences in some indicators but not all of 
them had prognostic value. To identify prog-
nostic laboratory markers, we performed 
ROC-analysis with creating ROC-curves, cal-
culating areas under them (AUC) and identify-
ing optimal classification thresholds (cut-off 
points) considering maximum sensitivity and 
specificity of the created models. 

Creating ROC-curves for total blood 
count indicators revealed that erythrocyte 
sedimentation rate, levels of platelets and lym-
phocytes had prognostic value as regards pre-
dicting more severe COVID-19 forms. 

The ROC-curve for ESR had the AUC 
equal to 0.759 ± 0.029 (95 % CI: 0.702–0.816), 
p < 0.001. ESR at the cut-off points was deter-
mined as equal to 11.5 mm/hour. The health-
care workers with ESR higher than 11.5 
mm/hour were at a higher risk of pneumonia; in 
case ESR was below 11.5 mm/hour, this risk 
was low. The model sensitivity equaled 70.0 %; 
the model specificity, 72.4 %. 

The ROC-curve built for the platelet level 
had the AUC = 0.566 ± 0.033 (95 % CI: 
0.491–0.621), p = 0.054. The cut-off point for 
this indicator was determined as equal to 
239·109/l. The healthcare workers with the 
platelet level lower than 239·109/l were at a 
higher risk of pneumonia; in case the platelet 
level was above 239·109/l, this risk was low. 
The model sensitivity equaled 55.5 %; the 
model specificity, 54.5 %.  

The AUC for the ROC-curved built for 
the lymphocyte level equaled 0.671 ± 0.031 
(95 % CI: 0.611–0.731), p < 0.001. The 
threshold value for the lymphocyte level was 
taken at 1.955·109/l. Lymphocyte levels below 
1.955·109/l indicated elevated risks of pneu-
monia whereas levels higher than 1.955·109/l 
meant these risks were low. The model sensi-
tivity and specificity equaled 67.0 % and 
52.7 % accordingly. 

The results obtained by immune pheno-
typing of lymphocytes made it possible to cre-
ate statistically significant models (р < 0.05) 
with their specificity and sensitivity being 
higher than 50 % for relationships between a 

probability of COVID-19 pneumonia and lev-
els of Т-helpers, cytotoxic Т-lymphocytes 
(CTL) and NK-cells. 

The ROC-curve for Т-helpers had the 
AUC = 0.675 ± 0.030 (95 % CI: 0.613–0.736), 
p < 0.001. The level of Т-helpers at the cut-off 
point equaled 0.855·109/l. The healthcare 
workers with their level of Т-helpers below 
0.855·109/l were at a higher risk of pneumo-
nia; in case the level was above 0.855·109/l, 
this risk was considered low. The model sensi-
tivity equaled 64.9 %; the model specificity, 
58.0 %. 

The AUC of the ROC-curve for the rela-
tionship between likelihood of pneumonia and 
the number of cytotoxic T-lymphocytes (CTL) 
equaled 0.626 ± 0.033 (95 % CI: 0.561–0.690), 
p < 0.001. The threshold CTL value dividing 
the healthcare workers into groups with low 
and high likelihood of pneumonia equaled 
0.455·109/l. If the CTL level was lower than 
0.455·109/l, a risk of pneumonia was high; if 
the CTL levels exceeded 0.455·109/l, this 
risk was estimated as low. The model sensi-
tivity equaled 61.1 %; the model specificity, 
58.0 % 

 The AUC of the ROC-curve for NK-cells 
equaled 0.691 ± 0.031 (95 % CI: 0.630–0.752), 
p < 0.001. The threshold NK-cells level equaled 
0.205·109/l. The NK-cells level below 
0.205·109/l allowed estimating a risk of pneu-
monia as elevated and if this level was higher 
than 0.205·109/l, this risk was low. The model 
sensitivity equaled 65.4 %; the model specific-
ity, 64.0 %. 

Next, we analyzed the results of bio-
chemical blood tests. Prognostic models with 
sufficient sensitivity, specificity and statisti-
cal significance were obtained for a relation-
ship between likelihood of more severe 
COVID-19 forms and levels of total protein, 
C-reactive protein (CRP) and lactate dehy-
drogenase (LDH).  

The AUC of the ROC-curve for total pro-
tein equaled 0.726 ± 0.029 (95 % CI:  
0.618–0.784), p < 0.001. The level of total 
protein at the cut-off point was 71.55 g/l. the 
healthcare workers with the total protein level 
equal to or below 71.55 g/l were at an elevated 
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risk of pneumonia; the total protein level 
higher than 71.55 g/l indicated a low risk. The 
model sensitivity and specificity equaled 
67.6 % and 66.7 % accordingly. 

The ROC-curve for C-reactive protein 
had the AUC = 0.774 ± 0.027 (95 % CI: 
0.720–0.827), p < 0.001. The threshold CRP 
level was equal to 4.17 mg/l. The healthcare 
workers with the CRP level higher than 
4.17 mg/l were at an elevated risk of pneumo-
nia; in case the CRP level was lower than 
4.17 mg/l, a risk of more severe COVID-19 
forms was low. The model sensitivity equaled 
67.7 %; the model specificity, 69.5 %. 

The ROC-curve for lactate dehydrogenase 
had the AUC = 0.754 ± 0.029 (95 % CI: 
0.697–0.810), p < 0.001. The LDH level at the 
cut-off point equaled 196 U/l. the healthcare 
workers with the LDH levels higher than 
196 U/l had an elevated risk of pneumonia; 
this risk was low in case the LDH levels was 
below 196 U/l. The model sensitivity equaled 
68.4 %; the model specificity, 67.4 %. 

The analysis of the D-dimer level in the 
healthcare workers with different clinical 
forms of the coronavirus infection identified 
the AUC value as equal to 0.711 ± 0.051 
(95 % CI: 0.611–0.811) and the model was 
statistically significant (p < 0.001). The 
threshold D-dimer level equaled 0.325 µg/ml. 
The healthcare workers with the D-dimer level 
higher than 0.325 µg/ml were at an elevated 
risk of pneumonia; in case the D-dimer levels 
was below 0.325 µg/ml, this risk was consid-
ered low. The model sensitivity equaled 
63.3 %; the model specificity, 63.5 %. 

The next step in the study involved ana-
lyzing the cytokine profile of the examined 
healthcare workers. Statistically significant 
prognostic models (р < 0.05) with satisfactory 
sensitivity and specificity were obtained only 
for interleukin-6. The AUC of the ROC-curve 
for IL-6 equaled 0.658 ± 0.032 (95 % CI: 
0.595–0.722). The relationship was statisti-
cally significant (p < 0.001). The IL-6 level at 
the cut-off point was equal to 3.63 pg/l. The 
healthcare workers with the IL-6 level exceed-
ing 3.63 pg/l had an elevated risk of pneumo-
nia and if the IL-6 level was lower than 

3.63 pg/l, severe forms of the infection were 
less likely. The model sensitivity equaled 
64.6 %; the model specificity, 64.5 %. 

It is worth noting that the outlined thresh-
old levels of the examined laboratory markers 
are within their reference ranges and it is vital 
to monitor these markers in dynamics when 
treating patients with COVID-19. They all 
have significant prognostic value and in case 
they tend to grow or decline against their cut-
off points, it is necessary to assess risks of 
more severe COVID-19 forms and make rele-
vant adjustments of a selected therapy.  

Discussion. In this study, clinical symp-
toms of the coronavirus infection were ana-
lyzed in healthcare workers as a group with 
high occupational risks during the first and 
second COVID-19 pandemic ‘wave’ in the 
Russian Federation. Both waves developed 
predominantly due to В.1.1 SARS-CoV-2 ge-
netic variant. We analyzed viral loads in dy-
namics during the disease and established how 
long the virus persisted in patients. The study 
also involved identifying non-occupational 
risk factors and prognostic laboratory indica-
tors of more severe COVID-19 forms in 
healthcare workers.  

Among non-occupational risk factors, we 
highlighted an age older than 40 years, low 
physical activity, BMI higher than 25 and 
some comorbidities. In general, our study re-
sults correlate well with data reported by some 
other authors; still, there are some nuances.  

Thus, S. Molani and others [14] analyzed 
data on 6906 hospitalized adults with  
COVID-19 who were employed by public 
healthcare institutions in five western states in 
the USA. The authors reported elevated risks 
of the severe disease for people older than 50 
years with high body mass index and in gen-
eral this is in line with our findings. Although, 
our study established greater likelihood of 
pneumonia for people from occupational risks 
groups who were older than 40 years. 

In their study, L. Kim with colleagues 
[15] analyzed data on 2491 adults hospitalized 
with confirmed COVID-19 in a period be-
tween March 01 and May 02, 2020. They took 
data from the COVID-NET, a hospital-based 
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surveillance system aimed to track COVID-19-
associated hospitalization. It contains data pro-
vided by 154 emergency hospitals located in 
74 counties of 13 states. The authors applied 
multifactorial analysis to estimate relationships 
between age, sex, and comorbidities and hos-
pitalization in an intensive care unit (ICU) and 
in-hospital mortality. The following factors 
were established to be associated with hospi-
talization in ICU: age groups 50–64, 65–74, 
75–84 and ≥ 85 years against an age group  
18–39 years (adjusted risk rates (aRR) were 
1.53, 1.65, 1.84 and 1.43 accordingly); male sex 
(aRR was 1.34); obesity (aRR was 1.31); im-
mune suppression (aRR was 1.29) and diabe-
tes mellitus (aRR was 1.13). Factors that made 
a death more probable included age of 50–64, 
65–74, 75–84 and ≥ 85 years against 18–39 
years (aRR was 3.11, 5.77, 7.67 and 10.98 ac-
cordingly); male sex (aRR was 1.30); immune 
suppression (aRR was 1.39); renal failure 
(aRR was 1.33); chronic bronchopulmonary 
diseases (aRR was 1.31); cardiovascular dis-
eases (aRR was 1,28); neurological disorders 
(aRR was 1.25) and diabetes mellitus (aRR was 
1.19). The data reported in this study corre-
spond to our results as regards influence of age 
and certain comorbidities on a risk of more se-
vere clinical forms of the coronavirus infection. 

Another study was accomplished by 
J.Y. Ko with colleagues [16] using the 
COVID-NET database. They analyzed data on 
5416 adults with the coronavirus infection and 
calculated adjusted rates of hospitalization fre-
quency and their 95 % confidence intervals. 
Hospitalization was shown to be more frequent 
among people with three or more comorbidities 
(against their total absence) (5.0 [3.9–6.3]), se-
vere obesity (4.4 [3.4–5.7]), chronic kidney 
disease (4.0 [3.0–5.2]), diabetes mellitus (3.2 
[2.5–4.1]), essential hypertension (2.8 [2.3–3.4]) 
and bronchial asthma (1.4 [2.3–3.4]). This is 
interesting as regards complex analysis of si-
multaneous effects produced by several risk 
factors, which could be accomplished in future 
estimations of data on healthcare workers. 

F. Zhou with colleagues [17] accom-
plished their study in Wuhan; it involved ana-
lyzing data on 191 patients, 137 of them re-

covered and 54 died in hospital. Multifactorial 
regression analysis showed elevated likelihood 
of severe clinical forms, including fatal ones, 
for elderly people (OR = 1.10, 95 % CI:  
1.03–1.17; p = 0.004) with higher scores in the 
Sequential Organ Failure Assessment (SOFA) 
(OR = 5.65, 95 % CI: 2.61–12.23; p < 0.001) 
and the D-dimer level higher than 1 µg/l  
(OR = 18.42, 95 % CI: 2.64–128.55; p = 0.003). 
This corresponds to our data as regards esti-
mating a prognostic value of the D-dimer level 
in infected people but attention should be paid 
to the fact that its threshold level is lower for 
people from occupational risk groups with a 
certain age, sex and somatic ‘profile’.  

The systemic review coauthored by  
Y.-D. Gao with colleagues [18] confirmed se-
veral risk factors that could cause COVID-19 
progression to its severe and even critical 
stage. These factors included older age; male 
sex; such comorbidities as essential hyperten-
sion, diabetes mellitus, obesity, chronic pul-
monary diseases, heart, liver and kidney dis-
eases, cancer, clinical immune deficiencies, 
local immune deficiencies such as early ability 
to secret type I interferon, and pregnancy. This 
corresponds to our study results as per some 
indicators (age and chronic diseases) identified 
for a specific population group with high oc-
cupational risks of infection.  

It should be noted that male sex was a risk 
factor identified in all the studies outlined 
above but we did not have the same finding in 
our research. This is probably due to the sex-
related profile of our participants, which corre-
sponds to common sex structure of healthcare 
workers; probably, similar research should be 
accomplished on wider samples made of 
healthcare workers. 

In addition, we were not able to establish 
any influence of blood groups and Rh-factors 
on the disease prognosis. Still, the issue has 
been discussed actively in other literature 
sources. According to the systemic review by 
Y. Kim and others [19], many studies report 
that the blood group (B) can indicate higher 
susceptibility to the SARS-CoV-2-induced in-
fection and the blood group (0) and negative 
Rh-factors can act as protectors. The authors 
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also point out that effects produced by a blood 
group and Rh-factors on clinical outcomes re-
main unclear and probably there is no relation-
ship between a blood group and the COVID-19 
severity or mortality at the moment. Given 
that, the authors of the review do not recom-
mend to use these indicators as prognostic 
markers when treating COVID-19 patients.  

Analysis of patients’ vaccination history 
was a significant issue in assessing risks of 
severe clinical forms of the disease. In our 
study, we did not identify any statistically sig-
nificant influence of previous vaccinations 
against several communicable diseases on likeli-
hood of pneumonia in the analyzed healthcare 
workers infected with the SARS-CoV-2 virus. 
This concerns vaccinations against viral hepa-
titis B, diphtheria, tetanus, measles, rubella, 
pneumococcal infection and flu. However, 
several studies reported that flu vaccination 
that was made in an epidemiological season 
prior to the disease reduced both risks of the 
infection and its more severe clinical forms. 
Thus, A. Conlon with colleagues [20] showed 
in their study that likelihood of getting in-
fected with SARS-CoV-2 was lower among 
patients who were vaccinated against flu as 
compared with those who did not get flu vac-
cination (OR = 0.76, 95 % CI: 0.68–0.86;  
р < 0.001). COVID-19 patients with flu vacci-
nation were less likely to need hospitalization 
(OR = 0.58, 95 % CI: 0.46–0.73; р < 0.001) or 
artificial ventilation (OR = 0.45, 95 % CI: 
0.27–0.78; р = 0.004) and had to spend con-
siderably less time in hospital (OR = 0.76, 
95 % CI: 0.65–0.89; р < 0.001). 

The study by M. Candelli with colleagues 
[21] established a lower risk of death over 60 
days after getting infected with the coronavirus 
for patients who had previously been vacci-
nated against flu against those without flu vac-
cination (p = 0.001). The authors believe flu 
vaccination can possibly reduce the COVID-19 
mortality.  

We have come across some articles that 
estimated a relationship between flu vaccina-
tion and the COVID-19 incidence among 
healthcare workers [22, 23]. The first study 
was accomplished by N. Massoudi and others 

[22] in Iran in 2020 and analyzed data on 261 
healthcare workers. The authors showed that 
flu vaccination in 2019 allowed reducing like-
lihood of the coronavirus infection among 
healthcare workers in 2020. However, N. Mas-
soudi with colleagues assessed only the risk of 
getting infected but not the disease progression 
or risks of its more severe clinical forms. The 
other study was accomplished in Italy by 
M. Belingheri with colleagues [23] with ana-
lyzing data on 3520 healthcare workers. The 
authors could not establish any relationship 
between flu vaccination and the risk of getting 
infected with SARS-CoV-2. 

Some studies focus on investigating a re-
lationship between vaccination against pneu-
mococcal infection and the COVID-19 inci-
dence. The systemic review coauthored by 
several authors under supervision by H. Im 
[24] analyzed several studies that reported 
vaccination against pneumococcal infection to 
be able to prevent severe COVID-19 clinical 
forms by preventing incidence and mortality 
caused by comorbid / secondary infections and 
superinfections.  

Another study [25] involved systemic re-
viewing and meta-analysis to estimate a rela-
tionship between seasonal flu vaccination, 
vaccination against pneumococcal infection 
and COVID-19 and its clinical outcomes. 
Overall, the meta-analysis covered 38 observa-
tional studies with significant heterogeneity. 
Flu vaccination and vaccination against pneu-
mococci were associated with lower risks of 
getting infected with SARS-CoV-2 (ОR = 0.80, 
95 % CI: 0.75–0.86 and ОR = 0.70, 95 % CI: 
0.57–0.88 accordingly). When data on flu vac-
cination were adjusted as per age, sex, comor-
bidities and socioeconomic indicators, the 
aforementioned relationship with a risk of 
SARS-CoV-2 became weaker. However, this 
does not concern vaccination against pneumo-
coccal infection, which retained the same as-
sociation with the risk of infection even after 
adjustments as per all these confounders. 
When it comes down to more severe observa-
tion points, such as hospitalization in an inten-
sive care unit or death, available data do not 
confirm any association between such severe 
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COVID-19 incomes and flu vaccination or 
vaccination against pneumococcal infection.  

Literature data on a role played by flu 
vaccination and vaccination against pneumo-
coccal infection in COVID-19 progression are 
so heterogeneous that this requires additional 
profound analytical investigation. We have not 
found any open access publications on other 
vaccinations from the National calendar and 
therefore have not been able to compare our 
data with results of other studies.  

Our analysis of laboratory markers identi-
fied in the analyzed healthcare workers with 
COVID-19 established several ones with prog-
nostic value including levels of D-dimer, total 
protein, CRP, LDH, IL-6, ESR, platelets, lym-
phocytes, T-helpers, CTL and NK-cells. We 
compared our findings as regards laboratory 
tests with other research articles and found 
some interesting points. Some of them were in 
line with data obtained by other researcher but 
still there were certain peculiarities.  

Thus, Y.-D. Gao with colleagues [18], 
along with investigating somatic risk factors, 
gave some attention to analyzing results of labo-
ratory tests obtained for COVID-19 patients. 
They revealed several laboratory indicators to be 
important for monitoring of the disease progres-
sion. These indicators included lactate dehydro-
genase, procalcitonin, C-reactive protein, pro-
inflammatory cytokines such as interleukins  
IL-6, IL-1β, glycoprotein Krebs von den Lun-
gen-6 (KL-6) and ferritin. Levels of LDH, CRP 
and interleukin-6 have been highlighted in our 
study as effective prognostic laboratory markers 
in healthcare workers able to point at likelihood 
of lung-involving clinical forms of the coronavi-
rus infection. However, attention should be paid 
to prognostic value of procalcitonin, ferritin and 
KL-6 when planning additional investigations on 
occupational risk groups.  

The systemic review accomplished by 
M. Palladino [26] confirmed that lower levels 
of platelets, lymphocytes, hemoglobin, eosi-
nophils and basophils and an elevated level of 
neutrophils and neutrophils to lymphocytes 
ratio as well as elevated levels of platelets and 
lymphocytes were associated with unfavorable 
clinical outcomes in COVID-19 patients. 

 The meta-analysis by B.M. Henry with 
colleagues [27] covered 21 research articles. It 
identified the most effective prognostic indica-
tors of more severe COVID-19 clinical forms, 
namely, levels of leukocytes, lymphocytes, 
platelets, IL-6 and ferritin in blood serum. 

Other studies established that the D-dimer 
level in patients with COVID-19 correlated 
with an unfavorable outcome of the disease 
and was quite a precise biomarker to predict 
the clinical course of the infection [28–30]. 
ROC-analysis established the threshold  
D-dimer level that allowed identifying whether 
patients were at a risk of the lung involvement, 
namely 0.370 µg/l [31]; this is quite close to 
our threshold level. Another study established 
an optimal threshold D-dimer level for predict-
ing mortality among COVID-19 patients as 
equal to 1.5 µg/l [32]. 

Some studies highlighted the interleukin-6 
level as an effective prognostic laboratory in-
dicator and this is well in line with our study 
results [33, 34]. 

Data obtained by PCR-based diagnostics 
were given special attention in analyzing the 
results of laboratory tests. The threshold cycle 
value, which is considered to be inversely pro-
portionate to a viral load, was shown to have 
no associations with severity of clinical symp-
toms of the infection but still it had a statisti-
cally significant relationship with duration of 
the disease and grew simultaneously with it. 
However, different opinions on the matter can 
be found in literature. 

Thus, M.E. Brizuela with colleagues [35] 
analyzed data on 485 patients in their study and 
established that the viral load with SARS-CoV-2 
in smears from the airways, which was identified 
as per the threshold cycle, correlated authentically 
with moderate and severe cases and with age. 

B. Mishra and others [36] showed in their 
study that a share of a high viral load (Ct < 25) 
was considerably higher in middle-aged and 
elderly people against young patients (44.6 % 
and 43.7 % against 32.2 %, p < 0.001). 

H.C. Maltezou with colleagues [37] estab-
lished that patients with a higher viral load 
tended to have more severe COVID-19 clinical 
forms and more often needed treatment in 
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ICU. The authors also detected a higher viral 
load in elderly patients and those with chronic 
cardiovascular diseases, essential hyperten-
sion, chronic bronchopulmonary diseases, im-
mune suppression, obesity, and neurological 
pathology. The authors suggest using the Ct 
value to reveal patients who are at elevated 
risks of severe infection and death.  

However, some other studies yielded con-
trary results. Thus, A. Karahasan Yagci with 
colleagues [38] reported that a viral load was 
not a factor associated with a risk of hospitali-
zation or death. The authors mentioned even 
lower Ct values in patients with mild clinical 
COVID-19 variants. Similar data were reported 
in the study by J.F. Camargo and others [39]. 

I. Saglik with colleagues [40] did not 
identify any clear correlation between viral 
load with SARS-CoV-2 and severe clinical 
symptoms or deaths among COVID-19 pa-
tients either. The authors established that a Ct 
value in patients grew with time since the 
moment the disease started and this is in line 
with our study results. The Ct values were the 
lowest during the first five days after the first 
symptoms occurred; then, they grew consid-
erably during the second and third week of the 
disease. Sex, age, or comorbidities did not 
have any significant differences in patients 
with low (≤ 25) and high (> 25) Ct values.  

I. Saglik with colleagues also noted that 
levels of neutrophils, platelets and especially 
lymphocytes were considerably lower in pa-
tients with a high viral load. Estimation of the 
correlation between the Ct value and levels of 
prognostic laboratory indicators is a promising 
research trend and should be considered in fu-
ture investigations of the issue. 

P.P. Salvatore with colleagues [41] re-
ported finding in their study similar to those by 
I. Saglik et al. as regards the Ct dynamics dur-
ing the disease. The threshold cycle values 
were the lowest just after symptoms had oc-
curred and had a significant correlation with a 
time period since this occurrence (р < 0.001); 

seven days after the first symptoms occurred, 
the average Ct value equaled 26.5 and 21 days 
after it was 35.0.  

The present study involved whole-
genome sequencing of 58 SARS-CoV-2 vi-
ruses isolated from the examined healthcare 
workers. B.1.1. was established to be a pre-
vailing genetic variant; others were identified 
in singleton cases. SARS-CoV-2 detected in 
the healthcare workers in this study corre-
sponded to a range of circulating genetic vari-
ants of the virus identified in the Sverdlovsk 
region and the Russian Federation at the initial 
stage in the pandemic according to the results 
of SARS-CoV-2 whole-genome sequencing 
available in the Russian (VGARus)4 and inter-
national (EpiCov GISAID)5 databases [42]. 
These results are significant for the complex 
analysis of the situation and organization of a 
system for molecular-genetic monitoring of 
communicable and parasitic diseases in the 
Russian Federation. 

The healthcare workers were examined 
with the PCR method in dynamics to identify 
persistence of the SARS-CoV-2 virus in their 
bodies. It was established to vary between 13 
and 45 days (the median was 22 days) and had 
certain peculiarities for different clinical forms 
of the infection. Similar data were reported by 
some other publications by other authors. 
Thus, Y. Wang with colleagues [43], who ac-
complished their study during the first pan-
demic ‘wave’, showed that duration of the vi-
rus persistence correlated with severity of the 
disease. Patients who had COVID-19 as ARI 
excreted the virus for 10 days in most cases 
(81.8 %) whereas patients with severe clinical 
forms of the disease who needed artificial ven-
tilation excreted the virus for a longer period 
in 66.7 % of the cases, up to 20–40 days and 
this is quite similar to our data.  X. Zhang and 
others [44] established in their study that per-
sistent excretion of the virus RNA could be 
observed in 5.4 % of patients for longer than 
45 days. The authors also noted the peak vial 

__________________________ 
 
 
4 VGARus (Virus Genome Aggregator of Russia): the Russian platform for aggregating information about virus ge-

nomes. Available at: https://genome.crie.ru/app/index (December 19, 2022). 
5 GISAID: database. Available at: https://www.gisaid.org (December 01, 2022). 
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load was higher in patients with the severe dis-
ease against those who had it in milder forms.  

However, it is noteworthy that the afore-
mentioned publications were predominantly 
accomplished on general populations without 
any emphasis on specific cohorts or occupa-
tional groups. It is quite difficult to find open-
access studies with their focus on investigating 
various aspects of the COVID-19 incidence 
among healthcare workers who were at higher 
risks of getting infected during the COVID-19 
pandemic. This makes our study more valu-
able and offers some areas for further pro-
found investigations among occupational 
groups with higher risks of infection. 

Conclusion. In this study, we analyzed 
clinical symptoms of COVID-19 in healthcare 
workers during the initial stage in the pan-
demic (the first and second epidemic rises in 
the incidence); described clinical forms of the 
coronavirus infection and outlined its prevail-
ing symptoms (common ones for communica-
ble diseases, symptoms of acute respiratory 
infections, damage to the gastrointestinal tract, 
skin symptoms). The Ct value in PCR tests 
was shown to have no associations with sever-
ity of COVID-19 clinical symptoms; still, it 
had a direct correlation with a period starting 
from the moment the disease started. Whole-
genome sequencing identified several genetic 
variants of the SARS-CoV-2 virus in the ex-
amined medical workers (predominantly В.1.1 
and some others in singleton cases including 
В.1, B.1.1.397, B.1.1.317, B.1.1.387, 
B.1.1.409, B.1.1.141, B.1.1.274). The identi-
fied genetic variants corresponded to those cir-
culating in the region and the country as a 

whole at the initial stage of the pandemic. We 
established how long they persisted in a pa-
tient’s body (between 13 and 45 days, the me-
dian was 22 days). 

In addition, we identified non-occu-
pational risk factors of COVID-19 clinical 
forms with the lung involvement (age older 
than 40 years, low physical activity, over-
weight, diabetes mellitus, and diseases of the 
genitourinary system) as well as laboratory 
markers with cut-off points that were associ-
ated with more severe COVID-19 in the exam-
ined healthcare workers (erythrocyte sedimen-
tation rate higher than 11.5 mm/hour; levels of 
platelets lower than 239·109/l, lymphocytes 
below 1.955·109/l, Т-helpers below 
0.855·109/l, cytotoxic Т-lymphocytes lower 
than 0.455·109/l, NK-cells below 0.205·109/l, 
D-dimer higher than 0.325 µg/ml, total protein 
below 71.55 g/l, С-reactive protein higher than 
4.17 mg/l, lactate dehydrogenase higher than 
196 U/l, interleukin-6 higher than 3.63 pg/l).  

It is advisable to use our data on non-
occupational risk factors of severe non-
communicable diseases when developing rec-
ommendations on identifying whether a person 
is occupationally fit for a specific medical spe-
cialty. Laboratory indicators identified in the 
present study can be widely used in clinical 
practice including operative adjustment of 
treatment protocols. 

 
Funding. The research was not granted any 

sponsor support. 
Competing interests. The authors declare no 

apparent or potential competing interests related to 
the publication of this article. 

References 

1. Briko N.I., Kagramanyan I.N., Nikiforov V.V., Suranova T.G., Chernyavskaya O.Р., Polez-
haeva N.A. Pandemic COVID-19. Prevention Measures in the Russian Federation. Epidemiologiya i 
vaktsinoprofilaktika, 2020, vol. 19, no. 2, pp. 4–12. DOI: 10.31631/2073-3046-2020-19-2-4-12 
(in Russian).  

2. Shchelkanov M.Yu., Kolobukhina L.V., Burgasova O.A., Kruzhkova I.S., Maleev V.V. 
COVID-19: etiology, clinical picture, treatment. Infektsiya i immunitet, 2020, vol. 10, no. 3, рр. 421–445. 
DOI: 10.15789/2220-7619-CEC-1473 (in Russian).  

3. Liang W.-H., Guan W.-J., Li C.-C., Li Y.-M., Liang H.-R., Zhao Y., Liu X.-Q., Sang L. [et al.]. 
Clinical characteristics and outcomes of hospitalised patients with COVID-19 treated in Hubei (epicen-
tre) and outside Hubei (non-epicentre): a nationwide analysis of China. Eur. Respir. J., 2020, vol. 55, 
no. 6, pp. 2000562. DOI: 10.1183/13993003.00562-2020 



T.A. Platonova, A.A. Golubkova, M.S. Sklyar, E.A. Karbovnichaya, S.S. Smirnova, K.V. Varchenko, A.A. Ivanova… 

Health Risk Analysis. 2023. no. 1 102 

4. Zhang T., Huang W.-S., Guan W., Hong Z., Gao J., Gao G., Wu G., Qin Y.-Y. Risk factors and 
predictors associated with the severity of COVID-19 in China: a systematic review, meta-analysis, and 
meta-regression. J. Thorac. Dis., 2020, vol. 12, no. 12, pp. 7429–7441. DOI: 10.21037/jtd-20-1743 

5. She J., Liu L., Liu W. COVID-19 epidemic: Disease characteristics in children. J. Med. Virol., 
2020, vol. 92, no. 7, pp. 747–754. DOI: 10.1002/jmv.25807 

6. Zhidkova E.A., Gutor E.M., Tkachenko Yu.A., Rogova I.V., Popova I.A., Gurevich K.G. Retro-
spective analysis of risk factors for COVID-19 in the working population. Infektsionnye bolezni: novosti, 
mneniya, obuchenie, 2021, vol. 10, no. 2 (37), рр. 25–30. DOI: 10.33029/2305-3496-2021-10-2-25-30 
(in Russian). 

7. Xiang G., Xie L., Chen Z., Hao S., Fu C., Wu Q., Liu X., Li S. Clinical risk factors for mortality 
of hospitalized patients with COVID-19: systematic review and meta-analysis. Ann. Palliat. Med., 2021, 
vol. 10, no. 3, рр. 2723–2735. DOI: 10.21037/apm-20-1278 

8. Galkina S.N., Rybalko A.S., Karpun N.A., Zolotova E.A., Perekhodov S.N., Chaus N.I. Methyl-
prednisolone continuous infusion versus tocilizumab in treatment of hospitalized COVID‑19 patients: 
Retrospective data analysis and comparison of effects. Meditsinskii alfavit, 2022, no. 23, pp. 15–19. DOI: 
10.33667/2078-5631-2022-23-15-19 (in Russian). 

9. Calo F., Russo A., Camaioni C., De Pascalis S., Coppola N. Burden, risk assessment, surveil-
lance and management of SARS-CoV-2 infection in health workers: a scoping review. Infect. Dis. 
Poverty, 2020, vol. 9, no. 1, рр. 139. DOI: 10.1186/s40249-020-00756-6 

10. Chou R., Dana T., Buckley D.I., Selph S., Fu R., Totten A.M. Epidemiology of and Risk Fac-
tors for Coronavirus Infection in Health Care Workers: A Living Rapid Review. Ann. Intern. Med., 
2020, vol. 173, no. 2, рр. 120–136. DOI: 10.7326/M20-1632  

11. Nguyen L.H., Drew D.A., Graham M.S., Joshi A.D., Guo C.-G., Ma W., Mehta R.S., Warner 
E.T. [et al.]. Coronavirus Pandemic Epidemiology Consortium. Risk of COVID-19 among front-line 
health-care workers and the general community: a prospective cohort study. Lancet Public Health, 2020, 
vol. 9, no. 5, рр. e475–e483. DOI: 10.1016/S2468-2667(20)30164-X 

12. Platonova T.A., Golubkova A.A., Tutelyan A.V., Smirnova S.S. The incidence of COVID-19 
medical workers. The issues of biosafety and occupational risk factors. Epidemiologiya i Vaktsinopro-
filaktika, 2021, vol. 20, no. 2, рр. 4–11. DOI: 10.31631/2073-3046-2021-20-2-4-11 (in Russian). 

13. Sisin Y.I., Golubkova A.A., Kozlova I.I., Ostapenko N.A. Epidemiological risks and lessons 
from the first wave of new coronavirus infection (COVID-19) in medical organizations. Epidemiologiya i 
infektsionnye bolezni, 2020, vol. 25, no. 4, рр. 156–166. DOI: 10.17816/EID54401 (in Russian). 

14. Molani S., Hernandez P.V., Roper R.T., Duvvuri V.R., Baumgartner A.M., Goldman J.D., 
Ertekin-Taner N., Funk C.C. [et al.]. Risk factors for severe COVID-19 differ by age for hospitalized 
adults. Sci. Rep., 2022, vol. 12, no. 1, рр. 6568. DOI: 10.1038/s41598-022-10344-3 

15. Kim L., Garg S., O'Halloran A., Whitaker M., Pham H., Anderson E.J., Armistead I., Bennett 
N.M. [et al.]. Risk Factors for Intensive Care Unit Admission and In-hospital Mortality Among Hospital-
ized Adults Identified through the US Coronavirus Disease 2019 (COVID-19)-Associated Hospitaliza-
tion Surveillance Network (COVID-NET). Clin. Infect. Dis., 2021, vol. 72, no. 9, рр. e206–e214. DOI: 
10.1093/cid/ciaa1012 

16. Ko J.Y., Danielson M.L., Town M., Derado G., Greenlund K.J., Kirley P.D., Alden N.B., 
Yousey-Hindes K. [et al.]. Risk Factors for Coronavirus Disease 2019 (COVID-19)-Associated Hospi-
talization: COVID-19-Associated Hospitalization Surveillance Network and Behavioral Risk Factor Sur-
veillance System. Clin. Infect. Dis., 2021, vol. 72, no. 11, рр. e695–e703. DOI: 10.1093/cid/ciaa1419 

17. Zhou F., Yu T., Du R., Fan G., Liu Y., Liu Z., Xiang J., Wang Y. [et al.]. Clinical course and risk 
factors for mortality of adult inpatients with COVID-19 in Wuhan, China: a retrospective cohort study. 
Lancet, 2020, vol. 395, no. 10229, рр. 1054–1062. DOI: 10.1016/S0140-6736(20)30566-3  

18. Gao Y.D., Ding M., Dong X., Zhang J.-J., Azkur A.K., Azkur D., Gan H., Sun Y.-L. [et al.]. 
Risk factors for severe and critically ill COVID-19 patients: A review. Allergy, 2021, vol. 76, no. 2, 
рр. 428–455. DOI: 10.1111/all.14657 

19. Kim Y., Latz C.A., DeCarlo C.S., Lee S., Png C.Y.M., Kibrik P., Sung E., Alabi O., Dua A. 
Relationship between blood type and outcomes following COVID-19 infection. Semin. Vasc. Surg., 
2021, vol. 34, no. 3, рр. 125–131. DOI: 10.1053/j.semvascsurg.2021.05.005 



The risk of developing severe clinical forms of COVID-19 in healthcare workers in the initial period of the pandemic …    

ISSN (Print) 2308-1155    ISSN (Online) 2308-1163    ISSN (Eng-online) 2542-2308 103

20. Conlon A., Ashur C., Washer L., Eagle K.A., Hofmann Bowman M.A. Impact of the influenza vac-
cine on COVID-19 infection rates and severity. Am. J. Infect. Control, 2021, vol. 49, no. 6, рр. 694–700. DOI: 
10.1016/j.ajic.2021.02.012  

21. Candelli M., Pignataro G., Torelli E., Gullì A., Celestino Nista E., Petrucci M., Saviano A., 
Marchesini D. [et al.]. Effect of influenza vaccine on COVID-19 mortality: a retrospective study. Intern. 
Emerg. Med., 2021, vol. 16, no. 7, рр. 1849–1855. DOI: 10.1007/s11739-021-02702-2  

22. Massoudi N., Mohit B. A Case-Control Study of the 2019 Influenza Vaccine and Incidence of 
COVID-19 Among Healthcare Workers. J. Clin. Immunol., 2021, vol. 41, no. 2, рр. 324–334. DOI: 
10.1007/s10875-020-00925-0 

23. Belingheri M., Paladino M.E., Latocca R., De Vito G., Riva M.A. Association between seasonal 
flu vaccination and COVID-19 among healthcare workers. Occup. Med. (Lond.), 2020, vol. 70, no. 9, 
рр. 665–671. DOI: 10.1093/occmed/kqaa197 

24. Im H., Ser J., Sim U., Cho H. Promising Expectations for Pneumococcal Vaccination during 
COVID-19. Vaccines (Basel), 2021, vol. 9, no. 12, рр. 1507. DOI: 10.3390/vaccines9121507 

25. Kapoula G.V., Vennou K.E., Bagos P.G. Influenza and Pneumococcal Vaccination and the Risk of 
COVID-19: A Systematic Review and Meta-Analysis. Diagnostics (Basel), 2022, vol. 12, no. 12, рр. 3086. 
DOI: 10.3390/diagnostics12123086 

26. Palladino M. Complete blood count alterations in COVID-19 patients: A narrative review. Bio-
chem. Med. (Zagreb), 2021, vol. 31, no. 3, рр. 030501. DOI: 10.11613/BM.2021.030501 

27. Henry B.M., de Oliveira M.H.S., Benoit S., Plebani M., Lippi G. Hematologic, biochemical 
and immune biomarker abnormalities associated with severe illness and mortality in coronavirus dis-
ease 2019 (COVID-19): a meta-analysis. Clin. Chem. Lab. Med., 2020, vol. 58, no. 7, рр. 1021–1028. 
DOI: 10.1515/cclm-2020-0369 

28. Paliogiannis P., Mangoni A.A., Dettori P., Nasrallah G.K., Pintus G., Zinellu A. D-Dimer 
Concentrations and COVID-19 Severity: A Systematic Review and Meta-Analysis. Front. Public 
Health, 2020, vol. 8, рр. 432. DOI: 10.3389/fpubh.2020.00432 

29. Düz M.E., Balcı A., Menekşe E. D-dimer levels and COVID-19 severity: Systematic Review 
and Meta-Analysis. Tuberk. Toraks, 2020, vol. 68, no. 4, рр. 353–360. DOI: 10.5578/tt.70351 

30. Shah S., Shah K., Patel S.B., Patel F.S., Osman M., Velagapudi P., Turagam M.K., Lakkireddy D., 
Garg J. Elevated D-Dimer Levels Are Associated With Increased Risk of Mortality in Coronavirus Disease 
2019: A Systematic Review and Meta-Analysis. Cardiol. Rev., 2020, vol. 28, no. 6, рр. 295–302. DOI: 
10.1097/CRD.0000000000000330 

31. Ozen M., Yilmaz A., Cakmak V., Beyoglu R., Oskay A., Seyit M., Senol H. D-Dimer as a po-
tential biomarker for disease severity in COVID-19. Am. J. Emerg. Med., 2021, vol. 40, рр. 55–59. DOI: 
10.1016/j.ajem.2020.12.023  

32. Poudel A., Poudel Y., Adhikari A., Aryal B.B., Dangol D., Bajracharya T., Maharjan A., Gau-
tam R. D-dimer as a biomarker for assessment of COVID-19 prognosis: D-dimer levels on admission 
and its role in predicting disease outcome in hospitalized patients with COVID-19. PLoS One, 2021, 
vol. 16, no. 8, рр. e0256744. DOI: 10.1371/journal.pone.0256744 

33. Zhao Z., Xie J., Yin M., Yang Y., Ding C., Gao Y., Ma X. Interleukin-6 and severity of 
COVID-19 patients in Hefei, China. Med. Mal. Infect., 2020, vol. 50, no. 7, рр. 629–631. DOI: 
10.1016/j.medmal.2020.06.005  

34. Ulhaq Z.S., Soraya G.V. Interleukin-6 as a potential biomarker of COVID-19 progression. Med. 
Mal. Infect., 2020, vol. 50, no. 4, рр. 382–383. DOI: 10.1016/j.medmal.2020.04.002 

35. Brizuela M.E., Goñi S.E., Cardama G.A., Zinni M.A., Castello A.A., Sommese L.M., Fa-
rina H.G. Correlation of SARS-CoV-2 Viral Load and Clinical Evolution of Pediatric Patients in a 
General Hospital From Buenos Aires, Argentina. Front. Pediatr., 2022, vol. 10, рр. 883395. DOI: 
10.3389/fped.2022.883395 

36. Mishra B., Ranjan J., Purushotham P., Kar P., Payal P., Saha S., Deshmukh V., Das S. Com-
parison of Cycle Threshold and Clinical Status Among Different Age Groups of COVID-19 Cases. 
Cureus, 2022, vol. 14, no. 4, рр. e24194. DOI: 10.7759/cureus.24194  

37. Maltezou H.C., Raftopoulos V., Vorou R., Papadima K., Mellou K., Spanakis N., Kossyvakis A., 
Gioula G. [et al.]. Association Between Upper Respiratory Tract Viral Load, Comorbidities, Disease Sever-



T.A. Platonova, A.A. Golubkova, M.S. Sklyar, E.A. Karbovnichaya, S.S. Smirnova, K.V. Varchenko, A.A. Ivanova… 

Health Risk Analysis. 2023. no. 1 104 

ity, and Outcome of Patients With SARS-CoV-2 Infection. J. Infect. Dis., 2021, vol. 223, no. 7,  
рр. 1132–1138. DOI: 10.1093/infdis/jiaa804 

38.  Karahasan Yagci A., Sarinoglu R.C., Bilgin H., Yanılmaz Ö., Sayın E., Deniz G., Guncu M.M., 
Doyuk Z. [et al.]. Relationship of the cycle threshold values of SARS-CoV-2 polymerase chain reaction 
and total severity score of computerized tomography in patients with COVID 19. Int. J. Infect. Dis., 
2020, vol. 101, рр. 160–166. DOI: 10.1016/j.ijid.2020.09.1449  

39. Camargo J.F., Lin R.Y., Komanduri K.V. Lack of correlation between the SARS-CoV-2 cycle 
threshold (Ct) value and clinical outcomes in patients with COVID-19. J. Med. Virol., 2021, vol. 93, no. 10, 
рр. 6059–6062. DOI: 10.1002/jmv.27171 

40. Saglik I., Ener B., Akalin H., Ozdemir B., Ocakoglu G., Yalcin B., Onal U., Guçlu O.A., Ozturk N.A.A. 
[et al.]. Association of SARS-CoV-2 cycle threshold (Ct) values with clinical course and serum biomarkers in 
COVID-19 patients. J. Infect. Dev. Ctries, 2022, vol. 16, no. 3, рр. 445–452. DOI: 10.3855/jidc.15818 

41. Salvatore P.P., Dawson P., Wadhwa A., Rabold E.M., Buono S., Dietrich E.A., Reses H.E., 
Vuong J. [et al.]. Epidemiological Correlates of Polymerase Chain Reaction Cycle Threshold Values in 
the Detection of Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2). Clin. Infect. Dis., 
2021, vol. 72, no. 11, рр. e761–e767. DOI: 10.1093/cid/ciaa1469 

42. Akimkin V.G., Popova A.Yu., Khafizov K.F., Dubodelov D.V., Ugleva S.V., Semenenko T.A., 
Ploskireva A.A., Gorelov A.V. [et al.]. COVID-19: evolution of the pandemic in Russia. Report II: dy-
namics of the circulation of SARS-CoV-2 genetic variants. Zhurnal mikrobiologii, epidemiologii i im-
munobiologii, 2022, vol. 99, no. 4, рр. 381–396. DOI: 10.36233/0372-9311-295 (in Russian). 

43. Wang Y., Zhang L., Sang L. Ye F., Ruan S., Zhong B., Song T., Alshukairi A.N. [et al.].  
Kinetics of viral load and antibody response in relation to COVID-19 severity. J. Clin. Invest., 2020, 
vol. 130, no. 10, рр. 5235–5244. DOI: 10.1172/JCI138759 

44. Zhang X., Lu S., Li H., Wang Y., Lu Z., Liu Z., Lai Q., Ji Y. [et al.]. Viral and Antibody Kinet-
ics of COVID-19 Patients with Different Disease Severities in Acute and Convalescent Phases:  
A 6-Month Follow-Up Study. Virol. Sin., 2020, vol. 35, no. 6, рр. 820–829. DOI: 10.1007/s12250-020-
00329-9 

 
 
Platonova T.A., Golubkova A.A., Sklyar M.S., Karbovnichaya E.A., Smirnova S.S., Varchenko K.V., 

Ivanova A.A., Komissarov A.B., Lioznov D.A. The risk of developing severe clinical forms of COVID-19 
in healthcare workers in the initial period of the pandemic: non-occupational factors and laboratory prognos-
tic indicators. Health Risk Analysis, 2023, no. 1, pp. 87–104. DOI: 10.21668/health.risk/2023.1.10.eng 

 
 
Received: 17.01.2023 
Approved: 13.02.2023 
Accepted for publication: 10.03.2023 
 

 


