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ABSRACT

Aim. To establish biomarkers for clinical, radiological, and laboratory severity of COVID-19 infection and to
identify their relationships.

Materials and methods. A retrospective study was carried out which included 155 patients undergoing treatment
at the Hospital for War Veterans No. 3 with a confirmed diagnosis of novel coronavirus infection caused by nCoV
from April 6 to June 10, 2020. All patients underwent clinical and laboratory examination. An intergroup statistical
analysis of clinical and laboratory parameters was carried out depending on the criteria of clinical severity and
severity of radiological signs of chest organ pathology according to computed tomography (CT).

Results. Patients with mild COVID-19 showed a lower level of leukocytes, urea, creatinine, bilirubin, and aspartate
dehydrogenase (AsAT), as opposed to the corresponding levels in patients with an extremely severe course of the
disease. A lower level of calcium in the peripheral blood was found in patients with severe COVID-19, along with
an increase in blood glucose.

Patients from the CT1 group as well as patients with a clinically mild course of the novel coronavirus infection
had significantly lower levels of neutrophils, urea, creatinine, AsAT, and blood glucose and a higher level of blood
calcium in comparison with patients with various CT patterns. In the group of patients with a lethal outcome,
cardiovascular diseases were significantly more often detected, as opposed to the discharged patients.

Conclusion. A number of biomarkers characterizing the severity of the novel coronavirus infection caused by
the SARS-CoV-2 virus have been identified. However, the revealed differences in the laboratory markers of the
clinical and radiological severity of the disease do not currently allow to accurately characterize the nature of the
relationship between the clinical severity of the disease, CT findings, and laboratory indicators of COVID-19
severity.
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PE3IOME

Heab. YcranoBieHne OHOMapPKEPOB KIMHUYIECKOW, PEHTTEHOJIOTHUECKON U JTAOOpATOPHOU TSXKECTH WH(EKIUU
COVID-19 u BeISIBIIEHHE UX B3aMMOCBSI3U.

Martepuajbl H MeTO/Abl. BBIIOIIHEHO PETPOCIIEKTUBHOE HCCIEAOBAHUE, B KOTOPOE BKIIOUEHBI 155 marueHToB,
MPOXOAUBIINX JiedeHue B ['ocnurane 11t BeTepaHoB BOWH Ne 3 ¢ MOATBEPKACHHBIM JUATHO30M «HOBAsi KOPOHa-
BupycHas uHpeknus, BeizBaHHas SARS-CoV-2» ¢ 6 anpens mo 10 urons 2020 r. [lanuenTaM BBINOIHEHO KIH-
HHKO-1abopaTopHoe obcnenoBanue. [IpoBeieH MEXTPYIIOBOM CTATUCTUYECKHI aHATHN3 KIMHUKO-Ia00PaTOPHBIX
MOKa3aTesied B 3aBUCHMOCTU OT KPUTEPHEB KIMHUYIECKOH TSXKECTU U BBIPAXKEHHOCTU PEHTTCHOIOTHYECKUX MPH-
3HAKOB MATOJIOTUH OPTAaHOB IPYAHON KJIETKH IO JaHHBIM KoMIbioTepHOU ToMorpaduu (KT).

PesyabTatsl. YV 6onbHBIX ¢ gerkuM TeuenneM COVID-19 otmeuascst 6osee HU3KMH YPOBEHb JISHKOIUTOB, MOUe-
BUHBI, KpeaTHHHHA, OmnnpyOuHa u acnapraraeruaporenassl (AcAT) Mo cpaBHEHHUIO ¢ COOTBETCTBYIOLIMM YPOB-
HEeM MOKa3aTeliel y MalMeHTOB ¢ KpaifHe TsKeNbIM TedeHHeM 3aboneBaHus. BrisBieH Gonee HU3KUI ypOBEHb
KaJbIMs B epudeprudeckoil KpoBH y ManueHToB ¢ TsokelbiM TedeHrneM COVID-19 u noBblnieHue B 3Toit rpymime
ypoBHS IT0K03b!I KpoBH. ITanments! u3 rpynnst KT1, kak u OoJbHbIE ¢ KIMHUYECKH JIETKUM TEUCHHEM HOBOH KO-
POHABUPYCHOM HH(]EKIMN, IMEIH JOCTOBEPHO OoJiee HU3KOE CoJiepyKaHne HeHTpOo(HIIOB, MOUEBHHBI, KPEaTHHIHA,
AcAT ¥ IITI0KO3BI KPOBH 1 00Jiee BEICOKUH YPOBEHb KalbIMs KPOBH B CPABHEHHH C MAIUEHTAMH C Pa3IHIHBIMH
KT-natrepHamu. B rpynie nanueHToB ¢ JIeTalbHBIM UCXOI0M 3HAUUMO Yallle BBISBISUIUCH CEPIeYHO-COCYAUCThIE
3a00JIeBaHus 10 CPAaBHEHHIO C BHIITMCAHHBIMU OOJNBHBIMU.

3aka04enne. YCTaHOBICHO HaJIM4ME psifa OHOMapKepoB, XapaKTePHU3yIOMNX TSHKECTh TeUEHHs HOBOHM KOpOHa-
BUPYCHOH MH(peKnuH, Be3BaHHOH BupycoM SARS-CoV-2. OnHako BEISBICHHBIE Pa3iIMiMs B Ta0OPaTOPHBIX Map-
Kepax KIMHUYECKOH M PEHTTCHOJOTHYECKOH TSKEeCTH 3a00JeBaHMsI HE MO3BOJIAIOT B HACTOSAIIMM MOMEHT JaTh
OJIHO3HAYHBII OTBET HA BOIIPOC O XapaKTepe B3aUMOCBSI3H MEXK 1y KIMHUYECKOH TskecThio TeueHus, KT-kapTunoi
1 1a00paTOpHEIMU MOKa3zaressiMu Tshxkectd COVID-19.

Kawuessle ciioBa: SARS-CoV-2, COVID-19, numdbonutsl, D-mumep, TH0K03a, KaablUi, KOMIIBIOTEPHAS TOMO-
rpadusi, KIMHUYECKAS TSHKECTh.
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KoHpankT nHTepecoB. ABTOPHI ACKIapUPYIOT OTCYTCTBHE SIBHBIX M MOTEHIMAIBHBIX KOH(IIUKTOB HHTEPECOB,

CBSI3aHHBIX C MyOIUKanueil HacTOsIeH CTaThU.

HUcTounuk Q)nﬂancnposannﬂ. ABTOpLI 3asIBJISIIOT 00 OTCYTCTBUU q)HHaHCI/IpOBaHI/ISI IpH MpOBECACHUN UCCIIEN0-

BaHUA.

CooTBercTBHE NPUHIHMNAM 3THKH. OT KQXAOTO W3 BKIIOYEHHBIX B HCCIEIOBAHNE YIACTHHKOB OBIIO MOTyde-
HO HH(POPMHpPOBaHHOE NOOpOBONIBHOE cornacue. Mccnenosanne ogodpeno I[leppeivm MI'MY um. .M. CeuenoBa

(mportokou Ne 19-20 ot 02.07.2020).

Jast untupoBanus: Kapunaymkuna M.A., Tononsuckas C.B., Auronosa E.B., Mamok H.B., Bacunsesa U.C.,
Crpytbiackas A.Jl., Tropun W.E. buomapkepbl KIMHUUECKOH U PEHTTCHOJIOTHMUYECKON TSKECTU HOBOM KOpOHa-
BUpYCHOH nH]eKIHH, Be3BaHHON BupycoM SARS-CoV-2, n nx accoluanys ¢ TSHKEIbIM BApHAHTOM €€ TCUCHUSL.
brwonnemens cubupckoii meduyunst. 2021; 20 (1): 50-58. https://doi.org: 10.20538/1682-0363-2021-1-50-58.

INTRODUCTION

In March 2020, the World Health Organization
announced the beginning of a pandemic of a novel
coronavirus infection (COVID-19) caused by the
SARS-CoV-2 virus, predominantly affecting the re-
spiratory tract [1]. Pathological exposure to SARS-
CoV-2 leads to the formation of a hyperergic re-
sponse of the immune system in some patients [2].
This entails the development of extensive damage to
the pulmonary parenchyma, multiple organ failure,
clinically reported as a septic shock, and cytokine
storm [3-5]. Furthermore, in severely ill patients,
viremia causes damage to the heart, liver, pancreas,
and kidneys [5-7].

According to various studies, the severity of the
clinical condition most significantly correlates with
lymphopenia, increased number of neutrophils,
C-reactive protein (CRP), ferritin, interleukins-1,6,
and elevated D-dimer leading to intravascular hy-
percoagulation [6—10]. Several studies have recent-
ly been published demonstrating the relationship
between hypocalcemia and hyperglycemia and a
severe course of the disease [3—8].

Cases with multiple organ lesions and hyperacti-
vation of the immune system demonstrate extreme-
ly high mortality. Current mortality rate from the
novel coronavirus infection ranges from 3 to 10%
[1,2, 11-13]. Despite the large number of published
studies investigating markers of a severe COVID-19
course, there is still a lack of reliable early clinical
and radiological predictors of such a fatal condition.
In addition, several cases reveal clinicoradiological
dissociation, when there is a mismatch between the
volume of the lesion on the computed tomography
of the lungs (CT) and clinical data. Thus, study-
ing the features of the severe and extremely severe

clinical course of COVID-19 and searching for its
early biological markers should be a priority direc-
tion in the current studies.

The aim of the study was to reveal biomarkers
of clinical, radiological, and laboratory severity of
COVID-19 and to analyze their relationships.

MATERIALS AND METHODS

A retrospective cross-sectional study was con-
ducted. From April 6 to June 10, 2020, by a simple
random selection method, 155 patients were inclu-
ded in the study: 82 (52.9%) men and 73 (47.1%)
women, who underwent treatment at the Hospital
for War Veterans No. 3 with a confirmed diagnosis
of the novel coronavirus infection caused by SARS
CoV-2. The average age of the patients was 64.0
(59.5-81.0) years.

The diagnosis of the novel coronavirus infection
was confirmed by a positive polymerase chain re-
action carried out upon admission of patients to the
hospital and characteristic CT symptoms of the in-
fection.

The study was carried out according to the prin-
ciples of Declaration of Helsinki (2013), national
guidelines for good clinical practice of the Russian
Federation, and other corresponding ethical stan-
dards and approved by the local Ethics Committee
at .M. Sechenov First Moscow State Medical Uni-
versity (Protocol No. 19-20 of 02.07.2020).

After admission, all patients underwent clini-
cal and laboratory examination (collection of an-
amnestic data, physical examination, clinical and
biochemical blood tests, and a coagulation test)
and chest CT. A follow-up CT scan was performed
on the 10" day of the hospitalization, if no indica-
tions for earlier investigation were revealed. Chest
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CT was performed with multidetector CT scanners
(Toshiba Aquilion One 160 (Japan) and Toshiba
CXL 64 (Japan)) using a standard CT protocol. The
patients were treated according to the current na-
tional guidelines for preventing, diagnosing, and
treating the new coronavirus infection (COVID-19)
[1]. All patients were over 18 years, had no mental
disorders, did not suffer from alcohol or drug abuse,
and signed an informed consent.

To achieve the established aim, we carried out an
intergroup statistical analysis of clinical and labora-
tory parameters depending on the criteria of clinical
severity and the severity of the disease according
to CT findings. As clinical criteria of COVID-19
severity, we used the criteria recommended in the
methodological guidelines for preventing, diag-
nosing, and treating the novel coronavirus infec-
tion (COVID-19) [1]. As CT criteria of the disease
severity, we used the X-ray criteria for diagno-
sing inflammatory changes in the chest organs in
COVID-19 [2].

Statistical analysis was performed using Statis-
tica 10.0 software (StatSoft Inc, USA). Compari-

sons among the groups were performed using the
Kruskal — Wallis H test. Assessment of the diffe-
rences in the mean values in pairwise independent
samples was performed using the Mann — Whitney
U test. Qualitative data are presented as absolute or
relative (%) values. Quantitative variables are pre-
sented as M £+ SD, where M is the arithmetic mean,
and SD is the standard deviation. The difference in
values was considered statistically significant at p
< 0.05. Correlation analysis with Spearman’s cor-
relation coefficient and one-way regression analysis
were carried out to analyze the dependencies. The
correlation was considered strong if the correlation
coefficient was from = 0.7 to + 1; it was considered
average if the coefficient was from + 0.3 to £+ 0.699;
and weak if it ranged from 0 to + 0.299.

RESULTS

The obtained data indicate a significantly lower
level of neutrophils in the peripheral blood in pa-
tients with mild COVID-19 in comparison with pa-
tients with a severe and extremely severe course of
the disease (Table 1).

Table 1

Comparative analysis of laboratory parameters in patients upon admission to the hospital, depending on the severity of COVID-19

Parameter Clinical severity Clinical severity Clinical severity Clinical severity o
1 2 3 4

Leukocytes 63 £3.6 7.67+39 8.52+ 4.7 947+438 0.007
Neutrophils 446+3.2 555+3.7 6.90+ 4.5 8.10+4.8 0.02
Total protein 653+6.8 643+52 63.2+5.1 58.4+4.6 0.02
Albumin 36.4+4.1 339+£5.6 326+54 29.1+£2.6 0.001
Urea 73+24 6.9+22 10.7+3.8 153+4.1 0.002
Creatinine 126.5+31.2 114.8 £30.1 116.5+29.6 176.1 £32.6 0.005
Bilirubin 13.5+4.1 11.3+3.9 13.4+3.6 21.9+52 0.007
AST 59.2+£26.2 51.9+233 91.0+£59.3 102.8 £ 65.5 0.01
Calcium 0.98 +0.35 0.93+0.24 0.85+0.29 0.49+0.16 0.002
Glucose 6.99+2.7 7.46+2.8 8.28+£3.2 11.9+3.8 0.02

* Kruskal — Wallis test (here and in Table 2)

Further, some other statistically significant dif-
ferences were found in a number of laboratory pa-
rameters among patients with a mild course and
patients with an extremely severe course of the di-
sease. So, in patients with mild COVID-19, there
were lower levels of leukocytes, urea, creatinine,
bilirubin, and aspartate aminotransferase (AST),
as opposed to the group of patients with extreme-
ly severe disease. In addition, patients with a mild

course of COVID-19 had significantly higher con-
centration of albumin than patients with a more se-
vere disease course.

Patients with a severe course of COVID-19 had
a significantly lower level of calcium and increased
glucose concentration in blood (Table 1). No data
on the significant differences in the levels of oth-
er electrolytes (sodium, potassium, chlorine, iron)
between the groups were obtained.
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In order to identify the differences in clinical
and laboratory parameters in patients stratified ac-
cording to the severity of COVID-19 following CT
findings, an intergroup comparative analysis was
carried out (Table 2).

As it is shown in Table 2, patients from the CT1
group, similarly to patients with a clinically mild
course of the disease, had significantly lower levels
of neutrophils, urea, creatinine, AST, and blood glu-
cose and a higher level of blood calcium than oth-

er participants. Additional laboratory markers were
established (lymphocytes, eosinophils, lactate dehy-
drogenase (LDH), D-dimer, and C-reactive protein
(CRP)), according to which the patients in the groups
differed and patients with different clinical severity
of the disease did not differ. From the data presented
in Table 2, it can be seen that patients from the group
with less pronounced changes in the lung tissue had
a higher level of lymphocytes in the peripheral blood
and lower levels of LDH, D-dimer, and CRP.

Table 2

Comparative analysis of laboratory parameters in patients with COVID-19 upon admission to the hospital, depending
on the degree of changes detected by CT of the chest organs (CT0-CT4), M + SD

Parameter CT1 CT2 CT3 CT4 p*
Neutrophils 478 +3.3 598 +3.7 5.73+3.6 7.46+3.9 0.01
Leukocytes 1.66 £ 0.62 1.18£0.71 1.29+£0.9 0.94+0.32 0.001

Albumin 36.9+4.6 333+ 3.7 33.6+5.2 304+238 0.001
Urea 63+52 8.1+3.6 8.5+4.7 12.1+83 0.001
Creatinine 123.4+£78.1 1303 +£65.4 103.5+56.9 152.1 £90.0 0.01
AST 43.6+ 12.5 62.3+£249 75.2+£28.7 77.1 £30.8 0.02
LDH 563.4+102.5 826.2 +259.4 866.9 +234.9 1,103.0 £ 522.4 0.003
Calcium 1.06 +0.46 0.94+0.21 0.84 +£0.32 0.703 £0.18 0.01
Glucose 6.49+23 7.41+£2.7 8.12+2.5 10.0+4.2 0.001
D-dimer 583.2+132.4 1,780.9 + 1,446.9 1,663.6 £ 1,165.4 1,750.3 +1,240.8 0.001
CRP 484+ 23.7 125.8 £82.2 127.4+73.5 171.0 £90.4 0.001

* Kruskal — Wallis test

The next stage of the statistical analysis included
a comparative analysis of the clinical and laboratory
parameters in patients with deterioration according
to CT, who were divided into groups depending on
the outcomes (discharge from the hospital / death).
Out of 104 patients with negative CT dynamics, the
outcome was fatal in 82 patients. Upon admission,
the condition of the patients with subsequent lethal
outcome was assessed as severe in 61 (73.8%) cases
and as extremely severe in 21 (26.2%) individuals.
However, CT patterns upon admission were dis-
tributed as follows: CT2 was detected in 19 (23%)
patients, CT3 — in 44 (54%) patients, and CT4 — in
19 (23%) patients. Pairwise comparison (Mann —
Whitney test) revealed significant differences in
the levels of lymphocytes, eosinophils, LDH, D-di-
mer, and CRP between the CT2 and CT3—4 groups
(»p < 0.01). However, between patients of CT3
and CT4 groups, only insignificant differences
(p <0.05) in the concentrations of lymphocytes and
urea were revealed.

We also obtained data indicating that a part of
the participants (15 (9.6%) patients) with CT3—4 le-
sions had a mild clinical course of the disease and /
or had no pathological changes in the clinical labo-
ratory data at the time of the discharge.

At the next stage of the work, we looked closer
at the patients with lethal outcome. All these par-
ticipants underwent a postmortem examination, so
it was possible to establish particular complications
of COVID-19 and causes of death with certainty.
The postmortem examination data analysis con-
firmed acute respiratory distress syndrome (ARDS)
as a complication of the disease in 80 (97.5%) pa-
tients who had died. Pulmonary embolism (PE) was
detected in 8 (9.8%) patients, sepsis — in 2 (2.4%)
cases, and ischemic stroke — also in 2 (2.4%) pa-
tients. Concomitant bacterial infection was found in
58 (70.7%) people, which was confirmed by intrav-
ital tracheobronchial aspiration and the presence of
areas of neutrophil infiltration in the lung parenchy-
ma upon the postmortem exa — mination.
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We studied the distribution of concomitant pa-
thologies in patients with different outcomes of the

disease (discharge from the hospital / death). The
data between the groups are presented in Table 3.

Table 3

Distribution of comorbidities in patients with different outcomes of COVID-19

Parameter Discharged patients, n =73 Patients with the lethal outcome, n = 82
Arterial hypertension 38 (52%) 67 (81.7%)
Ischemic heart disease 33 (45%) 52 (63.4%)
Chronic heart insufficiency 9 (12%) 44 (54%)
Diabetes 29 (40%) 29 (35.4%)
Malignancy (in the medical history) 44 (60%) 13 (16%)
Chronic lung diseases 47 (64%) 26 (32%)
No comorbidity 26 (36%) 12 (14.6%)

In the group of patients with the lethal outcome,
cardiovascular diseases were significantly more
often detected in comparison with discharged pa-
tients. At the same time, a concomitant pathology in
this group was absent only in 14.6% of patients, in
contrast to the group of individuals discharged from
the hospital, where the concomitant pathology was
absent in almost 1/3 of observations. This may indi-
cate that the concomitant cardiovascular pathology
to a greater extent is associated with an unfavorable
outcome of the disease.

Analysis of the relationships between the data
of clinical and laboratory studies and the clinical
and radiological severity of COVID-19 showed a
strong positive correlation with the levels of neu-
trophils, albumin, creatinine, urea, and calcium.
A strong negative correlation was found between
lymphocyte counts and the radiological severity. A
moderate positive correlation was found between
the level of D-dimer, glucose, and CRP and the ra-
diological severity. These data confirm the value of
the comprehensive analysis of laboratory parame-
ters, clinical examination data, and a CT pattern of
the disease.

DISCUSSION

The results of our study of clinical biomarkers of
severe and extremely severe courses of COVID-19
do not contradict with the data published in the lit-
erature. We demonstrated that serum levels of neu-
trophils, lymphocytes, albumin, urea, creatinine,
D-dimer, calcium, glucose, and CRP are associated
with the severity and outcome of the disease in pa-

tients with COVID-19. Some researchers also re-
vealed the influence of concomitant bacterial infec-
tion (leukocytosis, neutrophilia, and increased CRP
levels) on aggravation of the course of COVID-19
[5, 6, 9]. According to the same researchers, elevat-
ed levels of CRP, AST, LDH, D-dimer, and lym-
phocytopenia were almost not registered in patients
with mild COVID-19, in contrast to patients with a
severe course of infection [6, 7]. These findings em-
phasize rare concomitant bacterial infection and de-
velopment of multiple organ failure in patients with
a mild course of the novel coronavirus infection.

In some other studies, hypocalcemia was used
as a prognostic marker of the severe and extreme-
ly severe course of COVID-19 [7-9]. Low serum
calcium concentration can result from decreased
absorption of electrolyte in the intestine, dysregula-
tion of calcium metabolism against the background
of hyperparathyroidism and a decrease in vitamin D
level, and direct viral exposure. It was shown that in
various viral infections calcium is required for pen-
etration of the virus in the host cells, its maturation,
and replication. For example, with similar infection
caused by a virus of the same SARS-CoV family,
intracellular impairment of calcium homeostasis
promoted the activation of pro-inflammatory mech-
anisms and an increase in the levels of IL-1, IL-6,
and tumor necrosis factor a. This pathological state
resulted in damage to the lung tissue [13].

Hypoalbuminemia and increased serum creat-
inine and urea may be considered as biomarkers
of the development of multiple organ failure [7,
9]. What is more, several studies demonstrated the
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connection between hypoproteinemia and hypocal-
cemia in the acute phase of COVID-19 and their
association with the lethal outcome of the disease
[5, 10].

Our analysis revealed an increased blood glucose
level in patients in the acute phase of COVID-19.
Glucose values were significantly higher in the se-
vere and extremely severe course of the disease.
Diabetes mellitus is considered one of the most fre-
quent concomitant pathologies that aggravate the
course of COVID-19 [14, 15]. In our group of pa-
tients, 58 (37.4%) people had had the diagnosis of
diabetes mellitus before admission to the hospital.
At the same time, hyperglycemia during hospital-
ization was registered in 72 (46.5%) patients. Since
in the majority of patients who had no history of
diabetes mellitus, hyperglycemia was transient and
resolved at the time of discharge from the hospi-
tal, the diagnosis of diabetes mellitus was not made
upon discharge.

Such an increase in blood glucose levels detect-
ed in our patients is consistent with the results of
other studies [8, 16]. Hyperglycemia in COVID-19
patients is likely associated with damage to the
pancreas. Pancreatic damage, with increased levels
of amylase and lipase in blood, was also reported
in the study by D.J. Drucker (2020). According to
this author, a moderate increase in glucose levels
was found in more than 2/3 of patients [16]. Im-
pairment of carbohydrate metabolism may develop
due to tropism of SARS-CoV-2 to two receptors
(ACE2 (angiotensin-converting enzyme-2) and
DPP-4 (dipeptidylpeptidase-4)), which are in-
volved in various stages of carbohydrate metabo-
lism. In addition, these receptors can be involved
in the regulation of inflammatory reactions and the
functional state of the cardiovascular system and
kidneys. Thus, the expression of ACE2 in both en-
docrine and exocrine pancreatic tissue can cause
the development of pancreatitis in a number of pa-
tients against the background of COVID-19, which
contributes to the exacerbation or de novo emer-
gence of diabetes mellitus in the severe course of
this infection [16].

Since the assessment of the clinical severity of
the course of COVID-19 is based not only on the
results of clinical and laboratory research methods,
but also on the radiological characteristics of the
pulmonary lesion, several researchers attempted to

use CT as a prognostic criterion for the clinical dis-
ease severity [2].

In the course of the study, no significant rela-
tionship between the clinical and radiological char-
acteristics of COVID-19 and its outcomes was
found. Thus, we identified statistically significant
differences in the markers of the infectious and
inflammatory process, lymphocytes, urea, creat-
inine, LDH, AST, calcium, glucose, and D-dimer
between the groups of patients with different radio-
logical severity at initial CT scanning. These dif-
ferences were not found in the groups of patients
divided according to the same classification upon
discharge; even though upon discharge, a lot of pa-
tients retained radiological changes corresponding
to both CT 1-2 and CT 3—4 grades. There were
only minor differences in the lymphocyte and urea
levels between the patients from the CT3 and CT4
groups.

In May 2020, an article was published, where
the authors point out that older age and high LDH
are independent risk factors for a severe course of
COVID-19 even in patients with a mild course of
the disease [17]. These data also correlate with our
results.

CONCLUSION

Our results indicate several biomarkers of the
severity of the course of the novel coronavirus in-
fection caused by the SARS-CoV-2 virus. Howev-
er, the revealed differences in laboratory markers of
the clinical and radiological severity of the disease
do not currently allow to accurately characterize the
nature of the relationship between the clinical se-
verity of the disease course, CT changes, and labo-
ratory parameters of COVID-19 severity.
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