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Abstract

Introduction: Pathogenic mechanisms and long-term consequences of COVID-19 require attention 
in studies on SARS-CoV-2. The association of the severity of COVID-19 with genetic factors, such as 
human leukocyte antigen (HLA) genes, remains underexplored. Our study assessed the relationships  
between HLA class II alleles and COVID-19 severity and blood-based indicators of systemic inflam-
mation and organ damage, serum markers of epithelial cell apoptosis such as caspase-cleaved CK18 
fragment M30 (CK18-M30) and the extracellular matrix product hyaluronic acid (HA).

Material and methods: The study included 101 hospitalized COVID-19 patients (mean age  
60 ±14 years). Clinical tests were performed at admission to the hospital. The levels of CK18-M30 
and HA were detected in serum by enzyme-linked immunosorbent assay (ELISA). HLA typing was per-
formed in HLA-DRB1, -DQA1, and -DQB1 loci by the polymerase chain reaction with low-resolution 
sequence-specific primers.

Results: Sixty-one patients had a non-severe and 40 had a severe or critical disease course  
(following the WHO definition). The severity was associated with older age, male gender, higher HA, 
CK18-M30, and some indicators of inflammation. Despite the lack of direct association between HLA 
alleles and the severity of COVID-19, the presence of HLA-DRB1*04 and 12 alleles in the genotype 
was associated with lowered or elevated HA, respectively. The HLA-DQB1*03:01 allele was associated 
with lowered CK18-M30, aspartate aminotransferase, and ferritin. In addition, HLA-DQB1*06:01 was 
associated with elevated alanine aminotransferase.

Conclusions: Associations of HLA class II alleles with markers of epithelial cell apoptosis and ex-
tracellular matrix production indirectly support the influence of HLA genes on acute COVID-19 severity.
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Introduction
Coronavirus disease 2019 (COVID-19), caused by 

severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), has a varied acute clinical course with possible 
development of acute respiratory distress syndrome and 
multiple organ dysfunction and mortality risk [1, 2]. Some 
people have long-term health effects that last for weeks 
or even months after recovery from an acute illness [3, 4] 
or can develop autoimmune processes after the resolution 
of infection [5]. Therefore, establishing pathogenic mech-

anisms and long-term consequences of COVID-19 requires 
attention in studies on SARS-CoV-2.

Age, male gender, and comorbidities are among 
the main factors related to the outcome of COVID-19 [1, 2]. 
The outcome can be primarily age-dependent in patients 
with a similar initial viral load due to the impaired adaptive 
immune response to SARS-CoV-2 and possibly facilitat-
ing and amplifying hyperinflammation in older people [6]. 
Additionally, the severity of SARS-CoV-2 infection can 
be related to genetic factors such as human leukocyte anti-
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gen (HLA) genes [7-10]. HLA genes regulate the immune 
response by encoding HLA or major histocompatibility 
complex (MHC) I and II molecules, which bind antigen 
peptides and present them to T lymphocytes. Therefore, 
differences in peptide-binding affinities between HLA 
class I and class II proteins and SARS-CoV-2 peptides 
[11] may affect the disease course [12].

Since the beginning of the pandemic, the role of HLA 
genes in COVID-19 severity has been intensively dis-
cussed [7-10, 13, 14]. These studies produced inconsistent 
results due to different sample sizes, genetic variation be-
tween populations, and different indicators of COVID-19 
severity. For example, a potentially protective effect 
on COVID-19 severity may be associated with HLA-
DRB1*04:01 [7] and HLA-DRB1*01:01 and 03:01 [8], 
but disease severity may be related to HLA-DRB1*09:01 
[10]. Other studies [9, 13, 14] revealed no significant as-
sociations between HLA alleles and COVID-19 severity. 
From a theoretical perspective [15], the infected individ-
uals enter the severe stage with an intense inflammatory 
response and increased production and deposition of hy-
aluronic acid (HA) in the lungs when their general health 
status and HLA haplotype do not eliminate the virus in 
the early stage. Simultaneously, there is a lack of empirical 
assessment of the relationship between HLA alleles, in-
flammation, and the level of serum HA. This study aimed 
to investigate the relationships between HLA class II al-
leles and COVID-19 severity and blood-based indicators 
of systemic inflammation and organ damage.

To analyze the association of HLA class II alleles 
with systemic inflammation and organ damage, we se-
lected indicators reflecting the pathogenetic mechanisms 
of COVID-19. They were lymphocyte count, C-reactive 
protein (CRP), interleukin 6 (IL-6), ferritin, D-dimer, and 
serum enzymes, such as lactate dehydrogenase (LDH), 
alanine aminotransferase (ALT), and aspartate amino-
transferase (AST), as widely used non-specific early 
predictors of a poor outcome [16-19]. Recent studies 
[20, 21] have shown that serum markers of epithelial 
cell apoptosis, such as caspase-cleaved cytokeratin 18 
fragment M30 (CK18-M30) [22, 23], and serum mark-
ers of increased extracellular matrix production, such as 
HA [15], were previously observed in a higher concen-
tration in severe than mild COVID-19 cases [20, 21]. 
Increased CK18-M30 in acute COVID-19 can be ex-
plained by the direct damage of epithelial cells express-
ing angiotensin-converting enzyme 2 (ACE2) receptors 
in the lungs, kidneys, liver, and other organs by the virus 
[24] and inducing infected cell apoptosis [25, 26]. Inten-
sive cytokine production and inflammation during acute 
COVID-19 facilitate the production of HA in tissues that 
can lead to acute respiratory distress syndrome [15, 27]. 
Increased HA can also be detected in the blood, and HA 
association with acute COVID-19 severity was observed 
in the context of developing fibrotic processes in the lungs 

[21] and liver [28]. Therefore, using HA and CK-18 as 
indicators of COVID-19 severity can extend our under-
standing of the pathogenetic mechanism of SARS-CoV-2. 
Considering previous findings [20, 21, 28], we can hy-
pothesize an intercorrelation between CK18-M30 and HA. 
Additionally, based on previously described links between 
COVID-19 severity and serum levels of CK18-M30 and 
HA [20, 21] and the association between COVID-19 se-
verity and HLA profile [7, 8, 10], we can hypothesize 
associations between HLA class alleles and indicators 
of COVID-19 severity, including epithelial cell apoptosis 
and extracellular matrix production.

Material and methods

Study design and participants

The one-center cross-sectional study was conducted 
from September to December 2020. Permissions of the Cen-
tral Medical Ethics Committee, Riga, Latvia (protocol  
No. 01-29.1/2429) and the Ethics Committee of Riga 
Stradiņš University, Latvia (protocol No. 6-1/07/14) were 
obtained for the genetic analysis. All patients were hospital-
ized at Riga East Clinical University Hospital (Latvia) and 
signed an agreement for participation in the study.

The study group included 101 patients with confirmed 
SARS-CoV-2 infection by positive real-time reverse-tran-
scription polymerase chain reaction in the nasopharyngeal 
swab. Chest X-rays and blood gas analysis at admission 
were performed for all patients. Chest computed tomogra-
phy was performed for some patients according to clinical 
indications. Based on clinical and radiological data and 
the minimal level of blood oxygen saturation (minimal 
SpO

2
) during hospitalization in medical records, all cases 

were retrospectively classified as non-severe (cases without 
or with evidence of pneumonia and SpO

2
 ≥ 90% on room 

air), severe (with pneumonia and SpO
2
 < 90% on room air), 

or critical (with additional evidence of respiratory failure, 
multiple organ dysfunction, septic shock) according to 
the World Health Organization COVID-19 severity defini-
tion [29]. For statistical analysis, patients with severe and 
critical diseases were combined into one group.

For all patients, venous blood samples were obtained 
on an empty stomach within 24 hours after admission to 
the hospital. Venous blood samples were centrifuged at 
4000 × g for 10 min, and serum was stored at –80°C until 
additional analysis. For genetic analysis, 5 ml of venous 
blood with EDTA was used and stored at –80°C.

Routine clinical tests

Routine clinical tests included leukocyte, lymphocyte, 
and platelet counts and levels of CRP, IL-6, ferritin, ALT, 
AST, LDH, γ-glutamyl transferase (GGT), D-dimer, and 
creatinine. We also analyzed data on the minimal SpO

2
 

during hospitalization.
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Hyaluronic acid

Hyaluronic acid was detected by an enzyme-linked im-
munosorbent assay kit (Hyaluronan Quantikine ELISA Kit, 
R&D Systems) following the manufacturer’s instructions. 
HA higher than 75 ng/ml was considered elevated [29].

Caspase-cleaved cytokeratin 18 fragment 
(CK18-M30)

Caspase-cleaved cytokeratin 18 fragment M-30 
(CK18-M30) was detected in serum by an enzyme-linked 
immunosorbent assay kit (M30 Apoptosense ELISA Kit,  
Peviva) following the manufacturer’s instructions. CK18- 
M30 higher than 200 U/l was considered elevated [22].

HLA typing

DNA extraction was performed using the QIAamp DNA 
Blood Kit (QIAGEN). DNA quality and quantity were 
checked using a Qubit fluorometer (Invitrogen). HLA typing 
was performed in HLA-DRB1, -DQA1, and -DQB1 loci by 
a polymerase chain reaction with sequence-specific primers 
(SSP-PCR) according to the manufacturer’s instructions 

(DNA-Technology). Amplification was performed using 
a thermocycler with four channels and 48 wells.

Statistical analysis

The IBM SPSS 22.0 program was used for data analy-
sis. The analysis of the total frequency of alleles and their 
distribution in groups of patients was allele-based and count-
ed every allele. Therefore, the total number of alleles was  
202 for each HLA locus under investigation. We applied 
Pearson’s chi-square (χ2) test and the Cochran-Mantel- 
Haenszel test to compare allele distribution in their associa-
tion with disease severity. Comparisons of clinical markers 
and correlation analysis were patient-focused, and data on 
allele-positive or allele-negative patients were analyzed in 
101 people. We used the nonparametric Mann-Whitney test 
and Spearman rank correlation coefficient for this task.

Results

Clinical characteristics of study groups

There were 101 patients aged between 26 and 85  
(M = 60 ±14 years) in the study. Comorbidities were 

Table 1. Demographic characteristics, routine clinical tests, hyaluronic acid, and cytokeratin 18 fragment M30 at admis-
sion to the hospital in patients with different COVID-19 severity

Parameters COVID-19 severity Mann-Whitney
U test

Non-severe Severe and critical

n Median (IQR) n Median (IQR)

Age, years 61 61.0 (49.5; 67.0) 40 67.5 (58.0;73.0) 1552.0*

Females (%) 61 62% 40 33% 8.58** a

Min SpO
2
 (%) 61 95 (92; 96) 39 87 (79; 88) 0.0***

Leucocytes (×103/µl) 61 5.04 (4.09; 7.49) 40 5.77 (4.80; 7.29) 1399.5

Lymphocytes (×103/µl) 59 0.97 (0.70; 1.42) 37 0.92 (0.70; 1.20) 967.0

Platelets (×103/µl) 60 200 (169; 263) 40 183 (134; 230) 941.0

CRP (mg/l) 61 29.6 (12.0; 93.3) 40 61.6 (29.6; 125.3) 1574.5*

IL-6 (pg/ml) 51 11.9 (6.4; 24.8) 30 39.9 (15.4; 50.0) 1163.0***

Ferritin (ng/ml) 60 387.7 (145.5; 788.9) 35 614.0 (277.5; 1219.7) 1259.0

ALT (U/l) 57 25 (17; 41) 39 27 (18; 43) 1160.0

AST (U/l) 46 30 (20; 45) 34 39 (27; 67) 980.5

LDH (U/l) 58 241 (195; 316) 38 383 (266; 445) 1664.5***

GGT (U/l) 44 31 (16; 58) 27 59 (31; 94) 797.5*

Creatinine (µmol/l) 60 72.5 (64.0; 84.3) 39 87.0 (73.0; 108.0) 1636.5**

D-dimer (µg/l) 61 0.48 (0.41; 0.73) 37 0.54 (0.41; 0.73) 1262.0

HA (ng/ml) 61 62.1 (34.9; 93.5) 40 87.8 (46.9; 197.5) 1524.5*

CK18-M30 (U/l) 53 217.0 (143.5; 266.5) 32 246.0 (207.8; 336.3) 1071.0*

a Assessed with chi-square test. IQR – interquartile range, Min SpO
2
 – lowest oxygen saturation during hospitalization, CRP – C-reactive protein, IL-6 – interleu-

kin 6, ALT – alanine aminotransferase, AST – aspartate aminotransferase, LDH – lactate dehydrogenase, GGT – γ-glutamyl transferase, HA – hyaluronic acid, 
CK18-M30 – caspase-cleaved cytokeratin 18, n – number of patients. *p < 0.05, **p < 0.01, ***p < 0.001.
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reported in 80% of patients. The most common comor-
bidities were arterial hypertension (57 patients) and dia-
betes mellitus (18 patients). The less commonly reported  
comorbidities were arrhythmias (11 patients), chronic  
heart failure (10 patients), chronic obstructive pulmonary 
disease (2 patients), asthma (7 patients), chronic kidney 
disease (5 patients), adiposity (7 patients), cerebrovascu-
lar disease (8 patients), oncological disease (5 patients), 
and liver diseases (8 patients), including fatty liver disease  
(5 patients) and chronic viral hepatitis B or C (3 patients).

Patients were admitted to the hospital on day 8 ±4 of ill-
ness. Eight patients were hospitalized in the intensive care 
unit. Remdesivir was used for 18 patients, steroids for 57, 
vasopressors for three patients, oxygen supplementation 
without mechanical ventilation for 56 patients and mechan-
ical ventilation for one patient. A retrospective analysis 
of COVID-19 severity showed that 61 patients had non- 
severe COVID-19, and 40 had severe and critical disease 
courses. Table 1 presents the differences between groups.

Patients with severe and critical COVID-19 were old-
er than patients with non-severe disease (p < 0.05). Male 
gender was associated with COVID-19 severity (p < 0.01). 
Patients with severe and critical COVID-19 had a lower 
level of SpO

2
 during the hospitalization period than pa-

tients with non-severe COVID-19.
To confirm clinical differences at admission to 

the hospital among patients with non-severe and severe 
and critical COVID-19, we analyzed routine clinical tests. 
The analysis (Table 1) revealed higher levels of the inflam-
matory markers CRP (61.6 mg/l, IQR [29.6, 125.3] vs. 
29.6 mg/l, IQR [12.0, 93.3]), IL-6 (39.9 pg/ml, IQR [15.4, 
50.0] vs. 11.9 pg/ml, IQR [6.4, 24.8]), and higher levels 
of the serum enzymes LDH (383 U/l, IQR [266, 445] vs. 
241 U/l, IQR [195, 316]) and GGT (59 U/l, IQR [31, 94] 
vs. 31 U/l, IQR [16, 58]) in patients with severe and critical 
COVID-19 than in patients with non-severe COVID-19, 
respectively. Patients with severe and critical COVID-19 
also had a higher level of creatinine (87.0 µmol/l, IQR 
[73.0, 108.0] vs. 72.5 µmol/l, IQR [64.0, 84.3]).

In addition, we found that patients with severe and 
critical COVID-19 at admission had a higher level of HA  
(87.8 ng/ml, IQR [46.9, 197.5] vs. 62.1 ng/ml, IQR  
[34.9, 93.5]), and CK18-M30 (246.0 U/l, [207.8, 336.3] 
vs. 217.0 U/l, IQR [143.5, 266.5]). Based on cut-off levels 
[22, 29], we detected that 47% of all patients had increased 
HA (≥ 75 ng/ml), and 66% had increased CK18-M30  
(≥ 200 U/l).

The correlation analysis revealed an intercorrelation 
between HA and CK18-M30 (r

s
 = 0.56, p < 0.001). HA 

correlated with the inflammatory markers IL-6 (r
s
 = 0.34, 

p < 0.01) and ferritin (r
s
 = 0.23, p < 0.05), and the mark-

ers of tissue damage ALT (r
s
 = 0.38, p < 0.001), AST  

(r
s
 = 0.43, p < 0.001), LDH (r

s
 = 0.49, p < 0.001), and GGT 

(r
s
 = 0.25, p < 0.05). Similarly, CK18-M30 positively cor-

related with ferritin (r
s
 = 0.39, p < 0.001), ALT (r

s
 = 0.45, 

p < 0.001), AST (r
s
 = 0.47, p < 0.001), LDH (r

s
 = 0.45,  

p < 0.001), and GGT (r
s
 = 0.331, p < 0.05). Both HA and 

CK18-M30 negatively correlated with SpO
2
 during hospi-

talization (r
s
 = –0.32, p < 0.01 for HA; r

s
 = –0.39, p < 0.001 

for CK18-M30). HA and CK18-M30 demonstrated no cor-
relation with creatinine or gender, while HA was positively 
related to patients’ age (r

s
 = 0.39, p < 0.01).

HLA class II alleles and their associations  
with severity and clinical markers

Table 2 presents HLA class II allele frequencies in pa-
tients with different COVID-19 severity. The allele-based 
analysis revealed no significant associations between  
HLA-DRB1*, -DQA1*, and -DQB1* alleles and COVID-19 
severity following the WHO definition. The most com-
mon HLA-DRB1* allele – HLA-DRB1*13 – was similar-
ly distributed between severe and critical and non-severe 
groups (25.0% vs. 16.4%, respectively). The most common  
HLA-DQA1* allele – HLA-DQA1*05:01 – also demonstrat-
ed similar distribution in severe and critical and non-severe 
groups (31.3% vs. 24.6%, respectively). In the HLA-DQB1 
locus, the most common allele was HLA-DQB1*03:01.  
It also demonstrated no significant differences between  
severe and critical and non-severe groups (23.8% vs. 
24.6%, respectively).

Patient-focused analysis revealed several alleles linked 
to the serum levels of HA, CK18-M30, ferritin, ALT, and 
AST. Patients with the presence of the HLA-DRB1*12 allele 
in the genotype had a higher level of HA, U = 62.0, p < 0.05 
(320.0 ng/ml, IQR [109.0; 320.0]), than patients without 
HLA-DRB1*12 (66.1 ng/ml, IQR [37.6; 113.1]). Patients 
with the HLA-DRB1*04 allele had a lower level of HA,  
U = 610.5, p < 0.05 (49.8 ng/ml, IQR [29.2; 75.3]), than 
patients without this allele (81.2 ng/ml, IQR [44.9; 133.6]).

Patients with HLA-DQB1*03:01 had lower levels 
of CK18-M30, U = 647.5, p < 0.05 (207.0 U/l, IQR [127.5; 
260.5] vs. 240 U/l, IQR [196; 343.8]), a lower level of fer-
ritin, U = 765.0, p < 0.01 (322.7 ng/ml, IQR [146.0; 619.4] 
vs. 675.0 ng/ml, IQR [262.6; 1160.4]), and a lower level 
of AST, U = 527.0, p < 0.05 (29 U/l, IQR [21; 41] vs. 41 U/l, 
IQR [26; 72]), than patients without it. In addition, patients 
with HLA-DQB1*06:01 showed a higher level of ALT,  
U = 174.5, p < 0.05 (50 U/l, IQR [36; 79]), than patients 
without this allele in the genotype (25 U/l, IQR [17; 40]).

Discussion
We identified associations between HLA class II alleles 

and serum levels of HA and CK18-M30, which, in turn, 
were associated with COVID-19 severity in our groups and 
some previous studies [20, 21, 28]. The levels of HA and 
CK18-M30 intercorrelated positively, and each of them 
negatively correlated with the minimum SpO

2
 level during 

hospitalization. These correlations indicate increased ex-
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tracellular matrix production and epithelial cell apoptosis 
under hypoxia in acute COVID-19 [20, 21, 28]. Moreover, 
extracellular matrix production and epithelial cell apopto-
sis occur synchronously. However, we did not find a direct 
association between HLA and the severity of COVID-19, 
which was considered severe or critical if the minimal 
level of SpO

2 
during the hospitalization was lower than 

90%. In our sample, the presence of the HLA-DRB1*04 
allele in the genotype was associated with a lower serum 
HA, the presence of HLA-DRB1*12 with a higher HA, and 
HLA-DQB1*03:01 with a lower serum CK18-M30. It indi-
cated possible modulation of extracellular matrix produc-
tion and epithelial cell apoptosis (as factors associated with 
COVID-19 severity) during COVID-19 by HLA alleles, 

Table 2. Allele frequencies in HLA-DRB1, -DQA1, and -DQB1 loci in patients with different COVID-19 severity

Loci Allele COVID-19 severity Total (2n = 202) Non-severe 
vs. severe and critical

Non-severe (2n = 122) Severe and critical (2n = 80)

n % n % n % p-value

HLA-DRB1 01 14 11.5 7 8.8 21 10.4 0.645

03 11 9.0 6 7.5 17 8.4 0.690

04 19 15.6 5 6.3 24 11.9 0.108

07 12 9.8 9 11.3 21 10.4 0.732

08 3 2.5 0 0 3 1.5 0.079

09 0 0 0 0 0 0 NA

10 0 0 0 0 0 0 NA

11 15 12.3 13 16.3 28 13.9 0.385

12 2 1.6 3 3.8 5 2.5 0.346

13 20 16.4 20 25.0 40 19.8 0.224

14 5 4.1 6 7.5 11 5.4 0.289

15 20 16.4 9 11.3 29 14.4 0.690

16 2 1.6 2 2.5 4 2.0 0.647

HLA-DQA1 01:01 14 11.5 11 13.8 25 12.4 0.682

01:02 23 18.9 13 16.3 36 17.8 0.593

01:03 21 17.2 15 18.8 36 17.8 0.752

02:01 15 12.3 11 13.8 26 12.9 0.648

03:01 10 8.2 2 2.5 12 5.9 0.456

04:01 9 7.4 2 2.5 11 5.4 0.384

05:01 30 24.6 25 31.3 55 27.2 0.193

06:01 0 0 1 1.3 1 0.5 0.396

HLA-DQB1 02:01-02 24 19.8 18 22.5 42 20.8 0.278

03:01 30 24.6 19 23.8 49 24.3 0.999

03:02 10 8.2 4 5.0 14 6.9 0.363

03:03 1 0.8 0 0 1 0.5 0.999

03:04 0 0 1 1.3 1 0.5 0.396

03:05 0 0 0 0 0 0 NA

04:01-02 5 4.1 1 1.3 6 3.0 0.398

05:01 17 13.9 10 12.5 27 13.4 0.673

05:02-04 5 4.1 7 8.8 12 5.9 0.390

06:01 7 5.7 1 1.3 8 4.0 0.142

06:02-08 23 18.9 19 23.8 42 20.8 0.618

n – number of patients, NA – not applicable
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which aligns with our hypothesis. This finding also con-
curs with a theoretical perspective on associations of HA 
production with inflammation and HLA [15].

Additionally, we found associations of two HLA class II 
alleles with liver enzymes and ferritin as an acute phase 
protein produced by hepatocytes, reflecting inflammation 
and severity in COVID-19 [16, 17, 19]. There were two 
additional associations of the HLA-DQB1*03:01 allele 
with lower levels of AST and ferritin. The observed as-
sociation enhances the potentially protective effect of this 
allele on hepatocellular damage. In contrast, an associa-
tion of the HLA-DQB1*06:01 allele with a higher level 
of ALT may point to the potentially hepatotoxic effect. 
Even though the SARS-CoV-2 virus predominantly causes 
lung damage [31], hepatocytes also express ACE-2 recep-
tors and can be infected by the virus or damaged during 
a pro-inflammatory reaction by cytokines [24]. Therefore, 
the intercorrelation between HA and CK18-M30 and their 
correlations with ALT and GGT, as more specific liver 
enzymes, point to liver involvement in increased produc-
tion of HA and epithelial cell apoptosis, complementing 
the involvement of lungs in these processes [20, 21].

The absence of a direct association between HLA 
and COVID-19 severity is in accordance with some pre-
vious studies [9, 13, 14], but not that of Langton et al. 
[7]. However, these studies applied different criteria for 
defining COVID-19 severity. For example, one study 
[13] defined a severe disease course as hospitalization 
(vs. non-hospitalization) without data on SpO

2
 monitor-

ing during it. Another study [7] described a severe case as 
hospitalization with oxygen supplementation. One more 
study [14] defined severe cases as mechanical ventilation 
cases, presenting a narrower view than in our study. On 
the other hand, the definition of severe cases as blood ox-
ygen saturation ≤ 93% [9] was broader than in our study. 
Despite this, our study revealed similar associations be-
tween HLA alleles and indicators of COVID-19 severity. 
For example, HLA-DRB1*04 and HLA-DQB1*06:01 were 
previously described in patients with COVID-19 [7, 30]. 
HLA-DRB1*04 was associated with a non-severe disease 
course [7], and HLA-DQB1*06 was described with a high-
er susceptibility to SARS-CoV-2 infection [30]. Based on 
the observed relationships, our results indirectly support-
ed the protective effect of HLA-DRB1*04 and the risk ef-
fect of HLA-DQB1*06:01 in COVID-19. It suggests that 
the discrepancies in previous observations [7-10, 13, 14] 
can be explained by the association of HLA class II alleles 
with common mechanisms of disease rather than different 
classifications of COVID-19 severity.

These changes during the acute COVID-19 phase 
can affect tissue remodulation after COVID-19 and lead 
to lung [21] and liver [24, 33] fibrosis. Based on the re-
vealed association of HLA class II alleles with extracellu-
lar matrix production and hepatocellular damage, we can 
hypothesize an effect of HLA alleles on the development 

of liver fibrosis after COVID-19 in a long-term period. In 
further studies, the revealed associations should be tested 
in a large group to detect genetic predisposition to these 
complications. It will help identify and stratify individuals 
with a higher risk of severe COVID-19 and COVID-19- 
related fibrosis and apply treatment inhibiting the produc-
tion of HA.

SARS-CoV-2 is an autoimmune virus that induces 
the production of autoantibodies against different cells, 
including liver cells [34], which can lead to autoimmune 
hepatitis. The previously revealed role of particular HLA 
class II alleles (e.g., HLA-DRB1*04 and 12) in the patho-
genesis of autoimmune liver diseases and hepatocellular 
carcinoma [35-37] and associations of HLA-DRB1*12 
with higher HA and HLA-DQB1*06:01 with a higher lev-
el of ALT observed in our study allow us to hypothesize 
an adverse effect of SARS-CoV-2 infection on possible 
liver-related autoimmune processes, which should be fol-
lowed for a longer time.

The main limitation of our study was the relatively 
small sample size because of a limited number of SARS-
CoV-2 infected patients during the project. Additionally, 
we applied patient-focused analysis for clinical markers 
because of the small number of homozygotic patients. 
Therefore, studies with a larger group of COVID-19 
patients than in the present study are needed to explain 
the exact mechanisms underlying the effects of HLA al-
leles on epithelial tissue damage, fibrosis, disease course, 
and consequences of COVID-19.

In conclusion, our study revealed associations between 
HLA class II alleles and levels of epithelial cell apoptosis 
and extracellular matrix production, identified as indicators 
of COVID-19 severity. Moreover, HLA alleles may mod-
ulate inflammation and hepatocellular damage. We can 
consider an indirect contribution of HLA genes to acute 
COVID-19 severity and COVID-19-related consequences 
such as liver fibrosis that should be tested in the future. In 
the long-term perspective, patients with the HLA-DRB1*12 
and HLA-DQB1*06:01 alleles in the genotype may be at 
risk for liver-related consequences of COVID-19.

Funding
This research is funded by the Ministry of Educa-

tion and Science, Republic of Latvia, project “Clinical, 
biochemical, immunogenetic paradigms of COVID-19 
infection and their correlation with socio-demographic, 
etiological, pathogenetic, diagnostic, therapeutically and 
prognostically important factors to be included in guide-
lines”, project No. VPP-COVID-2020/1-0023. The devel-
opment of this study has also been supported by the Eu-
ropean Social Fund and the Latvian state budget within 
project No. 8.2.2.0/20/I/004, “Support for involving doc-
toral students in scientific research and studies” at Riga 
Stradiņš University.



Central European Journal of Immunology 2023; 48(4)

Association of human leukocyte antigen class II alleles with epithelial cell apoptosis and extracellular matrix production in acute COVID-19

7

Availability of data and materials
The datasets generated and analyzed during the current 

study are available in the DataVerse repository, https:// 
doi.org/10.48510/FK2/ATVBQE.

Acknowledgments
The authors would like to thank the Boris and Inara 

Teterev Foundation, Riga Stradiņš University, and Riga 
East Clinical University Hospital for organizational sup-
port.

The authors declare no conflict of interest.

References 
1. Feng Y, Ling Y, Bai T, et al. (2020): COVID-19 with differ-

ent severities: A multicenter study of clinical features. Am  
J Respir Crit Care Med 201: 1380-1388.

2. Zhou F, Yu T, Du R, et al. (2020): Clinical course and risk 
factors for mortality of adult inpatients with COVID-19 in 
Wuhan, China: a retrospective cohort study. Lancet 395: 
1054-1062.

3. Lopez-Leon S, Wegman-Ostrosky T, Perelman C, et al. 
(2021): More than 50 long-term effects of COVID-19: a sys-
tematic review and meta-analysis. Sci Rep 11: 16144.

4. Sudre CH, Murray B, Varsavsky T, et al. (2021): Attributes 
and predictors of long COVID. Nat Med 27: 626-631.

5. Hong JK, Chopra S, Kahn JA, et al. (2021): Autoimmune hep-
atitis triggered by COVID-19. Intern Med J 51: 1182-1183.

6. Marcinkiewicz J, Witkowski JM, Olszanecki R (2021):  
The dual role of the immune system in the course of  
COVID-19. The fatal impact of the aging immune system. 
Cent Eur J Immunol 46: 1-9.

7. Langton DJ, Bourke SC, Lie BA, et al. (2021): The influence 
of HLA genotype on the severity of COVID-19 infection. 
HLA 98: 14-22.

8. Fischer JC, Schmidt AG, Bölke E, et al. (2021): Association 
of HLA genotypes, AB0 blood type and chemokine recep-
tor 5 mutant CD195 with the clinical course of COVID-19.  
Eur J Med Res 26: 107.

9. Naemi FMA, Al-Adwani S, Al-Khatabi H, Al-Nazawi A 
(2021): Association between the HLA genotype and the se-
verity of COVID-19 infection among South Asians. J Med 
Virol 93: 4430-4437.

10. Anzurez A, Naka I, Miki S, et al. (2021): Association of HLA-
DRB1*09:01 with severe COVID-19. HLA 98: 37-42.

11. Barquera R, Collen E, Di D, et al. (2020): Binding affini-
ties of 438 HLA proteins to complete proteomes of seven 
pandemic viruses and distributions of strongest and weakest  
HLA peptide binders in populations worldwide. HLA 96: 
277-298.

12. Tomita Y, Ikeda T, Sato R, Sakagami T (2020): Association be-
tween HLA gene polymorphisms and mortality of COVID-19: 
An in silico analysis. Immun Inflamm Dis 8: 684-694.

13. Ben Shachar S, Barda N, Manor S, et al. (2021): MHC Hap-
lotyping of SARS-CoV-2 patients: HLA subtypes are not 
associated with the presence and severity of COVID-19 in 
the Israeli population. J Clin Immunol 41: 1154-1161.

14. Ellinghaus D, Degenhardt F, Bujanda L, et al. (2020): Ge-
nomewide association study of severe Covid-19 with respira-
tory failure. N Engl J Med 383: 1522-1534.

15. Shi Y, Wang Y, Shao C, et al. (2020): COVID-19 infection: 
the perspectives on immune responses. Cell Death Differ 27: 
1451-1454.

16. Zhang J, Dong X, Cao Y, et al. (2020): Clinical characteristics 
of 140 patients infected with SARSCoV-2 in Wuhan, China. 
Allergy 75: 1730-1741.

17. Song J-W, Zhang C, Fan X, et al. (2020): Immunological and 
inflammatory profiles in mild and severe cases of COVID-19. 
Nat Commun 11: 3410.

18. Yan L, Zhang H, Goncalves J, et al. (2020): An interpretable 
mortality prediction model for COVID-19 patients. Nat Mach 
Intell 2: 283-288.

19. Hariyanto TI, Japar KV, Kwenandar F, et al. (2021): Inflam-
matory and hematologic markers as predictors of severe 
outcomes in COVID-19 infection: a systematic review and 
meta-analysis. Am J Emerg Med 41: 110-119.

20. Henry BM, Cheruiyot I, Benoit SW, et al. (2022): Cytokeratin 
18 cell death assays as biomarkers for quantification of apop-
tosis and necrosis in COVID-19: a prospective, observational 
study. J Clin Pathol 75: 410-415.

21. Ding M, Zhang Q, Li Q, Wu T, Huang YZ (2020): Correla-
tion analysis of the severity and clinical prognosis of 32 cases 
of patients with COVID-19. Respir Med 167: 105981.

22. Bivén K, Erdal H, Hägg M, et al. (2003): A novel assay  
for discovery and characterization of pro-apoptotic drugs  
and for monitoring apoptosis in patient sera. Apoptosis 8: 
263-268.

23. Ueno T, Toi M, Linder S (2005): Detection of epithelial cell 
death in the body by cytokeratin 18 measurement. Biomed 
Pharmacother 59 Suppl 2: S359-S362.

24. Nardo AD, Schneeweiss-Gleixner M, Bakail M, et al. (2021): 
Pathophysiological mechanisms of liver injury in COVID-19. 
Liver Int 41: 20-32.

25. Ren Y, Shu T, Wu D, et al. (2020): The ORF3a protein 
of SARS-CoV-2 induces apoptosis in cells. Cell Mol Immu-
nol 17: 881-883.

26. Donia A, Bokhari H (2021): Apoptosis induced by SARS-
CoV-2: can we target it? Apoptosis 26: 7-8.

27. Lee C, Choi WJ (2021): Overview of COVID-19 inflammato-
ry pathogenesis from the therapeutic perspective. Arch Pharm 
Res 44: 99-116.

28. Kolesova O, Vanaga I, Laivacuma S, et al. (2021): Intriguing 
findings of liver fibrosis following COVID-19. BMC Gastro-
enterol 21: 370.

29. Living guidance for clinical management of COVID-19. 
World Health Organization, 2021. https://apps.who.int/iris/
bitstream/handle/10665/349321/WHO-2019-nCoV-clinical-
2021.2-eng.pdf

30. Peters L, Neuhaus J, Mocroft A, et al. (2011): Hyaluronic 
acid levels predict increased risk of non-AIDS death in hep-
atitis-coinfected persons interrupting antiretroviral therapy  
in the SMART Study. Antivir Ther 16: 667-675.

31. Xu Z, Shi L, Wang Y, Zhang J, et al. (2020): Pathological 
findings of COVID-19 associated with acute respiratory dis-
tress syndrome. Lancet Respir Med 2020; 8: 420-422.

32. Poulton K, Wright P, Hughes P, et al. (2020): A role for hu-
man leucocyte antigens in the susceptibility to SARS-Cov-2 
infection observed in transplant patients. Int J Immunogenet 
47: 324-328.

33. Radzina M, Putrins DS, Micena A, et al. (2022): Post-
COVID-19 liver injury: Comprehensive imaging with multi-
parametric ultrasound. J Ultrasound Med 41: 935-949.



Central European Journal of Immunology 2023; 48(4)

Ieva Vanaga et al.

8

34. Vojdani A, Vojdani E, Rosenberg AZ, Shoenfeld Y (2022): 
The role of exposomes in the pathophysiology of autoimmune 
diseases II: Pathogens. Pathophysiology 29: 243-280.

35. Gregorio GV, Portmann B, Karani J, et al. (2001): Autoimmune 
hepatitis/sclerosing cholangitis overlap syndrome in childhood: 
a 16-year prospective study. Hepatology 33: 544-553.

36. Han Y, Jiang Z, Jiao L, et al. (2012): Association of human 
leukocyte antigen-DRB1 alleles with chronic hepatitis B virus 
infection in the Han Chinese of Northeast China. Mol Med 
Rep 5: 1347-1351.

37. Junge N, Tiedau M, Verboom M, et al. (2016): Human leuco-
cyte antigens and pediatric autoimmune liver disease: Diag-
nosis and prognosis. Eur J Pediatr 175: 527-537.


