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Abstract

Background There is no doubt about the cardiovascular complications of coronavirus disease 2019 (COVID-19).
Several genetic studies have demonstrated an association between genetic variants in a region on chromosome 9p21
and in a region on chromosome 16922 with myocardial infarction (MI) and atrial fibrillation (AF) accompanied by
cerebral infarction (Cl), respectively.

Objectives Ml and Cl susceptibility in patients with CDKN2B-AS1T and ZFHX3 polymorphisms, respectively, may
have an effect on COVID-19 severity. We aimed to investigate whether there is an association between the cyclin-
dependent kinase inhibitor 2B antisense RNA 1 (CDKN2B-AST) rs1333049 and zinc finger homeobox 3 (ZFHX3)
rs2106261 single nucleotide polymorphisms (SNPs) and the degree of COVID-19 severity.

Subjects and methods This current work was carried out on 360 subjects. They were classified into three groups:
90 severe COVID-19 cases, 90 moderate COVID-19 cases and 180 age- and gender-matched healthy controls. All
subjects underwent genotyping of CDKN2B-AS1 (rs1333049) and ZFHX3 (rs2106261) by real-time PCR.

Results The frequency of G/C in CDKN2B-AS1 (rs1333049) was higher in severe and moderate COVID-19 patients
than in controls (71.1% and 53.3% vs. 37.8%). The frequency of the C/C of CDKN2B-AST (rs1333049) was higher in
moderate COVID-19 patients than in controls (26.7% vs. 13.3%). There were no significant differences regarding
genotype frequency and allelic distribution of ZFHX3 (rs2106261) between COVID-19 patients and healthy controls.

Conclusion CDKN2B-AST (rs1333049) gene polymorphism may play a role in determining the degree of COVID-19
severity. Further studies on its effect on cyclins and cyclin-dependent kinases (CDKs) [not measured in our study] may
shed light on new treatment options for COVID-19.
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Background

Coronavirus (CoV), which was well described in 1960, is
a family of positive-strand enveloped RNA viruses that
infect vertebrates [1].

The three known CoVs that cause severe diseases —
severe acute respiratory syndrome-related coronavi-
rus-1 (SARS-CoV-1) (the cause of SARS), Middle East
respiratory syndrome coronavirus (MERS-CoV) and
severe acute respiratory syndrome-related coronavirus-2
(SARS-CoV-2) — all come from bats [2].

SARS-CoV-2 is the causative organism of COVID-19
[3].

Researchers suggest that there is an intermediary, an
animal that is infected by bats and carries the virus into
humans. It is believed to be civet cats that are sold in
live-animal markets in China in (special administrative
regions) SARS [4].

Once the genetic material of SARS-CoV-2 enters the
cell through receptor binding and then membrane fusion
and penetration into the nucleus for replication, the
virus controls the kinase family of enzymes and acts as
switches that turn proteins on or off through the pro-
cess of phosphorylation. The result is that the molecular
machinery of the host is omitted to make new viral par-
ticles [1].

There are variations in the degree of severity of
COVID-19, ranging from no symptoms and mild symp-
toms to intermediate care unit (IMCU) admission to
intensive care unit (ICU) admission and mechanical ven-
tilation [5].

SARS-CoV-2 patients with cardiovascular diseases,
cerebrovascular diseases, chronic obstructive pulmonary
diseases (COPDs), diabetes mellitus (DM), cancers, liver
diseases, kidney diseases or obesity are at risk of a severe
outcome compared with patients without such condi-
tions [6], highlighting primarily the significant role of
cardiovascular diseases as a risk factor for the develop-
ment of severe or fatal acute COVID-19 [7, 8].

However, severe disease has been determined in
patients who do not have the previously mentioned risk
factors. Thus, we would like to review whether SNPs
in definite genes could possibly have an impact on the
degree of disease severity [9].

Several genetic studies have demonstrated an asso-
ciation between MI and genetic variants in a region on
chromosome 9p21 [10] and in a region on chromosome
1622 and AF and CI [11].

Recent genome-wide association studies (GWASs) on
coronary artery disease (CAD) and MI implicated chro-
mosome 9 on p21.3 locus in increasing susceptibility to
MI [12].

Cyclin-dependent kinase inhibitor 2B antisense RNA 1
(CDKN2B-AS1) spans approximately 126.3 kb, overlaps
with cyclin-dependent kinase inhibitor 2B (CDKN2B)
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(p15) at the 5” end, comprises 20 exons that are prone to
alternative splicing and is reported to be linked to CAD
risk, hypertension (HTN) and stroke [13].

It was hypothesized that CDKN2B-AS1, coding for a
long noncoding antisense RNA, was upregulated in ath-
erosclerosis and can modulate atherosclerotic plaque
progression. This occurs by downregulation of CDKN2B
via RNA-DNA triplex with the CDKN2B promoter to
transfer CDKN2B-AS1-recruited EZH2 (for methylation
of H3K27me3) to the promoter of the CDKN2B gene
so that CTCF can bind to the promoter of the CDKN2B
gene; thus, CDKN2B-AS1, by inhibiting macrophage
reverse cholesterol transport, can promote the formation
of atherosclerotic plaques [14].

CDKNZ2B encodes a cyclin-dependent kinase inhibitor
that forms a complex with CDK 4/6 (necessary for pro-
gression of cell cycle) preventing activation by D-type
cyclins or by CDK activating kinase (CAK) [15].

Because carriers of the 9p21 risk allele are known to
have pathologically reduced expression of CDK inhibi-
tors, treatment of primary smooth muscle cells (SMCs)
with a specific inhibitor of CDK 4/6 prevented the upreg-
ulation of calcification markers [16].

Cyclins and CDKs are the main regulators of the pro-
gression of the cell cycle. Many viruses, including CoV,
facilitate viral replication by regulating cell cycle progres-
sion through cyclin-CDK complexes [17].

Critically ill COVID-19 status is characterized by
infiltration of the lungs with macrophages and neutro-
phils that cause diffuse lung alveolar damage, the histo-
logical equivalent to acute respiratory distress syndrome
(ARDS). Neutrophils develop so-called neutrophil extra-
cellular traps (NETs). However, ineffective clearance and
dysregulation of NETosis result in pathological effects
such as thrombo-inflammation. Inhibition of CDK4/6
blocks NET formation in a dose-responsive manner [18].
Selective inhibition of NETosis is a particularly attractive
treatment because CDK6 inhibitors can prevent the cyto-
kine storm and thus later ICU admission [18].

This is augmented by Grinshpun et al.’s report that
CDK4/6 inhibitor therapy of a breast cancer patient
halted COVID-19 progression. On withdrawal of the
drug, the full classic spectrum of illness appeared, includ-
ing desaturation of oxygen necessitating ICU admission
and mechanical ventilation [19].

In our study, we assessed the association of CDKN2B-
AS1 (rs1333049) located on chromosome 9p21 and
ZFHX3 (rs2106261) located on chromosome 16q22 SNPs
with COVID-19 severity.

Subjects and methods

Subjects

This case-controlled study was carried out in Medical
Biochemistry & Molecular Biology and Anesthesiology,
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Intensive Care & Pain Management Departments, Fac-
ulty of Medicine, Menoufia University, and all patients
were recruited from the ICU and IMCU, Menofia Uni-
versity Hospital. Ninety patients with severe COVID-19,
90 patients with moderate COVID-19 and 180 age- and
gender-matched healthy controls were enrolled in this
study from January 2022 to June 2022. Informed consent
was obtained from all study participants and/or their
legal guardians. The study design was approved by the
appropriate ethics review board, followed the tenets of
the Declaration of Helsinki and was approved by the eth-
ics committee of the Faculty of Medicine, Menofia Uni-
versity (IRB number: 1/2022 BIO 40).

The inclusion criteria for patients were as follows: (1)
Age ranging between 18 and 90 years old. (2) Patients
with a history of HTN, DM, cardiovascular diseases, old
stroke and COPD. (3) Diagnosis of COVID-19 was based
on signs and symptoms and was confirmed by real-time
PCR assay [20]. (4) Severe and moderate COVID-19
patients were recruited from the ICU and IMCU accord-
ing to ABCD scoring for COVID-19 severity assessment
[21].

The exclusion criteria for patients were as follows: (1)
Patients with a current inflammatory or autoimmune
disease. (2) Patients with recent surgery, trauma or heart
attack. (3) Patients with a personal history of cancer. (4)
Patients with a personal history of liver or kidney dis-
eases. (5) Pregnant patients. (6) Previous severe or mod-
erate SARS-CoV-2 infection.

Methods

Sample collection

Nine milliliters (ml) of venous blood was withdrawn by
venipuncture under complete aseptic conditions and was
processed as follows: 2 ml was transferred into EDTA
tubes for complete blood count (CBC), 2 ml was trans-
ferred into a blue-top tube containing 3.2% buffered
sodium citrate for international normalized ratio (INR)
and prothrombin concentration percentage (PC%) analy-
sis, and 3 ml was transferred into a plain tube, left to clot
for 15 min, and centrifuged for 10 min at 4000 rpm. The
obtained serum was stored at -80 °C until other labora-
tory investigations were performed. The remaining 2
ml of blood was placed into EDTA-containing tubes
for DNA extraction and genotyping of CDKN2B-AS1
(rs1333049) and ZFHX3 (rs2106261) SNPs by using the
TagMan allelic discrimination assay technique.

Genotyping of CDKN2B-AS1 (rs1333049) and ZFHX3
(rs2106261) SNPs

1-DNA extraction

DNA was extracted from whole blood by a GeneJET
Genomic DNA Purification Kit (Thermo Scientific, Lith-
uania. cat# K0721) following the manufacturer’s protocol.
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DNA concentration, quality and purity were assessed
using a Nanophotometer N-60 (Implen, Germany).

2-Real time PCR

CDKN2B-AS1 (rs1333049) and ZFHX3 (rs2106261) gene
polymorphisms were genotyped using an allelic discrimi-
nation assay by real-time PCR using a TagMan probe
(Applied Biosystems, Foster City, USA). Master Mix II
(2x), primers and probes were supplied by Thermo Fisher
Scientific. The probe sequence was labelled with [VIC/
FAM] fluorescent dyes. The sequences of specific prim-
ers were as follows: CDKN2B-AS1 (rs1333049) [10]: for-
ward primer: 5'"CATACTAACCATATGATCAACAGTT
3" and reverse primer: 5’AAAAGCAGCCACTCG-
CAGAGGTAAG 3’. ZFHX3 (rs2106261) [22]: forward
primer: 5° CGCGCCGAGGCCAACCATCCATTA-
AAATATCCAA 3’ and reverse primer 5" ATGACGTG-
GCAGACTCAACCATCCATTAAAATATCCAAG
3’. Then, 12.5 pl of master mix was added to 1.25 pl of
primer/probe mix and 6.25 pl of DNase-free water. Five
microliters of genomic DNA extract for every sample and
5 ul of DNase-free water for the negative control reac-
tion were applied. The cycling conditions were adjusted
as follows: initial denaturation was performed at 95 °C
for 10 min, followed by 50 cycles of denaturation at 95 °C
for 15 s and 60 °C for 1 min for annealing and exten-
sion. Analysis of data was completed by a real-time PCR
Instrument, Applied Biosystems®7500, software version
2.0.1.

Statistical analysis

Analysis was achieved using version 20.0 of the IBM
SPSS software package (Armonk, NY: IBM Corp). Quali-
tative data were described using numbers and percent-
ages. We used the Kolmogorov-Smirnov test to verify
the normality of the distribution. Quantitative data were
described using range (minimum and maximum), mean
and standard deviation or median and interquartile range
(IQR). We used the chi-square test for categorical vari-
ables to compare different groups and Fisher’s exact or
Monte Carlo correction for chi-square when more than
20% of the cells had an expected count less than 5. We
used Student’s t test for normally distributed quantitative
variables to compare the two studied groups. We used
the F test (ANOVA) for normally distributed quantitative
variables to compare more than two groups and the post
hoc test (Tukey) for pairwise comparisons. We used the
Mann-Whitney test for abnormally distributed quanti-
tative variables to compare the two studied groups. We
used the Kruskal-Wallis test for abnormally distributed
quantitative variables to compare more than two groups,
and the post hoc test (Dunn’s test for multiple compari-
sons) was used for pairwise comparisons between each
pair of groups. The population of the studied sample was
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explored to find its equilibrium with the Hardy-Weinberg
equation. A P value of <0.05 was regarded as statistically
significant.

Results

Demographic data of COVID-19 patients and healthy
controls There was a significant difference between
severe and moderate COVID-19 cases regarding age
(P1<0.001), but there was a nonsignificant difference
between severe COVID-19 cases and healthy controls
(P2=0.056) or between moderate COVID-19 cases and
healthy controls (P3=0.115). There was a nonsignificant
difference between COVID-19 patients and healthy con-
trols according to sex (P=0.108), and control individuals
were chosen as age- and gender-matched. For severe and
moderate COVID-19 patients, the mean age of severe
COVID-19 patients was 65.46+7.01 and that of moderate
COVID-19 patients was 58.18 £17.36. The male gender in
severe COVID-19 cases was 37.8% versus female gender
62.2%, and the male gender in moderate COVID-19 cases
was 53.3% versus female gender 46.7%. The male gender in
control individuals was 44.4% versus female gender 55.6%
with a mean age of 61.56+13.02. There was a significant
difference between COVID-19 patients and healthy con-
trols according to vaccination, with predominance in the
control group (Table 1).

Laboratory data of COVID-19 patients and healthy
controls There was a significant increase in WBC counts
in severe and moderate COVID-19 patients compared
with controls (P2<0.001, P3<0.001). There was a signif-
icant decrease in platelet count in severe and moderate
COVID-19 patients compared with controls and in severe
COVID-19 patients compared to moderate COVID-
19 patients (P1=0.03, P2<0.001, P3<0.001). There was
a significant decrease in HB in severe and moderate
COVID-19 patients compared with controls and in severe
COVID-19 patients compared to moderate COVID-19
patients (P <0.001 each).

Regarding liver function tests, there was a significant
increase in SGOT in severe and moderate COVID-19
patients compared with controls (P2<0.001, P3<0.001),
while there was a significant increase in SGPT in mod-
erate COVID-19 patients compared to severe COVID-19
patients (P1=0.011).

Regarding kidney function tests, there was a signifi-
cant increase in BUN in severe and moderate COVID-19
patients compared with controls (P2<0.001, P3<0.001)
and in severe COVID-19 patients compared to moderate
COVID-19 patients (P1=0.019). There was a significant
increase in creatinine in severe COVID-19 patients com-
pared with moderate COVID-19 patients (P1<0.001) and
controls (P2<0.001). There was a significant decrease in
Na+levels in moderate COVID-19 patients compared
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with severe COVID-19 patients (P1<0.001) and a signifi-
cant increase in K+levels in severe COVID-19 patients
compared to controls (P2<0.001).

Regarding the lipid profile, there was a significant
increase in TGs (P2<0.001, P3=0.001) and a significant
decrease in total cholesterol, HDL and LDL (P2<0.001,
P3<0.001 each) in severe and moderate COVID-19
patients compared with controls.

There was a significant decrease in PC% in severe and
moderate COVID-19 patients compared with controls
and in severe COVID-19 patients compared to moderate
COVID-19 patients (P<0.001) and a significant increase
in INR in severe and moderate COVID-19 patients com-
pared with controls (P2<0.001, P3<0.001).

Finally, there was a significant increase in CRP, fer-
ritin and D-dimer in severe and moderate COVID-19
patients compared with controls (P2<0.001, P3<0.001)
and a significant increase in CRP (P1=0.044) and ferri-
tin (P1=0.03) in severe COVID-19 patients compared to
moderate COVID-19 patients (Table 1).

CDKN2B-AS1 (rs1333049) and ZFHX3 (rs2106261)
gene polymorphisms of COVID-19 patients and
healthy controls There was a significant difference
regarding the genotype frequency and allelic distribu-
tion of CDKN2B-AS1 (rs1333049) between COVID-19
patients and healthy controls (P<0.001). The frequency
of the GC genotype was significantly higher in severe
COVID-19 cases (71.1%) and moderate COVID-19 cases
(53.3%) than in healthy controls (37.8%), and the fre-
quency of the CC genotype was significantly higher in
moderate COVID-19 cases (26.7%) than in healthy con-
trols (13.3%). There was no significant difference regarding
genotype frequency (MCp=0.253) and allelic distribution
(P=0.319) of ZFHX3 (rs2106261) between COVID-19
patients and healthy controls (Table 2).

An allelic discrimination plot of CDKN2B-AS1
(rs1333049) and ZFHX3 (rs2106261) in COVID-19
patients is shown in Fig. 1.

CDKN2B-AS1 (rs1333049) and ZFHX3 (rs2106261)
gene polymorphisms of COVID-19 patients and healthy
controls in different models Regarding CDKN2B-
AS1 (rs1333049), a significantly higher prevalence of
the genotype (GC) and the variant allele (C) in severe
COVID-19 patients and moderate COVID-19 patients
compared to the control group was observed under the
dominant, codominant-1 and overdominant modes of
inheritance and in severe COVID-19 patients compared
to moderate COVID-19 patients under the overdominant
mode of inheritance. The significantly higher prevalence
of the genotype (CC) in moderate COVID-19 patients
compared to the control group was observed under the
recessive and codominant—2 modes of inheritance and in
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Table 1 Demographic and laboratory data of COVID-19 patients and healthy controls
Severe COVID-19 cases Moderate COVID-19 cases Healthy controls Test of sig. P
(n=90) (n=90) (n=180)

Gender

Male 34 (37.8%) 48 (53.3%) 80 (44.4%) X>=4444 0.108

Female 56 (62.2%) 42 (46.7%) 100 (55.6%)

Age (years)

Mean = SD. 6546+7.0] 58.18+17.36 61.56+13.02 F=14319" <0.001"

Sig.bet.Grps P1<0.001"P2=0.056,,P3=0.115

Vaccine

Yes 4 2 104 X’=125.830 <0.001"

No 86 88 76

WBCs

400-11/(mcl)

Median (IQR) 10.0 (7.50-13.20) 10.90 (7.50-14.50) 8.55 (6.90-9.30) H=40927" <0001"

Sig.bet.Grps P1=0.685P2<0.001"P3<0001"

Platelet

150-400/(mcL)

Median (IQR) 205.0 (152.0-249.0) 231.0(168.0-311.0) 313.50 (278.0-364.0) H=90.737" <0.001"

Sig.bet.Grps P1=0.030"P2<0.001",P3<0.001"

HB (g/dl)

Male: 14-18 g/dL

Female: 12-16 g/dL

Mean = SD. 10.64+1.87 11564213 12.89+142 F=53.898" <0001"

Sig.bet.Grps P1<0.001",P2<0.001"P3<0.001"

SGOT (U/L)

8-45 (U/L)

Median (IQR) 37.0 (25.0-63.0) 38.0 (29.0-65.0) 240 (19.0-31.0) H=72.280" <0001"

Sig.bet.Grps P1=0682,P2<0001°,P3<0.001"

SGPT (U/L)

7-56 (U/L)

Median (IQR) 27.0 (18.0-38.0) 33.0(21.0-51.0) 31.0 (23.0-24.0) H=6.769" 0.034"
P1=0011"P2=0057,P3=0.301

BUN (mg/dL)

6-24 mg/dL

Median (IQR) 450 (220-73.0) 27.0 (18.0-41.0) 200 (17.0-22.0) H=91.340" <0001"

Sig.bet.Grps P1=0.0190"P2<0.001"P3<0.001"

Creatinine (mg/dL)

Male: 0.6-1.2 mg/dL

Female: 0.5 to 1.1 mg/dL

Median (IQR) 1.30 (0.85-1.94) 0.90 (0.70-1.50) 1.00 (0.90-1.10) H=22511" <0.001"

Sig.bet.Grps P1<0.001",P2<0.001"P3=0.808

Na+ (mEq/L)

135-145 (mEg/L)

Mean + SD. 140194545 13809+5.75 139.27+2.80 F=5.100" <0001"

Sig.bet.Grps P1<0.001",P2=0.242, P3=0.242

K+ (mEq/L)

3.5-53 (mEg/L)

Mean = SD. 4454070 423+0.71 4144053 F=7.298" <0.001"

Sig.bet.Grps P1=0070,,2<0.001"P3=0518

TG (mg/dL)

Male: 40-160 mg/dL

Female: 35-135 mg/dL

Median (IQR) 130.0 (109.0-138.0) 124.0 (104.0-162.0) 108.0 (102.50-123.0) H=41027" <0001"

Sig.bet.Grps P1=0.269,P2<0.001",P3=0.001"

Cholesterol (mg/dL)
125-200 mg/dL
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Table 1 (continued)
Severe COVID-19 cases Moderate COVID-19 cases Healthy controls Test of sig. P
(n=90) (n=90) (n=180)
Median (IQR) 117.0 (94.0-134.0) 110.0 (98.0-133.0) 158.50 (149.0-172.0) H=182552" <0.001"
Sig.bet.Grps P1=0.436,P2<0.001",P3<0.001"
HDL (mg/dL)
Male: 35-55 mg/dL
Female: 45-65 mg/dL
Median (IQR) 35.0 (30.0-42.50) 33.50 (28.0-42.0) 49.15 (45.80-55.90) H=145.707" <0001"
Sig.bet.Grps P1=0981,P2<0.001", P3<0.001"
LDL (mg/dL)
<130 mg/dL
Median (IQR) 48.0 (38.46-68.40) 50.40 (37.76-63.0) 88.0 (77.78-94.60) H=161.798" <0001"
Sig.bet.Grps P1=0551,P2<0.001",P3<0.001"
PC%
Mean = SD. 7329+ 17.8946 7878+168114 96.51+2.8254 F=126.690" <0001"
Sig.bet.Grps P1<0.001°P2<0.001",P3<0.001"
INR
09-1.1
Median (IQR) 1.20 (1.10-1.40) 1.16 (1.05-1.30) 1.03 (1.0-1.06) H=125.254" <0001"
Sig.bet.Grps P1=0.130,P2<0.001", P3<0.001"
CRP (mg/L)
<3 mg/L
Median (IQR) 60.0 (24.0-96.0) 480 (17.0-94.0) 450 (2.0-7.0) H=194747" <0001"
Sig.bet.Grps P1=0.044"P2<0.001",P3<0.001"
Ferritin (pg/L)
Male: 24-336 (ug/L)
Female: 11-307 (ug/L)
Median (IQR) 4450 (294.0-700.0) 4200 (214.0-657.0) 93.0 (88.0-100.0) H=214915" <0001"
Sig.bet.Grps P1=0.030",P2<0.001",P3<0.001"
D- dimer (pg/mL)
0-0.50 (ug/mL)
Median (IQR) 0.94 (0.80-1.54) 081 (0.6-2.20) 0.20 (0.15-0.23) H=243755" <0001"
Sig.bet.Grps P1=0.077,P2<0.001"P3<0001"

IQR: Interquartile range SD: Standard deviation
X% Chi square test

F: F for one-way ANOVA test, pairwise comparison bet. each 2 groups was performed using a post hoc test (Tukey)

H: H for Kruskal-Wallis test, Pairwise comparison bet. each 2-group analysis was performed using a post hoc test (Dunn'’s test for multiple comparisons)

*: Statistically significant at p<0.05

P1: p value for comparing severe and moderate COVID-19 cases

P2: p value for comparing severe COVID-19 cases and healthy controls
P3: p value for comparing moderate COVID-19 cases and healthy controls
WBCs: White blood cells HB: Hemoglobin

SGOT: Serum glutamic-oxaloacetic transaminase SGPT: Serum glutamic-pyruvic transaminase

BUN: Blood urea nitrogen TG: Triglyceride
HDL: High-density lipoprotein LDL: Low-density lipoprotein
PC%: prothrombin concentration percentage INR: International normalized ratio

CRP: c-reactive protein

severe COVID-19 patients under the codominant-2 mode
of inheritance. Regarding ZFHX3 (rs2106261), there was
a nonsignificant difference between the three studied
groups under the dominant, recessive, codominant-1,
codominant-2 and overdominant modes of inheritance
(Table 3).

Relation between CDKN2B-AS1 (rs1333049) gene
polymorphism and laboratory data and prognosis in
severe COVID-19 patients Regarding the relation of
CDKN2B-AS1 (rs1333049) genotype distribution in severe
COVID-19 patients, there was a significant association of
lower WBCs (P<0.001), lower platelet count (P<0.001),
lower HDL (P=0.027) and higher ferritin level (P<0.001)
in G/C and C/C genotypes compared to the G/G genotype.
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Table 2 CDKN2B-AS1 (r51333049) and ZFHX3 (rs2106261) gene polymorphisms of COVID-19 patients and healthy controls

Severe COVID-19 cases  Moderate COVID-19 cases  Healthy controls X p
(n=90) (n=90) (n=180)
No. % No. % No. %
CDKN2B-AS1 (rs1333049)
G/G 12 133 18 200 88 489 49.106" <0.001"
G/C 64 71 48 533 68 37.8
c/C 14 156 24 26.7 24 133
HWy2 (p) 16.098(<0.001%) 0.459(0.498) 3.286(0.070)
Allele
G 88 489 84 467 244 67.78 29.696" <0001"
C 92 511 9% 533 116 3222
ZFHX3 (rs2106261)
c/C 56 622 66 733 128 711 53884 MCp=0.253
T 34 378 24 26.7 50 27.8
T 0 00 0 00 2 1.1
HWy2 (p,) 4.881(0.027") 2.130(0.144) 1.436(0.231)
Allele
C 146 81.1 156 86.7 306 85.0 2.2838 0319
T 34 189 24 133 54 150

X% Chi square test MC: Monte Carlo
p: p value for comparing COVID-19 patients and healthy controls
*: Statistically significant at p<0.05

HWx2 (p0): Chi square for goodness of fit for Hardy-Weinberg equilibrium (If P<0.05 - not consistent with HWE)

There was also a significant association of higher D-dimer
(P=0.016) in the G/C genotype. There was no significant
association regarding other parameters (Table 4).

Relation between CDKN2B-AS1 (rs1333049) gene
polymorphism and laboratory data and prognosis in
moderate COVID-19 patients Regarding the relation of
CDKN2B-AS] (rs1333049) genotype distribution in mod-
erate COVID-19 patients, there was a significant associa-
tion of lower platelet count (P<0.001), lower Hb (P=0.012),
higher CRP (P=0.048) and higher ferritin (P=0.019) in G/C
and C/C genotypes compared to the G/G genotype. There
was a significant association of lower PC% (P<0.001) and
prolonged INR (P<0.001) in the G/C genotype, while there
was no significant association regarding other parameters
(Table 5).

Relation between ZFHX3 (rs2106261) gene polymor-
phism and laboratory data and prognosis in severe
COVID-19 patients There was a significant association
of higher creatinine (P=0.024), lower LDL (P=0.015) and
a higher incidence of death (P=0.032) in the C/T genotype
compared to the C/C genotype, while there was no signifi-
cant association regarding other parameters (Table 6).

Discussion

As the COVID-19 pandemic creates a worldwide crisis of
overwhelming morbidity and mortality [23], it is impera-
tive and urgent to provide insights into the association
between host genetic factors and clinical outcomes.

Our study revealed that the frequency of the G/C geno-
type regarding CDKN2B-AS1 (rs1333049) was signifi-
cantly higher in severe and moderate COVID-19 patients
than in the control group, and the frequency of the C/C
genotype was significantly higher in moderate COVID-
19 patients than in the control group. This may explain
the ability of coronaviruses to replicate efficiently and
cause severe COVID-19 in patients with this SNP.

These results are in accordance with the significant role
of comorbidities, primarily cardiovascular disease, as a risk
factor for the development of severe or fatal acute COVID-
19 [7, 8]. These results are in accordance with Yahia et al.
[10], who demonstrated that the frequency of the G/C and
C/C genotypes of CDKN2B-AS1 (rs1333049) was higher
in acute MI patients than in controls (54% vs. 36% and 36%
vs. 18%, respectively, P<0.001), while controls showed an
increased frequency of the G/G genotype (46% vs. 10%,
P<0.001). Additionally, Kaur et al. [13] stated that the G/C
genotype was highly prevalent among patients with acute
MI compared to controls (62.8% vs. 34.0%, P=0.002), while
the G/G genotype had a higher frequency in controls than
in cases (16.8% vs. 4.0%).

In our study, there was a significant increase in WBC
counts in severe and moderate COVID-19 patients com-
pared with controls. According to Palladino [24], leukocytes
and neutrophils were significantly higher in severe COVID-
19 patients than in nonsevere patients. Furthermore, along
with the progression of COVID-19, both leukocytes and
neutrophils increased in severe groups [25]. According to
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Zhu et al. [26], patients with higher WBC counts were at a
high risk of death.

We found that there was a significant decrease in plate-
let count in severe COVID-19 patients compared with
moderate COVID-19 patients and controls. Lippi et al.
[27] correlated that a decrease in platelet count was asso-
ciated with more severe COVID-19 and higher mortal-
ity. In fact, most thrombocytopenic patients have altered
coagulation parameters with high concentrations of
D-dimer, which confirms the theory of triggering intra-
vascular coagulation [28].

Our study revealed that there was a significant decrease
in HB in severe COVID-19 patients compared with mod-
erate COVID-19 patients and controls. Accordingly,
Wang et al. [29] demonstrated a reduction in haemoglo-
bin concentration in 19% of hospital-admitted patients,
while Huang et al. [30] demonstrated reduced haemo-
globin concentrations in 38% of hospitalized patients.

Regarding liver function tests, we found that there was
a significant increase in SGOT in severe and moderate
COVID-19 patients compared with controls without a sig-
nificant increase in SGPT. The significant increase in SGOT
without affecting SGPT can indicate cardiac complications.
This is consistent with Pazgan-Simon et al. [31], who pos-
tulated that it seems that liver injury in COVID-19 patients
with no underlying liver disease was not associated with a
higher risk of mortality and that liver injury secondary to
COVID-19 was mild.

Regarding kidney function tests, we found that there
was a significant increase in BUN and creatinine levels in
severe and moderate COVID-19 patients compared with
controls and in BUN in severe COVID-19 patients com-
pared to moderate COVID-19 patients. This matched
with Liu et al. [32], who found that the prevalence of

Table 3 CDKN2B-AS1 (rs1333049) and ZFHX3 (rs2106261) gene polymorphisms of COVID-19 patients and healthy controls in different

models

la vs. Ib® lavs. II® Ib vs. II®

p OR(95% C.I) p OR(95% C.I) p OR(95% C.I)
CDKN2B-AS1 (rs1333049)
GG® vs. GC+CC(Dominant) 0233 1.625(0.732-3.608) <0.001" 6.217(3.167-12.204) <0.001" 3.826(2.113-6.926)
GG+GC® vs. CC (Recessive) 0.071 0.507(0.242-1.059) 0.621 1.197(0.586-2.445) 0.007" 2.364(1.253-4.459)
GG vs. GC ® (Codominant-1) 0.098 2.0(0.880-4.544) <0.001" 6.902(3.451-13.803) <0.001" 3.451(1.843-6.463)
GG vs. CC® (Codominant-2) 0.790 0.875(0.327-2.341) 0.001* 4.278(1.751-10.453) <0.001" 4.889(2.287-10451)
GC vs. GG+ CC® (overdominant) 0014 0.464(0.251-0.860) <0.001" 0.247(0.143-0.426) 0.02° 0.531(0.318-0.887)
ZFHX3 (rs2106261)
CC®vs. CT+TT (Dominant) 0112 1.670(0.887-3.142) 0.141 1.495(0.876-2.550) 0.702 0.895(0.507-1.579)
CC+CT®vs. TT (Recessive) 1.000 - 0.549 0.395(0.019-8.304) 0.549 0.395(0.019-8.304)
CC®vs. CT (Codominant-1) 0112 1.670(0.887-3.142) 0.108 1.554(0.908-2.659) 0.806 0.931(0.526-1.646)
CC®vs. TT (Codominant-2) 0.935 1.177(0.023-60.278) 0613 0.455(0.022-9.629) 0.541 0.387(0.018-8.167)
CT vs. CC+TT ® (overdominant) 0.112 0.599(0.318-1.127) 0.095 0.634(0.370-1.083) 0.847 1.058(0.598-1.870)

OR: Odds ratio for CI: confidence interval ®: reference group

p: p value for Chi square test for comparing COVID-19 patients and healthy controls

*: Statistically significant at p<0.05
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Table 4 Relation between CDKN2B-AS1 (rs1333049) gene polymorphism and laboratory data and prognosis in severe COVID-19 cases

(n=90)

Reference range CDKN2B-AS1 (rs1333049) Test of sig. P

G/G(n=12) G/C(n=64) C/C(n=14)

WBCs 4.00-11/(mcL)
Median 25.50 10.50 740 H=15.890" <0.001"
Platelet 150-400/(mcl)
Median 298.0 190.0 2190 H=21.249" <0.001"
HB (g/dl) Male: 14-18 g/dL
Mean +SD. Female: 12-16 g/dL 10.03+£1.33 10.77+£1.93 10.60+2.22 F=0.779 0.462
SGOT (U/L) 8-45 (U/L)
Median 420 37.0 370 H=0.811 0.667
SGPT (U/L) 7-56 (U/L)
Median 27.50 26.50 17.0 H=1.792 0408
BUN (mg/dL) 6-24 mg/dL
Median 420 47.50 49.0 H=0451 0.798
Creatinine (mg/dL) Male: 0.6-1.2 mg/dL
Median Female: 0.5 to 1.1 mg/dL 135 1.28 1.60 H=0.083 0.959
Na*(mEq/L) 135-145 (mEg/L)
Mean +SD. 141.50+4.76 139.84+5.79 140.63+5.02 F=0.516 0.599
K*(mEq/L) 3.5-53 (mEg/L)
Mean +SD. 447+0.75 441+0.72 461+0.63 F=0.495 0611
TG (mg/dL) Male: 40-160 mg/dL
Median Female: 35-135 mg/dL 144.50 130.0 114.0 H=4.067 0.131
Cholesterol (mg/dL) 125-200 mg/dL
Median 122.50 116.0 107.50 H=0.325 0.850
HDL (mg/dL) Male: 35-55 mg/dL
Median Female: 45-65 mg/dL 4125 3550 2850 H=7.224" 0027
LDL (mg/dL) <130 mg/dL
Median 48.50 46.30 48.92 H=0435 0.805
PC%
Mean +SD. 72.85+19.02 73.71+£1847 71.76+15.15 F=0.071 0.931
INR 09-1.1
Median 1.25 1.18 1.20 H=1.838 0.399
CRP (mg/L) <3mg/L
Median 48 545 78.0 H=1.599 0450
Ferritin (ug/L) Male: 24-336 (ug/L)
Median Female: 11-307 (ug/L) 2250 538.50 380.0 H=17.033" <0.001"
D-dimer (pg/mL) 0-0.50 (ug/mL)
Median 0.99 1.04 0.70 H=832"2 0016
Prognosis
Improved 2 (16.7%) 22 (34.4%) 4 (28.6%) X2=1 529 0.466
Death 10 (83.3%) 42 (65.6%) 10 (71.4%)

IQR: Interquartile range SD: Standard deviation
F: F for one-way ANOVA test H: H for Kruskal-Wallis test

x2: Chi square test

p: p value for comparison between the studied categories

*: Statistically significant at p<0.05

WBCs: White blood cells HB: Hemoglobin

SGOT: Serum glutamic-oxaloacetic transaminase SGPT: Serum glutamic-pyruvic transaminase

BUN: Blood urea nitrogen TG: Triglyceride

HDL: High-density lipoprotein LDL: Low-density lipoprotein

PC%: prothrombin concentration percentage INR: International normalized ratio

CRP: c-reactive protein
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Table 5 Relation between CDKN2B-AST (rs1333049) gene polymorphism and laboratory data and prognosis in moderate COVID-19

cases (n=90)

Reference range CDKN2B-AS1 (rs1333049) Test of sig. P
G/G(n=18) G/C (n=48) C/C(n=24)

WBCs 4.00-11/(mcL)
Median 820 11.0 11.20 H=2.058 0357
Platelet 150-400/(mcl)
Median 3180 215.50 207.0 H=16271" <0001
HB (g/dl) Male: 14-18 g/dL
Mean +SD. Female: 12-16 g/dL 12144224 11.88+£2.17 1048+1.61 F=464"1 0.012"
SGOT (U/L) 8-45 (U/L)
Median 290 380 450 H=4.254 0.119
SGPT (U/L) 7-56 (U/L)
Median 300 34.0 29.50 H=0.983 0612
BUN (mg/dL) 6-24 mg/dL
Median 26.0 32.50 220 H=1.238 0.539
Creatinine (mg/dL) Male: 0.6-1.2 mg/dL
Median Female: 0.5 to 1.1 mg/dL 0.88 1.05 0.75 H=5.451 0.066
Na*(mEq/L) 135-145 (mEqg/L)
Mean £ SD. 139.22+£537 138.29+5.96 136.83+5.62 F=0.950 0391
K*(mEq/L) 3.5-5.3 (mEg/L
Mean +SD. 444+0.68 4.14+0.78 426+0.54 F=1214 0.302
TG (mg/dL) Male: 40-160 mg/dL
Median Female: 35-135 mg/dL 108.0 117.0 150.0 H=4.143 0.126
Cholesterol (mg/dL) 125-200 mg/dL
Median 111.0 102.50 114.50 H=1.248 0.536
HDL (mg/dL) Male: 35-55 mg/dL
Median Female: 45-65 mg/dL 33.50 340 340 H=1.012 0.603
LDL (mg/dL) <130 mg/dL
Median 54.60 48.10 5250 H=2403 0301
PC%
Mean +SD. 79.03+15.05 74.11+£17.80 87.92+12.10 F=6.007 <0.001"
INR 09-1.1
Median 1.16 1.20 1.05 H=14456" <0001
CRP (mg/L) <3mg/L
Median 17.0 550 24.0 H=6.043" 0.048"
Ferritin (ug/L) Male: 24-336 (ug/L)
Median Female: 11-307 (ug/L) 250.0 523.0 305.0 H=7.892* 0019
D-dimer (ng/mL) 0-0.50 (ug/mb)
Median 0.63 0.80 0.90 H=1.1474 0479
Prognosis
Improved 12 (66.7%) 26 (54.2%) 16 (66.7%) x2:1 458 0.482
Death 6 (33.3%) 22 (45.8%) 8(33.3%)

IQR: Interquartile range SD: Standard deviation
F: F for one-way ANOVA test H: H for Kruskal-Wallis test

x2: Chi square test

p: p value for comparison between the studied categories

*: Statistically significant at p<0.05

WBCs: White blood cells HB: Hemoglobin

SGOT: Serum glutamic-oxaloacetic transaminase SGPT: Serum glutamic-pyruvic transaminase

BUN: Blood urea nitrogen TG: Triglyceride

HDL: High-density lipoprotein LDL: Low-density lipoprotein

PC%: prothrombin concentration percentage INR: International normalized ratio

CRP: c-reactive protein
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Table 6 Relation between ZFHX3 (rs2106261) gene polymorphism and laboratory data and prognosis in severe COVID-19 cases

(n=45)

Reference range ZFHX3 (rs2106261) Test of sig. p

C/C(n=56) C/T(n=34)

WBCs 4.00-11/(mcL)
Median 11.0 8.70 U=788.0 0.172
Platelet 150-400/(mcl)
Median 198.0 209.0 U=936.0 0.894
HB (g/dl) Male: 14-18 g/dL
Mean +SD. Female: 12-16 g/dL 10.79+1.89 1041+£1.85 t=0.940 0.350
SGOT (U/L) 8-45 (U/L)
Median 36.50 50.0 U=824.0 0.286
SGPT (U/L) 7-56 (U/L)
Median 27.50 19.0 U=776.0 0.143
BUN (mg/dL) 6-24 ma/dL
Median 380 49.0 U=820.0 0272
Creatinine (mg/dL) Male: 0.6-1.2 mg/dL
Median Female: 0.5 to 1.1 mg/dL 1.04 1.50 U=682.0" 0.024"
Na*(mEq/L) 135-145 (mEg/L)
Mean +SD. 139.98+3.82 140.53+7.45 t=0463 0.645
K*(mEq/L) 3.5-5.3 (mEg/L
Mean +SD. 4.38+0.69 457+0.72 t=1.295 0.199
TG (mg/dL) Male: 40-160 mg/dL
Median Female: 35-135 mg/dL 130.0 130.0 U=9320 0.868
Cholesterol (mg/dL) 125-200 mg/dL
Median 126.0 107.50 U=724.0 0.0577
HDL (mg/dL) Male: 35-55 mg/dL
Median Female: 45-65 mg/dL 350 350 U=902.0 0.677
LDL (mg/dL) <130 mg/dL
Median 53.95 40.60 U=660.0" 0015"
PC%
Mean +SD. 73.24+19.25 73.38+15.67 t=0.037 0.970
INR 0.9-1.1
Median 1.15 1.20 U=900.0 0.664
CRP (mg/L) <3mg/L
Median 54.50 78.0 U=856.0 0423
Ferritin (ug/L) Male: 24-336 (ug/L)
Median Female: 11-307 (ug/L) 44750 440.0 U=880.0 0.549
D-dimer (pg/mL) 0-0.50 (ug/mL)
Median 1.04 0.90 U=9520 1.000
Prognosis
Improved 22 (39.3%) 6 (17.6%) X’=4.622" 0032
Death 34 (60.7%) 28 (82.4%)

SD: Standard deviation x2: Chi square test
t: Student’s t test U: Mann-Whitney test

p: p value for comparison between the studied categories

*: Statistically significant at p<0.05

WBCs: White blood cells HB: Hemoglobin
SGOT: Serum glutamic-oxaloacetic transaminase SGPT: Serum glutamic-pyruvic transaminase

BUN: Blood urea nitrogen TG: Triglyceride

HDL: High-density lipoprotein LDL: Low-density lipoprotein

PC%: prothrombin concentration percentage INR: International normalized ratio

CRP: c-reactive protein
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elevated BUN and serum creatinine was 6.29% and
5.22%, respectively, at admission, and elevated baseline
levels of BUN and serum creatinine were associated with
increased all-cause mortality risk. Additionally, we found
an increase in K+levels in severe COVID-19 patients
compared with controls. These results are in accordance
with Amin et al. [33], who postulated that hyperkalaemic
patients were more likely to be older and that hyperka-
laemic patients were more likely to have a history of DM,
MI and COPD than nonhyperkalaemic patients. Addi-
tionally, we found a decrease in Na+levels in moder-
ate COVID-19 patients compared to severe COVID-19
patients. This matched with Islam et al. [34], who postu-
lated that moderate COVID-19 patients had 2.15 (1.04—
4.5) times higher odds of suffering from hyponatremia.

Regarding the lipid profile, we found that there was a
significant increase in TGs and a significant decrease in
total cholesterol, HDL and LDL in severe and moderate
COVID-19 patients compared with controls. Addition-
ally, there was a significant association of lower LDL in
severe COVID-19 patients regarding the C/T genotype of
ZFHX3 (rs210626) genotype distribution and lower HDL
in severe COVID-19 patients regarding the G/C and C/C
genotypes of CDKN2B-AS1 (rs1333049) genotype dis-
tribution. This is in accordance with a meta-analysis of
nineteen studies and twenty-two studies that stated that
decreased levels of total cholesterol, LDL and HDL were
associated with severity and mortality in patients with
COVID-19 [35, 36]. Serum triglyceride levels in patients
with COVID-19 were variable, and elevated serum tri-
glyceride levels were reported in mild or severe COVID-
19 patients but not in patients with critical disease (septic
shock and respiratory or multiple organ failure) [37].

Our study found that there was a significant decrease in
PC% and a significant increase in INR in severe and mod-
erate COVID-19 patients compared with controls and in
PC% in severe COVID-19 patients compared to moder-
ate COVID-19 patients. Additionally, there was a signifi-
cant association between lower PC% and prolonged INR
in the G/C genotype regarding the SNP rs1333049 geno-
type distribution of CDKN2B-AS1 in moderate COVID-
19 patients. This is consistent with Zinellu et al. [38],
who postulated that INR prolongation was significantly
associated with COVID-19 severity and mortality.

Additionally, our study demonstrated that there was
a significant increase in CRP, ferritin and D-dimer in
severe and moderate COVID-19 patients compared
with controls and in CRP and ferritin in severe COVID-
19 patients compared to moderate COVID-19 patients.
Additionally, there was a significant association of
D-dimer in severe COVID-19 patients, higher CRP in
moderate COVID-19 patients and higher ferritin lev-
els in both groups when comparing G/C and C/C geno-
types with the G/G genotype regarding the relation of
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CDKN2B-AS1 (rs1333049) genotype distribution. Liu
et al. [39] postulated that higher levels of CRP, ferri-
tin and D-dimer were associated with poor COVID-19
outcomes.

Surprisingly, there was a significant association of a
higher incidence of death in the C/T genotype in severe
COVID-19 patients regarding the ZFHX3 (rs2106261)
genotype distribution. According to Wei et al. [11], the
genetic variant ZFHX3 (rs2106261) was associated with
an increased risk of AF and consequently CI in Asian
and Caucasian samples, with Asian individuals showing
a stronger association, but no association was found in
African samples.

Finally, the limitations of our study were the small sam-
ple size and small number of SNPs. Therefore, it is neces-
sary to conduct further studies with larger sample sizes
to assess the possible effect of SNPs on the severity of
COVID-19.

Conclusion

CDKN2B-AS1 (rs1333049) gene polymorphism may play
a role in determining the degree of COVID-19 severity.
Further studies on its effect on cyclins and CDKs [not
measured in our study] may shed light on new treatment
options for COVID-19.

Abbreviations

COVID-19 Coronavirus disease 2019

M Myocardial infarction

AF Atrial fibrillation

al Cerebral infarction

CDKN2B-AS1  Cyclin-dependent kinase inhibitor 2B antisense RNA 1
ZFHX3 Zinc finger homeobox 3

SNPs Single nucleotide polymorphisms

CDKs Cyclin-dependent kinases

CoV Coronavirus

SARS-CoV-1 Severe acute respiratory syndrome-related coronavirus-1
MERS-CoV Middle East respiratory syndrome coronavirus
SARS-CoV-2 severe acute respiratory syndrome-related coronavirus-2
SARS Special administrative regions

IMCU Intermediate care unit

ICU Intensive care unit

COPD Chronic obstructive pulmonary disease

DM Diabetes mellitus

GWASs Genome-wide association studies

CAD Coronary artery disease

CDKN2B Cyclin-dependent kinase inhibitor 2B

HTN Hypertension

CAK CDK activating kinase

SMCs Smooth muscle cells

ARDS Acute respiratory distress syndrome

NETs Neutrophil extracellular traps

CBC Complete blood count

INR International normalized ratio

PC% Prothrombin concentration percentage

IQR Interquartile range
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