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Abstract
Introduction  COVID-19 causes severe inflammatory respiratory distress syndrome. The global pandemic caused 
millions of cases of morbidity and mortality worldwide. Patients may present with variable symptoms including 
dyspnea, fever, and GIT manifestations. The HMOX-1 gene is located on the long (q) arm of chromosome 22 at 
position 12.3. HMOX-1 is expressed in all mammalian tissues at basal levels and is considered as a stress response 
enzyme. HMOX-1 has a specific polymorphic site with variable GT(n) repeats at the promotor region. Several authors 
evaluated the HMOX-1 GT(n) promoter polymorphism in different inflammatory conditions. We evaluated HMOX-1 
promoter polymorphism in relation to serum Hemoxygenase level and inflammatory makers (CRP, Ferritin, PCT, IL-6 
and D-dimer) in patients affected by SARS-COV-2 disease.

Subjects and methods  Ninety patients confirmed to be infected with COVID-19 were followed up till the study 
end point (recovery and discharge or death). HMOX-1 promotor GT(n) polymorphism was evaluated using Sanger 
sequencing. HMOX-1 enzyme serum level was measured by ELISA and the level of different inflammatory markers 
was assessed by available commercial kits.

Results  A novel Single nucleotide polymorphism (SNP) (A > G) - rs13057211 in the GT(n) region of HMOX-1 promoter 
gene was found in 40 (61.5%) COVID-19 patients out of the studied 65 patients. This (A > G) SNP was associated 
with higher mortality rate in COVID-19 as it was detected in 27 patients (75% of the patients who succumbed to 
the disease) (p = 0.021, Odds ratio = 3.7; 95% CI:1.29–10.56). Serum IL-6 (Interleuken-6) was positively correlated the 
length of Hospital Stay (LOHS) and procalcitonin (PCT); (p = 0.014, r: 0.651 and p < 0.001, r:0.997) respectively while 
negatively correlated with levels of HMOX-1 enzyme serum level (p = 0.013, r: -0.61). CRP correlated positively with 
LOHS (p = 0.021, r = 0.4), PCT (p = 0.044, r = 0.425) and age (p < 0.001, r = 0.685). Higher levels of D-Dimer and PCT were 
observed in patients with the long repeat. There was no significant difference between patients who recovered and 
those who died from COVID-19 as regards HMOX-1 level and GT(n) polymorphism.
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Introduction
Coronaviruses are enveloped Ribonucleic Acid (RNA) 
viruses belonging to the Coronaviridae family named 
after the “crown-like spikes” present on their surface 
[1]. The coronavirus disease 2019 (COVID-19) was first 
described in Wuhan, China, in December 2019 and 
ever since, the outbreak has rapidly spread across the 
world. COVID-19 is caused by a novel beta-coronavirus 
named severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) [2]. Most of COVID-19 cases (about 85%) 
develop mild symptoms while 5% of infected patients 
have severe disease characterized by acute respiratory 
distress syndrome (ARDS) and multi-organ damage [3]. 
The mortality of Intensive Care Unit (ICU) patients is 
mainly due to ARDS which accounts for 60% of COVID-
19 deaths, especially in the elderly [4]. COVID-19 disease 
caused severe global pandemic with severe morbidity and 
mortality. Till the time of writing this manuscript, the 
number of deaths caused by COVID-19 reached 6.8 mil-
lion deaths globally [5]. The striking difference between 
SARS-CoV-2 and previous Corona virus strains is the 
high virulence of SARS-CoV-2 strain with subsequent 
severe clinical manifestations [6].

There is increasing evidence that cytokine storm syn-
drome may play a critical role in severe COVID-19. The 
balance between pro-inflammatory and anti-inflamma-
tory cytokines is regulated by several mechanisms that 
normally limit the inflammatory process. Loss of one or 
more of these regulatory processes may lead to the over-
stimulation of the immune system [7]. One of the viru-
lence factors of SARS-CoV-2 is its spike proteins which 
affect cells by dysregulation of multiple inflammation 
regulatory cytokines as Tumor Necrosis Factor- α (TNF-
α), Interleukin-1β (IL-1β) and Nuclear Factor Kappa B 
(NF-κB) leading to marked pro-inflammatory response. 
SARS-CoV-2 also induces Angiotensin Converting 
Enzyme 2 (ACE2) and massive release of cytokines [8].

Patients usually present with fever, dry cough, short-
ness of breath and diarrhea. SARS-CoV-2 can also cause 
multi-organ damage with extra-pulmonary manifesta-
tions and possible progression to severe disease and 
death [9]. Current therapeutic approach focuses on tar-
geting COVID-19-induced cytokine storm syndrome to 
reduce SARS-CoV-2 mortality and limit ICU overload 
[10].

Hemoxygenase 1 (HMOX-1) is an enzyme that cata-
lyzes the first step of the oxidative degradation of the 
heme group. Hemoxygenase is a rate-limiting enzyme 

in a reaction that releases several by-products, includ-
ing carbon monoxide (CO), biliverdin (which is reduced 
to bilirubin) and free iron [11]. The latter can be effec-
tively controlled by ferritin via sequestration and ferroxi-
dase activity. These homeostatic adjustments have been 
shown to be effective in protecting the endothelium from 
the deleterious effects of heme and iron free radicals. 
Lack of free radical control in an iron-rich environment 
may result in extensive endothelial damage in humans 
[12]. On the other hand, Carbon monoxide has multiple 
important protective roles; including a vasodilator effect 
[13], neuroprotective role [14] and more importantly an 
anti-inflammatory role [15].

HMOX-1 is composed of 288 amino acid residues with 
an active site located between the first two alpha helixes. 
HMOX-1 expression can be induced either by substrate 
(heme) or by other physical and chemical stimuli, includ-
ing metalloporphyrins, oxidative stress and cytokines 
[16]. The HMOX-1 gene is located on the long (q) arm of 
chromosome 22 at position 12.3. HMOX-1 is expressed 
in all mammalian tissues at basal levels. HMOX-1 expres-
sion levels can significantly increase in cells or tissues 
where red blood cells or hemoglobin are degraded by 
macrophages, such as the spleen, liver, bone marrow, and 
kidney [17].

The possible relation between genetic polymorphism 
in Hemoxygenase enzyme promoter gene, the sever-
ity of COVID-19 disease and patient outcome was not 
previously investigated. The current prospective study 
aimed at the evaluation of HMOX-1 promoter gene poly-
morphisms - GT(n) and potential SNPs - and HMOX-1 
enzyme serum level in relation to prognosis and out-
come of COVID-19 disease in hospitalized patients. The 
study also investigated whether there is a correlation 
between HMOX-1 promoter gene polymorphism, serum 
HMOX-1 enzyme level and several inflammatory and 
clinical markers in COVID-19 patients.

Subjects and methods
The study comprised 90 PCR (polymerase chain reaction) 
positive hospitalized COVID-19 patients. Patients age 
was 68 ± 15 years (mean ± SD). The patient’s cohort com-
prised of 49 female patients (54%) and 41 male patients 
(46%). Exclusion criteria included malignancy, chronic 
lung diseases, end stage renal disease (stage 4 or 5), 
patients taking immunosuppressive medications or those 
who had history of chemotherapy. Radiological exami-
nation with CT-Chest and a battery of laboratory tests 

Conclusion  We report a novel SNP (A > G, rs13057211) in the GT(n) region of HMOX-1 promoter gene that was 
associated with mortality in COVID-19 patients, however no significant difference was found in HMOX-1 serum level 
or HMOX-1 (GT)n repeats within the studied groups.

Keywords  Serum Hemoxygenase-1, Promoter GT(n) polymorphism, COVID-19, SNP, IL-6
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were done for all patients included in the study. Samples 
were collected during the first day of admission and the 
following tests were performed; CBC (complete blood 
count), serum Alanine Transaminase (ALT), Aspartate 
Transaminase (AST), Urea, Creatinine, Lactate Dehydro-
genase (LDH), plasma D-dimer, Prothrombin Time, and 
Activated Partial Thromboplastin Time. The following 
inflammatory markers: C-reactive protein, IL-6 and Fer-
ritin were also measured.

Serum HMOX-1 enzyme level was measured using 
commercially available Enzyme Linked Immunosorbent 
Assay (ELISA) kit (Cloud-Clone corporation, Catalogue 
No.E-00733hu, Houston, USA).

Determination of the HMOX-1 GT(n) repeats was done 
as described elsewhere [18]. Briefly, DNA was extracted 
from peripheral blood using Qiagen DNA extraction 
kit (QI Amp DNA blood Mini kit, Catalogue No./ ID: 
51104, Germany). The extracted DNA was amplified 
using polymerase chain reaction. A forward primer 5’ 
(AGAGCCTGCAGCTTCTCAGA) 3’ and reverse primer 
5’ (ACAAAGTCTGGCCATAGGAC) 3’ were used [19].

PCR conditions included initial denaturation step for 
5 min at 95 °C followed by 30 cycles of denaturation for 
30  s at 95  °C, annealing for 15  s at 58  °C and extension 
at 72 °C for 45 s, a final step of extension step for 5 min 
at 72  °C was performed. The amplicons were purified 
using Geneaid Gel/PCR DNA fragments purification 
kit (Catalogue No. DF100/300, Taiwan). The purified 
amplicon was sequenced using Sanger sequencing tech-
nique as described elsewhere [20]. The results were ana-
lyzed using Bio-Edit software. Results were analyzed by 
two independent researchers to confirm the GT repeats 
length and the presence of any SNP (Single Nucleotide 
Polymorphism). Statistical analysis of results was carried 
out using SPSS statistical package version 24 (SPSS, Inc., 
Chicago, IL, USA). The chi-square test was used for com-
parisons of the categorical variables between different 
groups. The Fisher exact test was also applied when > 20% 
of the variables had an expected count of < 5.

p value of < 0.05 was considered to indicate statistical 
significance. The Kolmogorov-Smirnov test for normal-
ity was used to evaluate the degree of deviation from a 
normal distribution across all the variables. A Student 
T-test and Mann-Whitney test were applied to nor-
mally and abnormally distributed quantitative variables, 
respectively.

Results
The current work is a prospective study that followed 
90 hospitalized Egyptian patients affected with COVID-
19 (PCR confirmed). Twenty-Five patients were lost 
during follow up. Patients were stratified into two 
groups; patients who survived and those who died dur-
ing COVID-19 disease. Figure  1 describes sample size, 

patient selection, and classification according to the 
course of the disease and outcome. Twenty-nine patients 
(44.6%) were discharged after resolution of the disease 
while 36 patients (55.4%) died.

Demographic and clinical data of both groups are sum-
marized in Table 1. The laboratory data are illustrated in 
Table 2. There was a significant difference between stud-
ied groups as regard CRP (p = 0.048) and PCT (p = 0.015), 
where higher levels were found in the deceased group. 
The two groups showed no significant difference in IL-6 
and D-dimer levels. Serum level of HMOX-1 was not sig-
nificantly different between survivors and those who died 
as a result of COVID-19 (p = 0.276).

When all cases were analyzed collectively, IL-6 corre-
lated positively with LOHS (p = 0.014, r = 0.651) and PCT 
(p < 0.001, r = 0.997). Similarly, CRP correlated positively 
with LOHS (p = 0.021, r = 0.4), PCT (p = 0.044, r = 0.425) 
and age (p < 0.001, r = 0.685). HMOX-1 enzyme serum 
level showed a negative correlation with IL-6 (p = 0.013, 
r= -0.61) and age (p = 0.033, r = -0.23). Figure  2 summa-
rizes the correlations between different parameters eval-
uated in the current study.

Although the level of serum HMOX-1 was higher 
in survivors than those who succumbed to COVID-
19 disease, this difference was not statistically signifi-
cant (p = 0.276). Figure  3 illustrates the level of serum 
HMOX-1 in the two groups.

Patients were further classified according to the num-
ber of GT repeats as those having long (≥ 22) or Short 
(< 22) repeats. Twenty-two patients (34%) had short 
GT repeat while 43 (66%) had long GT repeats. Based 
on this classification, patients having the long repeats 
showed significantly higher levels of PCT (p = 0.043) and 
D-Dimer (p = 0.048) than those having the short repeats. 
However, there was no significant difference between the 
two groups regarding the levels of HMOX-1 (p = 0.161). 
Similarly, there was no significant difference between 
survivors and those who died during COVID-19 dis-
ease regarding the length of GT(n) repeats (p = 0.667). 
(Table 3)

Interestingly, when the sequence of each case included 
in the study was examined thoroughly, a (A > G) SNP 
(rs13057211) in the GT(n) region of HMOX-1 promoter 
gene was found. (Fig. 4)

This (A > G) SNP (rs13057211) was found in 40 patients 
out of 65 included in the study (62%). Most importantly, 
there was a significant association between the (A > G) 
SNP (rs13057211) and mortality (p = 0.021). When 
this (A > G) SNP was examined in patients who suc-
cumbed to COVID-19, twenty-seven patients (75%) out 
of all 36 deceased patients harbored the (A > G) SNP 
(rs13057211). An overall mortality rate of 41.5% was 
observed (27 out of 65) and this has an odds ratio of 3.7; 
95% CI (1.29–10.56). (Table 4) (Fig. 5).
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When patient’s cohort was stratified according to the 
presence or absence of (A > G) SNP (rs13057211), no 
statistically significant association could be found with 
other clinicopathological variables (data not shown).

Discussion
COVID-19 may present with severe acute respiratory 
syndrome with microvascular thrombosis, vascular 
injury, and life-threatening respiratory distress syndrome 
[3]. The underlying mechanism of COVID-19 manifes-
tations are poorly understood. Sepsis, severe cytokine 
storm and immune dysregulation have been suggested 

as possible mechanisms [21]. Sepsis is characterized by 
a systemic inflammatory response syndrome (SIRS) with 
overexpression of proinflammatory cytokines and may 
lead to lethal multi-organ failure [22]. In addition, the 
inflammatory process is increasingly recognized as an 
important mechanism regulating thrombus formation 
and thrombolysis [23]. However, the variable outcome of 
different patients affected with COVID-19 disease is still 
puzzling.

Hemoxygenase enzyme plays a key role in heme metab-
olism. Oxidation of heme results in the production of bil-
iverdin, free iron and carbon monoxide. The products of 

Fig. 1  Funnel diagram illustrating the patient cohort along the course of the study
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heme catabolism are under strict control to avoid tissue 
injury from free iron and carbon monoxide [24]. Hemox-
ygenase is induced in response to stress and plays an 
important role in controlling the inflammatory process 
and tissue damage that may occur in various diseases 
[25]. HMOX-1 was found to have an anti-inflammatory 
properties and protective effect against lipopolysaccha-
ride induced lung injury [26].

Studies have shown its protective effect on vari-
ous organs as liver, heart, and lung from various insults 
[25, 27, 28]. Deficiency of Hemoxygenase may result in 
uncontrolled inflammation, coagulopathies [29], vascular 
injury and hemolytic anemia [27, 30].

HMOX-1 has a specific polymorphic site at the pro-
moter region. Polymorphisms in the human HMOX-1 
promoter are characterized by the presence of several 
GT repeats. Several common genetic variations including 
GT(n) dinucleotide repeats and single nucleotide poly-
morphisms (SNPs) within the HMOX-1 promoter region 
were reported previously [31]. Genetic variations in the 
promoter gene may modulate the level of promoter tran-
scriptional activity and hence HMOX-1 serum level and 

may be responsible for the variability in executing the 
HMOX-1- stress response effects [32].

Several authors reported the association between 
decreased repeat number and the decrease in 
HMOX-1 expression and/or HMOX-1 activity with a 
subsequent poor outcome in many conditions [33, 34]. 
However, the association between number of repeats 
and the outcome of several diseases have shown dis-
crepant results. Some authors illustrated an associa-
tion between short alleles and poor outcome [35, 36], 
while others found a more favorable outcome with the 
short allele [37, 38], and some reported lack of associa-
tion [39, 40].

The current study showed GT(n) repeat length that 
typically varied from 12 to 30 repeats with a trimodal 
distribution. Most common repeats were 16, 23 and 
29. Our results of trimodal distribution are similar to 
those obtained in studies that evaluated cohorts of 
African ancestry [31]. HMOX-1 promoter gene GT 
repeats were classified according to number of repeats 
into short repeats (< 22) or long repeats (≥ 23 repeats).

Different classifications of HMOX-1 promoter gene 
repeats in various diseases have been reported; some 

Table 1  Demographic and clinical data of studied COVID-19 patients
Died n = 36 Discharged n = 29 p-Value

n (%) n (%)
Gender Female 20 (56) 14 (48) 0.559 ¶

Male 16 (44) 15 (52)

Mean SD Mean SD

Age (yrs) 61.45 ± 14.14 59.83 ± 13.2 0.633 §

Pulse (bpm) 89.86 ± 11.8 83.75 ± 20.9 0.327 §

RR (cpm) 22 ± 2.66 22.63 ± 4.1 0.632 §

Median Range Median Range

LOHS (days) 7.8 2–30 7.67 1–27 0.416 †

Temperature (°C) 37.5 37–38.2 37 36.5–38 0.028†

SO2 (%) 95 67–99 95 67–100 0.748 †

pH 7.36 7.3–7.5 7.5 7.4–7.53 0.01†

HCO3 (mEq/L) 24 18–59 26 22.8–29.6 0.651 †

PaO2 (mmHg) 76 45–172 95 72–172 0.169 †

PaCO2 (mmHg) 34 16–55 33 16.4–38 0.91 †

SBP 140 100–160 140 110–170 0.324 †

n (%) n (%)

Setting of admission ICU 30 (83) 11 (38) < 0.001¶

Ward 6 (17) 18 (62)

Type of Ventilation MV 25 (69) 6 (21) < 0.001¶

O2 11(31) 23 (79)
Demographic data of the patients included in the study. Normally distributed variables were expressed as Mean ± SD while abnormally distributed variables were 
expressed as Median (Range)

n = number, LOHS: Length of hospital stay, RR: Respiratory rate, SO2: Oxygen saturation, SBP: Systolic Blood Pressure, SOA: setting of admission, TOV: Type of 
Ventilation, MV: Mechanical Ventilation, O2: Simple Oxygen

Significant p-value: less than 0.05
§ : t-test
† : mann-whitney test
¶ : Pearson
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describe them as short and long with different cut 
offs (22, 26 or 27) [35, 41, 42]. Other authors reported 
the repeats as three groups short, medium, and long 
with cut offs (23 or 25, 28 or 29 and 29 or 30) [34, 43]. 
GT(n) microsatellite polymorphism was studied in 
various settings regarding its possible effect on sever-
ity and outcome of infections, malignancies, and neo-
natal disorders [31, 44]. Discrepant results were noted 
between different authors. Shue et al. illustrated that 
longer GT- promoter repeats are associated with lower 
risk of ARDS [45] while Yasuda et al. found a higher 
risk for pneumonia patients with shorter alleles [46]. 
Conversely Hausmann et al. and Vázquez-Armenta et 
al. found no difference in the distribution of the alleles 
among the studied groups as regards inflammation 
and infection respectively which is concordant with 
our findings [37, 47].

The length of GT repeats has not been investigated 
in relation to COVID-19 outcome previously. In the 
current study there was no significant difference in 
the length of the repeats between survivors and those 

who succumbed to COVID-19 disease. The lack of 
association between Hemoxygenase promoter gene 
GT repeats polymorphism in our studied groups of 
patients may be explained by an ethnic difference in 
the Egyptian population. Collectively the evidence 
of the presence of an association between HMOX-1 
GT(n) promoter gene polymorphism and infectious 
disease is weak as shown by the systematic review of 
Hamilton et al. [31].

The current study reports a novel SNP, (A > G) 
rs13057211, in 40 of the COVID-19 patients (62%). 
Patients harboring this (A > G) SNP had a poor out-
come compared to patients who did not have this 
(A > G) SNP (p = 0.021). The odds ratio of mortality 
of patients harboring this (A > G) SNP was 3.7; 95% 
CI (1.29–10.56) indicating a high probability of mor-
tality in those patients. To the best of our knowledge, 
this polymorphism has not been reported in previous 
literature.

No difference was found between COVID-19 
patients who survived the infection and those who 
passed away regarding serum Hemoxygenase level. 
Although HMOX-1 is a stress response enzyme and 
plays a crucial role in protection against heme induced 
cytotoxicity through the degradation of heme and 
scavenging iron generated free radicals, HMOX-1 level 
did not differ with the outcome of COVID-19. This 
could be attributed to the multiplexity of its induc-
ers and regulators. The disease severity and the high 
mortality rate in our cohort could be another reason 
for the lack of difference in HMOX-1 enzyme levels 
between those who died and the survivors.

Discrepant results as regards HMOX-1 were recently 
reported. A recent study by Chen et al. found that 
HMOX-1 enzyme level does not differ as regard in-
hospital mortality which is concurrent with our find-
ings [48]. Conversely, one study showed difference in 
the level of HMOX-1 mRNA expression between criti-
cally ill patients and control groups which is discordant 
to our findings [49]. This difference may be attributed 
to the fact that they compared HMOX-1 mRNA level 
(not the serum level of HMOX-1) between heathy vol-
unteers and severely ill COVID-19 patients. Further-
more, the lower mortality rate in their study could be 
the reason for the difference in the findings. Patients’ 
clinical condition was not generally poor as they had 
low mortality rate in the cohort about 19% while our 
study had a mortality rate of 55%.

The current study detected a significant negative 
correlation between the HMOX-1 level and age. The 
decline in the availability of Nicotinamide Adenine 
Dinucleotide NAD caused by aging [50], together with 
the ability of SARS-COV-2 to further reduce the avail-
ability of NAD + could potentially downregulate the 

Table 2  Biochemical data of studied COVID-19 patients
Died Discharged p-value
Median Range Median Range p-Value

Urea (mg/dL) 46 19–175 35 9–220 0.409 †

Creatinine (mg/
dL)

1.0 0.4–4.2 0.9 0.5–
3.32

0.849 †

AST (U/L) 35 18–89 34 18–107 0.681 †

ALT (U/L) 37 15–88 53.5 14–223 0.104 †

TBIL (mg/dl) 0.6 0.3–0.9 0.8 0.2–0.9 0.762 †

D-dimer (ng/ml) 540 190–
7170

420 190–
2440

0.282 †

Ferritin (ng/ml) 631 110–
1650

610 40–
1650

0.288 †

LDH (U/L) 502.5 157–
2805

298 202–
990

0.428 †

RBS (mg/dL) 194 74–450 180 174–
200

0.727 †

CRP (mg/L) 108 3.5–510 113 4.4–257 0.048‡

IL-6 (pg/ml) 104 12.3–
5000

33 1.5–185 0.171 †

PCT (ng/ml) 0.225 0.01–
38.47

0.12 0.01–
0.6

0.015‡

Mean SD Mean SD p-Value

HMOX-1 (µg/ml) 54.12 ± 30 61.25 ± 19.8 0.276 §

Biochemical data of the patients included in the study. Normally distributed 
variables were expressed as Mean ± SD while abnormally distributed variables 
were expressed as Median (Range)

AST: Aspartate Transaminase, ALT: Alanine Transaminase, TBIL: Total bilirubin, 
LDH: Lactate Dehydrogenase, RBS: Random Blood Sugar, CRP: C-Reactive 
Protein, PCT: Procalcitonin, HMOX-1: Hemoxygenase enzyme serum level

Significant p-value: less than 0.05
§ : t-test
† : mann-whitney test
¶ : Pearson
‡: Levene’s test
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activation of Sirtuins (SIRT 1–7) which are a family of 
Nicotinamide Adenine Dinucleotide (NAD+) depen-
dent deacetylases that influence inflammatory and 
redox pathways [51]. One of which is Nuclear factor 
erythroid 2-related factor 2 (NRF2) activation which 
is an important regulator of HMOX-1 enzyme expres-
sion [52]. Altogether, these factors could be the rea-
sons for the observed negative correlation between 
age and HMOX-1 level and may explain the unfavor-
able prognosis of COVID-19 that is observed in elderly 
patients [53].

Zhang et al. found that viral Non-structural pro-
tein-14 (NSP14) could impair the activation of NrF2/
HMOX-1 pathway thus causing downregulation of 

HMOX-1 despite the oxidative stress caused by age 
[54]. This further illustrates the capacity of SARS-
CoV-2 to block host defense mechanisms.

The elevated serum IL-6 detected in the current 
study may represent an immunological disturbance in 
COVID-19 disease with marked increase in cytokine 
production and augmented immune response [55]. A 
significant negative correlation between HMOX-1 lev-
els and IL-6 was found when all our subjects were eval-
uated regardless of the outcome. This can be explained 
by the paradoxical relationship between IL-6 and 
HMOX-1 enzyme, as current evidence suggests that 
HMOX-1 is involved in the resolution of inflammation 

Fig. 2  Correlations between different parameters evaluated in the studied population
A- positive correlation between Interleukin- 6 (IL-6) and Procalcitonin (PCT), B- negative correlation between Age and Hemoxygenase (HMOX-1) enzyme 
level, C- negative correlation between IL-6 and HMOX-1 enzyme level and D- positive correlation between IL-6 and length of hospital stay (LOHS)
R (correlation coefficient) and p values are shown. P < 0.05: Significant correlation
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by modulating apoptotic cell death or cytokine expres-
sion [56].

Animal model study of HMOX-1 gene transfer dem-
onstrated that the transfer of HMOX-1 complementary 
Deoxyribonucleic Acid (cDNA) resulted in suppression 
of pathological intrapulmonary changes; enhanced 
survival of animals; and a decrease of inflammatory 
cells in the lung [57].

Moreover, SARS-COV-2 antigens through the inter-
action with ACE2 may over activate a pro-inflamma-
tory pathway via nuclear pyrin domain-containing 
protein 3 (NLRP3) inflammasome [58, 59].

NLRP3 activation leads to the release of inflamma-
tory cytokines such as IL-6 and TNF-a that play a key 
role in the cytokine storm [60, 61]. Conversely SARS-
COV-2 Open Reading Frame 3a (ORF3a) protein was 
found to bind and disrupt HMOX-1 [62]. These factors 
in combination may explain the negative correlation 
found in this study between serum HMOX-1 and IL-6.

The current study showed significant positive cor-
relation between IL-6 and PCT and between CRP 
and PCT. These inflammatory markers also corre-
lated positively with the LOHS. As would be expected; 
the inflammatory markers (CRP and PCT) showed 
higher levels in those who died of the disease. This 
positive correlation implies a higher disease burden 
and inflammatory response that necessitates lon-
ger hospital admission and the possible development 
of more complications including multi-organ failure 

Table 3  GT repeat length in the studied COVID-19 patients
GT repeat length p-

valueShort Long
n (%) n (%)

Outcome Died 13 (59) 23 (53) 0.667 ¶

Discharge 9 (41) 20 (47)

Median 
(Range)

Median 
(Range)

PCT (ng/ml) 0.09 
(0.01–0.42)

0.3 (0.1–38) 0.043†

LDH (U/L) 659 
(487–2805)

307 
(157–990)

0.011†

Mean ± SD Mean ± SD

D-dimer (ng/ml) 437 ± 290 1584 ± 
1943

0.048§

CRP (mg/L) 197 ± 175 103 ± 88 0.003‡

HMOX-1 (µg/ml) 55.8 ± 21.3 60.5 ± 27.8 0.161 §

Table  3 summarizes the percentage of the short and long GT repeats alleles 
in survivors and patients who died as a result of COVID-19 disease. The 
concentrations of different markers evaluated in the study were stratified 
according to the GT repeat length whether short or long repeats. Normally 
distributed variables were expressed as Mean ± SD while abnormally distributed 
variables were expressed as Median (Range)

CRP: C-Reactive protein, PCT: procalcitonin, LDH: Lactate dehydrogenase and 
HMOX-1: Hemoxygenase enzyme

§ : t-test

† : Mann-Whitney test

¶ : Pearson

‡: Levene’s test

Significant p-value: less than 0.05

Fig. 3  Illustrate serum HMOX-1 level in survivors and those who died during COVID-19. Boxplots illustrate serum HMOX-1 (pg/mL) in patients passes 
away and those who discharged post COVID-19. Number of patients included in each group was 36 Died and 29 discharged COVID-19 diseases. No 
significant difference was noted between the two groups regarding HMOX-1 level. p value = 0.276. The boxplots represent the interquartile range from 
the 25th to the 75th percentiles. The whiskers below and above the boxes represent the minimum and maximum values, respectively. The line across 
each box represents the median value. N = number of patients included in each group. O: Outliers (values larger than the upper quartile plus 1.5 times 
the interquartile range)
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and ARDS. Our finding mirrors the findings of other 
authors who evaluated PCT and IL-6 in COVID-19 
patients [63].

We found a significantly higher level of PCT in 
patients with longer (≥ 23) GT(n) repeats which may 
point to the protective effect of the shorter repeats 
against sepsis and the increased risk of sepsis with 
the longer repeats which is concordant with previ-
ous studies [37, 64]. Interestingly the current study 
showed higher level of D-dimer in patients with long 
repeats (≥ 23 repeats) which can indicate the potential 

Table 4  (A > G) SNP (rs13057211) in patients who survived and 
those who succumbed to COVID-19 disease
Outcome (A > G) SNP 

(rs13057211)
Total p-value OR (95% CI)

Present Absent
Died (n) 27 9 36 0.021* 3.7

(1.29–10.56)Discharged (n) 13 16 29

Total 40 25 65
Table  4, shows the frequency and the results of the cross tabulation of the 
(A > G) SNP (rs13057211) and the outcome in the studied groups. There was a 
clear significant difference regarding the distribution of (A > G) SNP (rs13057211) 
in the two studied groups (P < 0.05). Chi square test (Exact Fisher test) was used

Fig. 5  Risk of mortality in the patients harboring the SNP (A > G- rs13057211)
There was a statistically significant increased risk of mortality in the presence of SNP (A > G- rs13057211) Calculated Odds Ratio was 3.7 with a confidence 
interval of (95% CI: 1.29–10.56)

 

Fig. 4  Sequence results and agarose gel electrophoresis of 2 representative samples from the studies cohort
The upper panel (1) shows the sequence of the wild type A (Genbank S58267) while (B) shows the the (A > G) SNP (rs13057211)
The lower panel (2) shows agarose gel electrophoresis of the amplified segment (~ 80 bp) of HMOX-1 promoter gene in some samples.The amplicon 
(Thick arrow pointing at the 80 Bp fragment) was subsequently purified and sequenced. The two thin arrows show the ladder marker fragments of 50 
and 100 Bp respectively
NC: negative control
Ladder: DNA ladder
bp: base pairs
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pro-thrombotic effect of long repeats as was previ-
ously described by Mustafa et al. [29].

In conclusion, the current study found no significant 
difference in the distribution of long and short GT(n) 
repeats in HMOX-1 promoter gene among patients 
who survived COVID-19 disease and those who suc-
cumbed to death. However, we report a novel finding 
that is the detection of (A > G - rs13057211) SNP in the 
HMOX-1 promoter gene that is associated with higher 
risk of mortality in patients affected with COVID-19 
disease. To our knowledge no previous studies evalu-
ated this (A > G - rs13057211) SNP before. This find-
ing may be helpful in patients’ prognostication and 
warrants further studies to confirm this association 
in other ethnic populations affected with COVID-19 
disease.

Future work may involve, examining the possible 
relationship between the detected (A > G - rs13057211) 
SNP and the severity of long-term complications in 
survivors of COVID-19 disease. Furthermore, the 
investigation of possible association between (A > G - 
rs13057211) SNP and the outcome of other inflamma-
tory disorders represents an interesting research idea.

Limitations of the study
The current study was performed on a relatively small 
number of patients; thus, bigger studies involving 
patients in different age groups are needed to check 
the consistency of the current findings.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12890-023-02785-x.

Supplementary Material 1

Supplementary Material 2

Supplementary Material 3

Acknowledgements
Not applicable.

Author contribution
ME: Research Idea, writing and statistical analysis. KG: Samples and data 
collection, Taking patients/guardian consents, laboratory bench work 
and sharing in manuscript writing. OE: Laboratory Bench work, references 
collection and data tabulation. EE: Lab Bench work, writing and revision of the 
manuscript. AO: Help in Molecular work and interpretation of molecular data. 
HS: Help in Molecular work and interpretation of molecular data. AB: Patients 
assessment and management and Manuscript revision. MM Eldeeb: Lab 
Bench work and revision of the manuscript.

Funding
Open access funding provided by The Science, Technology & Innovation 
Funding Authority (STDF) in cooperation with The Egyptian Knowledge Bank 
(EKB).
This work was carried out using the Chemical Pathology Department 
Research fund (Fund No.25642; Medical Research Institute) that is allocated by 
Alexandria University of Egypt.

Data Availability
The datasets generated during the current study are available in the 
Bioproject: repository, Accession: PRJNA1015194. Link: https://www.
ncbi.nlm.nih.gov/bioproject/1015194. GenBank accession numbers: 
OR541344-OR541442.

Declarations

Ethics approval and consent to participate
This study was approved by the Ethical Committee of the Medical Research 
Institute, Alexandria University (IORG#: 0008812). Informed Consent of 
patients/guardians was taken before enrolment in the current study and 
patients/guardians consented that the research data will be subjected to 
publication in peer reviewed journals.

Consent for publication
All data and materials used to generate this manuscript are available from the 
corresponding author for review or if needed in future meta-analysis studies.

Competing interests
The authors declare no conflict of interest.

Author details
1Department of Chemical Pathology, Medical Research Institute, 
Alexandria University, Alexandria, Egypt
2Department of Clinical Laboratory Sciences, College of Applied Medical 
Sciences, Al Jouf University, Saudi Arabia
3Faculty of Medicine, Alexandria University, Alexandria, Egypt
4Department of Biology and Biotechnology Graduate Program, School of 
Sciences and Engineering (SSE), The American University in Cairo (AUC), 
New Cairo, Egypt
5Department of Biotechnology, Institute of Graduate Studies and 
Research Alexandria University, Alexandria, Egypt
6Department of Chest Diseases, Faculty of Medicine, Alexandria 
University, Alexandria, Egypt

Received: 12 August 2023 / Accepted: 24 November 2023

References
1.	 Corman VM, et al. Hosts and sources of Endemic Human coronaviruses. Adv 

Virus Res. 2018;100:163–88.
2.	 Guan W-j, et al. Clinical characteristics of Coronavirus Disease 2019 in China. 

N Engl J Med. 2020;382(18):1708–20.
3.	 Pfortmueller CA, et al. COVID-19-associated acute respiratory distress syn-

drome (CARDS): current knowledge on pathophysiology and ICU treatment 
- A narrative review. Best Pract Res Clin Anaesthesiol. 2021;35(3):351–68.

4.	 Chiumello D, Modafferi L, Fratti I. Risk factors and mortality in Elderly ARDS 
COVID-19 compared to patients without COVID-19. J Clin Med, 2022. 11(17).

5.	 World Health Organization. Coronavirus disease 2019 (COVID-19) situation 
report. 2023.

6.	 Triggle CR, et al. A Comprehensive Review of viral characteristics, transmis-
sion, pathophysiology, Immune Response, and management of SARS-CoV-2 
and COVID-19 as a basis for Controlling the Pandemic. Front Immunol. 
2021;12:631139.

7.	 Zanza C, et al. Cytokine Storm in COVID-19: immunopathogenesis and 
therapy. Medicina. 2022;58(2):144.

8.	 Jiang Y, et al. Cytokine Storm in COVID-19: from viral Infection to immune 
responses, diagnosis and therapy. Int J Biol Sci. 2022;18(2):459–72.

9.	 Mehta OP et al. Coronavirus Disease (COVID-19): Comprehensive Review of Clini-
cal Presentation. Front Public Health, 2021. 8.

10.	 Morgulchik N, et al. Potential therapeutic approaches for targeted inhibition 
of inflammatory cytokines following COVID-19 infection-induced cytokine 
Storm. Interface Focus. 2022;12(1):20210006.

11.	 Ryter SW, Alam J, Choi AM. Heme oxygenase-1/carbon Monoxide: from basic 
science to therapeutic applications. Physiol Rev. 2006;86(2):583–650.

12.	 Balla J, et al. Heme, heme oxygenase, and ferritin: how the vascular endothe-
lium survives (and dies) in an iron-rich environment. Antioxid Redox Signal. 
2007;9(12):2119–37.

https://doi.org/10.1186/s12890-023-02785-x
https://doi.org/10.1186/s12890-023-02785-x
https://www.ncbi.nlm.nih.gov/bioproject/1015194
https://www.ncbi.nlm.nih.gov/bioproject/1015194


Page 11 of 11Fares et al. BMC Pulmonary Medicine          (2023) 23:514 

13.	 Bilska-Wilkosz A, Górny M, Iciek M. Biological and Pharmacological properties 
of Carbon Monoxide: a General Overview. Oxygen. 2022;2(2):130–51.

14.	 Soares NL et al. Carbon Monoxide modulation of microglia-neuron communica-
tion: anti-neuroinflammatory and neurotrophic role. Mol Neurobiol, 2022: p. 
1–18.

15.	 Otterbein LE, et al. Carbon Monoxide has anti-inflammatory effects involving 
the mitogen-activated protein kinase pathway. Nat Med. 2000;6(4):422–8.

16.	 Sebastián VP et al. Heme Oxygenase-1 as a Modulator of Intestinal Inflammation 
Development and Progression Front Immunol, 2018. 9: p. 1956.

17.	 Ma LL et al. Association between HO–1 gene promoter polymorphisms and 
Diseases (review). Mol Med Rep, 2022. 25(1).

18.	 Hansson HH, et al. Polymorphisms in the Haem Oxygenase-1 promoter are 
not associated with severity of Plasmodium Falciparum Malaria in Ghanaian 
children. Malar J. 2015;14(1):153.

19.	 Kimpara T, et al. Microsatellite polymorphism in the human heme oxy-
genase-1 gene promoter and its application in association studies with 
Alzheimer and Parkinson Disease. Hum Genet. 1997;100(1):145–7.

20.	 Crossley BM, et al. Guidelines for Sanger sequencing and molecular assay 
monitoring. J Vet Diagn Invest. 2020;32(6):767–75.

21.	 Bhaskar S, et al. Cytokine Storm in COVID-19-Immunopathological mecha-
nisms, clinical considerations, and therapeutic approaches: the REPROGRAM 
Consortium position paper. Front Immunol. 2020;11:1648.

22.	 Lukan N. Cytokine Storm, not only in COVID-19 patients. Mini-review. Immu-
nol Lett. 2020;228:38–44.

23.	 Rodriguez AL, et al. Statins, inflammation and deep vein Thrombosis: a 
systematic review. J Thromb Thrombolysis. 2012;33(4):371–82.

24.	 Wegiel B, et al. Heme oxygenase-1: a metabolic nike. Antioxid Redox Signal. 
2014;20(11):1709–22.

25.	 Otterbein LE, Foresti R, Motterlini R. Heme Oxygenase-1 and Carbon 
Monoxide in the heart: the Balancing Act between Danger Signaling and 
Pro-survival. Circ Res. 2016;118(12):1940–59.

26.	 Ryter SW, Choi AM. Targeting heme oxygenase-1 and Carbon Monoxide for 
therapeutic modulation of inflammation. Transl Res. 2016;167(1):7–34.

27.	 Origassa CS, Câmara NO. Cytoprotective role of heme oxygenase-1 and 
heme degradation derived end products in liver injury. World J Hepatol. 
2013;5(10):541–9.

28.	 Slebos D-J, Ryter SW, Choi AMK. Heme oxygenase-1 and Carbon Monoxide in 
pulmonary medicine. Respir Res. 2003;4(1):7.

29.	 Mustafa S, et al. Genetic variation in heme oxygenase 1 (HMOX1) and the risk 
of recurrent venous thromboembolism. J Vasc Surg. 2008;47(3):566–70.

30.	 Yachie A. Heme Oxygenase-1 Deficiency and oxidative stress: a review of 9 Inde-
pendent human cases and animal models. Int J Mol Sci, 2021. 22(4).

31.	 Hamilton FW, et al. HMOX1 genetic polymorphisms and outcomes in Infec-
tious Disease: a systematic review. PLoS ONE. 2022;17(5):e0267399.

32.	 Exner M, et al. The role of heme oxygenase-1 promoter polymorphisms in 
human Disease. Free Radic Biol Med. 2004;37(8):1097–104.

33.	 Chen YH, et al. Microsatellite polymorphism in promoter of heme oxygen-
ase-1 gene is associated with susceptibility to coronary artery Disease in type 
2 diabetic patients. Hum Genet. 2002;111(1):1–8.

34.	 Yamada N, et al. Microsatellite polymorphism in the heme oxygenase-1 gene 
promoter is associated with susceptibility to Emphysema. Am J Hum Genet. 
2000;66(1):187–95.

35.	 Wu M-M, et al. GT-Repeat polymorphism in the HO-1 gene promoter is Asso-
ciated with risk of Liver Cancer: a Follow-Up study from Arseniasis-endemic 
areas in Taiwan. J Clin Med. 2021;10(7):1489.

36.	 Takeda M, et al. Microsatellite polymorphism in the heme oxygenase-1 gene 
promoter is associated with susceptibility to cerebral Malaria in Myanmar. 
Jpn J Infect Dis. 2005;58(5):268.

37.	 Vázquez-Armenta G, et al. Short (GT)n microsatellite repeats in the Heme 
Oxygenase-1 gene promoter are Associated with antioxidant and anti-
inflammatory status in Mexican Pediatric patients with Sepsis. Tohoku J Exp 
Med. 2013;231(3):201–9.

38.	 Chen M, et al. Short (GT) (n) repeats in heme oxygenase-1 gene promoter 
are associated with lower risk of coronary Heart Disease in subjects with high 
levels of oxidative stress. Cell Stress Chaperones. 2012;17(3):329–38.

39.	 Askenazi DJ, et al. Genetic polymorphisms of heme-oxygenase 1 (HO-1) may 
impact on acute kidney injury, bronchopulmonary dysplasia, and mortality in 
premature infants. Pediatr Res. 2015;77(6):793–8.

40.	 Urbánek P, et al. No association of promoter variations of HMOX1 and 
UGT1A1 genes with liver injury in chronic Hepatitis C. Ann Hepatol. 
2011;10(4):445–51.

41.	 Katayama Y, et al. Association of HMOX1 gene promoter polymorphisms with 
hyperbilirubinemia in the early neonatal period. Pediatr Int. 2015;57(4):645–9.

42.	 Bai CH, et al. Shorter GT repeat polymorphism in the heme oxygenase-1 
gene promoter has protective effect on ischemic Stroke in dyslipidemia 
patients. J Biomed Sci. 2010;17(1):12.

43.	 Taha H et al. Role of Heme Oxygenase-1 in Human Endothelial Cells Arterioscle-
rosis, Thrombosis, and Vascular Biology, 2010. 30(8): p. 1634–1641.

44.	 Nakasone R, et al. The role of Heme Oxygenase-1 promoter polymorphisms 
in Perinatal Disease. Int J Environ Res Public Health. 2021;18(7):3520.

45.	 Sheu C-C, et al. Heme Oxygenase-1 microsatellite polymorphism and 
haplotypes are associated with the development of acute respiratory distress 
syndrome. Intensive Care Med. 2009;35(8):1343–51.

46.	 Yasuda H, et al. Association of susceptibility to the development of Pneumo-
nia in the older Japanese population with haem oxygenase-1 gene promoter 
polymorphism. J Med Genet. 2006;43(4):e17–7.

47.	 Hausmann M, et al. (GT)n dinucleotide repeat polymorphism of haem 
oxygenase-1 promotor region is not associated with inflammatory bowel 
Disease risk or Disease course. Clin Exp Immunol. 2008;153(1):81–5.

48.	 Chen H-Y, et al. Association between heme oxygenase one and sepsis 
development in patients with moderate-to-critical COVID-19: a single-center, 
retrospective observational study. Eur J Med Res. 2022;27(1):275.

49.	 Detsika MG et al. Increase of HO-1 Expression in Critically Ill COVID-19 Patients Is 
Associated with Poor Prognosis and Outcome Antioxidants (Basel), 2022. 11(7).

50.	 He M, et al. An Acetylation switch of the NLRP3 Inflammasome regulates 
Aging-Associated chronic inflammation and insulin resistance. Cell Metab. 
2020;31(3):580–591e5.

51.	 Finkel T, Deng C-X, Mostoslavsky R. Recent progress in the biology and physi-
ology of sirtuins. Nature. 2009;460(7255):587–91.

52.	 Antioxidants. The role of sirtuins in antioxidant and Redox Signaling. Redox 
Signal. 2018;28(8):643–61.

53.	 Mueller AL, McNamara MS, Sinclair DA. Why does COVID-19 disproportion-
ately affect older people? Aging. 2020;12(10):9959–81.

54.	 Zhang S, et al. SARS-CoV-2 virus NSP14 impairs NRF2/HMOX1 activation by 
targeting Sirtuin 1. Cell Mol Immunol. 2022;19(8):872–82.

55.	 Hu B, Huang S, Yin L. The cytokine Storm and COVID-19. J Med Virol. 
2021;93(1):250–6.

56.	 Ryter SW. Heme Oxgenase-1, a Cardinal Modulator of regulated cell death and 
inflammation. Cells, 2021. 10(3).

57.	 Hashiba T, et al. Adenovirus-mediated transfer of heme oxygenase-1 cDNA 
attenuates severe lung injury induced by the Influenza virus in mice. Gene 
Ther. 2001;8(19):1499–507.

58.	 Potere N, et al. Interleukin-1 and the NLRP3 inflammasome in COVID-19: 
Pathogenetic and therapeutic implications. EBioMedicine. 2022;85:104299.

59.	 Siu KL, et al. Severe acute respiratory syndrome coronavirus ORF3a protein 
activates the NLRP3 inflammasome by promoting TRAF3-dependent ubiqui-
tination of ASC. Faseb j. 2019;33(8):8865–77.

60.	 Zhao N, Di B, Xu LL. The NLRP3 inflammasome and COVID-19: activation, 
pathogenesis and therapeutic strategies. Cytokine Growth Factor Rev. 
2021;61:2–15.

61.	 Olagnier D, et al. SARS-CoV2-mediated suppression of NRF2-signaling reveals 
potent antiviral and anti-inflammatory activity of 4-octyl-itaconate and 
dimethyl fumarate. Nat Commun. 2020;11(1):4938.

62.	 Zandi M, et al. The role of SARS-CoV-2 accessory proteins in immune evasion. 
Biomed Pharmacother. 2022;156:113889.

63.	 Villaescusa L, et al. A new approach to the management of COVID-19. 
Antagonists of IL-6: Siltuximab. Volume 39. Advances in Therapy; 2022. pp. 
1126–48. 3.

64.	 Sponholz C, et al. Gene polymorphisms in the Heme Degradation pathway 
and outcome of severe human Sepsis. Shock. 2012;38(5):459–65.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	SNP (A > G - rs13057211) but not GT(n) polymorphism in HMOX-1 promotor gene is associated with COVID-19 mortality
	Recommended Citation
	APA Citation
	MLA Citation


	﻿SNP (A > G - rs13057211) but not GT(n) polymorphism in HMOX-1 promotor gene is associated with COVID-19 mortality
	﻿Abstract
	﻿Introduction
	﻿Subjects and methods
	﻿Results
	﻿Discussion
	﻿Limitations of the study

	﻿References


