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Abstract

Background: Coronavirus disease (COVID-19) has imposed serious effects on public health. The main defender against this viral in-
flammatory disease is the body’s immune system. Selenium and vitamin D as anti-inflammatory, immune-enhancing micronutrients

could be beneficial in alleviating the worst outcomes of COVID-19.

Methods: One hundred hospitalized COVID-19 patients with saturation of oxygen (Sp02) < 94 were assessed. In the first day of ad-
mission to the hospital, serum selenium and 25-hydroxy vitamin D concentrations were measured. Other clinical outcomes, including
lung involvement, length of hospital stay (LOS), C-reactive protein (CRP), Sp0O2, intubation, and gastrointestinal and neural symptoms

were extracted from each patient’s medical record. Twenty-four-hour food recall was taken to evaluate the food intake of patients.

Results: Fifty-six percent of patients were 25-hydroxy vitamin D deficient, and 2 percent were selenium deficient. After adjusting for
confounding variables, serum selenium was negatively associated with mortality (coefficient: -0.16, p-value: 0.01) and both selenium

(coefficient: -0.10, p-value: 0.01) and 25-hydroxy vitamin D (coefficient: -0.11, p-value: 0.004) showed inverse correlation with LOS.

Conclusion: There is an inverse association between serum concentrations of selenium and 25-hydroxy vitamin D with adverse
clinical outcomes and mortality of patients with severe COVID-19. Higher concentrations of selenium were associated with increased
Sp02 and decreased LOS and risk of death. Although higher concentrations of 25-hydroxy vitamin D were associated with reduced

LOS and percentage of lung involvement, no association was found regarding mortality.
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various symptoms, including hypogeusia, anosmia, headache, au-

Introduction tonomic dysfunction, cardiac involvements, gastrointestinal symp-
COVID-19 has imposed serious effects on both public health  toms, hepatic involvement, acute kidney injury, and dermatologic
and the economy worldwide [1,2]. Although the symptoms are  manifestations [2-14]. Also, the quarantine and isolation lead to

mainly flu-like, this virus can affect many other organs and present ~ panic, anxiety, depression [11,14]. loneliness [4] and obesity [8,15].
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Despite efforts to identify a treatment for COVID-19, no definite
treatment has been found and preventative measures are still the
most effective way [16-19]. In recent months, many vaccines have
been approved by the Food and Drug Administration (FDA) for
protection against COVID-19; however, new mutations of the virus
may lead to ineffectiveness of vaccines [20]. Therefore, attempts to
find risk factors for a worse prognosis of the disease and finding a
supplementary treatment are still crucial.

The main defender against viral diseases is the body’s immune
system [21,22]. The immune system relies on many micronutri-
ents for optimal function [21-29], including selenium and vitamin
D [24,26-28,30,31]. On the other hand, COVID-19, as a viral infec-
tion, triggers a severe immune response and cytokine storm, and
leads to systemic inflammation. Thus, the inflammatory response
plays a key role in clinical manifestations of COVID-19 [32]. The cy-
tokine and inflammation storms, which occur in some cases, are
associated with severe COVID-19, occurrence of acute respiratory
distress syndrome (ARDS), and multiple organ failure leading to
death in patients with the disease [33-35]. Therefore, decreased
level of inflammation in this disease is associated with a lower
risk of mortality and severe outcomes, including tissue damage
[32]. Selenium and vitamin D are among the micronutrients that
have been considered as antioxidant and anti-inflammatory agents
[36,37]. Previous studies on the effect of selenium and vitamin D on
COVID-19 showed that intravenous selenium supplementation in
critically ill COVID-19 patients increased the serum immune cells,
including immunoglobulin G, CD8 and natural killer (NK) cells
[38]. Vitamin D3 supplementation in geriatric COVID-19 patients
increased 3-months survival. In intervention group 76.1% of pa-
tients survived at 3 months compared to 53.6% in placebo group
(P-value = 0.03) [39]. Pulse vitamin D therapy decreases inflam-
matory markers [40] and daily oral vitamin D3 therapy decreases
the recovery time for cough and ageusia[41] in COVID-19 patients.
Their correlation with outcomes of COVID-19 has been partially
evaluated in previous studies, but their results are not consistent
[42-44]. Especially with regard to selenium level, considering the
low sample sizes [45-47], and the retrospective or ecological de-
signs of the studies [45-48]. Moreover, there is no study evaluat-
ing the correlation of serum selenium concentration in COVID-19
patients with hospital length of stay, Sp0O,, lung involvement, and
gastrointestinal and neural symptoms.

We hypothesized that higher concentrations of serum selenium
and 25-hydroxy vitamin D is associated with lower occurrence of
adverse clinical outcomes and mortality (increased SpO,, lower risk
of mortality, decreased LOS, fever, inflammation (CRP) and lung in-
volvement) in patients with severe COVID-19. Thus, this study was
conducted to evaluate the association of serum concentrations of
25-hydroxy vitamin D and selenium with clinical outcomes and risk
of mortality in patients with COVID-19.

05
Materials and Methods
Study Design

This prospective study was conducted on 100 patients with
COVID-19 who were admitted to X Hospital (center of care for
COVID-19 patients in X, X). Based on the primary outcome of this
study (serum selenium concentration), the study of Moghaddam.,
et al. [43], considering the type one error of 0.05, type two error
of 0.15, ratio of 1 to 10 (non-survived versus survived), 1.2 as the
mean difference between the groups and standard deviations of
1.3 and 0.9, a minimum sample size of 88 (8 dead and 80 alive)
was determined. Considering the probability of attrition, 100 eli-
gible patients were collected for the study from February 2021 to
March 2021. The inclusion criteria were: X ethnicity, positive test
for COVID-19 ribonucleic acid (RNA) with real-time polymerase
chain reaction (RT-PCR) within the past five days of admission, first
time infection with COVID-19, aged 18-65 years, informed consent
of patients participating in the study, Sp0O, < 94 (measured by pulse
oximeter), and infection with severe COVID-19 requiring hospi-
talization based on National Institutes of Health (NIH) guidelines
[49]. These are defined as SpO, < 94, or tachypnea (respiratory fre-
quency > 30 breaths/min), or increased alveolar-arterial gradient,
or lung involvement > 50% (by computed tomography (CT) scan),
or partial pressure of oxygen (PaO,)/fraction of inspired oxygen
(Fi0,) < 300 (Pa0,/FiO, < 300). The exclusion criteria were smok-
ing, asthma, cancer, diabetes, history of heart attack and stroke,
kidney and hepatic diseases, transfer from or to other hospitals
(due to disruption of taking blood samples in the first day of ad-
mission and possibility of loss of patients for follow-up), lack of
consciousness on admission to hospital, and admission to ICU on
the first day of hospitalization.

This study was registered at X (Registration Code: in title page)
and approved by the research ethics committee of the university
(Ethics Approval Code: in title page). All patients participated in
the study with written informed consent in accordance with the
Declaration of Helsinki.

During the first 24 hours of admission to the hospital, a blood
sample was taken of serum 25-hydroxy vitamin D and selenium
concentrations and stored for further assessment. The patients
were followed until they were discharged or passed away. Dur-
ing this time, any change in patients’ status, including admission
to ICU, loss of consciousness, need for a ventilator, or other demo-
graphic, clinical and dietary data were taken from the patients,
their in-charge medical staff, and their medical records.

The blood sample was taken by a qualified nurse. After centrif-
ugation of the blood samples for 15 minutes at the rate of 2500
revolutions per minute (RPM) and relative centrifuge force (RCF)
of 2000 g in the hospital’s laboratory for serum separation, the ex-
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tracted serum was stored in sterile micro-tubes at a temperature of
-80°C and sent on dry ice to a remote lab for analysis of selenium
and 25-hydroxy vitamin D concentrations. All laboratory techni-
cians were blinded to the outcomes and clinical information. Also,
blood samples were taken before the onset of vitamin D therapy in
patients.

Serum selenium and vitamin D analysis

Serum selenium concentration was measured by atomic absorp-
tion spectrophotometry using a Perkin-Elmer Analyst 300 atomic
absorption spectrophotometer (Perkin-Elmer, Norwalk, CT, USA)
[(HGA 800 (Heated Graphite Atomizer), Autosampler 70 with MHS-
10 (Mercury Hydride System)]. For measuring serum 25-hydroxy
vitamin D, total 25-hydroxy vitamin D was measured by high-per-
formance liquid chromatography (HPLC). An Agilent 1100 series
HPLC system equipped with a ultraviolet (UV) detector was used
for the chromatographic analysis (Agilent technologies, Palo Alto,
CA, USA). The analytes were separated on a Hector-M C18 4.6 x 150
mm analytical column with 5.0 pm particle size. Quality control
(QC) was used for measurement of 25-hydroxy vitamin D and sele-
nium. For QC of selenium assessment, two standard serums (Serum
level-1 and level-2, seronorm™) were used; the intra-coefficient of
variation (CV) values were 15% and 14.7% and the inter-CV was
5%. For calibration of the atomic gas absorption spectrophotom-
eter, the standard addition calibration method was selected. For QC
of 25-hydroxy vitamin D assessment, serum calibrator (25(0H)D,
ClinCal®) and controls for 25(0H)D (levels I and II, ClinChek) were
used; the inter-CV values were 13% and 10% and the intra-CV val-
ue was 0.58%. Selenium and 25-hydroxy vitamin D deficiency were
considered as serum selenium concentrations lower than 70 ng/
ml [50,51]. and 25-hydroxy vitamin D concentrations lower than12
ng/ml respectively [52]. Insufficiency of vitamin D is defined as se-
rum concentration of 25-hydroxy vitamin D higher than 12ng/ml
and lower than 20 ng/ml[52].

Clinical measurements

Demographic, clinical, and outcome data of COVID-19 patients
were collected by questionnaires from patients, physical examina-
tion findings, and medical records in the hospital. Lung involve-
ment was measured via chest X-rays taken on the first and last days
of admission by two blinded radiologists and the final percentage
was calculated as the mean of two assessments. During the assess-
ment of lung involvement, the radiologists were blinded to each
other’s findings and the patients’ clinical outcomes. SpO2 was mea-
sured using a pulse oximeter on the first and last day of admission
(the day of discharge from hospital for those who survived or the
day of death for those who did not survive). The data on neural
(headache, anosmia, ageusia) and gastrointestinal (nausea, vom-
iting, diarrhea, constipation, abdominal cramps) symptoms were
collected on the first and last days of admission. The neural and
gastrointestinal symptoms questionnaire was filled out twice by
nurses and was examined by physicians. The first questionnaire
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was administered by nurses on the first day of admission, asking
patients if they had experienced any of the above symptoms during
the last five days which lasted more than 12 hours (yes/no ques-
tion). The second questionnaire, administered on the last day of
admission, asked patients if they had experienced any of the above
symptoms which lasted more than 12 hours during the hospitaliza-
tion. Even if a patient complained of only one of the neural/gastro-
intestinal symptoms, they would be scored yes for having neural/
gastrointestinal symptoms. Also, the physicians examined patients’
gastrointestinal and neural symptoms and the self-reports of pa-
tients were rechecked against the examination. The need for venti-
lation on admission and during the hospitalization period, respira-
tory rate (RR), body temperature, admission to Intensive care unit
(ICU), loss of consciousness, serum concentrations of magnesium,
calcium, potassium, sodium, CRP, Erythrocyte sedimentation rate
(ESR), Complete blood count (CBC) with differential, body weight,
height, date of admission and discharge, and death were obtained
from the patients’ medical records. The length of hospital stay was
considered from the first day of admission to the day of discharge/
death. The exact dosages of patients’ medications were not as-
sessed but the principal medications that were used for these pa-
tients were dexamethasone and remdesivir, based on their physi-
cians’ reports.

Food recall

Three 24-hour food recall questionnaires were filled out by a
skilled nutritionist to assess the dietary intake of vitamin D and
selenium of the patients during hospitalization to adjust the effect
on outcomes of possible different dietary intakes of selenium and
vitamin D. Also, the daily dietary sheet of the hospital was checked
to ensure the concordance of the patients’ self-reports about the
type of food that was consumed with the foods delivered by the
hospital. The first questionnaire was taken on the first day and
then two subsequent questionnaires were taken on alternate days.
Lastly, the food recalls were analyzed with NUT4 software. More-
over, all admitted patients without kidney disorders were fed a
high-protein diet in the hospital. The patients did not take any sele-
nium supplements, but a daily oral dose of 1000 IU vitamin D was
taken by all patients from the first 48 hours of admission to the end

of hospitalization.

Statistical analysis

Qualitative and quantitative variables were reported as number
(%) and mean * standard deviation (SD) respectively. To investi-
gate the difference between subgroups, we used independent T-
test or ANOVA. To assess the correlation between quantitative vari-
ables, we used Pearson correlation. Also, the associations between
qualitative variables were examined using Chi square or Fisher’s
exact test. The association between serum 25-hydroxy vitamin D
and selenium concentrations, length of hospital stay, and final out-
come (death/discharge) was investigated using linear and logistic

regression models respectively. For comparing and determining
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the most important variable in linear regression, a standardized
coefficient was indicated. All model assumptions were checked and
satisfied. Also, for linear models, the residuals were normally dis-
tributed and variance inflation factor (VIF) for all the independent
variables was less than 5. All statistical analyses were performed
using SPSS 21.0 and P < 0.05 was considered as statistically sig-
nificant.

Results

Out of 100 patients, 54 (54%) were male with the mean age of
47.2 + 11.1 years and with mean body mass index (BMI) of 26.4 +
4 kg/m? The mean length of hospital stay was 7.9 + 4.8 days, and
the final outcome for 10 patients was death (60% male and 40% fe-
male). The mean percentage of Sp02 was 87.1 * 6.9 and that of lung
involvement was 28.9 * 19.9 percent on admission. Also, among all
patients, gastrointestinal and neural symptoms were reported in
21 (21%) and 49 (49%) patients respectively. Out of all patients, 13
cases were admitted to ICU and 13 cases needed ventilation. Eight
out of 13 patients who were admitted to ICU needed ventilation and
were unconscious (Figure 1). Baseline clinical and nutritional char-
acteristics of patients are displayed in table 1.

As shown in table 1, the overall mean of serum selenium and
25-hydroxy vitamin D concentrations were 91.8 + 11.8 ng/mL
and 20.5 * 12.2 ng/mL respectively. Vitamin D deficiency (lower
than 12 ng/mL) was seen in 37% and selenium deficiency (low-
er than 70 ng/mL) was observed in 2% of the patients. Vitamin
D insufficiency (higher than 12 ng/ml but lower than 20 ng/ml)
was observed in 20%. For controlling the effect of dietary intake of
selenium and vitamin D on the outcomes, we obtained three food
recalls and the results of the analyses showed there was no signifi-
cant difference regarding selenium and vitamin D intake through
diet between surviving (113.1 + 24.1 mg and 2.4 + 0.5 pg, respec-
tively) and non-surviving patients (117.8 + 27.8 mg and 2.4 + 0.4
pg, respectively) (P = 0.566, P = 0.901). Moreover, the mean intake
of energy and protein was not statistically different between the
surviving and non-surviving patients (P = 0.986, 0.753). There was
no significant difference between various age and BMI subgroups
in terms of selenium and 25-hydroxy vitamin D concentrations,
but serum 25-hydroxy vitamin D was significantly higher in males
(24.0 versus 16.4, P <0.001). Moreover, serum selenium was signif-
icantly lower among patients who needed a ventilator (83.7 versus
92.8, P =0.02) and those who did not survive (76.4 versus 93.5, P <
0.001). No significant difference was found in the serum concentra-
tions of 25-hydroxy vitamin D between surviving and non-surviv-
ing patients (20.4 versus 21.3, P = 0.83). Selenium and 25-hydroxy
vitamin D concentrations were not significantly different in sub-
groups with respect to ICU admission, loss of consciousness, and
gastrointestinal and neurological symptoms. Serum 25-hydroxy vi-
tamin D concentration was notably associated with fever; the mean
of 25-hydroxy vitamin D was reported 13.2 + 7.9 in patients with
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Figure 1: Number of patients who needed ventilation, lost con-
sciousness, and were admitted to ICU.

Out of all patients, 13 cases were admitted to ICU. Out of 13
patients who were admitted to ICU, 8 patients needed ventilation,
and all were unconscious. Thirteen patients needed ventilation
which 8 of them were admitted to ICU and were unconscious.
Abbreviations: ICU: Intensive Care Unit

fever versus 21.8 + 12.5 in those without fever (P = 0.01, (Table 2).

Pearson correlation showed a negative significant correlation
between length of hospital stay (r = -0.43, P < 0.001), percentage
of lung involvement (r = -0.20, P = 0.04), and serum 25-hydroxy
vitamin D concentration. Inverse correlations were also observed
between CRP (r = -0.19, P = 0.06), ESR (r = -0.19, P = 0.06), and
25-hydroxy vitamin D concentration, but the aforementioned cor-
relations were not statistically significant. Besides, our findings
revealed a significant negative correlation between the length of
hospital stay and the serum selenium concentration (r =-0.43, P <
0.001) and a significant positive correlation between the percent-
age of Sp02 and serum selenium concentration (r =-0.20, P = 0.04).
In addition, a negative correlation was observed between percent-
age of lung involvement and serum selenium concentration, which

was not statistically significant (r =-0.18, P = 0.07) (Figure 2).

Results of linear regression modeling regarding the associa-
tion of 25-hydroxy vitamin D and selenium concentartions with
the length of hospital stay showed that after adjustment for age,
gender, BMI, CRP, percentage of lung involvement, percentage of
Sp02, and dietary intake of vitamin D and selenium, both serum
25-hydroxy vitamin D (coefficient = -0.10, P = 0.006) and selenium
concentrations (coefficient = -0.09, P = 0.01) were significantly
associated with the length of hospital stay. Each unit increase of
serum 25-hydroxy vitamin D decreases the length of hospital stay
by 0.1 days. Based on the standardized coefficients of the linear
regression model, 25-hydroxy vitamin D showed the strongest as-
sociation with the length of hospital stay (Standardized coefficient
=-0.27, P-value = 0.006) (Table 3). Also, based on logistic regres-
sion modeling analysis, selenium concentration was significantly

associated with outcomes of patients; each unit increase (1 ng/dl)
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Variables Number Minimum Maximum Mean SD
BMI* (kg/m?) 100 17.6 37.2 26.4 4
Age (year) 100 18 65 47.2 111
Serum 25-hydroxy Vitamin D (ng/mL) 100 5 58.4 20.5 12.2
Serum Selenium (ng/mL) 100 31 116.5 91.8 11.8
Sp02 % (%) 100 65 93 87.1 6.9
Serum Magnesium (mg/dL) 100 1.6 3.1 2.2 0.3
Serum Calcium (mg/dL) 100 7 11.2 8.7 0.8
Serum Potassium (mmol/L) 100 3.1 138 5.9 13.4
Serum Sodium (mEq/L) 100 3.8 161 135.5 19.4
CRP ® (mg/L) 100 2 89 19.5 19.3
ESR * (mm/hr) 100 2 88 28 20.7
Hemoglobin (g/dL) 100 8.6 21 14.5 2.2
Hematocrit (%) 100 31.2 69.2 45.9 8.5
RBC® (x10°/uL) 100 3.3 80.6 6.1 7.6
MCV ¢ (fL) 100 26.2 230 83.9 17.5
Platelet (x103/uL) 100 34.8 806 224.6 105.3
WBC7 (x107/L) 100 1.8 103 8.2 10
Neutrophil (%) 100 5.9 93.8 70.9 15.8
Lymphocyte (%) 87 2.3 99.2 20.7 13.9
Energy (kcal) 100 1758.4 3123.1 2344.1 389.9
Protein (g) 100 88.4 166.8 120.8 21
Carbohydrate (g) 100 241.8 440.1 3319 57.9
Total fat (g) 100 50 96 65 10.2
Cholesterol (mg) 100 294.4 633.6 439.4 79.9
Dietary Vitamin D (micg/d) 100 1.2 3.5 2.4 0.4
Dietary Selenium (mg/d) 100 75.6 164.4 113.6 24.4

Table 1: Baseline clinical and nutritional characteristics in hospitalized COVID-19 patients.

Values reported as mean * standard deviation (SD). The blood samples were drawn in the first day of admission to hospital.

The dietary vitamin D is sum of dietary vitamin D2 and D3.

Abbreviations: BMI: Body Mass Index; Sp0O2: Saturation of Oxygen; CRP: C-Reactive Protein; ESR: Erythrocyte Sedimentation Rate;
RBC: Red Blood Cell; MCV: Mean Corpuscular Volume; WBC: White Blood Cell

25-hydroxy vitamin D (ng/ml) Selenium (ng/ml)
Variable Subgroup(n)
Mean SD P-value* Mean SD P-value*
Age (years) Less than 50 (56) 19.41 11.22 0.35 91.29 12.16 0.64
50 and above (44) 21.73 13.32 92.42 11.41
Gender Male (54) 23.98 13.98 0.001 92.39 11.19 0.60
Female (46) 16.41 8.25 91.16 12.51
BMI ! (kg/m? Normal (39) 24.17 15.00 0.05 92.39 11.62 0.26
Overweight (47) 18.00 9.37 92.77 9.39
Obese (14) 18.63 10.35 87.04 17.88
Final outcome Survived (90) 20.41 11.72 0.83 93.53 9.30 <0.001
(Death) None-survived (10) 21.30 17.04 76.44 19.44
Fever (°C) No (58) 21.79 12.47 0.01 92.93 9.68 0.16
Yes (42) 13.19 7.80 85.53 19.19
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Ventilator need No (87) 21.27 12.28 0.07 92.83 9.67 0.02
Yes (13) 14.25 10.48 83.71 21.61

ICU admission No (87) 21.17 12.11 0.15 93.12 9.90 0.08
Yes (13) 15.97 12.70 83.12 18.61

Loss of conscious- No (92) 20.76 12.15 0.46 92.30 11.75 0.17
ness Yes (8) 17.44 13.82 86.36 11.39

GIL.2 Symptoms No (79) 21.25 12.30 0.23 93.23 9.74 0.09
Yes (21) 17.65 11.88 86.54 16.70

N.? Symptoms No (51) 21.60 11.36 0.36 91.93 10.59 0.93
Yes (49) 19.35 13.12 91.71 13.00

Table 2: Comparison of 25-hydroxy vitamin D and selenium concentrations in subgroup of variables in hospitalized COVID-19 patients.

Values reported as mean * standard deviation (SD), P-values numbers marked in bold indicate numbers that are significant (P-value:

<0.05). The fever is defined as body temperature = 37°C.

Abbreviations: Body Mass Index (Normal: 18.5-24.9, Overweight: 25-29.9, Obese: 30<), Gastrointestinal symptoms (nausea, vomiting,

diarrhea, constipation, and abdominal cramps), Neural symptoms (headache, anosmia, ageusia

* between group p-value (Independent T-test.

Figure 2: Pearson correlation between quantitative variables and
serum concentration of 25-hydroxy vitamin D and selenium.
Pearson correlation showed a negative significant correlation be-
tween length of hospital stay (r = -0.43, P < 0.001), percentage of
lung involvement (r = -0.20, P = 0.04), and serum 25-hydroxy vita-
min D concentration. Our findings revealed a significant negative
correlation between the length of hospital stay and the serum sele-
nium concentration (r =-0.43, P < 0.001), and a significant positive
correlation between the percentage of SpO2 and serum selenium
concentration (r =-0.20, P = 0.04).
Abbreviations: So2: Saturation of Oxygen; So2.dis: Discharge
Saturation of Oxygen; CRP: C-Reactive Protein; ESR: Erythrocyte
Sedimentation Rate; RR: Respiratory Rate; BMI: Body Mass Index

Variable Coefficient andaud Standa!r('ilzed P-value
error | coefficient
Female gender -0.19 1.73 -0.02 0.91
Age (years) 0.03 0.04 0.08 0.36
BMI* 0.01 0.10 0.01 0.94
Percentage of lung|  0.04 0.03 0.15 0.17
involvement
Percentage of -0.09 0.07 -0.14 0.22
Sp02?
CRP 0.04 0.02 0.17 0.07
25-hydroxy -0.10 0.04 -0.27 0.006
vitamin D (ng/ml)
Selenium (ng/ml) -0.09 0.04 -0.23 0.01
Dietary Vitamin D| -0.85 1.05 -0.08 0.42
intake (micg/d)
Dietary Selenium -0.01 0.04 -0.03 0.88
intake (mg/d)

Table 3: Results of linear regression for modeling effect of 25-

hydroxy vitamin D and selenium concentration on length of

hospital stay in hospitalized COVID-19 patients.

P-values numbers marked in bold indicate numbers that are

significant (p-value: <0.05).

Abbreviations: BMI: Body Mass Index; SpO,: Saturation of

Oxygen
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in serum selenium concentration caused a 15% decrease in odds
of death. Moreover, each one-year increase in age led to an 18%
increase in odds of death, meaning that the group of non-survivors

was significantly older than survivors (Table 4).

Variable Coefficient Od(_is 95% CI |P-value
ratio
Female gender 0.51 1.68 [0.16,17.68| 0.68
Age (year) 0.16 1.18 | 1.01,1.38 | 0.04
BMI* -0.10 0.90 | 0.68,1.19 | 0.47
Percentage of lung in- -0.01 0.99 | 0.92,1.07 | 0.78
volvement
Percentage of Sp02 2 -0.09 092 | 0.78,1.07 | 0.27
CRP -0.006 | 0.99 | 0.93,1.06 | 0.86
25-hydroxy vitamin D 0.06 1.06 | 097,1.16 | 0.21
(ng/ml)
Selenium (ng/ml) -0.17 0.85 | 0.75,0.96 | 0.01
Dietary Vitamin D intake -0.36 0.70 [0.03,14.30| 0.82
(micg/d)
Dietary Selenium intake 0.08 1.08 | 0.93,1.25 | 0.29
(mg/d)

Table 4: Results of logistic regression for modeling effect of
25-hydroxy vitamin D and selenium concentration on death in
hospitalized COVID-19 patients.

P-values numbers marked in bold indicate numbers that are

significant (p-value: <0.05).
Abbreviations: BMI: Body Mass Index; SpO,: Saturation of Oxygen

Discussion

In this study, we assessed the concentration of serum selenium
and 25-hydroxy vitamin D in 100 patients with COVID-19 and the
association of these micronutrients with COVID-19 outcomes, in-
cluding mortality, length of hospital stay, and SpO2. The results
confirmed our hypothesis that there is an inverse association be-
tween serum concentrations of selenium and 25-hydroxy vitamin
D and occurrence of adverse clinical outcomes and mortality in
hospitalized patients with severe COVID-19. Based on the results,
25-hydroxy vitamin D and selenium were both associated with de-
creased length of hospital stay. Although higher concentrations of
serum selenium were associated with decreased risk of death and
higher Sp02, no significant correlation was found between serum
25-hydroxy vitamin D and mortality, and SpO2. No significant as-
sociations were found between 25-hydroxy vitamin D and selenium
concentrations and CRP concentration. A higher concentration of
25-hydroxy vitamin D was associated with lower occurrence of fe-
ver and lung involvement percentage; however, there was no such
association with selenium concentration. Based on our results, re-
garding length of hospital stay and mortality, after adjusting for the
effect of age, gender, BMI, CRP, percentage of lung involvement and
Sp02, and dietary intake of vitamin D and selenium, 25-hydroxy vi-
tamin D had the strongest association with the length of hospital
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stay and selenium had the strongest correlation with mortality. No
significant association was found between 25-hydroxy vitamin D
and selenium concentrations and CRP concentration.

The mean dietary intake of selenium (113.6 micg) in patients
was above recommended daily allowance (RDA) as stipulated by
NIH, but lower for vitamin D (2.4 micg) [53,54]. Patients consumed
no selenium supplement during the study, but a daily oral dose of
1000 IU vitamin D was taken by all patients. Since the dosage was
similar for all patients and blood samples were taken before the
onset of supplementation, it could not affect our results and did not

need to be adjusted in the models.

Clinical data on the mean concentrations of serum selenium
and its association with clinical outcomes of patients with COV-
ID-19 are mainly concerned with survival rather than other out-
comes, and there is little evidence in this regard [43,45-47]. In this
study, higher concentrations of serum selenium notably decreased
the risk of mortality and length of hospital stay and increased the
admission Sp02. No significant association was found between se-
lenium concentration and fever, need for ventilation, admission to
ICU, loss of consciousness, gastrointestinal and neural symptoms,
CRP and ESR concentrations and lung involvement.

Hackler, et al. [45], Heller, et al. [45]. and Moghaddam.,, et al.
[43]. investigated the effect of selenium and selenoprotein (trans-
porter of selenium) on COVID-19 patients’ survival and conclud-
ed that the concentration of selenium was higher in survivors in
contrast to non-survivors and selenoprotein could predict their
survival. Also, selenium deficiency among COVID-19 patients was
reported to be only 2% based on our findings, which was not the
same as the results of study by Im.,, et al. (42% selenium deficien-
cy) [46]. Majeed., et al. [47]. also reported significantly lower con-
centration of selenium among COVID-19 patients in comparison
to healthy controls. The only study on the length of hospital stay
(Pincemail, et al. [55].) showed that the concentration of selenium
was higher in those with a long stay (more than 10 days) versus
those who stayed for a short time. In this study, after adjustment
of confounding variables (age, gender, percentage of lung involve-
ment, percentage of Sp02, and dietary intake of vitamin D and se-
lenium), each unit increase (1ng/dl) in serum selenium concentra-
tion and a decrease in age by year caused a 15% and 18% decrease
in the odds of death, respectively. Our results on the relationship
of selenium with mortality are consistent with previous studies.
However, to the best of our knowledge, no study has evaluated the
association of selenium with Sp02, CRP, ESR, need for a ventilator,
admission to ICU, loss of consciousness, and gastrointestinal and

neural symptoms.

Immune and inflammatory response are interconnected as
the activation of the immune system is along with production of

pro-Inflammatory Interleukins (IL) and cytokine storm, causing
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inflammation and oxidative stress, which results in tissue injury
[56]. Also, the inflammatory response plays a vital role in clinical
manifestations of COVID-19 [32]. Moreover, inflammation and co-
agulation are intertwined [57,58]. Blood coagulation disorders in
patients with COVID-19 leads to production of micro-clots, which
is a significant cause of death [59]. Previous studies showed that
lower concentrations of serum selenium have been associated with
poorer protective response to RNA virus infection in human stud-
ies, and in animal and cell culture models [60,61]. The effect of se-
lenium on COVID-19 patients’ outcomes and mortality is attributed
to its antioxidant and anti-inflammatory properties. Also, its effect
on the immune system as selenoproteins, such as selenoprotein K,
plays a role in protection against viruses, along with antioxidant
selenoproteins like glutathione reductase [61].

Optimal response of the immune system is highly dependent
on a balanced diet and adequate intake of micronutrients, includ-
ing selenium [21,23,62]. Selenium can affect both innate (macro-
phages) and adaptive (T and B cells) immunity. It induces a switch
in macrophages phenotype from a pro-inflammatory type (M1) to
an activated anti-inflammatory type (M2) [62]. Also, selenium can
enhance the immune system by increasing the proliferation of NK
cells and T lymphocytes, Interlukine-2 (IL-2) cytokine secretion
and mitogenic lymphocyte responses, especially in combination
with vitamin D [31,59,63].

The role of selenium in changing the molecular pathways in-
volved in stress response, inflammation and poor prognosis in
diseases is associated with insufficient production of selenopro-
teins, such as Glutathione peroxidase 1 (GPX1), GPX4, Thioredoxin
Reductase 1 (TXNRD1), and selenoprotein F, K, and S (SELENO E
K, S) [31,60,64,65]. These proteins are critical in oxidative stress
response as well as inhibition of nuclear factor kappa-B (NF-«B)
of activated B cells. The inhibition of the NF-kB signaling pathway
leads to a decline in the production of inflammatory cytokines, such
as IL-6[31,64,65].

Lastly, selenium can decrease atherogenesis in patients [59]
since sodium selenite inhibits the formation of coagulation factors
[66] and selenium increases the level of paraoxonase (POX1), which
has been found to have anti-inflammatory and anti-atherogenic
properties by preventing the formation of oxidized-low density li-
poprotein (LDL) [67].

In this study, a higher concentration of serum 25-hydroxy vita-
min D was significantly associated with lower incidence of fever,
decreased length of hospital stay, and percentage of lung involve-
ment, whereas no notable association was found between the con-
centration of 25-hydroxy vitamin D and mortality, CRP, ESR, need
for a ventilator, admission to ICU, loss of consciousness, admission
Sp02 and gastrointestinal and neural symptoms.
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Data on the association of vitamin D with mortality are insuffi-
cient and controversial [68-70]. As to randomized controlled trials
(RCTs) testing the effect of vitamin D on COVID-19 mortality and
outcomes, Annweiler C,, et al. [39] reported that daily vitamin D3
supplementation significantly improved the three-month survival
of geriatric COVID-19 patients. Lakkireddy M., et al. [40]. showed
that high doses of oral vitamin D therapy could reduce inflamma-
tory markers including CRP in COVID-19 patients. However, En-
trenas Castillo M,, et al. [71]| showed that high dose of Calcifediol
(25-hydroxycholecalciferol) therapy in COVID-19 patients had no
effect on concentration of serum CRP but decreased the rate of ICU
admission significantly. As to observational studies, while some
studies showed that there was a significant inverse correlation be-
tween vitamin D and mortality [70,72-74], some studies declared
there was no notable association [75,76]. An analysis on 656 in-
patient participants from the United Kingdom biobank showed no
association between serum concentration of vitamin D and sever-
ity of COVID-19 patients and their mortality and more RCTs are
needed [77]. Previous studies reported varying prevalence of vita-
min D deficiency (<20 ng/ml) in COVID-19 patients. Szeto., et al.
[76]. reported 37.6% (< 20ng/ml), Im., et al. 76% [46] (<20ng/dl),
and Luo,, et al. 65.1% 78] (<12 ng/ml) vitamin D deficiency among
COVID-19 patients. These controversies emphasize the importance
of conducting more observational and RCT studies. Based on our
results, 37% of patients had 25-hydroxy vitamin D deficiency (<12
ng/ml). To compare with some of the previous studies, if deficien-
cy measures <20 ng/ml, the deficiency rate among patients was
57%. The prevalence of vitamin D deficiency (< 20 ng/ml) in the
Iranian healthy population was reported to be 56% [79]. Hence,
the prevalence of vitamin D deficiency among COVID-19 patients in
our study is similar to the total population. The significantly lower
vitamin D concentration in Iranian women rather than men in our
study can be explained by their reduced exposure to the sun be-
cause of their dressing habits [79]. After adjustment of confound-
ing variables (age, gender, BMI, percentage of lung involvement,
percentage of Sp02, and dietary intake of vitamin D and selenium),
25-hydroxy vitamin D was the most important variable associated
with the length of hospital stay and each unit (1 ng/ml) increase in
serum 25-hydroxy vitamin D decreased the length of hospital stay
by 0.11 days. Our results were in line with other studies indicating
that vitamin D deficiency is significantly associated with severity
of COVID-19 (length of hospital stay and severe lung involvement)
[80,81], however, we did not find any significant correlation with
the risk of mortality.

Previous studies showed that vitamin D could reduce the risk
of infection and was essential for both innate and adaptive immu-
nity [30,82,83]. It has the potential to decrease inflammation (by
suppressing NF-kB and interferons) without reducing antiviral
activity of the immune system and viral clearance in the airway
epithelial cells infected with respiratory syncytial virus, including
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SARS-CoV-2 [84,85]. Vitamin D enhances the activities of the mac-
rophages and monocytes, and modulates the function of NK cells,
T and B cells and cytokine production through different molecular
pathways [82].

Vitamin D can regulate the innate immune system via improve-
ment of the phagocytic ability in immune cells [86]. Macrophages
and monocytes express vitamin D receptor (VDR) and then vitamin
D binds to this receptor, which substantially increases the produc-
tion of antimicrobial peptides such as defensin 32 and cathelici-
din antimicrobial peptide (CAMP). Also, regarding innate immune
cells, after the binding of vitamin D to VDR on the macrophages
and monocytes, it could improve their chemotaxis, autophagy, and
phagolysosomal fusion, and therefore enhances the innate immune
function against infections [30,86,87]. Furthermore, vitamin D in-
fluences adaptive immune cells by suppressing T helper 1 (Th1)
and Th17, and inducing Th2. Th1 produces pro-inflammatory cy-
tokines like IL-6, Interferon y (IFN-y) and Tissue Necrosis Factor
(TNF-B), and Th17 produces IL17, an inflammatory interleukin,
[30,86]. while Th2 produces non-inflammatory cytokines like IL-4,
IL-5, IL-10, and IL-13 [30,86]. Thus, one of the effects of vitamin
D on COVID-19 could be through modulating different T helper
(Th) cells, which in turn decreases the oxidative stress during the
active period of coronavirus contamination. Overall, vitamin D
can reduce the inflammatory response and cytokine storm while
improving the efficacy of the immune system, based on previous
literature [30,86,87]. however, there is lack of evidences on these
associations in COVID-19 patients; more studies on the association
of vitamin D with inflammation and immune system in COVID-19
patients are needed.

The strength of this study is the parallel assessment of serum
selenium and 25-hydroxy vitamin D and investigation of their rela-
tionship with clinical outcomes in 100 hospitalized COVID-19 pa-
tients in a prospective study. To the best of our knowledge, it is the
first study to evaluate the association of selenium with Sp02, CRP,
and ICU admission. Also, this study is the first one that assesses
the dietary intake of micro- and macro-nutrients in patients and
adjusts the effect of them on the outcomes. In addition, working
with COVID-19 patients and interviewing them is challenging due
to the extremely contagious nature of the disease. A relatively lim-
ited number of patients and lack of a control group are considered
as limitations. Conducting large multi-center cross sectional stud-
ies with higher sample sizes and clinical trials are recommended
in order to discover the effect of selenium and vitamin D on CO-
VID-19 patients and their outcomes. One of the limitations to this
study is that dietary selenium intake might not be an exact predic-
tion of selenium status. The food recall cannot indicate the amount
of selenium intake precisely since the selenium content of foods is
dependent on that of agricultural soil and water. Moreover, lack of
adjustment of medications and assessment of the diet quality are
among limitations of this study that we recommend being consid-
ered in future studies.
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Conclusion

In conclusion, higher concentration of selenium was associated
with Sp02 when admitting to the hospital and higher concentra-
tion of 25-hydroxy vitamin D was associated with decreased per-
centage of lung involvement. Age, selenium level, and 25-hydroxy
vitamin D concentration were significantly correlated with length
of hospital stay. The risk of mortality in COVID-19 patients was as-
sociated with the serum concentrations of selenium and age, while
no correlation was found regarding 25-hydroxy vitamin D. To sum
it up, 25-hydroxy vitamin D and selenium supplementation might
be useful in reducing the length of COVID-19.
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