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Abstract

Due to the known anti-inflammatory and antiviral effects of zinc, 25(OH)D, and
vitamin B12, in this study, we explored the association between serum levels of
these micronutrients in coronavirus disease 2019 (COVID-19) patients at the time of
admission and the clinical outcomes. This study was carried out on 293 patients with
COVID-19, who were hospitalized at Imam Hassan hospital (Bojnourd, Iran). We
collected demographic data, clinical characteristics, values of serum biochemical
parameters in the first week of admission, and clinical outcomes from electronic
medical records. We also measured serum levels of zinc, 25(0OH)D, and vitamin B12
within 3 days of admission. Of the 293 hospitalized, the median age was 53 years,
and 147 (50.17%) were female. Thirty-seven patients (12.62%) were admitted to the
intensive care unit (ICU), and forty-two (14.32%) died. We found that the serum
levels of zinc, vitamin B12, and 25(OH)D were lower in patients who died than those
who were admitted to ICU or non-ICU and survived; however, these differences
were not statistically significant for vitamin B12 and 25(0OH)D (p > 0.05). The serum
concentrations of zinc, vitamin B12, and 25(OH)D at the time of admission did not
affect the length of hospital stay in patients with COVID-19. In general, it seems that
serum levels of 25(OH)D, vitamin B12, and especially zinc at the time of admission

can affect clinical outcomes in COVID-19 patients.
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respiratory failure, multiple organ disorder, and death.>® The severe

forms of the disease are accompanied by an aggressive inflammatory

The coronavirus disease 2019 (COVID-19) that is caused by the se-
vere acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has
become a clinical threat worldwide.® This infection mostly pre-
sents with mild flu-like symptoms, but some patients, especially older
individuals and those with underlying illnesses, evolve into critical

conditions and rapidly develop acute respiratory distress syndrome,

response with the typical characteristics of an uncontrolled systemic
inflammatory response resulting from the release of large amounts of
pro-inflammatory cytokines by immune cells known as “cytokine
storm.”” It has been reported that the severity of COVID-19 can be
influenced by various factors such as age, sex, race, current health

issue, and nutritional status.*®
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Micronutrients include vitamins (e.g., A, B, and D) and minerals
(e.g., Ca, P, and Mg), as well as trace elements (Zn, CU, and Fe)
involved in initiating, maintaining, and regulating host immune reac-
tions to the virus infections through the effect on frequency and
function of innate and adaptive immune cells, production and de-
velopment of virus-specific antibodies, production of pro-, and anti-
inflammatory cytokines, oxidative burst reaction, and so forth.®”

Zinc is an essential micronutrient with potent immunoregulatory
and antiviral properties that is involved in the growth and the ma-
turation of immune cells, development and activation of lymphoid
cells, regulation of inflammatory cytokines, and controlling oxidative
stress.® Zinc deficiency is associated with immune system dysfunc-
tion, neurosensory disorders, decreased body mass, enhanced risk of
inflammatory disorders, increased risk of incidence, and morbidity of
viral pneumonia.”

It is well recognized that vitamin D as an essential mediator of
immune responses, has anti-infective, anti-inflammatory, and im-
munomodulant functions. It can modulate immune responses to viral
respiratory tract infection and improve lung function through the
reduction of inflammation.’

Vitamin B12 as an immunomodulator can regulate cellular im-
mune responses and can also support hematopoiesis.” Reduced
number of lymphocytes, suppression of NK cell activity, and de-
creased CD8+ cells were found in humans with vitamin B12 defi-
ciency.® A previous study also showed that vitamin B12 could
suppress viral replication in the host cells.”

It is now well established that insufficiency or deficiency of mi-
cronutrients such as serum 25(OH)D, vitamin B12, and zinc can affect
host immune responses to viral infections, inflammatory activity, and
finally influence clinical outcome in patients with COVID-19.1°*°

Although serum levels of zinc, 25(0OH)D, and vitamin B12 were
investigated in COVID-19 patients, there is still scientific uncertainty
about the relationship between these micronutrients and clinical
outcomes in COVID-19 patients. In other words, can we predict
clinical outcomes in COVID-19 patients through the measurement of
serum levels of zinc, 25(0OH)D, and vitamin B12 at the time of ad-
mission? Therefore, we conducted a study to assess the association
between serum levels of micronutrients (including zinc, 25(OH)D, and
vitamin B12) at the time of admission and clinical outcomes (e.g.,
length of stay, intensive care unit [ICU] admission, discharge, and
mortality) in COVID-19 patients.

2 | METHODS

2.1 | Study design and participants

This single-center study was carried out on 293 adult patients with
COVID-19 who were hospitalized at Imam Hassan Hospital of North
Khorasan University of Medical Sciences (Bojnourd, Iran) from April
20 to August 5, 2020. All the patients who had positive reverse-
transcription polymerase chain reaction tests for SARS-CoV-2 and
common computed tomography imaging findings associated with

COVID-19 were included in the study. The experimental protocols
that have been used in this study were approved by the Ethics
Committee of North Khorasan University of Medical Sciences,
Bojnourd, Iran (IR.NKUMS.REC.1399.052).

2.2 | Data collection and assessment of zinc,
25(OH)D, and vitamin B12 serum levels

We obtained demographic data, exposure history, chronic medical
histories, clinical symptoms or signs, clinical outcomes, and hospita-
lization duration from electronic medical records. We also collected
serum samples from polymerase chain reaction-confirmed COVID-19
patient samples sent to Imam Hassan hospital laboratory within 3
days of admission to the analysis of serum levels of zinc, 25(0OH)D,
and vitamin B12.

The serum was analyzed for zinc concentration using commercial
kits (ZiestChem). That zinc assay kit is a direct colorimetric assay
based on the 5-Br-PAPS method without deproteinization of the
sample. The reference range used for the zinc concentration was
70-127 pg/dL.

Quantitation of serum 25(OH)D was performed using commer-
cial sandwich enzyme-linked immunosorbent assay (ELISA) kits
(Padtangostar). The intra-assay and inter-assay precision for the
ELISA were less than 10% and 12% for 25(0OH)D. According to cur-
rent guidelines, vitamin D deficiency is defined if serum 25 (OH)D
levels are less than 10 ng/ml, insufficiency as 10-30 ng/ml, and suf-
ficiency as 30-70 ng/ml.

Serum concentrations of vitamin B12 were determined by the
sandwich ELISA method and a commercial kit (Monobind). The re-
ference range used for the vitamin B12 concentration was
200-835 pg/ml.

2.3 | Statistical analysis

GraphPad Prism software, version 5.0 (GraphPad Software) was used
for statistical analysis of the data. The normality of variables (serum
levels of zinc, B12, and 25(0OH)D) was assessed with the
Kolmogorov-Smirnov test. Continuous variables were compared
using t-tests or one-way analysis of variance, while x? or Fisher exact
tests were used for categorical dependent data analysis. Data were
expressed as mean * standard deviation (SD). Values of p <0.05 (*)

were considered significant.

3 | RESULTS

3.1 | Demographic data and clinical characteristics

Of 293 hospitalized patients with COVID-19, 147 (50.17%) were
female, and 146 (49.83%) were male. The median age was 53 years
(interquartile range [IQR]: 38-65). Thirty-seven of the 293 patients
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TABLE 1 Demographic data and baseline characteristics in
patients with COVID-19

Variable n (%)

Age
<60 169 (57.67)
260 124 (42.32)

Sex
Female 147 (50.17)
Male 146 (49.83)

Exposure history 57 (19.45)

Length of hospital stay
<7 171 (58.36)
27 122 (41.64)

Symptoms and signs at admission
Fever 164 (55.97)
Cough 176 (60.06)
Fatigue or myalgia 73 (24.91)
Nausea and vomiting 19 (6.48)
Diarrhea 45 (15.35)
Headache 24 (8.19)
Required intubation 25 (8.53)
Death 42 (14.33)
Need for ICU 37 (12.62)
Comorbidities 137 (46.75)
Diabetes 47 (16.04)
Cardiovascular disease 81 (27.64)
Chronic kidney disease 18 (6.14)
Hypertension 18 (6.14)
Endocrine system disease 7 (2.38)
Tumor 4 (1.36)

Abbreviations: COVID-19, coronavirus disease 2019; ICU, intensive
care unit.

(12.62%) were admitted to the ICU, and 42 (14.32%) died. Approxi-
mately 8.5% of patients with COVID-19 required intubation in the
first 24 h of admission. We found significant correlations between
age and ICU admission, intubation, or death (p < 0.05).

The most common symptoms of illness onset were cough
(60.06%), fever (55.97%), dyspnea (54.26%), myalgia or fatigue
(24.91%), diarrhea (15.35%), and headache (8.14%). 137 (46.75%)
of 293 patients had underlying comorbid medical disorders, in-
cluding cardiovascular disease (27.64%), diabetes (16.04%), and
chronic kidney diseases (6.4%), and hypertension (6.4%). The
demographic data and clinical characteristics of all patients

are shown in Table 1.
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3.2 | Serum zinc, vitamin B12, and 25 (OH)D
concentrations in patients with COVID-19

Our results showed that serum zinc levels are significantly lower in
patients who died than those who were admitted to ICU or non-ICU
and survived (94.17 £25.95pug/dL vs. 98.83+30.49 ug/dL and
118.8 +34.40 pg/dL, p = 0.002). We also observed that patients who
died due to COVID-19 had lower than vitamin B12 compared with
those who were admitted to ICU or non-ICU, but no significant dif-
ference among them (404.4 +70.18 pg/ml vs. 499.6 +82.80 pg/ml
and 465.4+35.70 pg/ml, p=0.78). The measurement of 25(OH)D
serum levels exhibited that the concentration of this vitamin in the
death group (21.48+11.71ng/ml) is lower than ICU
(29.02 £ 19.32 ng/ml) and non-ICU (29.70 + 20.27 ng/ml) admission
groups, although these differences were not statistically significant
(p=0.21) (Figure 1).

It can be seen from the data in Table 2 that serum concentrations
of zinc, vitamin B12, and 25(0OH)D at the time of admission did not
affect the length of hospital stay in COVID-19 patients. Interestingly,
we observed that serum 25 (OH)D levels in patients who did not
need intubation were significantly higher than those who needed in-
tubation (p =0.006), while we did not find these significant differ-
ences in zinc and vitamin B12 (Table 2).

4 | DISCUSSION

In the current study, we registered demographic data and clinical
characteristics of COVID-19 patients and found the most common
symptoms and frequency of comorbidities of COVID-19 patients
were similar to those in prior literature.>*

The European Food Safety Authority believes six vitamins (D, A,
C, Folate, B6, and B12) and four minerals (zinc, iron, copper, and
selenium) to be essential for the normal functioning of the immune
system against infections.'® Due to the known anti-inflammatory and
antiviral effects of zinc, 25(0OH)D, and vitamin B12, in this study, we
explored serum levels of these micronutrients in patients with
COVID-19 at the time of hospitalization. We also investigated the
association between their serum levels and clinical outcomes.

In the present study, serum levels of zinc and 25(OH)D observed
in COVID-19 patients are higher than those observed by Im et al.,*°
while the measured values for vitamin B12 are lower. These differ-
ences may be affected by the sample size, age, race, sex ratio, geo-
graphical location, and so forth. Consistent with this possibility, we
showed that serum levels of vitamin D are closely related to sex and
age.’®

Comparative analysis showed that serum zinc levels were sig-
nificantly lower in patients who died than in those who were ad-
mitted to ICU or non-ICU and survived (Figure 1). Following the
present results, Jothimani et al.’® showed decreased serum levels of
zinc increase the mortality rate in COVID-19 patients. However, their
finding of the association between serum zinc levels and length of

hospital stay was contrary to the present study.'® In a meta-analysis,
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FIGURE 1 Comparison of serum concentrations of zinc (A), 25(0OH)D (B), and vitamin B12 (C) at the time of admission between no-ICU
admission, ICU admission, and death groups in COVID-19 patients. Data are the mean + SEM. *p < 0.05 was considered statistically significant.
ns = No significant, **p < 0.01. COVID-19, coronavirus disease 2019; ICU, intensive care unit

TABLE 2 Comparison of length of

Length of hospital stay Intubation . .
Variable <7 day > 7 days pvalue Need No-Need p value hospital stay need for mechanical
ventilation in COVID-19 patients with
Zinc 114943417 1154+3417 092  1225+29.18 1144+3392 037 serum concentrations of zinc, vitamin B12,
25(0H)D 2638+19.11 3230+19.64 013  1501+1327 3029+19.42 0.006 and 25(OH)D
Vitamin B12 426.6+45.13 5325+51.86 0.06  443.8+6808 490.9+40.75 0.71

Note: Data are the mean + SD. *p < 0.05 was considered statistically significant.
Abbreviations: COVID-19, coronavirus disease 2019; SD, standard deviation.

Szarpak et al."”

claimed that zinc supplementation does not have any
beneficial impact on the clinical outcome of COVID-19 patients. This
differs from the findings presented here.'”

It seems possible that poor clinical outcome in COVID-19 pa-
tients with decreased serum levels of zinc is due to this micronutrient
decreasing replication of SARS-CoV-2 through inhibition of RNA
polymerase  activity,’®  modulating

inflammatory  responses,

enhancing the cytotoxic activity of NK cells, and also increasing the
phagocytic activity of macrophages.”*?

It has previously been observed that vitamin D can protect
against respiratory tract infections and reduce the risk of acute re-
spiratory infections.” In the current study, we found that serum levels
of 25(0OH)D in the death group are lower than those of ICU and non-

ICU admission groups, although these differences were not
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statistically significant (Figure 1). This finding is consistent with that
of Pizzini et al.?° and showed that serum levels of vitamin D at onset
of COVID-19 are not associated with disease outcomes. However,
this finding is contrary to previous studies, which have suggested that
insufficiency or deficiency of 25(OH)D at the time of hospitalization
increases mortality in COVID-19 patients.?®?* A recent meta-analysis
has shown that vitamin D levels or vitamin D supplementation only
after the diagnosis of COVI-19 but not before it can improve clinical
outcome.??

Regulation of antimicrobial proteins expression, inhibition of T
cell proliferation, reduction of expression of pro-inflammatory cyto-
kines, and promotion of phagocytic ability of macrophages were
proposed as the underlying mechanism of action vitamin D in
COVID-19 patients.'? We also observed that serum 25 (OH)D levels
in patients who did not the need for intubation significantly higher
than those who the need for intubation. According to recent studies
and our data, it seems possible that insufficiency or deficiency of
vitamin D at the time of admission predispose COVID-19 patients to
acute respiratory distress syndrome following cytokine storms and
eventually death.

Dos Santos,”® in a review article, presented this hypothesis that
vitamin B12 therapy can reduce severe damages of COVID-19
through the improvement of circulation, reduction of oxidative stress,
and action as an anti-inflammatory and analgesic. Due to both the
antiviral and anti-inflammatory properties of vitamin B12,° we de-
termined its serum levels in COVID-19 patients at admission and
found patients who died due to COVID-19 had lower vitamin B12
compared with ICU and non-ICU admission, but no significant dif-
ference among them (Figure 1). The results of this study partially
support the findings from Tan et al.'* that showed administration of
vitamin B12 plus magnesium, and vitamin D in patients with COVID-
19 reduce the proportion of patients with clinical deterioration re-
quiring oxygen support and, or intensive care support.

We found that zinc had a stronger association with the clin-
ical outcome of COVID-19 patients than vitamins D and B12. This
result may be explained by previously published evidence that
zinc is more efficient than vitamins D and B12 in boosting im-
mune responses and antiviral activity against SARS-CoV-2
through inhibition of SARS-coronavirus RNA polymerase activ-
ity, upregulation of antiviral proteins cleaving viral RNA, en-
hancement activities of NK and T cells, prevention of
hyperimmune responses by modulating the cytokines and de-
creasing production of reactive nitrogen and oxygen species.?*
However, our result is contrary to that of Galmes et al.”> who
found vitamin D was more important than zinc and vitamin B12
for the treatment or prevention of COVID-19. Due to genetic and
environmental influences on nutrient intake, this inconsistency
may be explained by the fact that genetic and/or environmental
differences between study populations influences nutritional
status.?®

This study had several limitations including: (1) It was conducted

at a single center with a relatively small number of patients. (2) It is

MEDICAL VIROLOGY

possible that patients recruited in a single center were more sus-
ceptible to severe COVID-19 infection (e.g., older patients and co-
morbidities in patients). (3) It is possible that the different treatments
selected for COVID-19 patients can change clinical outcome. (4) It is
possible that COVID-19 infection influence indicators of nutritional
status in the plasma through metabolic alterations.

5 | CONCLUSION

In general, it seems that serum levels of 25(0OH)D, vitamin B12, and
especially zinc at the time of admission can influence clinical out-
comes in COVID-19 patients. Based on the results presented here,
we suggest further studies (epidemiological studies, intervention
studies, and clinical trial studies) are necessary to establish and
characterize the benefits of vitamin D, vitamin B12, and especially
zinc or even their combinations on COVID-19 disease progression

and clinical outcome.
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