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Abstract
The nutritional status is a determinant of the immune response that promotes a cellular homeostasis. In particular, adequate selenium levels lead to a better
antioxidant and immune response. The aim of this work is to assess whether blood selenium levels, at time of SARS-CoV-2 infection, have an impact on
the development and severity of COVID-19. A systematic review and meta-analysis of comparative and descriptive studies using MeSH terms, selenium
and COVID-19 was performed. We searched bibliographic databases up to 17 July 2022 in PubMed and ScienceDirect. Studies that reported data on blood
selenium levels were considered. A total of 629 articles were examined by abstract and title, of which 595 abstracts were read, of which 38 were included in
the systematic review and 11 in the meta-analysis. Meta-analysis was conducted to mean difference (MD) with a 95 % confidence interval (CI), and het-
erogeneity was tested by I2 with random factors with a MD between selenium levels, mortality, morbidity and healthy subjects with a P-value of 0⋅05.
Selenium levels were higher in healthy people compared to those in patients with COVID-19 disease (six studies, random effects MD: test for overall
effect Z = 3⋅28 (P= 0⋅001), 97 % CI 28⋅36 (11⋅41–45⋅31), P< 0⋅00001), but without difference when compared with the degree of severity in mild, mod-
erate or severe cases. In conclusion, the patients with active SARS-CoV-2 infection had lower selenium levels than the healthy population. More studies are
needed to evaluate its impact on clinical severity through randomised clinical trials.

Keywords: Selenium: COVID-19: Micronutrients: Clinical severity

Introduction

Coronavirus disease 2019 (COVID-19), caused by the severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
has been the subject of several study approaches to avoid or
minimise the severity of the disease, considering that this con-
dition has potentially severe effects at the systemic level, dam-
aging organs such as lungs, heart, esophagus, kidneys, bladder
and ileum(1,2).
Selenium is an essential micronutrient with a normal con-

centration ranging from 3 to 20 mg in a human organism,
and a distribution of 46⋅9 % in skeletal muscle, 4 % in the kid-
ney and the rest is ubiquitous(3). The maximum activity of

glutathione peroxidase, an enzyme with antioxidant effect, is
achieved with a daily intake of 55–70 μg (0⋅70–0⋅89 μmol)
of selenium and is associated with plasma selenium in the nor-
mal physiological range of 90–125 μg/l(4). Selenium can cause
toxicity when ingested above 800 μg/d, with the safe upper
limit defined at 400 μg/d(5). This trace element appears to
play an important role in protecting the respiratory system,
particularly against viral infections(6,7). Beck et al.(8) found
that selenium deficiency significantly increased susceptibility
to influenza virus-induced lung pathology, in association
with overexpression of proinflammatory cytokines. These
findings are consistent with the observation of lower levels
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of interferon-γ (IFN-γ) and tumour necrosis factor (TNF-α),
as well as a reduced survival rate in selenium-deficient mice
infected with influenza virus, when compared to mice that
were supplemented with sodium selenite. In turn, selenium
treatment was shown to increase the expression of interferon
genes (IFN-α, IFN-β and IFN-γ) in response to avian influ-
enza virus (H9N2)(9,10). This interaction prompts us to seek
comparative studies that measure selenium levels and the mor-
bidity and mortality of COVID-19 in humans. The aim of this
work is to assess whether blood selenium levels, at time of
SARS-CoV-2 infection have an impact on the development
and severity of SARS-CoV-2 infection.

Methods

A systematic review and meta-analysis about studies of blood
selenium levels and COVID-19, having as inclusion criteria
scientific articles published from January 2020 to July 2022,
following the Cochrane methodology with the following
PICO question.
P: Patients with COVID-19
I: Selenium deficiency
C: Healthy individuals
O: Risk factor in clinical severity
Studies that reported the role of serum selenium level in

COVID-19 infection and progression were included. We
searched papers in PubMed and ScienceDirect databases
using MeSH keywords/terms, such as: (‘selenium’[MeSH
Terms] OR ‘selenium’[All Fields] OR ‘selenium s’[All Fields]
OR ‘seleniums’[All Fields]) AND (‘sars cov 2’[MeSH Terms]
OR ‘sars cov 2’[All Fields] OR ‘covid’[All Fields] OR ‘covid
19’[MeSH Terms] OR ‘covid 19’[All Fields]). Searches were
not restricted by language, study design or country of origin.
Two reviewers independently performed title-abstract

screening on all selected studies, then the full-text of the
selected articles were reviewed. In cases of duplicate informa-
tion, only one paper was considered. Each reviewer analysed
the data about serum selenium levels in confirmed
COVID-19 subjects. The primary outcome of interest was
mortality. The secondary outcomes were data on serum selen-
ium levels in healthy individuals compared to those in
COVID-19 patients during the onset and progression of the
disease (e.g. mild, moderate and severe). Data from included
studies were separately extracted, considering key characteris-
tics such as author, publication year, country, type of study,
sample size, laboratory findings on selenium levels and final
clinical outcomes. The exclusion criteria were articles pub-
lished after the evaluated period or that did not meet the
described search criteria. Narrative reviews that cited the com-
parative articles already referenced or those that did not report
data on the outcomes evaluated were also excluded as were
those studies conducted in vitro or on minor species. After per-
forming the database search and reading the abstracts of the
articles that met the inclusion criteria, we applied the elimin-
ation criteria specified in the PRISMA diagram (Fig. 1) and
removed any duplicate articles. Two reviewers performed full-
text reading of the remaining articles and made a checklist to
reach a consensus on those papers that met the selection

criteria. Subsequently, we used the Newcastle-Ottawa Scale
(NOS) system to estimate the quality of the included studies.
The NOS system was defined with three components: (1)
selection of study groups, (2) comparability of groups and
(3) ascertainment of outcomes. Added scores ranged from 0
to 9 points (from the lowest to the highest). Any disagree-
ments about the methodological quality of the results were
resolved by discussion. Meta-analysis was conducted to
mean difference (MD) with 95 % confidence interval (CI),
and heterogeneity was tested by I2. To ensure compliance
with Cochrane guidelines, we used RevMan 5.1 to perform a
meta-analysis process. A summary table of the findings was
reported with the data obtained (Table 1). For those articles
that did not report the mean values and standard deviation
of serum selenium levels, we electronically contacted the cor-
responding author but only one author reported the data to us
and it was included in the study(17).

Results

The initial search yielded 629 articles, with duplicate studies
removed, resulting in 595 remaining. Following the inclu-
sion–exclusion criteria, 38 studies were selected for systematic
review. This included 808 confirmed cases of COVID-19 and
comprised of 11 studies that reported the mean and standard
deviation data serum selenium level (Fig. 1).
Of the thirty-eight studies, those that did not satisfy the cri-

teria for meta-analysis were included in the systematic review.

1. Studies that evaluated the role of serum selenium levels in
COVID-19 mortality and lethality.

One of the studies that evaluated the role of selenium in the
progression, of the disease considered the presence of selen-
ium in the soil. It was conducted in China where the fatality
rates of COVID-19 were compared with the status of selen-
ium in soil of its territory by county. Selenium measurement
was classified into three categories: areas without selenium
deficiency (>0⋅06 ppm), areas with moderate selenium defi-
ciency (0⋅03–0⋅06 ppm) and areas with severe selenium defi-
ciency (<0⋅03 ppm). They found that selenium-deficient
regions had a 3⋅16 % case fatality rate v. 1⋅17 % in other
areas (P = 0⋅002), with an incidence rate of 3⋅88 (95 % CI
1⋅21, 12⋅52). For this study, possibly related socio-
demographic co-variables were controlled, such as age, gross
domestic product per capita, population density, medical
access, number of beds and number of medical staffs. This
is largely consistent with the classification based on topsoil sel-
enium content (Spearman’s correlation coefficient of 0⋅46,
P< 0⋅001). Among the top ten cities with the highest fatality
rates (3⋅70–8⋅51 %), four cities were grouped as severe soil
selenium-deficient regions and five as moderate soil selenium-
deficient regions. These results suggest that regional selenium
deficiency could be associated with a higher lethality of
COVID-19 infection(22).
Also, in China, a retrospective analysis was carried out in

which the cure rate of patients who had COVID-19 was cor-
related with selenium levels measured in hair. A significant
association between cure rate and background selenium status
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in cities outside Hubei were detected (R2 = 0⋅72, F test,
P < 0⋅0001). In this study, provinces or municipalities with
more than 200 cases and cities with more than 40 cases
were included. The researchers concluded that high selenium
levels are associated with a higher cure rate. There are biases
regarding the selection of data, so this evidence should be
taken with reserve(23).
However, in addition to soil and hair, other studies began to

analyse the presence of selenium and its biomarkers such as
selenoprotein P (SELENOP) in blood, evaluating its role in
COVID-19.
Another study in Germany was conducted to evaluate differ-

ent micronutrient concentrations and compare them between
patients who had survived COVID-19 and those who had
not. The authors found that the combination of copper defi-
ciency and SELENOP are parameters that can contribute to pre-
dicting disease survival(24). These findings are replicated in the
study by Heller et al.(25), which shows that patients with
COVID-19 had low selenium levels and higher rate mortality.
In other study conducted in Iran, blood selenium levels were
evaluated in patients suspected of having COVID-19. There
also evaluated other variables such as white blood cell count,

lymphocytes, neutrophils, platelets, lactate dehydrogenase, length
of hospitalisation and age in order to understand the inflamma-
tory status of the disease. In this study, a control group of
fifty individuals, who were classified by age and gender, was con-
sidered. Of the group of COVID-19 patients, thirteen died and
thirty-seven recovered. The median recovery time was 6 d, and
the median time to death was 12 d. The average age of the
patients was 56 years and most of them were men. Serum selen-
ium levels were significantly different in patients with
COVID-19 v. control group (77⋅8 ± 13⋅9 μg/l v. 91⋅7 ±
16⋅7 μg/l) but it should be noted that there were no significant
differences between survivors and non-survivors (77⋅9 ± 14⋅2 v.
77⋅2 ± 12⋅3 μg/l). This study shows that selenium levels were
lower in COVID-19 patients v. the healthy individuals(26).
Other group of investigation, measured blood selenium in
226 patients with COVID-19, confirmed with PCR and that
were hospitalised at the moment of the study. Patients were
classified into severe and not severe according to the type of
hospitalisation, inside and outside the intensive care unit
(ICU). When considering the normal reference values of
selenium in blood from 70 to 150 μg/l, no significative
differences were detected when comparing patients in ICU

Fig. 1. Study selection flowchart in the PRISMA diagram.

3

journals.cambridge.org/jns
ht

tp
s:

//
do

i.o
rg

/1
0.

10
17

/jn
s.

20
23

.6
9 

Pu
bl

is
he

d 
on

lin
e 

by
 C

am
br

id
ge

 U
ni

ve
rs

ity
 P

re
ss

https://doi.org/10.1017/jns.2023.69


Ta
b
le

1.
D
e
s
c
ri
p
ti
o
n
o
f
e
lig
ib
le

s
tu
d
ie
s
o
n
th
e
e
ff
e
c
ts

o
f
s
e
le
n
iu
m

a
g
a
in
s
t
C
O
V
ID
-1
9
in
c
lu
d
e
d
in

th
e
m
e
ta
-a
n
a
ly
s
is

A
u
th
o
r,
y
e
a
r

S
tu
d
y
d
e
s
ig
n

P
a
rt
ic
ip
a
n
ts
/c
o
u
n
tr
y

S
e
le
n
iu
m

n
o
rm

a
l
ra
n
g
e

O
u
tc
o
m
e
s

M
a
je
e
d
,
2
0
2
1
(1
1
)

C
ro
s
s
-s
e
c
ti
o
n
a
l
s
tu
d
y

3
0
C
O
V
ID
-1
9
p
a
ti
e
n
ts

fr
o
m

In
d
ia

T
h
e
s
e
le
n
iu
m

le
v
e
ls

o
f
th
ir
ty

h
e
a
lt
h
y
s
u
b
je
c
ts

w
e
re

th
e
re
fe
re
n
c
e
ra
n
g
e

T
h
e
C
O
V
ID
-1
9
p
a
ti
e
n
ts

s
h
o
w
e
d
s
ig
n
if
ic
a
n
tl
y
lo
w
e
r
s
e
le
n
iu
m

le
v
e
ls

o
f
6
9
⋅2
±
8
⋅7

n
g
/m

l
th
a
n
h
e
a
lt
h
y
s
u
b
je
c
ts

7
9
⋅1

±
1
0
⋅9

n
g
/m

l

(P
<
0
⋅0
0
0
3
)

Y
o
u
n
e
s
ia
n
,

2
0
2
2
(1
2
)

C
ro
s
s
-s
e
c
ti
o
n
a
l
s
tu
d
y

5
0
C
O
V
ID
-1
9
p
a
ti
e
n
ts

in
Ir
a
n
h
o
s
p
it
a
l

T
h
e
s
e
le
n
iu
m

le
v
e
ls

o
f
th
ir
ty

h
e
a
lt
h
y
s
u
b
je
c
ts

w
e
re

th
e
re
fe
re
n
c
e
ra
n
g
e

T
h
e
s
e
le
n
iu
m

le
v
e
l
w
a
s
lo
w
e
r
in

C
O
V
ID
-1
9
p
a
ti
e
n
ts

(7
7
⋅8

μg
/l
±
1
3
⋅9

μg
/l
)
a
s
c
o
m
p
a
re
d
to

h
e
a
lt
h
y
c
o
n
tr
o
l
in
d
iv
id
u
a
ls

(9
1
⋅7

μg
/l
±
1
6
⋅7

μg
/l
)
(P

<
0
⋅0
5
),
b
u
t
th
e
re

w
a
s
n
o
s
ig
n
if
ic
a
n
t

d
if
fe
re
n
c
e
b
e
tw
e
e
n
th
e
s
u
rv
iv
o
r
a
n
d
n
o
n
-s
u
rv
iv
o
r
g
ro
u
p
s

S
k
a
ln
y
,
2
0
2
1
(1
3
)

P
ro
s
p
e
c
ti
v
e
o
b
s
e
rv
a
ti
o
n
a
l

s
tu
d
y

1
5
0
C
O
V
ID
-1
9
p
a
ti
e
n
ts
in
a
c
lin
ic
a
lc
e
n
tr
e
o
f

R
u
s
s
ia

T
h
e
s
e
le
n
iu
m

le
v
e
ls

o
f
fo
rt
y
-f
o
u
r
h
e
a
lt
h
y

s
u
b
je
c
ts

w
e
re

th
e
re
fe
re
n
c
e
ra
n
g
e

4
3
⋅4

%
o
f
C
O
V
ID
-1
9
p
a
ti
e
n
ts

w
it
h
lo
w
v
a
lu
e
s
(<
2
⋅5

o
f
th
e
re
fe
re
n
c
e

p
o
p
u
la
ti
o
n
)
w
e
re

a
s
s
o
c
ia
te
d
w
it
h
h
ig
h
e
r
m
o
rt
a
lit
y

M
o
g
h
h
a
d
d
a
m
,

2
0
2
0
(1
4
)

O
b
s
e
rv
a
ti
o
n
a
l,

c
ro
s
s
-s
e
c
ti
o
n
a
l
s
tu
d
y

3
3
C
O
V
ID
-1
9
p
a
ti
e
n
ts

o
f
a
h
o
s
p
it
a
l
in

G
e
rm

a
n

C
la
s
s
if
ie
s
a
n
o
rm

a
l
s
e
le
n
iu
m

s
ta
tu
s
w
h
e
n

re
s
id
in
g
in

th
e
re
fe
re
n
c
e
ra
n
g
e
o
f

4
5
⋅7
–
1
3
1
⋅6

μg
/l
fo
r
s
e
ru
m

s
e
le
n
iu
m

in

E
u
ro
p
e
a
n
p
e
o
p
le

6
4
⋅7

%
o
f
th
e
s
a
m
p
le
s
o
f
d
e
c
e
a
s
e
d
C
O
V
ID
-1
9
p
a
ti
e
n
ts

s
h
o
w
e
d

s
e
le
n
iu
m

d
e
fi
c
ie
n
c
y
,
w
h
e
re
a
s
3
9
⋅3

%
o
f
th
e
s
a
m
p
le
s
fr
o
m

th
e

s
u
rv
iv
o
rs

w
e
re

c
la
s
s
if
ie
d
a
s
s
e
le
n
iu
m
-d
e
fi
c
ie
n
t

K
o
c
a
k
,
2
0
2
1
(1
5
)

C
ro
s
s
-s
e
c
ti
o
n
a
l
s
tu
d
y

6
0
C
O
V
ID
-1
9
p
a
ti
e
n
ts
in
a
re
s
e
a
rc
h
h
o
s
p
it
a
l

o
f
T
u
rk
e
y

T
h
e
s
e
le
n
iu
m

le
v
e
ls

o
f
th
ir
ty
-t
w
o
h
e
a
lt
h
y

s
u
b
je
c
ts

w
e
re

th
e
re
fe
re
n
c
e
ra
n
g
e

S
e
le
n
iu
m

le
v
e
l
w
a
s
lo
w
e
r
th
a
n
th
e
c
o
m
p
a
ri
s
o
n
g
ro
u
p
,

2
1
5
⋅3
4
±
4
9
⋅8
3
n
g
/m

l
v.

2
5
5
⋅2
3
±
4
2
⋅6
7
n
g
/m

l,
P
<
0
⋅0
0
1
,

C
O
V
ID
-1
9
p
o
s
it
iv
e
p
a
ti
e
n
ts

a
n
d
h
e
a
lt
h
y
s
u
b
je
c
ts
,
re
s
p
e
c
ti
v
e
ly

C
h
a
n
ih
o
o
n
,

2
0
2
2
(1
6
)

C
o
m
p
a
ra
ti
v
e

6
3
p
a
ti
e
n
ts

w
it
h
C
O
V
ID
-1
9
a
n
d
8
7
re
fe
re
n
ts

g
ro
u
p
in

P
a
k
is
ta
n

R
a
n
g
e
s
w
e
re

c
o
m
p
a
re
d
b
e
tw
e
e
n
C
O
V
ID
-1
9

p
a
ti
e
n
ts

a
n
d
h
e
a
lt
h
y
p
a
ti
e
n
ts

w
it
h
o
u
t

c
o
n
s
id
e
ri
n
g
a
re
fe
re
n
c
e
ra
n
g
e

S
e
le
n
iu
m

s
e
ru
m

le
v
e
l
in

C
O
V
ID
-1
9
p
a
ti
e
n
ts

n
o
n
-s
m
o
k
e
rs

5
3
⋅0
±

6
⋅0
9
μg

/l
a
n
d
re
fe
re
n
ts

g
ro
u
p
n
o
n
-s
m
o
k
e
rs

1
0
5
±
1
0
⋅4

μg
/l
.
L
o
w

c
o
n
c
e
n
tr
a
ti
o
n
s
o
f
e
s
s
e
n
ti
a
l
s
e
le
n
iu
m

fr
o
m

h
e
a
lt
h
y
s
m
o
k
e
rs

a
n
d

n
o
n
-s
m
o
k
e
rs
,
m
ig
h
t
c
o
n
tr
ib
u
te

to
th
e
re
c
u
rr
e
n
c
e
o
f
C
O
V
ID
-1
9

A
lk
a
tt
a
n
,

2
0
2
1
(1
7
)

C
ro
s
s
-s
e
c
ti
o
n
a
l
s
tu
d
y

8
0
C
O
V
ID
-1
9
p
a
ti
e
n
ts

in
a
S
a
u
d
i
A
ra
b
ia
n

h
o
s
p
it
a
l

N
o
rm

a
l
ra
n
g
e
o
f
s
e
le
n
iu
m

in
b
lo
o
d
s
e
ru
m

7
0
–
1
5
0
μg

/l
w
e
re

c
o
n
s
id
e
ri
n
g

S
tu
d
ie
s
g
ro
u
p
s
w
e
re

d
iv
id
e
d
in
to

n
o
n
-s
e
v
e
re

c
a
s
e
s
a
n
d
s
e
v
e
re

c
a
s
e
s
.
th
e
m
e
a
n
s
e
le
n
iu
m

in
b
o
th

s
tu
d
y
g
ro
u
p
s
w
a
s
w
it
h
in

th
e

n
o
rm

a
l
ra
n
g
e
(1
3
8
μg

/l
).
In

s
e
le
n
iu
m

m
e
a
n
s
e
ru
m

le
v
e
l
b
e
tw
e
e
n

n
o
n
-s
e
v
e
re

a
n
d
s
e
v
e
re

c
a
s
e
s
,
w
h
ic
h
s
h
o
w
e
d
a
s
ig
n
if
ic
a
n
t

e
le
v
a
ti
o
n
o
f
s
e
le
n
iu
m

le
v
e
l
a
m
o
n
g
s
e
v
e
re

c
a
s
e
s
o
f
C
O
V
ID
-1
9

p
a
ti
e
n
ts

(1
3
4
v.

1
6
2
μg

/l
,
P
-v
a
lu
e
<
0
⋅0
0
0
1
)

A
l-
S
a
le
h
,

2
0
2
2
(1
8
)

C
ro
s
s
-s
e
c
ti
o
n
a
l
s
tu
d
y

1
5
5
C
O
V
ID
-1
9
p
a
ti
e
n
ts

in
a
S
a
u
d
i
A
ra
b
ia
n

h
o
s
p
it
a
l

N
o
rm

a
l
ra
n
g
e
o
f
s
e
le
n
iu
m

in
b
lo
o
d
s
e
ru
m

7
0
⋅0
8
μg

/–
1
1
9
⋅6
9
μg

/l
w
e
re

c
o
n
s
id
e
ri
n
g

T
h
e
s
e
ru
m

s
e
le
n
iu
m

le
v
e
l
w
a
s
e
v
a
lu
a
te
d
in

fo
u
r
c
la
s
s
e
s
o
f
g
ro
u
p
s
:

a
s
y
m
p
to
m
a
ti
c
(8
6
⋅5
6
±
1
8
⋅9

5
μg

/l
),
m
ild

(7
8
⋅3
6
±
1
8
⋅0
4
μg

/l
),

m
o
d
e
ra
te

(8
7
⋅5
1
±
1
9
⋅2
6
μg

/l
)
a
n
d
s
e
v
e
re

(7
6
⋅6
±
2
3
⋅5
4
μg

/l
).

T
h
e
in
v
e
s
ti
g
a
to
rs

u
s
e
d
s
e
p
a
ra
te

lin
e
a
r
re
g
re
s
s
io
n
m
o
d
e
ls
.

P
a
ra
m
e
te
rs

s
h
o
w
e
d
a
d
e
c
re
a
s
e
in

s
e
le
n
iu
m

(β
=
−0

⋅2
0
3
,
9
5
%

C
I,
0
⋅3
0
8
,
−0

⋅0
1
5
,
P
=
0
⋅0
7
4
)
in

s
e
v
e
re

C
O
V
ID
-1
9
p
a
ti
e
n
ts

c
o
m
p
a
re
d
to

a
s
y
m
p
to
m
a
ti
c

B
a
g
u
e
r,
2
0
2
1
(1
9
)

S
in
g
le
-c
e
n
te
re
d

p
ro
s
p
e
c
ti
v
e
,

o
b
s
e
rv
a
ti
o
n
a
l
s
tu
d
y

c
o
h
o
rt

1
1
4
p
a
ti
e
n
ts

a
d
m
it
te
d
to

s
e
v
e
re

in
te
n
s
iv
e

c
a
re

u
n
it
s
(I
C
U
s
)
a
n
d
c
o
rr
e
s
p
o
n
d
in
g
1
1
2

s
e
x
a
n
d
a
g
e
d
-m

a
tc
h
e
d
n
o
n
-I
C
U

w
a
rd

p
a
ti
e
n
ts

N
o
rm

a
l
ra
n
g
e
o
f
s
e
le
n
iu
m

s
e
ru
m

7
0
–
1
5
0
μg

/l

w
e
re

c
o
n
s
id
e
ri
n
g

T
h
e
s
e
ru
m

v
a
lu
e
s
fo
r
s
e
le
n
iu
m

in
b
o
th

g
ro
u
p
s
w
e
re

re
p
o
rt
e
d
a
s

1
3
0
⋅1
9
±
3
⋅1
9
μg

/l
IC
U
s
p
a
ti
e
n
ts
c
o
m
p
a
re
d
w
it
h
n
o
n
-I
C
U
p
a
ti
e
n
ts

(1
2
3
⋅0
6
±
2
⋅5
8
μg

/l
,
P
=
0
⋅0
8
4
)

R
a
z
e
g
h
i,

2
0
2
1
(2
0
)

O
b
s
e
rv
a
ti
o
n
a
l
p
ro
s
p
e
c
ti
v
e

s
tu
d
y

8
4
C
O
V
ID
-1
9
p
a
ti
e
n
ts

in
S
in
a
H
o
s
p
it
a
l

N
o
rm

a
l
ra
n
g
e
o
f
s
e
le
n
iu
m

s
e
ru
m

7
0
–
1
5
0
μg

/l

w
e
re

c
o
n
s
id
e
ri
n
g

S
ig
n
if
ic
a
n
t
n
e
g
a
ti
v
e
a
s
s
o
c
ia
ti
o
n
b
e
tw
e
e
n
s
e
ru
m

s
e
le
n
iu
m

le
v
e
la
n
d

C
O
V
ID
-1
9
s
e
v
e
ri
ty

(s
ta
n
d
a
rd
is
e
d
c
o
e
ff
ic
ie
n
t
=
−
0
⋅2
8
,
P
-v
a
lu
e
=

0
⋅0
1
).
T
h
e
a
s
s
o
c
ia
ti
o
n
d
id

n
o
t
re
m
a
in

s
ig
n
if
ic
a
n
t
a
ft
e
r
a
d
ju
s
ti
n
g

fo
r
p
o
te
n
ti
a
l
c
o
n
fo
u
n
d
in
g
fa
c
to
rs

V
o
e
lk
le
,
2
0
2
2
(2
1
)

O
b
s
e
rv
a
ti
o
n
a
l
C
o
h
o
rt

S
tu
d
y

5
7
C
O
V
ID
-1
9
p
a
ti
e
n
ts

fr
o
m

C
a
n
to
n
a
l

H
o
s
p
it
a
l
A
a
ra
u
,
S
w
it
z
e
rl
a
n
d

N
o
rm

a
l
ra
n
g
e
o
f
s
e
le
n
iu
m

s
e
ru
m

<
0
⋅9
4
μm

o
l/
l

w
e
re

c
o
n
s
id
e
ri
n
g

S
e
le
n
iu
m

d
e
fi
c
ie
n
c
ie
s
w
e
re

m
o
s
t
p
re
v
a
le
n
t,
5
1
%
.
S
e
le
n
iu
m

le
v
e
ls

w
e
re

lo
w
e
r
w
h
e
n
p
a
ti
e
n
ts
h
a
d
m
o
re

m
ic
ro
n
u
tr
ie
n
t
d
e
fi
c
ie
n
c
ie
s
(P

<
0
⋅0
1
).
In

p
a
ti
e
n
ts

w
it
h
a
s
in
g
le

m
ic
ro
n
u
tr
ie
n
t
d
e
fi
c
ie
n
c
y
,

s
e
le
n
iu
m

d
e
fi
c
ie
n
c
y
w
a
s
m
o
s
t
p
re
v
a
le
n
t
(n

=
5
,
5
0
%
)

4

journals.cambridge.org/jns
ht

tp
s:

//
do

i.o
rg

/1
0.

10
17

/jn
s.

20
23

.6
9 

Pu
bl

is
he

d 
on

lin
e 

by
 C

am
br

id
ge

 U
ni

ve
rs

ity
 P

re
ss

https://doi.org/10.1017/jns.2023.69


(130⋅19 ± 3⋅19 μg/l) and non-ICU (123⋅06 ± 2⋅58 μg/l), as well
as patients who died (129⋅15 ± 3⋅91 μg/l) v. those who recov-
ered (125⋅77 ± 2⋅41 μg/l) 56 (24⋅78 %)(19). In this study, the sel-
enium levels in COVID-19 patients and healthy individuals
were not compared. Finally, in an observational study of 169
COVID-19 participants, Maares et al.(27) reported positive asso-
ciations between serum selenium and serum SELENOP levels
with free zinc concentrations, compared between survivors and
non-survivors, reporting higher concentrations of both biomar-
kers in those patients who survived the disease.

2. Studies that evaluated the role of serum selenium levels in
COVID-19 morbidity.

In 2020, a study was carried out in South Korea with a sam-
ple of fifty COVID-19 patients (twenty-nine men and twenty-
one women) from whom blood was drawn in the first stage of
infection and concentrations of different vitamins and selen-
ium were quantified. Of the obtained results, the most out-
standing were in relation to vitamin D and selenium, since a
vitamin D deficiency was reported in both COVID-19 patients
and participants from the control group. In relation to selen-
ium, it was found that 42 % of patients with COVID-19
had selenium levels below the limit (95 ng/ml), with an aver-
age of 98⋅3 ng/ml (range 90⋅3–107⋅6 ng/ml). From this per-
centage, eight patients were without any complications and
thirteen were with pneumonia some of them required oxygen
supplementation, high-flow nasal cannula, mechanical ventila-
tor and extracorporeal membrane oxygenations. Of the pneu-
monia patients, four died from complications and all of them
had selenium deficiency. The researchers showed with their
study a general trend of deficiency and the importance of
nutrition in the prevention of severe cases of COVID-19(28).
These findings were replicated in a comparative study that
evaluated eighty patients who had previously suffered
COVID-19 and forty patients who coursed with acute
COVID-19 at the moment of the study. The levels of selen-
ium were low in both groups, with a greater severity in the
acute phase of COVID-19 (n 40, 69⋅7 ± 20⋅8 μg/l), than in
the recovered ones (Spring wave n 40, 84⋅6 μg/l, SD = 20⋅7
and Autumn wave n 40, 88⋅2 μg/l, SD = 27⋅2)(29). Similarly, a
study conducted in COVID-19 patients between January
and May 2020 showed that patients with severe COVID-19
were found to be decreased compared to patients suffering
from mild COVID-19 (P = 0⋅0024)(30).
Razeghi et al.(20) found a negative association between the

levels of selenium and zinc with respect to the degree of clin-
ical severity of COVID-19 in eighty-four patients. In this
study, patients with mild disease (n 38) presented serum selen-
ium concentrations of 47⋅07 ± 20⋅82 ng/ml, while those with
moderate (n 27) and severe disease (n 19) had levels of
47⋅36 ± 25⋅6 ng/ml and 29⋅86 ± 11⋅48 ng/ml, respectively. It
is important to highlight that in all cases lower than normal
values reported by the authors (70–150 ng/ml) were found.

3. Studies that compared selenium levels in healthy and sick
individuals with COVID-19.

A study conducted in southern India found low selenium
levels in patients with COVID-19. The analysis was performed

by plasma mass spectrometry of healthy individuals (control
group) and COVID-19 patients with mild symptoms without
hypoxia, excluding asymptomatic patients or patients who
received nutrient supplementation at the moment of the
study. The average selenium level in COVID-19 patients was
69⋅2 ± 8⋅7 ng/ml while in the control group was 79⋅1 ±
10⋅9 ng/ml. In this study, other variables such as age, sex
and body mass index were assessed, which allowed to rule
out a correlation of them with selenium status. It is noteworthy
that men showed a greater trend of low selenium levels when
compared to women in the study (79⋅4 ± 9⋅2 v. 68⋅4 ± 8⋅2 ng/
ml, P< 0⋅01)(11).
Similarly, a study was conducted in Turkey with sixty cases of

COVID-19, mostly men with a mean age of 48⋅8 years (n 32)
and twenty-two healthy individuals, the majority being women
with a mean age of 45⋅5 years (n 21) as a control group.
Most of the patients developed moderate symptoms (n 28).
Mean selenium levels in patients were 215⋅34 ± 49⋅83 ng/ml
and in the controls, they were 255⋅23 ± 42⋅67 ng/ml, P>
0⋅001. The authors suggest that this difference could explain,
in part, the disease process in COVID-19 patients(15).
Another research group classified the 150 COVID-19 patients

in their study by degree of severity, into mild, moderate and
severe, paired with 44 healthy subjects. With this design, they
identified that selenium levels in the control group were 102 ±
16 μg/l and that these values were decreasing in relation to the
severity in patients with COVID-19. Thus, in mild cases, the
reported levels were 93 ± 20 μg/l, in moderate cases 90 ±
22 μg/l and in severe cases 67 ± 31 μg/l, the difference
between severe cases and the control group was significant
(P = <0⋅001) and was the difference between patients with
moderate symptoms and the control group (P = 0⋅047). An
inverse correlation was found between lung damage and selen-
ium levels (r = 0⋅297, P = 0⋅074) as well as a positive correl-
ation between selenium and oxygen saturation levels (r =
0⋅195, P = 0⋅007). In the regression model, they found that sel-
enium levels were a significant negative predictor of lung
damage(13).
In a small study, where they evaluated fifteen patients with

COVID-19 who underwent medical treatment with
Favipravir 200 mg tablet (2 × 1600 mg for loading dose, 2 ×
600 mg for maintenance dose up to 5–10 d) and
Hydroxychloroquine 200 mg tablet (2 × 400 mg for loading
dose and 2 × 200 mg for maintenance dose up to 5–10 d)
were evaluated. Selenium levels were initially low in most of
the patients, and improved slightly during treatment (86⋅7–
73⋅3 %). The authors state that the use of antivirals can
improve inflammation and be the pathway by which selenium
levels increase, but more studies are needed to confirm this(31).

4. Other findings

In an ecological study by the European Food Safety
Authority, the role of six vitamins (D, A, C, Folate, B6 and
B12) and four minerals (zinc, iron, copper and selenium) in
the function of the immune system, in order to determine
its current importance in relation to the COVID-19 pandemic.
In this study, nutritional status was correlated with epidemio-
logical data on COVID-19 in European countries, specifically
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a negative correlation between selenium and COVID-19 inci-
dence and deaths. In addition to this, the relationship of some
genetic variants and how they influence the nutritional status
of these nutrients was included. The importance of vitamin
D and iron in overcoming COVID-19 is highlighted, but no
data is shown indicating specific recommended intake for
this situation(32).
The study by Notz et al. sought to evaluate the impact of sel-

enium supplementation in patients with severe COVID-19, hos-
pitalised in the ICU. In these patients, a dose of 1 mg of
selenium daily was administered intravenously along with paren-
teral nutrition. Selenium and SELENOP levels were evaluated
both on admission and on discharge from the hospital.
Twenty-two patients (women, n 8; men, n 14) with a mean
age of 60⋅5 years were included in the sample. Of these patients,
64 % (14) survived and seven died; furthermore, upon admis-
sion to intensive care, eight patients had a selenium deficiency
and SELENOP. With daily supplementation, eleven patients
normalised their levels in a range of 10–14 d. They also identi-
fied that selenium levels were inversely correlated with
C-reactive protein, procalcitonin, and had a positive association
with NK cells number(33).
On the other hand, Erol et al. evaluated pregnant COVID-19

patients according to their trimesters of gestation in relation to
pregnant women without COVID-19 as a control group. In the
first trimester, twenty-four women with COVID-19 were eval-
uated compared to twenty-six in the control group, in the
second trimester, there were twenty-six patients and twenty-two
controls and in third trimester, with twenty-one patients with
COVID-19 and twenty-two controls participated. Selenium
levels were significantly reduced in the second (36⋅03 ± 9⋅68 v.
46⋅15 ± 8⋅15 maternal selenium level, mcg/l, P= 0⋅001) and
third trimesters (27⋅01 ± 7⋅82 v. 36⋅15 ± 6⋅25 maternal selenium
level, mcg/l, P< 0⋅01). However, there were no differences in
the first trimester (46⋅52 ± 8⋅17 v. 44⋅59 ± 8⋅4 maternal selen-
ium level, mcg/l). Serum selenium levels in women with
COVID-19 decreased as the weeks of gestation progressed
(r= –0⋅541, P< 0⋅001)(34).
In a cohort study where the immune response in healthcare

personnel who received two doses of the BNT162b2 mRNA
vaccine were evaluated, there was no significant association of
Se status with the humoral immune response to the vaccine(35).
After screening and selection, articles were classified and

ordered according to their study design, population, normal
selenium range and outcomes, as shown in Table 1.

Meta-analysis

A meta-analysis was performed using a random effects model
and two comparisons: (1) reported selenium levels in blood of
healthy subjects and patients with COVID-19 and (2) selenium
levels in blood compared at different stages of disease severity,
according to presented symptoms. Illness severity was classi-
fied into four groups based on the Adult Guidelines for the
Management of Coronavirus Disease 2019 for Classification:
Asymptomatic Patients with no signs or symptoms of infec-
tion; Mild. Patients with upper respiratory tract infection
symptoms and other mild symptoms (including fever and
gastrointestinal symptoms) without evidence of pneumonia;
Moderate. Patients with hypoxia with oxygen saturation less
than 93 % at rest or presence of pneumonia not requiring
ICU admission; Severe. Patients with pneumonia requiring
ICU admission or any of the following: Critical respiratory fail-
ure requiring mechanical ventilation, septic shock or multior-
gan dysfunction(17).
A random effects analysis was performed to evaluate the

difference in means, considering the Heterogeneity Index.
This analysis resulted in a significant effect size of 3⋅28 (P =
0⋅001), which showed that selenium levels in healthy indivi-
duals were significantly higher than those in COVID-19
patients. The results obtained from each study are consistent
although heterogeneous (I2 = 97 %, P < 0⋅00001) (Fig. 2).
The heterogeneity of the data among the group of patients

with moderate disease was high, since selenium levels were
lower in this group compared to the selenium levels of asymp-
tomatic patients. Therefore, the values of the meta-analysis of
the comparison of selenium levels in the different stages of the
disease were not significant (test for overall effect Z = 0⋅37,
P= 0⋅71; 95 % CI –1⋅98 (−12⋅55, 8⋅59) and a heterogeneity
I2 = 91 %, P < 0⋅00001) (Fig. 3).

Discussion

Our findings suggest that selenium levels are lower in
SARS-CoV-2 infected patients compared to uninfected sub-
jects. The relationship between selenium and COVID-19 has
been discussed in the several published studies(14,23,27,36).
The hypothesis arises from mechanistic evidence from bio-
chemical and in vitro studies of SARS-CoV-2 or other respira-
tory viruses, showing that selenium may support the immune
system function or antioxidant effect(8,10,37,38). In addition,
some authors reported blood selenium values in patients

Fig. 2. Selenium serum levels in COVID-19 patients and healthy individuals.

6

journals.cambridge.org/jns
ht

tp
s:

//
do

i.o
rg

/1
0.

10
17

/jn
s.

20
23

.6
9 

Pu
bl

is
he

d 
on

lin
e 

by
 C

am
br

id
ge

 U
ni

ve
rs

ity
 P

re
ss

https://doi.org/10.1017/jns.2023.69


with different degrees of clinical severity of infection, noting
that in severe disease, selenium values are very low compared
to moderate and, in turn, compared to mild disease(11,14,26,39).
However, one study reported higher selenium values when
considering all levels of severity together, although proportion-
ally lower selenium levels were observed in patients with severe
disease(15).
Our research coincides with the systematic review by

Fakhrolmobasheri et al.(40), where eleven studies that evaluated
selenium levels in COVID-19 patients were included; most of
them cross-sectional, with selenium measured in serum.
Overall, they found that selenium levels were lower in patients
with COVID-19 compared to healthy individuals, but they
did not perform a meta-analysis to assess the quantitative effect.
Until July 2022, no other systematic reviews with meta-analysis
evaluating selenium levels in COVID-19 were found. Another
interesting result of Fakhrolmobasheri et al.(40) was that showed
a study that evaluated urinary selenium levels and compare them
between severe and no severe COVID-19 patients (20⋅27
(13⋅53–35⋅34 μg/l v. 25⋅5 (19⋅04–37⋅64 μg/l), P= 0⋅024) but
specially in fatal COVID-19 patients, there were higher urinary
selenium levels compared to recovered COVID-19 patients(41).
We agree with the authors that these results could be caused by
dysfunction in stress-related pathways or, it could be the result
of drug interactions to some drugs commonly used in the treat-
ment of patients with COVID-19, such as corticosteroids,
which can interfere with selenium absorption and increase its
excretion. Another hypothesis is that in patients with severe
COVID-19 there is a higher probability of impaired renal func-
tion, which coincides with the higher excretion of selenium
when adjusted for creatinine. This finding could explain, in
part, the elevated urinary selenium in contrast to the low
blood levels in these patients.
In addition to the above, we hypothesise that a COVID-19

patient with an active oxidative stress process increases the
demand for selenium due to the heightened immune response
that occurs in the disease. This process could lead to a reduction
in low blood selenium levels. Selenium is an essential micronu-
trient that plays an important role in the regulation of immune
function, and it is known that low selenium levels can negatively
affect the immune response. Therefore, if patients with
COVID-19 have an overactive immune response, a depletion
of selenium levels in the body may occur and contribute to
the lower levels observed in the blood. However, further

research is needed to confirm this hypothesis and to determine
whether other factors may also be contributing to the low selen-
ium levels in patients with COVID-19.
The main limitation of our study is that only comparative

studies were considered in the analysis since they are the ones
that were published to date. Future blinded randomised clinical
trials are needed to assess the effect of selenium levels on
SARS-CoV-2 infection, as well as to evaluate the response to
new viral variants and immunisation schemes. Another limita-
tion of this research is that to date there were few studies that
have associated SARS-CoV-2 infection with selenium levels in
the blood. COVID-19 continues to be a new disease, where
new related studies are published on a daily and this review
only assesses works published up to July 2022. In addition,
each study has factors that are not considered in their final con-
clusions, such as inflammatory response markers, drug treat-
ment, virus variants, which also limit the conclusions of the
study. Finally, the investigation of randomised clinical studies
that can strengthen it is the levels of evidence, in different popu-
lations and with a large sample size, is considered necessary to
probe the possible effect of selenium on the severity and mor-
tality of COVID-19.

Perspectives

So far, the pharmacological treatment for COVID-19 is still
under development and research, which highlights the import-
ance of maintaining an optimal nutritional status that allows
preserving homeostasis conditions at the cellular level and
thus, the individual can carry out the necessary mechanisms
to combat the disease, especially with the new variants. In
this review, it has been shown, with the results of the
meta-analysis, that selenium levels could be the difference
between acquiring the disease or not. Modifying individual vul-
nerability when exposed to the virus. Therefore, to maintain
optimal health, it is necessary to integrate foods rich in micro-
nutrients such as selenium into the diet to maintain nutritional
balance and possibly help prevent infections such as
SARS-CoV-2. However, COVID-19 is a multifactorial disease,
once acquired, any risk factor can contribute to the severity of
the infection, so selenium levels will not be an exclusive factor
that determines the recovery capacity from the disease. Thus, it
is necessary to continue research on the role of selenium to
clarify its relationship with the disease in detail.

Fig. 3. Degrees of clinical severity of COVID-19 and selenium serum levels reported in the included studies.

7

journals.cambridge.org/jns
ht

tp
s:

//
do

i.o
rg

/1
0.

10
17

/jn
s.

20
23

.6
9 

Pu
bl

is
he

d 
on

lin
e 

by
 C

am
br

id
ge

 U
ni

ve
rs

ity
 P

re
ss

https://doi.org/10.1017/jns.2023.69


Conclusions

Our review and meta-analysis provide compelling evidence that
serum selenium is lower in COVID-19 patients compared to
healthy subjects. In addition, we did not find that selenium
levels will be found to be related to the different stages of the
disease. However, once COVID-19 is established, changes in
selenium levels at different degrees of disease severity are not
consistent. Therefore, it would be interesting to assess, in future
studies, the nutritional status and selenium status in COVID-19
patients to generate strong evidence that support selenium
supplementation together with drug treatment, considering
that selenium benefits human health in optimal amounts.
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