Received: 13 February 2021

Revised: 29 March 2021

Accepted: 30 April 2021

DOI: 10.1002/jmv.27064

RESEARCH ARTICLE

MEDICAL ViRoLoGY WILEY

Maternal selenium status plays a crucial role on clinical
outcomes of pregnant women with COVID-19 infection
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1 | INTRODUCTION

Selenium has an important place among the trace elements that are
essential to maintain the homeostasis of the human body. Its most
vital function is its role in the creation of an immune response
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Abstract

Adequate maternal selenium level is essential for immune response and healthy
pregnancy. This study aimed to shed light on the selenium status of pregnant wo-
men with COVID-19 and the effects of potential deficiency in serum selenium levels.
Totally 141 pregnant women, 71 of them were COVID-19 patients, in different
trimesters were included in the study. Maternal serum selenium levels, demographic
and clinical parameters were determined. Serum selenium levels of pregnant women
in the second (p: .0003) and third (p: .001) trimesters with COVID-19 were sig-
nificantly lower than in the healthy group. Maternal selenium level was found to be
negatively correlated with gestational week (p <.0001, r: -.541), D-dimer (p: .0002,
r: -.363) and interleukin-6 (IL-6) level (p: .02, r: —.243). In the second trimester,
serum selenium level positively correlated with white blood cell (p: .002, r: .424),
neutrophil (p: .006, r: .39), lymphocyte (p: .004, r: .410) count and hemoglobin (p: .02,
r: .323), hematocrit (p: .008, r: .38) status. In the third trimester, it was found that
maternal selenium level positively correlated with monocyte (p: .04, r: .353) and
negatively correlated with C-reactive protein level (p: .03, r: —.384). Serum selenium
level was gradually decreased during the pregnancy period, however, this natural
decrease was enhanced together with COVID-19 infection. The reason might be
increased selenium needs depended on the immune response against infection. The
decrease in maternal selenium level was found to be related to IL-6 and D-dimer

levels, which indicate selenium's role in disease progression.

KEYWORDS
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against oxidative stress due to its antioxidant properties.>? Selenium
presents as seleno-proteins for its biological function. It is known
that selenium supplements provide protection against many harmful
chemical and biological factors for the body. They can provide a wide
range of protection from drug side effects, heavy metals, pesticides,
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toxins, and other oxidative stressors.®> > The most important enzyme
that selenium cofactors is glutathione peroxidase. The main function
of glutathione peroxidase is to ensure that hydrogen peroxidase and
lipid peroxidase, which are strong oxidative stress factors, are re-
moved from the body in a harmless way.®”

Oxidative stress markers and reactive oxygen radicals, which are
also revealed in viral infections, aim to break this antioxidant defense
mechanism in human cells, which are the host for viruses, and reduce the
immunity of the host.? Selenium, is the constituent of different seleno-
proteins and especially the intracellular antioxidative enzyme glutathione
peroxidase, which prevents oxidant stress in the cell. Increased oxidative
stress during the infection and inflammation may require more selenium
use leading to a decrease in selenium level.” Also, the levels of trace
elements such as selenium depend on several dietary factors.'® Another
reason for selenium decrease might be the dysfunction of the liver, which
is responsible for the biosynthesis of seleno-proteins.** All the above
reasons could be possible as a consequence of COVID-19 infection.
Furthermore, selenium was observed to suppress the release of the in-
flammatory precursor cytokine that is activated by pathogens.*>** In cell
studies, it was observed that cells infected with severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) decreased selenoprotein synth-
esis and this decrease was found to be associated with the increase of IL-
6, an inflammatory marker.**

On the other hand, it was mentioned that selenium supple-
mentation was beneficial for the regulation of immune response
against thyroid autoimmunity during pregnancy and the post-partum
period.”® In an animal study, maternal selenium deficiency during
pregnancy caused reduced fetal growth by reduced fetal glucose
concentrations. Also, placental dysfunction was observed due to
reduced placental seleno-dependent deiodinase expression and in-
creased placental glycogen content by changing the mRNA expres-
sion of solute carrier family 2 which is facilitated by glucose
transporter member 3 (SLC2A3). These findings indicate that sele-
nium deficiency dysregulates placental nutrient transport.*® Serum
selenium level was also considered as a risk marker for pregnancy-
induced hypertension (OR, 15.34; p: .002).” It has been shown that
maternal serum selenium deficiency significantly affects not only
pregnancy complications but also the health parameters and cogni-
tive functions of infants in the first few years of life.'?

Maternal selenium level is observed as an important parameter
for pregnancy, mother and infant health. As the vital risk factor for
the pregnancy period, selenium effects on infectious diseases espe-
cially in HIV infection was also investigated in several studies.?®?*
Selenium deficiency and its effects in HIV-infected pregnant women
were investigated and it was observed that women with selenium
deficiency had approximately 8-fold higher preterm delivery and low
birth weight risk compared to women with normal selenium level.??

However, according to current literature knowledge, the ma-
ternal selenium status role in the recent COVID-19 pandemic hasn't
been investigated yet. This study aimed to shed light on the selenium
status of pregnant women with COVID-19 and the effects of po-
tential deficiency in serum selenium levels on disease outcomes in

each trimester of the pregnancy period for the first time to date.
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2 | MATERIALS AND METHODS

2.1 | Study groups and ethics

Pregnant women who were admitted to the Ministry of Health Ankara
City Hospital, Department of Obstetrics and Gynecology between July
15, 2020 and December 15, 2020 were included in the study. The groups
consist of SARS-CoV-2 positive and control groups with similar clinical
and demographic characteristics. For the diagnosis of SARS-CoV-2 in-
fection, real-time polymerase chain reaction (RT-PCR) testing of naso-
pharyngeal and oropharyngeal samples was evaluated. Both the Turkish
Ministry of Health as well as the institutional review board of the study
protocol (E2-20-22) was approved, and informed consent was obtained
from all patients. All COVID-19 cases were managed under the guidance

of national guidelines.

2.2 | Clinical characteristics

Blood samples were taken from the patients along with the first la-
boratory tests at the first admission to the hospital. Demographic char-
acteristics, clinical characteristics, and laboratory parameters were
analyzed. Maternal age, body mass index (BMI) (kg/mz), gravity, parity,
comorbid conditions, gestational age, pregnancy status, obstetric com-
plications, vital outcomes of patients, hemoglobin (Hb), hematocrit (Hct),
WBC, thrombocyte, lymphocyte, neutrophil counts, erythrocyte sedi-
mentation rate (ESR), D-dimer, C-reactive protein (CRP), procalcitonin,
interleukin-6 (IL-6), ferritin, blood urea nitrogen (BUN), creatine, liver
function tests (aspartate aminotransferase, alanine aminotransferase)
were obtained to determine the biochemical and clinical profile of the

control group and study group.

2.3 | Maternal selenium level measurements

Selenium levels were analyzed with atomic absorption spectroscopy. A
Perkin Elmer Analyst 800 device and the “WinLab32” program were
used for the atomic absorption spectroscopy method. The calibration
curve was generated following guidelines with standard solutions and
selenium levels were determined with two repetitive measurements of

each sample.

2.4 | Statistical analysis

IBM SPSS Statistics 25 (Armonk) software was used for statistical
analysis and the data were expressed as mean+ SD. The student's
T-test was used to analyze differences between study groups, and
Pearson correlation was used for correlation analysis between data.
p<.05 was considered statistically significant. Graphpad PRISM
6.0 was used for visualization of the data.
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3 | RESULTS

Clinical characteristics of patients are given in Table 1. Our results
indicate that there are several outcomes which change with
COVID-19 infection in different stages of pregnancy. There were
significant decreases in white blood cell (WBC), lymphocytes, and
neutrophil count with COVID-19 infection in each trimester. CRP

levels were increased in the COVID-19 group compared to the

TABLE 1 Characteristics of study groups

1st Trimester

2nd Trimester

control group in the second and third trimesters. Similarly, IL-6 and
ferritin levels were increased with COVID-19 in the third trimester
(p values were given in Table 1). D-dimer level was found sig-
nificantly higher in COVID-19 patients in the second trimester
however D-dimer increase with COVID-19 infection wasn't sig-
nificant in the third trimester due to high standard deviation.

Our results showed that the serum selenium level of both

healthy and SARS-CoV-2 (+) pregnant women was decreased, and it

3rd Trimester

Control n: 26 COVID-19 n: 24  Control n: 22 COVID-19 n: 26  Control n: 22 COVID-19 n: 21
Variables mean (SD) mean (SD) mean (SD) mean (SD) mean (SD) mean (SD)
Age (year) 26.34 (4.02) 28.37 (4.70) 28.04 (6.27) 29.76 (6.66) 26.3 (4.11) 28.95 (4.77)
Gestational age (week) 9.11 (3.14) 9.83 (3.11) 22 (4.45) 24.69 (3.06) 34.69 (3.27) 35.28 (3.39)
Gravidity 1.9 (0.8) 2.3 (1.5) 2.54 (1.29) 2.65 (1.38) 1.9 (0.95) 2.61 (1.68)
Parity 0.73 (0.72) 1.04 (1.32) 1.22 (1.15) 1.34 (1.29) 0.769 (0.725) 1.47 (1.40)
WBC per ml 8192 (2343)" 5905 (3018)" 10,422 (2777)° 6407 (2030)° 10,240 (1745)° 7301 (2619)°

Neutrophil per ml
Lymphocyte per ml
Monocyte per ml
CRP, mg/dl

ESR

IL-6, pg/ml
Ferritin, ng/ml
Hemoglobulin, g/dl
Hematokrit, %

Platelet count

BUN, mg/d|
Creatinine, mg/dl
ALT, IU

AST, IU

D-dimer, mcg/ml

Fibrinogen, g/L

Maternal selenium level,

mcg/L

5587 (1982)°
1970 (552)°

381 (128)

9.81 (8.85)

NA

NA

26.17 (22.75)
12.9 (1.06)

38.83 (3.26)
267,692 (64,728)"

19.03 (5.86)
0.552 (0.06)
17.84 (8.40)
13.52 (4.11)°
0.468 (0.391)
3.11 (1.70)
44.59 (8.40)

4162 (2768)"
1257 (442)°
345 (170)
14.02 (14.26)
NA

NA

47.04 (59.29)
12.35 (0.96)
37.46 (2.79)

225,250
(57,912)¢

18.78 (5.0)
0.533 (0.09)
28.86 (27.83)
22.34 (15.96)
0.761 (0.739)
3.72 (0.81)
46.52 (8.17)

7930 (2329)°
1807 (542)°
444 (126)"
8.48 (5)"
29.38 (16.5)
7.17 (11.98)
13.38 (10.58)
12.10 (1.08)'
37.04 (2.98)!

259,181
(56,120)'

17.65 (3.74)’
0.50 (0.08)
18.1 (5.09)
14.45 (3.76)
0.818 (0.354)"
452 (0.25)"
46.15 (8.15)°

4705 (1853)°
1181 (509)°

327 (203)"

24.49 (33.64)"
13.27 (27.86)
8.84 (10.99)
35.53 (55.10)
11.22 (1.03)'
34.29 (3.60)'
208,240 (68,492)'

14.34 (3.11)'
0.45 (0.07)
30.69 (33.49)
38.8 (67.06)
1.5 (0.849)"
3.74 (0.86)"
36.03 (9.68)°

7371 (1382)°
1965 (435)¢
591 (224)°
4.69 (3.45)°
33.72 (10.12)
3.87 (1.08)°
9.38 (5.62)°
11.60 (0.93)
35.53 (2.84)

244,076
(58,377)

17.58 (5.16)
0.45 (0.07)
13.33 (3.91)°
14.66 (2.64)%
1.95 (0.98)
4.49 (0.62)
36.15 (6.25)°

5446 (2391)°
1292 (613)°

360 (209)°

17.45 (15.28)°
29.81 (34.65)
14.90 (16.56)°
31.63 (45.39)°
10.86 (1.29)
33.42 (3.57)
222,904 (54,701)

15.76 (5.34)
0.47 (0.08)
21.33 (15.94)°
24.95 (12.38)¢
3.13 (2.05)
3.81 (0.91)
27.01 (7.82)°

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; BUN, blood urinary nitrogen; CRP, C-reactive protein; ESR, erythrocyte
sedimentation rate; IL-6, interleukin-6; WBC, white blood cell.

?p < .01 between control and COVID-19 group in 1st trimester.

bp <.001 between control and COVID-19 group in 2nd trimester.

°p <.001 between control and COVID-19 group in 3rd trimester.

dp < .05 between control and COVID-19 group in 1st trimester.

®p < .05 between control and COVID-19 group in 3rd trimester.

fp <.001 between control and COVID-19 group in 1st trimester.

&p < .01 between control and COVID-19 group in 3rd trimester.

hp < .05 between control and COVID-19 group in 2nd trimester.

ip <.01 between control and COVID-19 group in 2nd trimester.
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FIGURE 1 Maternal selenium levels of pregnant women with COVID-19 and control groups in (A) first, (B) second, and (C) third trimesters

was shown by the correlation analysis between serum selenium level
and gestational week (p<.0001, r: -.541) (Figure 2A). However,
especially in the second (p: .0003) and third (p: .001) trimesters,
serum selenium levels of pregnant women with COVID-19 were
significantly lower than that in the healthy group (Figure 1). There
wasn’t any significant difference in serum selenium level between
groups in the first trimester (p: .413).

According to cumulative correlation analysis of all pregnant
women at different trimesters, maternal selenium level was found to
be correlated with D-dimer (p: .0002, r:-.363) and IL-6 level (p: .02,
r:-.243) (Figure 2).

Subgroup correlation analysis for each trimesters showed that,
in the second trimester, serum selenium level correlated with WBC
(p: .002, r: .424), neutrophil (p: .006, r: .39), lymphocyte (p: .004, r:
.410) count and hemoglobin (p: .02, r: .323), hematocrit (p: .008,
r: .38) status (Figure 3). In the third trimester, it was found that
maternal selenium level correlated with monocyte (p: .04, r: .353) and
CRP level (p: .03, r: -.384) (Figure 4).

COVID-19 vital outcomes are given in Table 2. Serum selenium
level correlated only with diastolic blood pressure (p: .003, r: .354).

4 | DISCUSSION

The recent COVID-19 pandemic affects the pregnant women popu-
lation as well as the entire community. According to patients’ data in
the literature, COVID-19 infection during pregnancy should not be
underestimated due to its potential to cause complications threa-
tening mother and neonatal health. In this study, serum selenium
level was investigated because of its role in immunity and maternal
health.

Management of COVID-19 in pregnant women is challen-
ging. Physiological and immunological changes during pregnancy
make pregnant women more susceptible to various viral infections.
The increase in the transverse diameter of the thorax and the ele-
vation of the diaphragm decrease the tolerance of the pregnant
women against hypoxia. Changes in lung volumes and vasodilation

cause mucosal edema and increased secretions in the respiratory
tract. In addition, changes in cellular immunity increase susceptibility
to infection with intracellular organisms such as viruses. Although
the data of the limited number of pregnant cases in the literature
indicate that the clinical status caused by COVID-19 during preg-
nancy is similar to the general population, pregnant women should
take similar precautions. An association between COVID-19 infec-
tion and adverse pregnancy outcomes such as preterm birth, spon-
taneous abortion, and intrauterine growth restriction have been
reported in studies.?®> 2°

There was a significant decrease in maternal selenium level
during the pregnancy period which indicates selenium needs are
increased depending on fetal growth. Also, a gradual decrease in
serum selenium concentration in subsequent trimesters of
pregnancy was shown in the prior literature.?® However, due to
significant differences in serum selenium level between
COVID-19 and the control group (given in Figure 1), it should be
mentioned that this selenium needs might be enhanced in
COVID-19 infection in the second and third trimester. Our
results showed that the serum selenium level is decreased in
pregnant women with COVID-19. It might be supposed that
COVID-19 might increase selenium needs dependent on the im-
mune response of the body or pathogenesis of infection or it
might decrease serum selenium level by increasing selenium
transport into the cell or selenium excretion.

In a study examining the potential roles of selenium and seleno-
proteins on COVID-19 infection, it was found that the selenium level
of survival patients was significantly higher than non-survival pa-
tients with COVID-19.%” Another study about selenium effects on
COVID-19 mortality was found similar results.?® Also, there is a
study that shows the linear correlation between selenium level and
the cure rate of patients with COVID-19.2?

Our study showed that maternal selenium level correlated with
D-dimer and IL-6 level in COVID-19. IL-6 is well known as one of the
most important acute phase reactants and disease severity pre-
dictors of COVID-19.%°3" |t was also shown before that COVID-19

infection induces coagulopathy and secondary hyper-fibrinolysis with
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TABLE 2 Vital outcomes of pregnant
women with COVID-19
Temperature, °C

Heart rate per minute

Systolic blood pressure,

mm Hg

Diastolic blood pressure,

mm Hg

OZsaturation, %

disease severity.>>*? A high level of D-dimer on admission was ob-
served to be related to worse outcomes of COVID-19.%*** In HIN1
infection, the reason for the increase in D-dimer level was observed
mostly due to pulmonary thrombosis.®> Furthermore, selenium-
dependent glutathione peroxidase deficiency was observed to lead
to arterial thrombosis by enhanced platelet aggregation in an animal
study.>® Together with our results, it might be thought that the
serum selenium status might be a preventative factor for COVID-19
severity by regulatory roles of selenium on inflammation and
thrombosis.

Maternal selenium level was found to be correlated with
lymphocyte, neutrophil, monocyte count, and CRP levels in dif-
ferent stages of pregnancy (given in Figures 3 and 4), which in-
dicates serum selenium level deficiency affects immunity through
immune cells and CRP level. It was mentioned that selenium
status together with zinc level was related to the severity of
critically ill patients.®” Our previous research has also shown that
other trace elements such as zinc copper and magnesium were
affected with COVID-19 infection in pregnancy. We observed
that zinc and copper levels were significantly decreased and
magnesium levels were increased in pregnant women with
COVID-19 infection compared to healthy ones.*® Also in a mice
model, low selenium status has been shown to contribute the
influenza virus mutations.®” This potential of selenium on virus
mutations might have importance also for SARS-CoV-2 mutations

which are recently seen around the world.*%4*

5 | CONCLUSION

Serum selenium level was gradually decreased during the pregnancy
period however this natural decrease was enhanced together with
COVID-19 infection. The reason might be increased selenium needs
depended on the immune response against infection. Maternal se-
lenium deficiency was found to be related to IL-6 and D-dimer levels,
which indicate selenium's role in disease progression. Also, pregnant
women in the second or third trimesters were affected more from
COVID-19 infection compared to women in the first trimester. The
adequate level of maternal selenium levels should be taken into
consideration along with its potential protective roles in COVID-19
disease.

MEDICAL VIROLOGY

1st Trimester n: 24  2nd Trimester n: 26  3rd Trimester n: 21

36.5 (0.49) 36.58 (0.52) 36.59 (0.47)

95.95 (9.19) 98.88 (15.09) 92.57 (8.88)

110.35 (13.5) 108.76 (11.81) 116.85 (9.10)

69 (10.51) 63.68 (7.08) 63.85 (7.08)

97.05 (0.91) 96.79 (1.58) 97.15 (0.87)
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