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A b s t r a c t   

The coronavirus disease 2019 (COVID-19) pandemic represents a severe global health threat. Selenium (Se), 
as one of the essential trace elements in human body, is well known for its antioxidant and immunity- 
boosting capabilities that induce a strong antiviral effect. In response to the global pandemic, we highlight 
here the current status of Se in combating different viruses, as well as the potential application of nano- 
selenium (nanoSe) in combating COVID-19. 

© 2020 Elsevier Ltd. All rights reserved.    

1. Introduction 

Since December 2019, hospitals in Wuhan, Hubei province, China 
found several cases of pneumonia of unknown cause with a history of 
exposure to seafood markets. It was confirmed to be caused by severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2). The sub
sequent coronavirus disease 2019 (COVID-19) pandemic has put the 
health of humans around the world under severe threat. Governments 
have taken measures to prevent the infection of COVID-19 by self- 
isolating, social distancing, wearing masks and monitoring tempera
ture frequently. Researchers and medical workers are putting all their 
efforts into developing testing methods, antiviral drugs and vaccines 
to diagnose, treat and defend against COVID-19. 

Coronaviruses have a cell membrane structure with three types of 
proteins on it: spike glycoprotein (S, Spike Protein), small envelope gly
coprotein (E, Envelope Protein) and membrane glycoprotein (M, 
Membrane Protein), and a few types have hemagglutinin glycoprotein (HE 

protein, Haemaglutinin-esterase) [1]. The nucleic acid of coronavirus is a 
single stranded RNA, which is more likely to survive than DNA viruses [2]. 

Selenium (Se) is one of the essential trace elements in animals 
and human beings. It can boost the immune function of the body by 
enhancing the role of T lymphocyte (T cells) and Natural Killer (NK) 
cells, which can kill tumor cells [3]. Se is present mainly in the form 
of selenoproteins, of which about 3% are involved in the synthesis of 
glutathione peroxidase (GSH-Px) [4]. If Se is deficient in the body, 
the content and activity of GSH-Px are also decreased, leading to 
decreased antioxidant capacity of cells and increased oxidative da
mage, as shown in Fig. 1 [5]. 

Compared with other forms of Se, nano-selenium (nanoSe) has low 
toxicity, comparable bioavailability and high efficiency in preventing 
oxidative damage [6–9]. NanoSe can efficiently scavenge free radicals at 
a concentration of less than 0.5 mM [9]. Huang et al. [9] found that 
nanoSe with smaller size (5–15 nm) has better ability to clear free ra
dicals, which has been used in the treatment of many diseases including 
cancer, inflammatory diseases, liver fibrosis, and drug-induced toxi
city [10–13]. 
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2. Se fights against different viruses 

Se has long been found to be directly involved in fighting against 
different viruses [3,14–23] like influenza virus, herpes simplex virus 
type 1 (HSV-1), hepatitis C virus (HCV), coxsackie virus, and human 
immunodeficiency virus (HIV) (Table 1). 

Cheng et al. [14] found that the moderate supplementation of Se 
could increase the levels of tumor necrosis factor-alpha (TNF-α) and 
interferon-gamma (IFN-γ) in vivo, thus improving the immune re
sponse against A/NWS/33 (H1N1) influenza virus. Wang et al. [15] 
found that Se combated HSV-1 in vitro by inhibiting the cytopathic 
effect and promoting cell apoptosis. Himoto et al. [16] found that the 
decreased level of Se in serum was in direct proportion to the se
verity of hepatic fibrosis, with Se deficiency associated with the 
aggravation of hepatic fibrosis in patients with chronic liver disease 
(CLD) related to HCV. Moreover, the Se serum level was negatively 
correlated with the homeostasis model for assessment of insulin 
resistance values (r = -0.304, p = 0.0338). So, Se deficiency seems to 
contribute to insulin resistance. Zhang et al. [17] found that an ap
propriate amount of Se could improve the activity of lipid peroxidase 
and reduce the production of lipid peroxidation products, thus les
sening myocardial cell damage caused by coxsackie virus infection. 
Men et al. [18] found that, after treatment with Se, the cytotoxicity of 
polysaccharides from Caulerpa taxifolia was increased slightly but 
the activity was enhanced and the therapeutic index was increased 
making it a promising antiviral active substance. Verma et al. [19] 
found that adequate Se may be the key to protecting cells infected 
with West Nile virus (WNV) from virus-induced cell death. Cai et al.  
[3] showed that patients infected with human papilloma virus (HPV) 
had lower levels of average Se content in cervical tissue. Jian et al.  
[20] have shown that increased Se concentration in Se-enriched rice 
can inhibit the transformation of Epstein-Barr virus (EBV) into 

umbilical blood B lymphocytes and the early expression of Epstein- 
Barr virus-early antigen (EBV-EA) in Raji cells. Liu et al. [21] found 
that Se supplementation significantly increased the levels of Se and 
glutathione peroxidase in plasma and white blood cells, suggesting 
that Se could promote the recovery of acute lower respiratory tract 
infections caused by respiratory syncytial virus (RSV). Chen et al.  
[22] found that Se may play an important role in HIV replication, and 
supplementing Se could enhance the oxidative defense systems and 
improve the symptoms of acquired immunodeficiency syndrome 
(AIDS) patients. Cirelli et al. [23] found that the Se level of AIDS and 
AIDS related complex (ARC) patients was lower than that of healthy 
people, and the lower the Se level, the higher incidence rates. 

Therefore, because Se can enhance the immune and antioxidant 
abilities of human body, it offers a basis for helping prevent and treat 
viral diseases. Sufficient levels of Se in the body can maintain human 
immune activity and normal redox regulation ability to resist the 
invasion of pathogens. 

3. Using nano-selenium to fight against COVID-19? 

Se has also been found to be directly associated with COVID-19. 
For example, it was found that the cure rate of COVID-19 patients in 
Enshi was 36.4%, while the overall cure rate in other cities in Hubei 
was 13.1% [24]. Studies found that Se levels in hair samples in Enshi 
were 3.13  ±  1.91 mg/kg for women and 2.21  ±  1.14 mg/kg for men  
[25], while Se levels in other parts of Hubei were only 0.55 mg/kg  
[26]. The intake of Se in Enshi was reported to be 550 μg/d in 2013  
[25]. In contrast, Heilongjiang province in Northeast China had a 
high mortality rate of 2.4% of COVID-19 [24], compared with other 
provinces except Hubei, where it was reported to have an Se intake 
of only 16 μg/d in 2018 [27], and Se levels in hair in the Songnen 
Plain in Heilongjiang were only 0.26 mg/kg [26,27]. These observa
tions indicate that cure rates in cities outside Hubei are significantly 
correlated with Se intake levels. The higher the Se intake, the higher 
the cure rate of COVID-19. Furthermore, Moghaddam et al. [28] have 
found that Se levels in serum samples of surviving COVID-19 pa
tients were higher than non-survivors ([Se] 53.3  ±  16.2 & 
40.8  ±  8.1 µg/L, [SELENOP] 3.3  ±  1.3 & 2.1  ±  0.9 mg/L). 

More importantly, Ebselen, an organic Se species, has been 
shown to inhibit COVID-19 by covalently binding to the COVID-19 
virion Mpro through cell membranes [29]. Ebselen is not highly cy
totoxic and has been shown to be safe in humans [30–32]. Ebselen is 
most effective at concentrations of 10 μM with COVID-19 infected 
Vero cells [29]. However, it was also reported that severe liver da
mage occurred in cases of COVID-19 [33]. On the other hand, Ebselen 

Fig. 1. The antioxidant process of Se in organisms during normal metabolism.  

Table 1 
Examples of Se against viruses.     

Viruses Abbreviations Reference  

A/NWS/33 influenza virus H1N1 [14] 
Herpes simplex virus type 1 HSV-1 [15] 
Hepatitis C virus HCV [16] 
Coxsackie virus – [17] 
West Nile virus WNV [19] 
Human papilloma virus HPV [3] 
Epstein-Barr virus-early antigen EBV-EA [20] 
Respiratory syncytial virus RSV [21] 
Human immunodeficiency virus HIV [22] 
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has been found to inhibit liver damage stimulated by a variety of 
chemicals, immune systems and microbes [34]. 

The major concern of using Se to fight against different viruses is 
its toxicity at high doses. Therefore, low toxicity Se is highly desir
able to achieve an equivalent antiviral capability. NanoSe has been 
proposed for the treatment of different diseases like cancers [35] and 
Huntington's disease [36]. NanoSe has also been found to be less 
toxic than other Se compounds. For example, the median lethal dose 
(LD50) of nanoSe (113.0 mg/kg bw) in mice is seven times lower than 
that of selenite (15.7 mg/kg bw), and four times lower than that of 
organic Se like SeMet (25.6 mg/kg bw) [37,38]. NanoSe can also ef
fectively increase the persistence of cytokine-induced killer (CIK) 
cells in peripheral blood in the body. For example, by combining 
nanoSe and CIK cells, more NK cells can be induced to infiltrate the 
tumor, which triggers a powerful immune response for effective 
cancer immunotherapy [39]. Liu et al. [40] have also found that se
lenocystine promotes cancer immunotherapy based on NK cells. Hu 
et al. [41] have shown that nanoSe can enhance the anti-tumor cy
totoxicity of Vγ9Vδ2 T cells with excellent anti-tumor activity. Na
noSe also has broad clinical prospects in immunotherapy. NanoSe 
can be metabolized into selenocystine, thereby regulating the ex
pression of a variety of proteins and other metabolisms in CIK and 
tumor cells, helping to promote CIK therapy [39]. Besides, functio
nalized nanoSe may be developed to improve their efficiency in 
combating SARS-CoV-2 [42]. NanoSe has also been found to have 
good biocompatibility [42–45], and can thus be used as an antiviral 
drug carrier. Therefore, considering these merits of nanoSe, it is 
promising in combating COVID-19. However, there are still very few 
anti-viral experiments using nanoSe against COVID-19. More studies 
are needed to confirm the role of Se and especially nanoSe in COVID- 
19 patients. 

4. Summary and outlooks 

Se has long been found to fight against different viruses and has 
also been found to be correlated with positive outcomes for COVID- 
19 patients. Antiviral effect against SARS-CoV-2 has been confirmed 
using Ebselen. Considering the low toxicity, antioxidant and im
munity-boosting capabilities and other merits of nanoSe, it is de
sirable and reasonable to investigate further its use in the fight 
against SARS-CoV-2 and improve the health outcomes of COVID-19 
patients. We hope that Se, and especially nanoSe, can play an im
portant role in fighting against COVID-19 in the near future. 
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