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1. INTRODUCTION
Based on the World Health Organization (WHO) report on 
COVID-19 pandemic, there are a total of 6 164 784 confirmed 
cases, 371 987 deaths, and 2 641 068 recovered until June 1, 
2020. The novel coronavirus (severe acute respiratory syn-
drome coronavirus-2 [SARS-CoV-2]) is structurally similar to 
SARS-CoV-1 and Middle East respiratory syndrome coronavi-
rus (MERS-CoV).1 The most common symptoms of COVID-
19 infection include fever (83%-98.6%), cough (59.4%-82%), 
shortness of breath (31%), myalgia (11%-34.8%), accompa-
nied by sore throats, rhinorrhea, and diarrhea in a few patients.2 
Although the potential cause of COVID-19 is still unknown, 
initial reports predicted that it is possible for the virus to have 
a zoonotic origin.3 Respiratory droplets are believed to be the 
main route of transmission. However, transmission via the 
ocular surface should also be carefully prevented because the 
conjunctival epithelium is vulnerable to the infectious droplets 
and body fluid. COVID-19 virus can live on common surfaces 
(i.e. in air for 3 hours, on copper for 4 hours, on cardboard for 

24 hours, on stainless steel for 2-3 days, and on polypropylene 
plastic for 3 days).4 Furthermore, vertical transmission between 
mothers and infants was reported as a potential transmission 
route due to the case of a 30-hour-old newborn tested positive 
for COVID-19 infection.5 However, observations in a small 
number of infected pregnant women showed that there was no 
mother–child transmission.6 It is still controversial regarding 
whether COVID-19 can be transmitted in utero from an infected 
mother to her infant before birth.

In the current review, other than the drug acting directly to 
COVID-19,7 we discussed the therapeutic options and focused 
on the pharmacological development of the potential adjuvants 
for clinical COVID-19 treatment.

2. PHARMACOLOGICAL DEVELOPMENT OF THE 
POTENTIAL ADJUVANTS

2.1. Immune modulators
Intravenous immunoglobulin (IVIG) has been widely applied 
in the clinical specialty fields including neurology, dermatol-
ogy, rheumatology, and so on. IVIG exerts diverse effects on 
the immune system in a dose-dependent manner.8 Generally, at 
low doses (0.2-0.4 g/kg), IVIG is used in replacement therapy 
for antibody deficiency. At higher doses (up to 2  g/kg), how-
ever, IVIG exhibits its immunomodulatory functions such as 
suppressing inflammatory cells proliferation, inhibiting phago-
cytosis, and interfering with antibody-dependent-cytotoxicity. 
Current trial focus on the supplementary effects of low-dose 
IVIG for the COVID-19 patients are still ongoing (0.5 g/kg for 
5  days, NCT04261426; 2  g/kg over 4  days, NCT04350580; 
0.8 g/kg for 2 days, NCT04403269).

Thymosin α‐1 is a thymic peptide hormone responsible for 
restoring the homeostasis of the immune system. It not only plays 
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a critical role in thymocyte development but also increases thy-
mocytes’ resistance to glucocorticoid‐induced death.9,10 Evidence 
suggested that thymosin α‐1 was used as an immune enhancer to 
SARS patients and was effective in controlling the spread of infec-
tion.11,12 According to the COVID-19 treatment guidelines from 
the National Health Commission (NHC), China, using thymo-
sin α‐1 might be an alternative treatment options for COVID-19 
patients with low lymphocyte counts or are immunodeficient.13

A well-coordinated cytokine response is essential for a nor-
mal host immune response. A deregulated immune system leads 
to a hyper-inflammatory state which was the condition found in 
some COVID-19 patients. Evidence showed that the COVID-
19 patients in the intensive care units (ICUs) had high levels of 
cytokines in their plasma compared to the non-ICU patients, 
indicating that cytokine storms might be associated with the 
disease severity.2 In addition, a larger population of CD4 T 
cells positive for granulocyte-macrophage colony-stimulating 
factor (GM-CSF) and interleukin (IL)-6 were found in COVID-
19 patients in the ICU compared with the non-ICU patients 
(BioRxiv doi: 10.1101/2020.02.12.945576). However, due to 
the controversy of suppressing vigorous and unregulated sys-
tematic inflammation, the current guideline from NHC of China 
emphasizes that the routine usage of systematic corticosteroids is 
not recommended unless indicated for other reasons. Moreover, 
there were no available results showing that the SRAS-CoV or 
MERS patients can benefit from receiving regular corticosteroid 
treatment, which might be attributed to the suppression of origi-
nal immune response against the virus.14 However, a low dose 
of corticosteroids treatment may provide potential benefit in a 
subgroup of critically ill SRAS-CoV-2-infected patients.15 Based 
on these results, treatment comprising the inhibition of exces-
sive inflammatory response may be an adjuvant treatment for 
COVID-19 patients.

Tocilizumab is a humanized monoclonal antibody that 
inhibits both membrane-bound and soluble IL-6 receptors 
and was approved for giant cell arteritis, rheumatoid arthri-
tis, and cytokine release syndrome. Recently, several case 
studies showed that tocilizumab can rapidly relief fever, sup-
press C-reactive proteins, and decrease the oxygen demands, 
improving lung capacity on computerized tomography imag-
ing (chinaXiv:202003.00026).16 A multicenter, randomized, 
controlled clinical trial is ongoing to examine the efficacy and 
safety of tocilizumab for cytokine storm in COVID-19 patients 
(ChiCTR2000029765). The optimal administration of tocili-
zumab is not yet fully defined, nor is there a well-known IL-6 
threshold level to define the progression of severe COVID-19 
cases. It is imminent to proceed with a long-term observation 
and large clinical trials to assess the risks and benefits of tocili-
zumab for COVID-19 patients in the future.

Cyclosporine, a popular immunosuppressive drug used for 
many transplantation and autoimmune disorders, was identified 
to bind to the N protein of SARS‐CoV and potentially affect the 
assembly and release process of the viral particles.17 Cyclophilin, 
which is a target of cyclosporine, is not only a key subunit of 
immunophilins but also plays a key role in viral infection by reg-
ulating their replication.18 Cyclosporine might target cyclophi-
lin and interfere with CoVs’ replication such as SARS‐CoV and 
avian infectious bronchitis viruses.19 Therefore, cyclosporine and 
its non-immunosuppressive derivatives might serve as potential 
drugs for broad‐spectrum coronavirus inhibitors against the 
emerging COVID-19. However, the clinical results should be 
carefully interpreted due to immune-suppressive effects.

Thalidomide, an immunomodulatory and anti-inflammatory 
medication approved for multiple myeloma and erythema nodo-
sum leprosum, was investigated for its clinical effects on T-cell 
stimulation, cell proliferation inhibition, and lung injury and 
pulmonary fibrosis reduction. Its anti-inflammatory action is 

originated from the ability to speed up the degradation of mes-
senger RNA in blood cells and thus reduce tumor necrosis factor-
α (TNFα). Moreover, it increases the secretion of interleukins, 
such as IL-12, and activates natural killer cells. Previous studies 
revealed that thalidomide can improve lung injury, increase sur-
vival, reduce inflammatory cell infiltration, and inhibit cytokines 
against H1N1 influenza virus in vivo.20 Recently, thalidomide, 
combined with low-dose glucocorticoid, was proved to have 
beneficial outcomes in a patient with severe COVID-19 pneu-
monia via its immunomodulatory effect. It inhibited the inflam-
matory cytokine storm, decreased oxygen demand by relieving 
anxiety, and mitigated vomiting and pleural effusion (Preprints 
2020, 2020020395). Therefore, thalidomide may serve as a 
potential adjuvant treatment for COVID-19 patients in a critical 
condition. Further clinical trial on the efficacy of thalidomide 
for COVID-19 is still ongoing (NCT04273529).

Fingolimod (FTY720) is an immunosuppressive natural 
product derived from myriocin. It was isolated from the cul-
ture broth a type of entomopathogenic fungus (Isaria sinclairii) 
that is an eternal youth nostrum in traditional Chinese medicine 
through chemical modification.21 FTY720, an approved immu-
nomodulating medication for clinical treatment of multiple scle-
rosis, together with ventilation support might be considered for 
critical patients to prevent the progress of acute respiratory dis-
tress syndrome (ARDS). Recently, it is investigated for COVID-
19 patients (NCT04280588). However, it may increase the risk 
of infections due to fingolimod acting as an immunomodulator 
which might restrict the ability of the immune system to respond 
to viral infections. Hence, the clinical application of FTY720 for 
COVID-19 patients remains to be carefully investigated.

2.2. Chinese medicine
Glycyrrhizin, an active component of liquorice roots in 
Chinese medicine, was proposed to inhibit the replication 
of SARS‐associated viruses in vitro and was suggested as an 
alternative treatment option for SARS.22 In addition, baica-
lin, another Chinese medicine and a flavonoid from Radix 
Scutellaria, was also found to inhibit SARS‐CoV in vitro.23 
Recent evidence demonstrated that Xuebijing, a Chinese herbal 
medicine extract infusion formulation, can reduce mortality in 
severe community-acquired pneumonia patients in China. It was 
suggested as a “may consider” alternative treatment for severe/
critical COVID-19 cases in the NHC treatment guidelines.24 
Furthermore, according to the Chinese clinical guidelines for 
COVID-19 pneumonia diagnosis and treatment (7th edition), 
several traditional Chinese medicines such as Huoxiang Zhengqi 
capsules, Jinhua Qinggan granules, Lianhua Qingwen capsules, 
and Shufeng Jiedu capsules might be used for the medical obser-
vation period under doctors’ instructions. Therefore, Chinese 
medicine might be considered as an adjuvant to enhance the 
host immunity against COVID‐19.

Evidence revealed that Chinese medicines which were 
used to treat respiratory tract infections might be helpful for 
SARS‐CoV‐2 treatment.25,26 Recently, it was proposed that a 
combination of Western and Chinese medicines might be use-
ful for COVID-19 patients.27 However, few published studies 
on Chinese medicine products for COVID-19 treatment, espe-
cially those of high quality and good scientific rigor, are avail-
able. Well-defined researches are urgently required to confirm 
the therapeutic effect of Chinese medicines. The mechanisms of 
their antiviral actions might need to be further investigated to 
elucidate their potential roles in COVID-19 clinical treatment.

2.3. Anti–vascular endothelial growth factor
Bevacizumab (Avastin) is a recombinant humanized monoclonal 
antibody which works as an anti–vascular endothelial growth 
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factor (anti-VEGF) medication. It is approved for a number of 
cancers including colorectal cancer, non-small-cell lung cancer, 
kidney cancer, cervical cancer, ovarian cancer, and recurrent 
glioblastoma. Since pulmonary edema caused by inflamma-
tory exudate process was a distinguishable feature of COVID-
19, specific pharmacotherapeutic development targeting potent 
inducing factors that increase vascular permeability was pro-
posed. Based on bevacizumab’s ability to decrease the VEGF lev-
els caused by hypoxia and severe inflammation and maintain the 
infected respiratory tract epithelium, it might help relieve edema 
in COVID-19 patients.28 Evidence revealed that VEGF was a 
key factor and a potential therapeutic target in acute lung inju-
ries (ALI) and ARDS. The efficacy and safety of bevacizumab 
in critical patients with COVID-19 are currently investigated 
(NCT04275414; NCT04305106).

2.4. Estrogen modulating drugs
Estrogen modulating drugs might be a repurposed remedy for 
CoVs.29 Epidemiological results indicated a higher incidence rate 
and fatalities in males than in females with SARS‐CoV infec-
tions.30,31 The disease occurrence rate in men was about two-
fold higher than that in women during the MERS outbreak as 
well.32 Besides, the mortality of SARS-CoV infection was higher 
in ovariectomized females or those receiving estrogen receptor 
antagonist treatment in vivo.33 Interestingly, estrogen modulat-
ing compounds were only found to inhibit the replication of 
influenza A virus in primary human nasal epithelial cells derived 
from female donors.34 Estrogen receptors were suggested to be 
involved in inhibiting the viral replication,35 and selective estro-
gen receptor modulators (SERMs) were proposed to play a wide 
range of roles in inhibiting viral replication through the non-
classical estrogen receptor pathways. In addition, SERMs could 
interfere with the viral entry/fusion steps even in the absence 
of estrogen receptors.36 Toremifene, a first generation SERM, 
exhibits potential antiviral effects against MERS-CoV, SARS-
CoV, and Ebola virus in vitro,37,38 while other popular SERMs 

used for breast cancer, such as tamoxifen, also have potent anti-
CoVs activities.39 Moreover, resveratrol, a phytoestrogen from 
grape seeds and red wine, was reported to have potent activ-
ity against MERS in vitro.40 In conclusion, estrogen modulating 
medications or phytoestrogen might be a potential alternative 
for the COVID‐19 treatment.

2.5. Statins
Until now, no clear clinical evidence suggested that statins are 
beneficial for COVID-19 patients. However, several studies 
suggesting statin’s usage in COVID-19 were proposed. Statins 
may be helpful for the patients via regulating innate immune 
response. The myeloid differentiation primary response 88 
(MYD88) gene, which is one of the highly inducible genes dur-
ing SARS-CoV infection. It may activate the NF-kB pathway 
and induce inflammation.41,42 Statins can target the MYD88 
pathway and may therefore have a protective effect in COVID-
19 patients.41 Furthermore, statins reduce the mortality of 
chronic obstructive pulmonary diseases (COPD) and influenza 
infections.43,44 Hence, the usage of statins for those who have 
an indication might be recommended for COVID-19 patients. 
However, patients with liver enzymes elevation might influence 
the appropriate of statins usage.45 More attention should there-
fore be paid to evaluate clinical risks and benefits of statins and 
monitor its safety in COVID-19 patients.

2.6. Nutritional supplements
Evidence revealed that vitamin A supplements could reduce 
morbidity and mortality in different infectious diseases such as 
measles, diarrhea, measles‐related pneumonia, human immu-
nodeficiency virus (HIV) infection, and malaria.46 In addition, 
vitamin A supplements also provide some protection against the 
complications in lung diseases, malaria, and HIV infections.47 
Adequate vitamin A in the diet can ameliorate the effects of infec-
tious bronchitis virus, a kind of coronavirus commonly found 
in chickens fed with a vitamin A–deficient diet.48 The antiviral 

Fig. 1 Potential adjuvants for COVID-19. COVID-19 = coronavirus disease 2019.
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mechanism of vitamin A might be through the upregulation of the 
innate immune responses, inhibiting invasion of the virus during 
subsequent rounds of replications.49 Therefore, vitamin A supple-
ment may be a potential alternative for the treatment of novel 
coronaviruses such as COVID-19. Vitamin B is a water‐soluble 
vitamin and works with coenzymes in physiological homeostasis. 
Evidence showed that vitamin B2 and ultraviolet light effectively 
reduced the titer of MERS‐CoV in human plasma products.50 
Vitamin B deficiency weakens the host immune responses, which 
means that vitamin B supplement can be a remedy for COVID‐19.

Vitamin C supports the integrity of the immune system and 
may be used against the coronavirus.51 Previous studies revealed 
that vitamin C can increase the resistance of chicken embryo 
tracheal organ cultures to avian coronaviruses.52 Several trials 
showed that vitamin C supplement could significantly lower the 
incidence of pneumonia, suggesting that vitamin C might reduce 
the susceptibility to lower respiratory tract infections.53 Lower 
respiratory tract infections were reported in the COVID‐19 
patients. Hence, vitamin C can be an alternative adjuvant agent 
for the treatment of COVID-19. The vitamin C transporters cou-
pled with sodium transporter in human cells and their activities 
are strictly controlled by the blood vitamin C level.54 High dos-
age of vitamin C administered via the enteral route (>400 mg) 
may saturate the intestinal absorption and its plasma concentra-
tions may not be high enough to scavenge the excessive reac-
tive oxygen species.55 Hence, IV vitamin C infusion may be the 
preferred administration route to achieve adequate plasma con-
centration and prevent undesirable effects.56 Recently, there is an 
ongoing clinical trial in China using vitamin C 12 g IV twice per 
day for the treatment of COVID-19 (NCT04264533). Vitamin 
C might be a therapy option but is not recommended to be used 
individually against COVID-19 at this time.

Vitamin D is synthesized in the human body with sunlight. It 
maintains bone integrity and induces the maturation of immune 
cells. COVID‐19 was reported to mostly affect middle‐aged to 
elderly people who might have insufficient vitamin D due to their 
lack of exposure to the sunlight. The lack of sunlight may be due to 
the cohort being housebound or institutionalized.57,58 Vitamin E is a 
lipid‐soluble vitamin responsible for reducing oxidative species via 
reaction with the free radicals. Reports showed that low vitamin D 
and E levels in calves might cause them to suffer from bovine coro-
navirus infections.58 Therefore, vitamin D and E supplements might 
work as another adjuvant therapy for the treatment of COVID-19.

Zinc is a dietary trace mineral and plays a crucial role for 
the maintenance and development of the innate and adaptive 
immune responses.59 In addition, increasing intracellular zinc 
with zinc‐ionophores-like pyrithione can efficiently disrupt the 
replication of many RNA viruses.60 Moreover, the combination 
of zinc and pyrithione inhibits the replication of SARS‐CoV.60 
Therefore, zinc supplement may not only increase immune 
activity but also be an active antiviral agent against COVID-19.

In conclusion, we presented several adjuvant therapies for 
COVID-19 treatment and summarized the possible therapeutic 
options currently under investigation and the future outlook for 
the disease (Fig. 1). We also speculated on several mechanisms 
contributing to the novel profile of COVID-19 pneumonia. 
According to the current knowledge of COVID-19, it is believed 
that the combination of novel ideas and follow-up experiments 
for the potential antiviral agents can help us to have more rem-
edies to combat COVID-19. Also, the healthcare professionals 
should pay more attention to ensuring the safety and efficacy of 
the novel treatments.
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