
AIMS Public Health, 8(1): 137–153. 

DOI: 10.3934/publichealth.2021011 

Received: 29 November 2020 

Accepted: 26 January 2021 

Published: 01 February 2021 

http://www.aimspress.com/journal/aimsph 

 

Review 

A rapid review of recent advances in diagnosis, treatment and 

vaccination for COVID-19 

Srikanth Umakanthan1, Vijay Kumar Chattu2,3,*,  Anu V Ranade4, Debasmita Das5 , Abhishekh 

Basavarajegowda6 and Maryann Bukelo7 

1 Department of Paraclinical Sciences, Faculty of Medical Sciences, The University of the West 

Indies, St. Augustine, Trinidad and Tobago, West Indies 
2 Department of Medicine, Temerty Faculty of Medicine, University of Toronto, Toronto, ON 

M5G2C4, Canada  
3 Division of Occupational Medicine, St. Michael’s Hospital, Unity Health Toronto, Toronto, ON 

M5C 2C5, Canada 
4 Department of Basic Medical Sciences, College of Medicine, University of Sharjah, PO Box 27272, 

USA  
5 Department of Pathology and Laboratory Medicine, Nuvance Health Danbury Hospital Campus, 

Connecticut, Zip 06810, USA  
6 Department of Transfusion Medicine, Jawaharlal Institute of Postgraduate Medical Education and 

Research, Puducherry, PIN-605006, India  
7 Department of Anatomical Pathology, Eric Williams Medical Sciences Complex, North Central 

Regional Health Authority, Trinidad and Tobago, West Indies  

* Correspondence: Email: vijay.chattu@mail.utoronto.ca; Tel: +14168646060; Fax +14168645421. 

Abstract：COVID-19 is caused by SARS-CoV-2, which originated in Wuhan, Hubei province, Central 

China, in December 2019 and since then has spread rapidly, resulting in a severe pandemic. The infected 

patient presents with varying non-specific symptoms requiring an accurate and rapid diagnostic tool to 

detect SARS-CoV-2. This is followed by effective patient isolation and early treatment initiation ranging 

from supportive therapy to specific drugs such as corticosteroids, antiviral agents, antibiotics, and the 

recently introduced convalescent plasma. The development of an efficient vaccine has been an on-going 

challenge by various nations and research companies. A literature search was conducted in early December 

2020 in all the major databases such as Medline/PubMed, Web of Science, Scopus and Google Scholar 

https://www.aimspress.com/article/10.3934/publichealth.2020057
javascript:;
mailto:vijay.chattu@mail.utoronto.ca


138 

 

AIMS Public Health                                                         Volume 8, Issue 1, 137–153. 

search engines. The findings are discussed in three main thematic areas namely diagnostic approaches, 

therapeutic options, and potential vaccines in various phases of development. Therefore, an effective and 

economical vaccine remains the only retort to combat COVID-19 successfully to save millions of lives 

during this pandemic. However, there is a great scope for further research in discovering cost-effective and 

safer therapeutics, vaccines and strategies to ensure equitable access to COVID-19 prevention and 

treatment services. 

Keywords: coronavirus; genome; diagnosis; therapy; vaccine; Antigen test; BCG; Reverse 

Transcription  Polymerase Chain Reaction 

 

1. Introduction 

Coronoviridae consists of a group of RNA viruses named Coronaviruses (CoV). CoV is a non-

segmented RNA virus that is enveloped [1]. Historically, they have caused varying forms of infections 

affecting humans and other mammals. HCoV-229E, HCoV-OC43, HCoV-NL63, HCoV-HKU1 are milder 

forms of the virus than SARS-CoV MERS-CoV, which have resulted in higher case fatality rates [2].  

The genomic component of SARS-CoV-2 encodes four major structural proteins: spike (S), 

membrane (M), envelope (E), and nucleocapsid (N). Besides, it encodes numerous other nonstructural and 

accessory proteins. This virus’s pathogenicity is mainly dependent on virus-host interaction between the 

virus S protein and host membrane receptor angiotensin-converting enzyme 2 (ACE2) [3]. The SARS-

CoV-2 binding affinity with ACE2 is higher than other CoV species, resulting in higher transmission, 

replication, and virulence rate [4]. These features have caused SARS-CoV-2 to emerge as a global 

pandemic, making vaccine research an integral part of disease containment [5]. This article is aimed to give 

a detailed insight into the recent trends of diagnosis and therapeutic options for COVID-19. We further 

discuss the on-going vaccine trials and the challenges encountered in the investigational vaccine for 

COVID-19. Due to the rapidly evolving nature of COVID-19, the readers are requested to update 

themselves with the nature of change with this particular type of Coronavirus. 

2. Methodology 

A literature search was done in early December 2020. All the main databases such as 

Medline/PubMed, Web of Science, Scopus, and Google Scholar for the keywords “Diagnostics” or 

“Therapeutics” or “Vaccines” or “Case management” and “COVID-19”. All the relevant articles 

published in 2020 since the epidemic (from January 1–December 4, 2020) with available full text were 

collected, and the duplicates were removed. After assessing the articles based on the eligibility criteria, 

a total of 90 research articles (Metaanalysis-5; Clinical trials- 32 and Systematic reviews-53) were 

included. No hand search was performed. We have sorted the publications into the three main sections: 

addressing 1) Diagnostics for COVID-19, 2) Therapeutics, and 3) Potential Vaccines for COVID-19. 

The significant findings and options found to be useful in the case management from various countries 

and clinical setups are described in the results section. The literature search is depicted in the flow 

chart shown in Figure 1. 
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Figure 1. Flow chart for the literature search. 

3. Results 

3.1. Diagnostic approaches for COVID-19 

Patients infected with SARS-CoV-2 have predominantly presented with fever, cough, and malaise. 

Other symptoms targeting the respiratory, gastrointestinal, and urinary systems have been documented 

based on the patient’s age and persisting comorbidities [6]. The non-specific clinical manifestation of 

SARS-CoV-2 provides a need for rapid diagnosis to have an effective control of this raging disease. This 

can be attained by sensitive and specific diagnostic tools such as gene sequencing, electron microscopy, 

and cell culture methods [7]. Real-time reverse transcriptase-polymerase chain reaction (RT-PCR) has been 

the most common rapid diagnostic test in diagnosing SARS-CoV-2, as it couples the principle of 

transcription and amplification, thereby providing a high specificity rate [8]. Specimens for virus detection 

vary from nasopharyngeal and oropharyngeal swabs and broncho-alveolar lavage, sputum to stool, urine, 

and blood, depending on the clinical manifestation of the patients [9]. Certain vital precautions to be taken 

while specimen collection are: 1) Personal protective equipment (PPE) is essential as the swab collection 

poses a high transmission risk due to close contact between the health worker and the suspected patient, 2) 

Storage and transportation should be done effectively to prevent false-negative and false-positive results, 

3) Swab collection should be done cautiously in patients having low platelet count as it may result in easy 

bruising and bleeding at the collection sites [10,11]. The following figured table (Figure 2) depicts various 

patient sample collection methods, the mechanism of SARS-CoV2 detection, and interpretation of the test 

results. The diagnostic tests to detect the on-going or past viral infection can be categorized into four types. 
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Figure 2. Various patient sample collection methods, mechanism of SARS-CoV2 

detection, and interpretation of the test results. 

3.1.1 Nucleic acid test (NAT) 

It is currently the gold standard test to detect SARS-CoV-2. It uses Reverse Transcription 

Polymerase Chain Reaction (RT-PCR) to detect the viral RNA from samples obtained through the 

specimen sites [12]. RT-PCR is a sensitive and specific technique that involves sequential binding on the 
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genetic material that targets a specific pathogen of interest and amplifies that specified region with every 

cycle in an ideal reaction condition [13]. A fluorescent emission occurs in each cycle, and the test is 

considered positive when its intensity reaches a threshold. The false-positive cases are disparaged due to 

the amplification and analysis occurring concurrently. The SARS-CoV-2 genes targeted to date include 

N, E, and RNA dependent RNA polymerase (RdRp). The occurrence of these genes in the test will be 

considered positive [14]. The test’s processing time may take approximately 45 minutes and is currently 

the fastest test [15]. Abbott’s ID NOWTM, with their latest development in technique, targets the RdRp 

gene and confirms the test in less than 13 minutes. This has received FDA emergency use authorization 

to be used in epicentres of the outbreak. However, the major limitation is that the test can analyze only 

one sample at a time [16].  

3.1.2. Antigen test 

This test detects the presence of SARS-CoV-2 nucleocapsid protein antigen on the viral surface 

from nasopharyngeal and oropharyngeal swabs [17]. This test relies on specified monoclonal 

antibodies (MAb) to bind to specific viral antigens in fluid samples. It can be detected using 

calorimetric enzyme immunoassay, enhanced chemiluminescent immunoassay, and the most recent, 

affordable, rapid, and user-friendly fluorescence lateral flow assay (LFA). The structural proteins such 

as spike (S), membrane (M), envelope (E), and nucleocapsid (N) proteins of the coronaviruses are the 

key foci in the SARS-CoV-2 virus for ensuing antigen-based tests. However, due to its low detection 

sensitivity and specificity than PCR, the antigen-based tests are not considered a gold standard in the 

diagnosis of COVID-19 [18,19].  

3.1.3. Antibody test 

It detects specific antibodies (IgG and IgM) produced against SARS-CoV-2 in the serum, plasma, 

or whole blood of the host in response to the viral infection. It plays a vital role in detecting the 

infection during the later phases and identifying people with immunity against the disease. It can also 

be useful to monitor the disease’s progression and in the development of a vaccine [20]. Enzyme-

linked immunosorbent assay (ELISA), chemiluminescence assay (CLIA), and LFA are a few of the 

most commonly used assay for the antibody test. Lateral flow assay is an emerging, inexpensive, and 

accessible antibody detecting test for the diagnosis of SARS-CoV-2. It is highly specific but less 

sensitive compared to RT-PCR. Severe cases presenting with high viremic load are easily detected by 

this method providing an easy flag for patients with poor prognosis [21]. 

3.1.4. Image-based test 

RT-PCR is currently considered the gold standard to detect the SARS CoV-2. However, its low 

sensitivity for early detection of the disease due to low viral load, coupled with limited availability of 

the test kits in various parts of the world. These factors have made C.T. chest being accepted as an 

additional tool in diagnosing patients suspected with COVID-19 [22]. Since its introduction into the 

guidelines for the diagnosis of treatment of COVID-19, CT scan has played a pivotal role in the 

diagnosis and treatment of the disease. Ground glass opacities are the predominant pattern of 

abnormalities seen after the onset of symptoms followed by the mixed pattern. In most patients, the 
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location of the lesions is bilateral and sub-segmental. However, these abnormal findings may be non-

specific as they may overlap with viral pneumonia of different etiologies [23]. 

Each of these above tests plays a pivotal and complementary role in various COVID-19 pandemic 

progression stages. 

3.2. Therapeutic options for COVID-19 

Symptomatic cases should be admitted to hospitals and treated effectively. Treatment should 

always be initiated in designated hospitals that follow strict isolation and prevention protocol measures. 

General supportive therapy, including oxygenation and fluid management, is directed towards 

maintaining the patient’s hemodynamic status and vital signs.  

Numerous management modes have been proposed globally to combat COVID-19, of which few 

treatment options have been effective and also approved. Herein, these drugs’ roles are reviewed to 

identify their potency in the treatment of symptomatic cases. 

3.2.1. Corticosteroids 

Corticosteroids have been restricted in managing cases infected with CoV due to their 

immunosuppression effects. Based on the prospective recovery trial conducted in UK-NHS hospitals, 

dexamethasone 6mg/day (oral/IV) has shown a significant decline in mortality (35%) in patients who 

were on invasive mechanical ventilation. It has also demonstrated an early recovery and shorter 

hospitalization in COVID-19 patients [24]. These effects are primarily through its anti-inflammatory 

properties by reducing the collection of exudates within the lung alveolar spaces, thereby preventing 

diffuse alveolar damage and consequently reducing the risk of developing acute respiratory distress 

syndrome (ARDS) [25]. Adverse effects include dysglycemia in diabetics, hypo-pituitary-adrenal axis 

suppression in patients with pre-existing adrenal hypofunction, and lipotoxicity. These adverse effects 

should be observed and corrected on time [24].  

3.2.2. Antiviral therapy 

Remdesivir is a broad-spectrum antiviral drug used effectively in treating patients infected with the 

Ebola virus, MERS-CoV, and SARS-CoV-1. It efficiently delivers a monophosphate nucleic acid analog 

into the cell and further undergoes an active transformation, and selectively inhibits RdRp [26]. Serious 

adverse effects include acute renal failure, sepsis, and multi-organ failure. For these reasons, the use of 

Remdesivir is permitted only to treat adults and children with laboratory-confirmed COVID-19; and in 

those patients requiring mechanical ventilation or extracorporeal membrane oxygenation (ECMO) [27]. 

Chloroquine/ hydroxychloroquine (CQ/HCQ) is an antimalarial drug that also provides post-

transcriptional inhibition in HIV patients. The anti-HIV effects are glycoprotein (G.P.) 120 encoding, 

low P.H., and coating/uncoating of virus particles [28]. CQ/HCQ produces numerous toxic effects, and 

their wide use has shown to cause sudden cardiac death in cases when used as HCQ-Azithromycin 

combination. Hence CQ/HCQ should be used with caution until a well-established report showing its 

efficacy against CoV is published [29]. 

Lopinavir/ritonavir are protease inhibitors used as anti-HIV drugs. These drugs are cheap, readily 

available, and are listed as essential drugs by WHO. In COVID-19 patients, these drugs have shown 
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no significant differences in mortality rates. However, they have been shown to have reduced the 

hospital stay and reduced renal and pulmonary complications in COVID-19 patients [30]. They inhibit 

SARS-CoV-3CL pro (chymotrypsin-like protease enzyme), responsible for viral replication [31]. 

Ivermectin has a multifaceted property with its anti-microbial and anti-cancer actions. Its antiviral 

effects are mainly on RNA group of viruses such as Zika, West Nile, Yellow fever, type-1 HIV, and 

SARS-CoV-2 [32]. Based on a recent in-vitro study, Ivermectin inhibits importin receptors responsible 

for viral protein transmission into the host cell nucleus within 48 hours of initiating ivermectin 

treatment. Due to limited clinical trials undertaken to date, ivermectin is still pending approval for its 

safety and efficacy in treating COVID-19 patients [33]. 

Favipiravir is a purine nucleoside analogue developed in Japan and is known for its antiviral 

properties against influenza A and B. It acts by selective dysregulation of viral RNA replication, 

inducing mutagenic destruction of RNA viruses. This drug has exerted sufficient efficacy in vitro Vero 

E6 cells infected with SARS-CoV-2 [34]. This effect occurs at high concentrations. Clinical trials 

conducted in China and Japan have shown a higher recovery rate with a significantly shorter duration 

of fever and cough symptoms [35]. 

Oseltamivir (Tamiflu) is a neuraminidase inhibitor approved for treating influenza A and B. This 

drug is still under clinical trial for COVID-19 treatment approval and is used in combination with 

Chloroquine and Favipiravir [36]. 

3.2.3. Antibiotics 

The role of antibiotics in COVID-19 patients is mainly restricted to patients with co-infection or 

those suffering from secondary bacterial pneumonia. It should be used only in patients presenting with 

severe clinical respiratory insufficiency. The antibiotics should be given for a maximum of 5 days, 

following which the patient should be re-evaluated with bacteriological tests and C.T. scans [37,38]. 

3.2.4. Blood derived products 

Recent interest generated in the use of convalescent plasma as a possible therapeutic option in 

critically ill COVID-19 is supported by the U.S. and has received FDA approval to use the plasma 

from patients who have recovered from COVID-19. 

The proposed mechanisms of action of convalescent plasma in COVID-19 are immune-mediated 

suppression of viremia by neutralization, inflammatory response modification by cytokines, antibody-

dependent cellular cytotoxicity, complement activation, and phagocytosis (ADCP). The non-immune 

mechanism is involved in the restoration of coagulation factors [39,40]. 

Collection: Convalescent plasma is generally collected by apheresis technology from patients who 

have had RT-PCR proven infection of COVID-19 and recovered symptomatically for at least 14 days and 

tested negative with fair certainty (demonstration of two non-reactive NAT for SARS-CoV-2 performed 

at an interval of 24 hours apart on nasopharyngeal swabs). The donor should be otherwise eligible for 

blood/plasma donation under local requirements and standards and tested negative for Transfusion 

transmitted infections by approved serological/molecular tests. Up to 600 ml can be collected and repeated 

seven days apart in compliance with applicable regulatory limits. To avoid transfusion-related acute lung 

injury (TRALI), multiparous women are generally excluded from donation [41]. 
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Preparation: The product is characterized by determining titers of total and neutralizing anti-

SARS-CoV-2 antibodies before use and is stored frozen at preferably beyond −400C. Pathogen 

inactivation of plasma wherever feasible is desirable using a licensed technology to control residual 

risks of infectious disease, including allaying fears of SARS-CoV-2 superinfections [41]. 

Transfusion: The frozen plasma is thawed and transfused to the patient after ensuring ABO 

compatibility. Generally, plasma from two different donors is advisable to deliver diverse antibodies. 

Usually, a dose of 200 mL is recommended, followed by one or two additional doses of 200 mL based 

on the severity of the recipients’ disease and tolerability. 

A systematic review of the Cochrane database available as of date showed that there was only 

one randomized controlled trial (RCT), which was stopped early, and three controlled non-randomized 

studies of interventions. There are almost 98 on-going studies evaluating convalescent plasma, of 

which 50 are randomized. These studies’ have uncertain effects on mortality rates, and improvement 

of clinical symptoms are assessed by the need for respiratory support for 7 to 28 days. The majority of 

adverse reactions reported were allergic or respiratory-related complications [42]. 

There is no much-documented evidence to suggest that this therapy is beneficial to prevent 

patients presenting with mild symptoms or those with severe illness [43]. About ensuring a high 

likelihood of achieving sufficiently high S-RBD (spike protein, receptor binding domain)-specific IgG 

titers, this procedure is initiated in donors after 28 days from onset of fever. No significant correlation 

to age, gender, and ABO blood type of donors is noted though it is speculated that males with higher 

age had better antibody titers [44]. 

Mesenchymal stem cell therapy (MSCT) extends a promising approach towards alleviating the 

deleterious effects of the infection in COVID-19 patients. This therapy has been shown to decrease the 

expression of pro-inflammatory cytokines and in repairing the damaged tissues. They can protect 

alveolar endothelium by lung aggregation, improvement in the microenvironment, rearrangement of 

immune cell subsets’ functions, regulation of inflammatory cytokines, and T and B lymphocytes’ 

inhibition [45,46]. Currently, there are no approved MSCT for preventing or treating COVID-19 

patients, but there are on-going clinical trials [47]. MSCT has a high proliferation rate, less invasive, 

and easily obtained from the fat, placenta, and stored easily. 

3.2.5. Immune-based therapy 

Tocilizumab is a recombinant humanized monoclonal antibody directed against the IL-6 

receptor. It is currently used to treat rheumatoid arthritis, giant cell arteritis, and in cases of life-

threatening cytokine storm conditions. A retrospective study showed tocilizumab reduced the 

mortality rates, ICU admissions and also lowered the risk of invasive mechanical ventilation in 

severe COVID-19 patients [48,49]. 

Baricitinib is a selective JAK1/2 kinase inhibitor used in the treatment of rheumatoid arthritis and 

psoriatic arthritis. Its additional cyclin-G-kinase binding action prevents the occurrence of immune-

mediated ARDS in severe COVID-19 cases [50,51]. 

Ruxolitinib and anakinra are the other immunomodulatory drugs used in the on-going clinical 

trials for treating COVID-19 patients [52,53]. 
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3.2.6. Adjunctive therapy 

Anticoagulants such as low molecular weight heparin (LMWH) are used to treat disseminated 

intravascular coagulation (DIC) or thromboembolism in critically ill COVID-19 patients [54]. 

Laboratory features such as prolonged prothrombin time, activated partial thromboplastin time, 

elevated D-dimer, and fibrin degradation products are indicators for thrombotic complications 

requiring anticoagulant therapy [55]. LMWH acts by effectively inhibiting activated factor X along 

with thrombin inhibition. It also reduces IL-6 release, increases circulating lymphocytes, and improves 

the overhaul outcome in critically ill COVID-19 patients [56]. 

Vitamin C is an essential co-factor, antioxidant, and immunomodulator. In COVID-19 patients, 

it enhances lymphocyte proliferation, clears reactive oxygen species (ROS), and provides antiviral 

effects [57]. Intravenous vitamin C infusion prevents the development of cytokine storm syndrome, 

thereby reducing the onset of ARDS in critically ill COVID-19 patients [58]. In addition to these effects 

in adults, it is also known to reduce symptoms and mortality in children [59]. 

3.3. Potential COVID-19 Vaccines  

The rapid development, distribution, and administering of a vaccine is the most effective way to 

fight this pandemic. A global attempt is being made to expedite the development of a vaccine against 

the SARS-CoV-2. Due to the outgrowing pandemic, more than 150 candidate SARS-CoV-2 vaccines 

were in development within the first five months of 2020 [60]. 

Due to the asymptomatic transmission of COVID-19, a vaccine is crucial in disease containment 

[61,62]. Scientists started working very early on developing inactivated or attenuated viral vaccines 

along with subunit vaccines for prophylaxis and treatment. The first vaccine candidate launched into 

clinical trials is an mRNA vaccine was delivered via lipid nanoparticles [61].  

The genome and structural information of SARS-CoV-2 was made available very early in the 

pandemic [63,64]. Earlier development of SARS/MERS vaccine candidates has helped develop the 

current SARS-CoV-2 vaccine [65]. The vaccine aids in gaining knowledge on structural information, 

and researchers featured the full-length S protein, S1, RBD, and S2 subunits derivatives, which 

contained the prime target epitopes for the induction of neutralizing antibodies [66]. 

Contemporary vaccines include live attenuated, inactivated vaccines, and viral vectors. The use 

of a live virus or a whole pathogen in a weakened or killed form through chemical or physical processes 

has been traditionally relied on. Viral vectors like the herpes simplex virus have also been used.  

3.3.1. Live Attenuated Vaccines (LAVs) and Inactivated vaccines (IVs) 

LAV is a live but avirulent form of virus vaccine. LAVs have a huge potential to become the first 

choice of vaccine candidates for the COVID-19 pandemic due to their long-lasting experience. 

However, they have certain disadvantages: the most prominent one is the requirement of cold chain 

distribution. As a result, they possess the challenge of loss of efficacy and reproductive potential. 

Therefore, there are new evolving technologies such as genetic code expansion and synthetic 

genomics. Strategic use of recombinant SARS-CoV-2 viruses from fragments of viral DNAs could be 

applied towards the generation of SARS-CoV-2 LAVs [67,68]. IVs are developed by thermal or 

chemical inactivation of pathogens. They are safer than LAVs as they are incapable of replication. 
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Their disadvantages include its low immunogenicity, need for multiple-dose regimens for long-lasting 

immunity, and also the requirement of cold chain distribution like LAVs. Sinovac was recently 

approved to perform its clinical trial for COVID-19 IVs. 

3.3.2. Viral vectors  

There are a couple of viral vector vaccine candidate evolving. CanSino Biological has utilized an 

adenovirus type-5 vector (Ad5-nCoV) as of March 16, 2020, and the University of Oxford has used a 

chimpanzee adenovirus vaccine vector (ChAdOx1) as of March 31, 2020. Some of the advantages of 

adenoviral vectors are adjuvant qualities, scalability, and their broad tissue tropism. Disadvantages include 

pre-existing immunity in humans, which can decrease the efficacy of the vector. Therefore ChAdOx1, 

which has low human seroprevalence, has been used as an alternative vaccine platform [69,70]. 

3.3.3. Next-generation vaccines 

Viruses can be considered as a nanomaterial. LAVs, IVs, and viral vectors are all examples of 

nanotechnologies. Nanotechnology approaches in vaccine development and immune-engineering are 

extremely powerful. The reason being both nanoparticles and viruses operate at the same length scale. 

Nanoparticles, including both natural and synthetic, are similar to the structural features of viruses. 

The invention of next-generation designer vaccine technologies is based on chemical biology, 

biotechnology, and nanochemistry [71,72]. 

3.3.4. Nucleic acid-based 

Under this category, both DNA and mRNA vaccines are included. These vaccines are very 

reliable when it comes to safety, stability, speed, and scalability. They have antibodies, CD 4 + T cell 

response, and CD 8 + cytotoxic T cell response to eradicate the virus [73]. However, they have an 

increased risk of failure in clinical development than other novel technologies. Unfortunately, there is 

no licensed DNA or RNA vaccine. Inovio Pharmaceuticals and Entos Pharmaceuticals, Inc., based in 

Alberta, Canada, started their Phase I clinical trial in April 2020. In the U.S., phase I clinical trials for 

mRNA based technology was started by Moderna on March 16, 2020. A recent announcement was 

made by Biotech-Pfizer on the Phase I/II clinical trial regulatory approval in Germany to test for four 

lead mRNA vaccine candidates [74]. The mRNA vaccines have no risk for insertional mutagenesis. 

The trial to prolong the short half-life of the RNA and step up S protein expression levels is conducted 

by researchers at the Imperial College of London and Arcturus Therapeutics. There are several 

synthetic carriers in the form of cationic liposomes and polymeric nanoparticles. Moderna’s mRNA 

vaccine is based on a lipid nanoparticle platform. Other nanotechnology platforms for improving the 

delivery of mRNA-based vaccines include cationic nanoemulsions, liposomes, dendrimers, or 

polysaccharide particles [75]. 

3.3.5. Subunit vaccine 

This category comprises protein or glycoprotein components of a pathogen capable of inducing a 

protective immune response and may be produced by conventional biochemical or recombinant DNA 
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technologies. Novovax initiated a Phase I/II trial on May 25, 2020. Molecular Clamp Technology and the 

Trimer-tag technology are being used to develop subunit vaccines by Clover Biopharmaceuticals [76] and 

the University of Queensland. Medicago and iBio have commenced their clinical trials in July 2020 and are 

using Nicotiana benthamiana to produce VLPs using the S protein. AdaptVac/ExpreS2ion is using an insect 

cell expression system to make VLPs from the S2 protein. Sanofi Pasteur/GSK, Vaxine, Johnson & Johnson, 

and the University of Pittsburgh have announced that they expect to begin Phase I clinical trials shortly [77]. 

3.3.6. Peptide-based vaccines 

This is an immunotherapy-based technique wherein a peptide is applied using an immuno-

adjuvant (nanoparticle or biopolymers) to stimulate T-cell and B-cell immunity. However, it has been 

observed in earlier studies of SARS and MERS vaccine that there might be a risk of antibody-

dependent enhancement (ADE) of infection. It has also been suggested that high IgG titers correlate 

with worse outcomes. Peptide-based vaccines represent the simplest form of efficiently designed 

vaccines, readily validated and rapidly manufactured. Several plant-based nanotechnologies for cancer 

vaccines and immunotherapy have been developed effectively. This technology is being used towards 

the development of COVID-19 vaccines just to ensure that the next wave of SARS-CoV-2 infections 

and other emerging viruses are met with a more efficient and rapid response [78]. 

Vaccine development includes 3 phase clinical trials, namely, phase I (safety test), phase II 

(efficacy and adverse effect), and phase III (large scale clinical trial). The early development phase 

includes identifying antigens based viral proteins by genetic sequencing.  An animal trial follows this, 

and if successful, the human trials are initiated to procure a successful candidate vaccine [79,80].  

A targeted approach in generating both cell-mediated immune response and antibody production 

by introducing viral proteins is considered the most effective vaccination strategy against COVID-19. 

The S and N proteins of SARS-CoV-2 are short-lived and are associated with major histocompatibility 

complex (MHC) in the human population [81]. These, along with many B-cell epitopes identified on 

S protein domains, indicate possible access to antibodies following virus-host interaction. The other 

important factor to be considered is the presence of antigenic drift involved in genetic sequencing 

during the vaccine development phase. This requires large scale genomic sequencing across various 

regions worldwide to identify its mutation and genetic variability [82]. 

An efficient vaccine against SARS-CoV-2 development is governed by various factors such as 

the disease attack rate and the inclusion of vulnerable populations in the study. The vulnerable 

population in COVID-19 are the elderly and adults with comorbidity. However, due to patient safety 

regulations, this group is usually avoided in the on-going trials posing sample size challenges and the 

developed vaccine’s quality [83]. 

Challenges in the development of the CoV vaccine are that the animal models have shown an 

immunogenic response to SARS-CoV-2. Still, they have failed to prevent disease acquisition, to induce 

long-lived immunity, and have caused various levels of safety concerns. Vaccine-associated disease 

enhancement should also be monitored [84]. 

3.4. Current status of COVID-19 vaccines  

A large trial that included 43,548 participants from 152 sites globally, most of which were in the 

U.S., has been reported recently. BNT162b2, a nucleoside-modified RNA which is lipid nanoparticle-
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formulated and encoding the SARS-CoV-2 full-length spike, modified by two proline mutations when 

administered as a two-dose regimen (30 μg per dose, 21 days apart) in adults 16 years of age or older 

who were healthy or had stable chronic medical conditions were found to be safe, and 95% effective 

against COVID-19 [85]. No death was reported attributable to the vaccine. The majority of the adverse 

events were reported as reactogenicity events and transient. U.S. phase 1 trial of two vaccine 

candidates, BNT162b1 and BNT162b2 in younger and older adults, has been completed and has added 

to earlier interim safety and immunogenicity data in Germany and the US [86]. Another messenger 

RNA vaccine, mRNA-1273, also has completed phase I trial [87]. They are getting advanced to a 

pivotal phase 2–3 safety and efficacy evaluation. 

3.5. BCG vaccination and COVID-19 

Trained immunity, which is a process of epigenetic, transcriptional, and functional 

reprogramming of immune cells (innate such as myeloid or N.K. cells), leads to an increase in the 

cytokine production capacity and their anti-microbial function. Since the COVID-19 specific vaccines 

take time to be available, Bacille Calmette-Guérin (BCG), oral polio vaccine (OPV), or the measles 

vaccine were suggested to bridge the gap in the meantime. The BCG vaccination was particularly tried 

in the ACTIVATE trial wherein 198 elderly adults were randomized to receive it or the placebo. The 

infection rate was 17% lower in the BCG arm after a follow up for 12 months [88]. Another large trial 

recruiting 800 participants has started in Brazil, with recruitment being completed by March 2021. The 

follow-up is for six months; the results will likely be available by the end of this year [89]. A recent 

study among a cohort of health care workers concluded that a history of BCG vaccination has been 

associated with a decrease in anti-SARS-CoV-2 IgG seroprevalence and a decrease in the number of 

participants self-reported with COVID-19-related clinical symptoms in this cohort [90].  

4. Conclusions 

COVID-19 has caused a serious global health concern due to its rapid spread, high morbidity, and 

economic challenge in the health sector across numerous countries. Early diagnosis, effective 

treatment, and preventive measures form the cornerstones in disease containment. A rapid and specific 

diagnostic approach is essential in identifying COVID-19 positive cases. This would allow prompt 

isolation and early treatment initiation to such patients in designated centers. Treatment strategies vary 

depending on the severity of illness and symptom manifestation. There is also an urgent need for 

prospective clinical trials of BCG vaccination to confirm whether BCG vaccination can have a 

protective effect against SARS-CoV-2 infection. Due to numerous challenges encountered across 

many countries in controlling COVID-19 through existing preventive measures, an effective and 

economical vaccine remains the only retort to combat COVID-19 successfully. 

Acknowledgements 

The authors thank Mr. Shajan K Varghese (Graphic designer) for providing the image. 

 

 



149 

 

AIMS Public Health                                                         Volume 8, Issue 1, 137–153. 

Conflict of interest 

The authors declare no conflict of interest. 

References 

1. Pooladanda V, Thatikonda S, Godugu C (2020) The current understanding and potential 

therapeutic options to combat COVID-19. Life Sci 254: 117765.  

2. Wang H, Li X, Li T, et al. (2020) The genetic sequence, origin, and diagnosis of SARS-CoV-2. 

Eur J Clin Microbiol Infect Dis 39: 1629–1635.  

3. Li H, Liu SM, Yu XH, et al. (2020) Coronavirus disease 2019 (COVID-19): current status and 

future perspectives. Int J Antimicrob Agents 55: 105951.  

4. Wu J, Deng W, Li S, et al. (2020) Advances in research on ACE2 as a receptor for 2019-nCoV. 

Cell Mol Life Sci, 1–14.  

5. Umakanthan S, Sahu P, Ranade AV, et al. (2020) Origin, transmission, diagnosis and management 

of coronavirus disease 2019 (COVID-19). Postgrad Med J 96: 753–758. 

6. Fu L, Wang B, Yuan T, et al. (2020) Clinical characteristics of coronavirus disease 2019 (COVID-

19) in China: A systematic review and meta-analysis. J Infect 80: 656–665.  

7. Iyer M, Jayaramayya K, Subramaniam MD, et al. (2020) COVID-19: an update on diagnostic and 

therapeutic approaches. BMB Rep 53: 191–205.  

8. Touma M (2020) COVID-19: molecular diagnostics overview. J Mol Med (Berl) 98: 947–954.  

9. Huang C, Wang Y, Li X, et al. (2020) Clinical features of patients infected with 2019 novel 

coronavirus in Wuhan, China. Lancet 395: 497–506.  

10. Zhou F, Yu T, Du R, et al. (2020) Clinical course and risk factors for mortality of adult inpatients 

with COVID-19 in Wuhan, China: a retrospective cohort study. Lancet 395: 1054–1062. 

11. Zheng F, Tang W, Li H, et al. (2020) Clinical characteristics of 161 cases of corona virus disease 

2019 (COVID-19) in Changsha. Eur Rev Med Pharmacol Sci 24: 3404–3410.  

12. Chu DKW, Pan Y, Cheng SMS, et al. (2020) Molecular diagnosis of a novel coronavirus (2019-

nCoV) causing an outbreak of pneumonia. Clin Chem 66: 549–555.  

13. Loeffelholz MJ, Tang YW (2020) Laboratory diagnosis of emerging human coronavirus 

infections—the state of the art. Emerg Microbes Infect 9: 747–756.  

14. Emery SL, Erdman DD, Bowen MD, et al. (2004) Real-time reverse transcription-polymerase 

chain reaction assay for SARS-associated Coronavirus. Emerg Infect Dis 10: 311–316.  

15. Wölfel R, Corman VM, Guggemos W, et al. (2020) Virological assessment of hospitalized 

patients with COVID-2019. Nature 581: 465–469.  

16. Hans R, Marwaha N (2014) Nucleic acid testing-benefits and constraints. Asian J Transfus Sci 8: 2–3. 

17. La Marca A, Capuzzo M, Paglia T, et al. (2020) Testing for SARS-CoV-2 (COVID-19): a 

systematic review and clinical guide to molecular and serological in-vitro diagnostic assays. 

Reprod Biomed Online.  

18. Doi A, Iwata K, Kuroda H, et al. (2020) Estimation of seroprevalence of novel coronavirus disease 

(COVID-19) using preserved serum at an outpatient setting in Kobe, Japan: A cross-sectional 

study. medRxiv.  

19. Li Z, Yi Y, Luo X, et al. (2020) Development and Clinical Application of A Rapid IgM-IgG 

Combined Antibody Test for SARS-CoV-2 Infection Diagnosis. J Med Virol 27: 25727. 

https://xueshu.baidu.com/s?wd=author%3A%28A%20Doi%29%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight%3Dperson
https://xueshu.baidu.com/s?wd=author%3A%28K%20Iwata%29%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight%3Dperson
https://xueshu.baidu.com/s?wd=author%3A%28H%20Kuroda%29%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight%3Dperson


150 

 

AIMS Public Health                                                         Volume 8, Issue 1, 137–153. 

20. Liu R, Liu X, Han H, et al. (2020) The comparative superiority of IgM-IgG antibody test to real-

time reverse transcriptase PCR detection for SARS-CoV-2 infection diagnosis 2020. Available 

from: https://doi.org/10.1101/2020.03.28.20045765. 

21. Grant BD, Anderson CE, Williford JR, et al. (2020) SARS-CoV-2 Coronavirus Nucleocapsid 

Antigen-Detecting Half-Strip Lateral Flow Assay Toward the Development of Point of Care Tests 

Using Commercially Available Reagents. Anal Chem 92: 11305–11309. 

22. Burki TK (2020) Testing for COVID-19. Lancet Respir Med 8: e63–e64.  

23. Chen H, Ai L, Lu H, et al. (2020) Clinical and imaging features of COVID-19. Radiol Infect Dis. 

24. Singh AK, Majumdar S, Singh R, et al. (2020) Role of corticosteroid in the management of 

COVID-19: A systemic review and a Clinician’s perspective. Diabetes Metab Syndr 14: 971–978. 

25. Perez A, Jansen-Chaparro S, Saigi I, et al. (2014) Glucocorticoid-induced hyperglycemia. J 

Diabetes 6: 9–20. 

26. Singh AK, Singh A, Singh R, et al. (2020) Remdesivir in COVID-19: A critical review of 

pharmacology, pre-clinical and clinical studies. Diabetes Metab Syndr 14: 641–648.  

27. Bhatraju PK, Ghassemieh BJ, Nichols M, et al. (2020) Covid-19 in Critically Ill Patients in the 

Seattle Region—Case Series. N Engl J Med 382: 2012–2022.  

28. Singh AK, Singh A, Shaikh A, et al. (2020) Chloroquine and hydroxychloroquine in the treatment 

of COVID-19 with or without diabetes: A systematic search and a narrative review with a special 

reference to India and other developing countries. Diabetes Metab Syndr 14: 241–246.  

29. Moore N (2020) Chloroquine for COVID-19 Infection. Drug Saf 43: 393–394.  

30. Owa AB, Owa OT (2020) Lopinavir/ritonavir use in Covid-19 infection: is it completely non-

beneficial? J Microbiol Immunol Infect.  

31. Uzunova K, Filipova E, Pavlova V, et al. (2020) Insights into antiviral mechanisms of remdesivir, 

lopinavir/ritonavir and chloroquine/hydroxychloroquine affecting the new SARS-CoV-2. Biomed 

Pharmacother 131: 110668.  

32. Heidary F, Gharebaghi R, et al. (2020) Ivermectin: a systematic review from antiviral effects to 

COVID-19 complementary regimen. J Antibiot (Tokyo), 1–10.  

33. Gupta D, Sahoo AK, Singh A (2020) Ivermectin: potential candidate for the treatment of Covid 

19. Braz J Infect Dis.  

34. Coomes EA, Haghbayan H (2020) Favipiravir, an antiviral for COVID-19? J Antimicrob 

Chemother 75: 2013–2014.  

35. Cai Q, Yang M, Liu D, et al. (2020) Experimental Treatment with Favipiravir for COVID-19: An 

Open-Label Control Study. Engineering (Beijing).  

36. Wu R, Wang L, Kuo HD, et al. (2020) An Update on Current Therapeutic Drugs Treating COVID-

19. Curr Pharmacol Rep, 1–15.  

37. Huttner BD, Catho G, Pano-Pardo JR, et al. (2020) COVID-19: don’t neglect anti-microbial 

stewardship principles! Clin Microbiol Infect 26: 808–810.  

38. Rawson TM, Ming D, Ahmad R, et al. (2020) Anti-microbial use, drug-resistant infections and 

COVID-19. Nat Rev Microbiol 18: 409–410.  

39. Cai X, Ren M, Chen F, et al. (2020) Blood transfusion during the COVID-19 outbreak. Blood 

Transfus 18: 79–82.  

40. Kumar S, Sharma V, Priya K (2020) Battle against COVID-19: Efficacy of Convalescent Plasma 

as an emergency therapy. Am J Emerg Med.  



151 

 

AIMS Public Health                                                         Volume 8, Issue 1, 137–153. 

41. Mair-Jenkins J, Saavedra-Campos M, Baillie JK (2015) The effectiveness of convalescent plasma 

and hyperimmune immunoglobulin for the treatment of severe acute respiratory infections of viral 

etiology: a systematic review and exploratory meta-analysis. J Infect Dis 211: 80–90. 

42. Valk SJ, Piechotta V, Chai KL, et al. (2020) Convalescent plasma or hyperimmune 

immunoglobulin for people with COVID‐19: a rapid review. Cochrane Db Syst Rev 5: CD013600.  

43. Hartman WR, Hess AS, Connor JP (2020) Hospitalized COVID-19 Patients treated with 

Convalescent Plasma in a Mid-size City in the Midwest. Available from: 

https://www.researchgate.net/publication/346772157_Hospitalized_COVID-

19_Patients_treated_with_Convalescent_Plasma_in_a_Mid-size_City_in_the_Midwest.  

44. Li L, Zhang W, Hu Y, et al. (2020) Effect of Convalescent Plasma Therapy on Time to Clinical 

Improvement in Patients With Severe and Life-threatening COVID-19: A Randomized Clinical 

Trial. JAMA 324: 460–470. 

45. Rajarshi K, Chatterjee A, Ray S (2020) Combating COVID-19 with Mesenchymal Stem Cell 

therapy. Biotechnol Rep (Amst) 26: e00467.  

46. Golchin A, Seyedjafari E, Ardeshirylajimi A (2020) Mesenchymal Stem Cell Therapy for 

COVID-19: Present or Future. Stem Cell Rev Rep 16: 427–433.  

47. Golchin A, Farahany TZ, Khojasteh A, et al. (2018) The clinical trials of Mesenchymal stem cell 

therapy in skin diseases: An update and concise review. Curr Stem Cell Res Ther 14: 22–33. 

48. Kewan T, Covut F, Al-Jaghbeer MJ, et al. (2020) Tocilizumab for treatment of patients with 

severe COVID–19: A retrospective cohort study. E Clin Med 100418.  

49. Guaraldi G, Meschiari M, Cozzi-Lepri A, et al. (2020) Tocilizumab in patients with severe 

COVID-19: a retrospective cohort study. Lancet Rheumatol 2. 

50. Cantini F, Niccoli L, Nannini C, et al. (2020) Beneficial impact of Baricitinib in COVID-19 

moderate pneumonia; multicentre study. J Infect. 

51. Cantini F, Niccoli L, Matarrese D, et al. (2020) Baricitinib therapy in COVID-19: A pilot study 

on safety and clinical impact. J Infect 81: 318–356. 

52. Maoujoud O, Asserraji M, Ahid S, et al. (2020) Anakinra for patients with COVID-19. Lancet 

Rheumatol 2: e383.  

53. Filocamo G, Mangioni D, Tagliabue P, et al. (2020) Use of anakinra in severe COVID-19: A case 

report. Int J Infect Dis 96: 607–609.  

54. Kow CS, Hasan SS (2020) Use of low-molecular-weight heparin in COVID-19 patients. J Vasc 

Surg Venous Lymphat Disord. 

55. Costanzo L, Palumbo FP, Ardita G, et al. (2020) Coagulopathy, thromboembolic complications, 

and the use of heparin in COVID-19 pneumonia. J Vasc Surg Venous Lymphat Disord. 

56. Turshudzhyan A (2020) Anticoagulation Options for Coronavirus Disease 2019 (COVID-19)-

Induced Coagulopathy. Cureus 12: e8150.  

57. Boretti A, Banik BK (2020) Intravenous Vitamin C for reduction of cytokines storm in Acute 

Respiratory Distress Syndrome. PharmaNutrition 12: 100190.  

58. Simonson W (2020) Vitamin C and Coronavirus. Geriatr Nurs 41: 331–332.  

59. Hemilä H (2003) Vitamin C and SARS coronavirus. J Antimicrob Chemother 52: 1049–1050.  

60. World Health Organization (2020) Draft landscape of COVID-19 candidate vaccines. Available 

from: https://www.who.int/ who-documents-detail/draft-landscape-of -covid-19-candidate-

vaccines. 



152 

 

AIMS Public Health                                                         Volume 8, Issue 1, 137–153. 

61. Day M (2020) Covid-19: four fifths of cases are asymptomatic, China figures indicate. BMJ 369: 

1375.  

62. Sutton D, Fuchs K, D’Alton M, et al. (2020) Universal Screening for SARS-CoV-2 in Women 

Admitted for Delivery. N Engl J Med 382: 2163–2164. 

63. Mizumoto K, Kagaya K, Zarebski A, et al. (2020) Estimating the asymptomatic proportion of 

coronavirus disease 2019 (COVID-19) cases on board the Diamond Princess cruise ship, 

Yokohama, Japan, 2020. Euro Surveill 25: 2000180.  

64. Wrapp D, Wang N, Corbett KS, et al. (2020) Cryo-EM structure of the 2019-nCoV spike in the 

prefusion conformation. Science 367: 1260–1263.  

65. Andersen KG, Rambaut A, Lipkin WI, et al. (2020) The proximal origin of SARS-CoV-2. Nat 

Med 26: 450–452.  

66. Benvenuto D, Giovanetti M, Ciccozzi A, et al. (2020) The 2019-new coronavirus epidemic: 

Evidence for virus evolution. J Med Virol 92: 455–459.  

67. Yan R, Zhang Y, Li Y, et al. (2020) Structural basis for the recognition of SARS-CoV-2 by full-

length human ACE2. Science 367: 1444–1448. 

68. Enjuanes L, Zuñiga S, Castaño-Rodriguez C, et al. (2016) Molecular Basis of Coronavirus 

Virulence and Vaccine Development. Adv Virus Res 96: 245–286.  

69. Song Z, Xu Y, Bao L, et al. (2019) From SARS to MERS, Thrusting Coronaviruses into the 

Spotlight. Viruses 11: 59. 

70. Wu F, Wang A, Liu M, et al. (2020) Neutralizing antibody responses to SARS-CoV-2 in a 

COVID-19 recovered patient cohort and their implications. medRxiv. 

71. Thi Nhu Thao T, Labroussaa F, Ebert N, et al. (2020) Rapid reconstruction of SARS-CoV-2 using 

a synthetic genomics platform. Nature 582: 561–565. 

72. Xie X, Muruato A, Lokugamage KG, et al. (2020) An Infectious cDNA Clone of SARS-CoV-2. 

Cell Host Microbe 27: 841–848. 

73. Dicks MD, Spencer AJ, Edwards NJ, et al. (2012) A novel chimpanzee adenovirus vector with 

low human seroprevalence: improved systems for vector derivation and comparative 

immunogenicity. PLoS One 7: e40385. 

74. Fausther-Bovendo H, Kobinger GP (2014) Pre-existing immunity against Advectors. Hum 

Vaccines Immunother 10: 2875–2884. 

75. Alberer M, Gnad-Vogt U, Hong HS, et al. (2017) Safety and immunogenicity of a mRNA rabies 

vaccine in healthy adults: an open-label, non-randomized, prospective, first-in-human phase 1 

clinical trial. Lancet 390: 1511–1520.  

76. Smith TRF, Patel A, Ramos S, et al. (2020) Immunogenicity of a DNA vaccine candidate for 

COVID-19. Nat Commun 11: 2601. 

77. BIONTECH (2020) BioNTech and Pfizer announce regulatory approval from German authority 

Paul-Ehrlich-Institut to commence first clinical trial of COVID-19 vaccine candidates. Available 

from: https://investors.biontech.de/node/7431/pdf. 

78. Takashima Y, Osaki M, Ishimaru Y, et al. (2011) Artificial molecular clamp: A novel device for 

synthetic polymerases. Angew Chem Int Ed 50: 7524–7528. 

79. Singh K, Mehta S (2016) The clinical development process for a novel preventive vaccine: An 

overview. J Postgrad Med 62: 4–11.  



153 

 

AIMS Public Health                                                         Volume 8, Issue 1, 137–153. 

80. Wang Q, Zhang L, Kuwahara K, et al. (2016) Immunodominant SARS Coronavirus Epitopes in 

Humans Elicited both Enhancing and Neutralizing Effects on Infection in Non-human Primates. 

ACS Infect Dis 2: 361–376. 

81. de Sousa E, Ligeiro D, Lérias JR, et al. (2020) Mortality in COVID-19 disease patients: 

Correlating Association of Major histocompatibility complex (MHC) with severe acute 

respiratory syndrome 2 (SARS-CoV-2) variants. Int J Infect Dis.  

82. Li H, Liu SM, Yu XH, et al. (2020) Coronavirus disease 2019 (COVID-19): current status and 

future perspectives. Int J Antimicrob Agents 55: 105951.  

83. Deb B, Shah H, Goel S (2020) Current global vaccine and drug efforts against COVID-19: Pros 

and cons of bypassing animal trials. J Biosci 45: 82.  

84. Abd El-Aziz TM, Stockand JD (2020) Recent progress and challenges in drug development against 

COVID-19 Coronavirus (SARS-CoV-2)—an update on the status. Infect Genet Evol 83: 104327.  

85. Polack FP, Thomas SJ, Kitchin N, et al. (2020) C4591001 Clinical Trial Group. Safety and 

Efficacy of the BNT162b2 mRNA Covid-19 Vaccine. N Engl J Med 383: 2603–2615.  

86. Walsh EE, Frenck RW Jr, Falsey AR, et al. (2020) Safety and Immunogenicity of Two RNA-

Based Covid-19 Vaccine Candidates. N Engl J Med 383: 2439–2450.  

87. Anderson EJ, Rouphael NG, Widge AT, et al. (2020) mRNA-1273 Study Group. Safety and 

Immunogenicity of SARS-CoV-2 mRNA-1273 Vaccine in Older Adults. N Engl J Med 383: 

2427–2438. 

88. Giamarellos-Bourboulis EJ, Tsilika M, Moorlag S, et al. (2020) Activate: Randomized Clinical 

Trial of BCG Vaccination against Infection in the Elderly. Cell 183: 315–323. 

89. Junqueira-Kipnis AP, Dos Anjos LRB, Barbosa LCS, et al. (2020) BCG revaccination of health 

workers in Brazil to improve innate immune responses against COVID-19: A structured summary 

of a study protocol for a randomized controlled trial. Trials 21: 881.  

90. Rivas MN, Ebinger JE, Wu M, et al. (2021) BCG vaccination history associates with decreased 

SARS-CoV-2 seroprevalence across a diverse cohort of health care workers. J Clin Invest 2021 131. 

© 2021 the Author(s), licensee AIMS Press. This is an open access 

article distributed under the terms of the Creative Commons 

Attribution License (http://creativecommons.org/licenses/by/4.0) 

 


