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ABSTRACT 

Cytokine bombardment is described as dysregulation and excessive production of cytokines. It causes fatal outcome in 

COVID-19 patients and result in acute respiratory distress syndrome. The most vulnerable group includes children, old age 

people and individuals with underlying conditions. In this group, COVID-19 infection initially presents with acute 

respiratory distress syndrome and further progresses to multiple organ dysfunction, sepsis and death. The present review 

describes the cytokine storm based hyper-immune response mechanisms in these patients through schematic diagrammatic 

representations. 
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INTRODUCTION 

The first case of coronavirus disease 2019 (COVID-19) outbreak was reported in Wuhan city, Hubei Province, China 

in December 2019 [1, 2]. Afterwards, on 12 January 2020,World Health Organization (WHO) coined this viral strain 

that causes COVID-19 as 2019-novel coronavirus (2019-nCoV) and this new strain of coronavirus was first 

discovered in 2019.Then, the disease was named coronavirus disease 2019 (COVID-19) by World Health 

Organization (WHO) and proposal for naming the virus as severe acute respiratory syndrome coronavirus 2 (SARS-

CoV-2)  was made by Coronavirus Study Group (CSG) of the International Committee, both of these were issued on 

11
th

 February 2020. SARS-CoV-2 mainly affects the respiratory system and consequently it causes pneumonia [3]. 

This strain was found highly contagious and it is transmitted mainly by inhalation of respiratory droplets, which 

contains virus rich fluid. The novel COVID-19 strain transmitted to all over the world quite fast and declared as 

COVID-19 pandemic by WHO on 12
th

 March 2020 [4]. 

Coronaviruses (CoVs) belong to the Coronaviridae family within Nidovirales order and is well known for its crown-

like spike appearance on their surface and it is best described as an enveloped virus containing single stranded RNA 

within a nucleocapsid [5]. These spikes are made up of glycoproteins. CoVs are categorized into 4 genus namely 

alpha, beta, gamma and delta-CoV (The International Committee on Taxonomy of Viruses- ICTV).  Alpha and beta 

coronavirus are capable of infecting mammals and humans, while gamma and delta coronavirus usually infect birds. 

Until today, there are seven types of coronaviruses recognized that can infect humans known as Human Coronavirus 

(HCoV) which are alpha type HCoV-229E and HCoV-NL63, the beta type HCoV-HKU1, SARS-CoV, MERS-CoV, 

and HCoV-OC43 and lastly 2019-nCoV [5].   

SARS-CoV-2 has four major structural proteins, which are the spike surface glycoprotein, nucleocapsid protein, 

small envelope protein and matrix protein. The spike protein infects the host cells using the receptor-binding domain 

(RBD) of angiotensin converting enzyme-2 (ACE-2). ACE-2 protein presents in various organs such as lungs, 

gastrointestinal tract, bone marrow, blood vessels, lymph nodes, spleen, liver, thymus, kidney and brain [6]. 

The specific term coined as spillover event, in which for the first time a virus is transmitted from animals to humans 

[7]. Later on, these diseases, denoted as zoonotic diseases. The term zoonotic virus is described as a virus that is 

regularly transmitted from animal to human and causes disease. Coronaviruses can cause respiratory tract infections 

in companions and domestic animals and can also infect humans causing respiratory diseases from mild to severe 

illnesses [8, 9]. In one of the studies in 2002, it has been found that several animals can transmit CoVs, as seen in the 

case of SARS-CoV-1 that infects both civet cats and humans together. Similarly, in 2012, MERS-CoVs infected 

dromedary camels and further transmitted to humans results in outbreak in Middle East.  

 

SARS-CoV-2 (COVID-19) origin 
The origin of COVID-19 is yet to be found, but research has shown that the origin is closely related to Huanan 

wholesale market in Wuhan, China, where the wild animals (Wild bats, Pangolins, Palm civets, Dromedary camels) 

were sold [11-28, 133-134].  



Annals of R.S.C.B., ISSN:1583-6258, Vol. 25, Issue 6, 2021, Pages. 418 – 431 

Received 25 April 2021; Accepted 08 May 2021.  

 

 

419 

 
http://annalsofrscb.ro 

 

SARS-CoV-2 (COVID-19) transmission cycle  

Studies from the past regarding earlier coronaviruses outbreak suggest that it is originated from bats and transmission 

of the virus to humans are passed from market civets, camels and pangolins, which act as the intermediate host [29-

37]. Based on evident research data as depicted in Fig. 1, it is clear that the SARS-CoV-2 novel strain has a broad 

host range. 

Studies between SARS-CoV-2 and SARS-CoV have shown approximately 80% gene similarity [38, 39] and found 

that the horseshoe bats (Rhinolophusaffinis) are the primary source of this virus [24]. In addition, civet cats and 

raccoon dogs have been demonstrated to have genetically similar CoVs [25]. Researchers also found that animals 

such as ferrets and macaques could also be infected by SARS-CoVs and produce disease. However, no observable 

symptoms were seen in cats [40, 41]. Until today, the virus reservoir for SARS-CoV-2 remains unclear but it is 

reported to be either minks, snakes, or other animals [42]. 

The transmission cycle of SARS-CoV-2 infection from a primary host (Bats) [43] to humans is depicted in Fig. 1. 

Depending on the accessibility of CoVs to host cells, CoVs are able to migrate from its natural host to humans via 

intermediate hosts also [44]. Evolution of CoVs, particularly its spike glycoprotein allows it to adapt and binds to 

various mammalian host species [11]. 

Based on research data, potential mechanism of cross species transmission from natural to non-natural host depends 

on spike glycoprotein (Fusogenic or modulating) and dependency of CoV towards receptor (dependent or 

independent) [45-47]. It is quite possible that there is an existing receptor switch mechanism in CoVs that causes 

spike protein modularity and tendency of recombination. The spike glycoproteins of SARS-CoV-2 possesses high 

fusogenic potential, which could minimize the dependency of CoVs on receptor-based cell entry [48, 49]. 

 

Animal to human transmission 
Wild bats are the natural reservoir of coronaviruses. Accumulating evidences suggest that the probable transmission 

of SARS-CoV-2, which is originated from bats to humans is through animal market in Wuhan China, where these 

wild bats are usually sold as a source of food. These markets are unhygienic and did not maintain the standard 

guidelines. Furthermore, it is suggested that the spillover event occurs from bats to civets and subsequently to the 

people who work or live near the location as there could be possibility of wildlife trade of infected animals [18-20]. 

The initial spread of infection was found from the animal handlers, who work in these live animal retail (wet) 

markets as evidence shows that they are seropositive against this novel viral strain. These handlers unknowingly 

transmitted the infection to the buyers [50]. Later, when they developed SARS-like illnesses, it drew the attention of 

public health authorities in Wuhan, China.  

Current research demonstrates approximately 96% of similarity in sequence between SARS-CoV-2 and CoV 

(isolated from horseshoe bats; Rhinolophusaffinis) strongly indicates that bats are the most probable host [25]. 

Additionally, several other animals are also found to have a role as virus reservoir. This includes snakes, which could 

be a possible virus reservoir for human infection [42], pangolins that has SARS-CoV-2 related coronaviruses and 

minks as possible intermediate hosts for SARS-CoV-2 infection [29].  

 

Human to human transmission 
Research data from various studies so far suggest that SARS-CoV and SARS-CoV-2 are zoonotic in origin, which 

then spreads to humans. In Wuhan, China the human to human-transmission requires few weeks to cause the 

outbreak but, recently, the spread of disease occurs rapidly and this further confirms that there is human to human 

transmission. SARS-CoV-2 infected individual acts as the major source of infection and transmission occurs mainly 

via droplets (both nasal and oral) and aerosols generated during coughing, talking and sneezing according to WHO 

and CDC guidelines [51]. Besides that, transmission could occur via physical contact with COVID-19 patients, 

various surfaces, and by sharing household stuff. Some research also found that there is a possibility of COVID-19 

transmitted through fecal-oral-route [52]. Furthermore, scientific literature available on NCBI shows that an 

enormous rate of SARS-CoV-2 infection is due to asymptomatic patients. Nearly half of the SARS-CoV-2 infected 

person remains asymptomatic and this poses a risk to others as a potential carrier of the virus [53]. These 

asymptomatic infections also escape rapid tests such as serum antibody tests.  

Additionally, researchers also found that prolonged and unprotected exposure with SARS-CoV-2 infected people 

could cause person to person transmission. This is explained as the exposure could lead to constant pathogen 

pressure and subsequently, transmission of infection and disease happens [54]. 

Recently, several findings demonstrate that lack of proper pressure ventilation systems in intensive care units (ICU) 

of COVID hospitals may further increase the risk of infection. Also, there are growing research suggest that the risk 
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of infection may increase due to the viability of SARS-CoV-2 in air, environment, personal protection equipment 

and hospital [55].  

In SARS-CoV-2 infection, spike glycoprotein of virus (particularly receptor-binding domain (RBD)) binds with 

ACE2 receptor in human host cell in as shown in reports of SARS-CoV human-to-human transmission [56, 57]. The 

most peculiar feature is that SARS-CoV-2 and SARS-CoV spikes have similar RBD sequences, which strongly 

suggest that ACE2 receptor is the common route of entry into the host cells [57]. 

 

Human Coronaviruses (HCoVs) history  

The first human coronavirus was discovered in 1965 and it was cultivated on ciliated embryonal tracheal cells from 

the respiratory tract of a person with common cold. Researcher named Tyrrell and Bynoe conducted the research and 

they found that a virus named B814 was able to grow in organ culture and when the virus was introduced (the 

medium was inoculated from these cultures) via intranasally to the human volunteers, it causes significant cold-like 

illness in some volunteers [58, 59]. In the meantime, researcher Hamre and Procknow also obtained samples from 

medical students with cold and they found a virus with unusual properties were able to be grown in tissue culture, the 

virus was named as 229E virus [60]. Both the 229E virus and B814 virus has no significant relation with any known 

paramyxoviruses or myxoviruses. 

 

SARS-CoV-1 

Information regarding coronavirus was limited until the outbreak of Severe Acute Respiratory Syndrome-

Coronavirus (SARS-CoV-1) happened in 2002 and starting from there, the interest regarding this virus continues to 

rise. SARS-CoV-1 outbreak begins in Southern China in Guangdong province, and it was suggested that the virus 

first originated from bats and then via an intermediate host such as raccoon dog (Nyctereutesprocyonoides) and palm 

civet (Pagumalarvata), humans gets infected by this virus [61-63]. Last case of SARS-CoV-1 was reported in 2004 

and massive efforts were made to control this infectious disease.  

 

MERS-CoV 

Then, in June 2012 outbreak of Middle East Respiratory Syndrome-Coronavirus (MERS-CoV) was first found in a 

Saudi Arabian patient who had severe pneumonia and died due to respiratory and renal failure, sputum sample 

revealed a novel corona virus strain. This strain was coined as Middle East Respiratory Syndrome-Coronavirus 

(MERS-CoV). MERS-CoV virus strain was closely related to several bat CoVs [64] although it was also assumed 

that the camels are the animal reservoirs for this contagious strain. Later on whenever the new strain of coronavirus 

arises, it is always thought to be related with zoonotic transmission [30-33]. 

Infection of mildly pathogenic HCoVs affects the upper respiratory tract and it also causes mild to moderate flu-like 

respiratory symptoms in healthy adults. The mildly pathogenic HCoVs are HCoV-229E, HCoV-OC43, HCoV-NL63, 

and HCoV-HKU. In contrast, highly pathogenic HCoVs such as SARS-CoV [65], MERS-CoV [66, 67] also SARS-

CoV-2, infects lower respiratory tract causing severe pneumonia. Highly pathogenic HCoVs infection could also 

result in acute lung injury (ALI), acute respiratory distress syndrome (ARDS) and fatal acute lung injury, which 

could eventually leads to death [68-70]. 

 

Cytokine bombardment 

Normally, the immune response against common viral infections is balanced or controlled in infected individuals 

[71, 72]. However, in the case of highly mutated viral strains, hyper-immune response is observed in the patient, 

which leads to multi organ dysfunction. In the case of SARS-CoV-2 (COVID-19), the hyper-immune response is 

denoted as cytokine storm, where the cytokines and inflammatory mediators are elevated excessively, resulting in 

patchy consolidation (pneumonia) in the lungs. Elevated cytokines are interferon-alpha (IFN-α), interferon-gamma 

(IFN-γ), interleukin-1beta (IL-1β), interleukin-6 (IL-6), interleukin-12 (IL-12), interleukin-18 (IL-18), interleukin-33 

(IL-33), tumour necrosis factor-alpha (TNF-α) and transforming growth factor-β (TGF-β). These cytokines are 

released by natural killer cells, innate macrophages, mast cells, dendritic cells, endothelial cells and the adaptive T 

and B lymphocytes. At this point of time, patients develop a combination of symptoms such as shortness of breath, 

high grade fever, cough, confusion and generalized body weakness which is denoted as acute respiratory distress 

syndrome (ARDS).  

SARS-CoV-2 infection activates innate and adaptive immune response which eventually leads to cytokine storm 

[73]. Cytokine storm is defined as dysregulation and excessive production of cytokines (particularly IL-6, IL-1, 

TNF- α and interferon) due to over-response of the immune system that occurs in COVID-19 patients. Cytokine 

storm/uncontrolled inflammatory response causes influx of several immune cells like neutrophils, macrophages and 

T cells into the site of infection with catastrophic effects on humans.  



Annals of R.S.C.B., ISSN:1583-6258, Vol. 25, Issue 6, 2021, Pages. 418 – 431 

Received 25 April 2021; Accepted 08 May 2021.  

 

 

421 

 
http://annalsofrscb.ro 

Cytokine bombardment triggers the bronchoalveolar damage (apoptosis of endothelial and epithelial cells), fibrosis 

of lungs and vascular leakage, which results in acute respiratory distress syndrome (ARDS), multi organ dysfunction 

syndrome (MODS), severe other syndrome and ultimately death as depicted in Fig. 2 [74]. One of the consequences 

of cytokine bombardment is lung injury and it can progress into acute lung injury or in more severe cases, ARDS 

[75]. Dissemination of viral particles through blood circulation leads to viremia and consequently it causes multi 

organ dysfunction syndrome (MODS) [76, 77]. Studies regarding cytokine profiles of COVID-19 patients 

demonstrated that cytokine bombardment is directly correlated with unfavourable prognosis of severe COVID-19, 

lung injury and multi organ failure as depicted in Fig. 2 [78-83]. 

Several studies reported that, increase in serum Ang II induces apoptosis in alveolar epithelial cells, resulting in lung 

fibrogenesis [84]. This enzyme also mediates cytokine signalling and oxidative stress, which contributes to several 

pathophysiology of lung diseases [85].  

In COVID-19 cytokine bombardment, angiotensin converting enzyme-2 (ACE-2) plays an important role. ACE-2 

enzyme is a membrane protein that metabolizes angiotensin II (ANG II). Abundance of ACE-2 receptors could be 

found on smooth muscle cells of the lungs, pulmonary endothelium, type II alveolar epithelial cells and enterocytes 

[86]. In SARS-CoV infection, ACE-2 acts as a functional receptor [87], it is then occupied and endocytosed together 

with the virus. This causes reduction of ACE-2 (ACE-2 downregulation) and increase of serum ANG II (Reduction 

of ACE-2 mediated degradation of ANG II) as depicted in Fig. 3 [88]. 

SARS-CoV-2 enters the throat via droplet or aerosol transmission and it travels to the lungs and gastrointestinal 

system due to abundance of ACE-2 receptors. S protein (spike glycoprotein) of the virion then binds to these cellular 

ACE-2 receptors [89]. Transmembrane serine protease-2 (TMPRSS2) and endosomal cysteine proteases cathepsin B 

and L (CatB/L) are used for S protein priming. Invasion of SARS-CoV-2 in the respiratory epithelial cells stimulates 

immune response that results in cytokine production along with weak interferon (IFN) response (may be an 

important cytokine production amplifier). Furthermore, SARS-CoV-2 are able to activate pathogenic Th1 cells 

rapidly, Th1 cells then secretes interleukin-6 (IL-6) and granulocyte‐macrophage colony‐stimulating factor 

(GM‐CSF). Subsequently, GM-CSF stimulates intermediate monocytes (CD14+, CD16+) to produce copious 

amounts of tumor necrosis factor‐α (TNF‐α), IL‐6 and other cytokines [90]. High expression of IL-6 and TNF‐α is 

typical in cytokine storm of COVID-19 patients.  

Cytokine bombardment in COVID-19 mainly causes pneumonia and subsequently results in acute respiratory 

distress syndrome (ARDS), which is a major cause of mortality in severe cases of SARS-CoV-2 infection, just as in 

SARS-CoV and MERS CoV infection [91-93]. Mechanism of ARDS in COVID-19 includes excessive production of 

cytokine as one of the major contributing factors [78, 94, 95]. In later stages of infection, impaired tissue 

remodelling, and uncontrolled epithelial cells proliferation contributes to ARDS. Death due to ARDS is mainly 

caused by hypoxia which occurs in relation to apoptosis of epithelial and endothelial cells that disturbs lung 

microvascular and alveolar epithelial cell barrier resulting in vascular leakage and alveolar edema. In addition, post-

mortem examination of lung of COVID-19 patient shows there is existence of acute respiratory distress syndrome 

(ARDS) and T-cell over activation due to high cytotoxicity of the CD8+ T cells and increase in the number of T-

helper (Th) 17 cells [96]. 

It then involves multi organ system dysfunction as it disseminates to organs such as the kidney, vascular system and 

central nervous system. It could cause renal insufficiency and failure in the kidney. In the vascular system, it could 

lead to vasculitis which can be seen as a chilblain lesion in toes known as ‗coronavirus toes‘ or it can also manifest 

as a pernio lesion and sometimes large blood vessels are also involved. As for the central nervous system, patients 

could also experience symptoms commonly loss of sense of smell and taste, headache (13%), dizziness (17%), 

confusion, unable to arouse also muscle inflammation and nerve pain (19%). 36% of patients had neurologic 

symptoms. Autopsy shows brains tissue edema partial brain neuronal degeneration [97]. 

Moreover, cytokine storm also diminishes cytotoxic T cell response due to over-response of the immune system 

caused by pathogenic HCoV. For instance, in SARS-CoV infection, T cells underwent apoptosis that is mediated by 

TNF‐α. CoV-specific T cells are essential to prevent further damage of infection to the host cell and ultimately clears 

off the virus [98, 99]. Besides that, cytotoxic T cell are needed to suppress overactive innate immune response [100, 

101]. 

 

Current updates on SARS-CoV-2 (COVID-19) 

WHO defines SARS-CoV-2 (COVID-19) deaths as, in probable or confirmed cases, where there is no other clear-cut 

alternative cause of death reported other than COVID-19. Majority of deaths reported were due to excessive 

inflammatory immune response denoted as cytokine storm and severity of the disease [102]. This is characterized by 

elevated levels of circulating cytokines, acute lymphopenia and post-mortem examination of COVID -19 patients 

shows that there is substantial mononuclear cell infiltration in the lungs, kidneys, heart [103], spleen, and lymph 
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nodes [104, 105]. Pandemic COVID-19 remains a major threat to public health [132-134]. Manifestation of COVID-

19 differs in each person from asymptomatic, mild, severe illness and in some, SARS-CoV-2 infection (COVID-19) 

even results in death [132-134]. 

Centres for disease control and prevention (CDC) also mentioned that some underlying conditions increase the risk 

of patient to develop severe illness, such as chronic kidney disease, chronic obstructive pulmonary disease (COPD), 

heart condition (coronary artery disease, heart failure), immunocompromised state due to solid organ transplant, 

smoking, diabetes mellitus type 2, obesity, sickle cell disease, cancer and pregnancy [104, 106-109].There are 

several potential factors related in recovery which are early treatment, strong immune system among the population, 

good dietary habits and  Bacillus Calmette-Guérin (BCG) vaccination policy in some countries, which shows less 

COVID-19 cases than countries without BCG vaccination policy [110]. Up to date, there is no specific treatment 

available for COVID-19. However, Food and Drug Administration (FDA) suggested some of the treatment 

strategies, such as plasma therapy and the use of certain antibiotics.  

 

Potential antibiotics against SARS-CoV-2 (COVID-19) 

Hydroxychloroquine and Remdesevir antibiotics significantly inhibit SARS-CoV-2 (COVID-19) viral replication. 

Hydroxychloroquine (HCQ) is an analogue of chloroquine (CQ) and it is a broad-spectrum antibiotic. It is mainly 

used for the treatment of malaria but also inhibits COVID-19 viral replication significantly [111]. The possible 

antiviral mechanism of CQ includes interference of glycosylation of ACE-2 at the time of viral entry [112] and 

increasing endosomal pH needed cell/virus fusion [113]. Besides that, CQ could reduce the damage of cytokine 

storm (Hyper inflammatory response against SARS-CoV-2 viral infection) by down-regulating the production of 

cytokines and expression of TNF‐α receptor [111]. 

Research findings demonstrated that in vitro, CQ was highly useful in controlling viral entry and post entry stages of 

SARS-CoV-2 infection [114]. Also, it is shown that CQ phosphate is beneficial for improving lung imaging findings, 

preventing exacerbation of pneumonia, promoting a virus-negative conversion and shortening disease course [115]. 

In context of cytokine storm, it is found that low doses of HCQ might reduce cytokine storm in severe COVID-19 

patients [116]. However, CQ has a relatively narrow margin of therapeutic and toxic dose, in which CQ poisoning 

could lead to death [117]. 

Remdesevir is a broad-spectrum antibiotic and a nucleotide analogue, which act as RNA replication blocker 

(polymerase inhibitor). This antibiotic interacts with the viral RNA-dependent RNA polymerase and delays chain 

termination. Thus, the SARS-CoV-2 viral replication stops and subsequently the complications of the viral infection 

can be prevented in the patients [118-122]. 

 

Plasma therapy for SARS-CoV-2 (COVID-19) patients  

Plasma therapy includes intravenous immunoglobulin administration into the COVID-19 patients and provides 

passive immunity against the SARS-CoV-2 viral infection. The antibodies bind to specific target antigen via humoral 

and cellular arms of the immune system and block the cell-cell interaction by cell-surface receptors mediation. IgM 

and IgG antibodies also reduce mortality in adults with severe sepsis [123-126]. 

DISCUSSION  

SARS-CoV-2 (COVID-19) infection presented as mild to severe form in different individuals. Infection of SARS-

CoV-2 leads to cytokine bombardment. It is characterized by excessive production of inflammatory mediators, 

mainly IL-6, IL-10 and TNF-α, which triggers the bronchoalveolar damage, fibrosis of lungs and vascular leakage. 

Combination of these pathological features are denoted as acute respiratory distress syndrome (ARDS). The patients 

with underlying diseases develop, ARDS progresses to multiple organ dysfunction syndrome (MODS) and sepsis, 

which results in death of the patients [127-132].  

The research data found till date, suggests that the mortality of COVID-19 patients is due to over immune response 

denoted as cytokine bombardment. Cytokine bombardment / storm is major pathological cause in the progression of 

this disease. Wan et al. found significant IL-6 elevation in most of the COVID-19 patients with severe disease [26, 

27, 127-131]. Moreover, excessive production of cytokines (IL-6 and IL-10) results in immune dysfunction due to T-

cells impairment [17]. 

In one of the studies in China, researchers reported that T lymphocytes, (CD4
+
 and CD8

+
) are the primary 

immunological marker responsible for fatal outcome in COVID-19 patients [127]. However, in contradiction 

Ghazazia et al. reported, TGF-β elevation in COVID-19 patients [128]. In a nutshell majority of research findings 

confirm the role of cytokine storm (IL-6, IL-10 and TGF-β) in COVID-19 patients.  



Annals of R.S.C.B., ISSN:1583-6258, Vol. 25, Issue 6, 2021, Pages. 418 – 431 

Received 25 April 2021; Accepted 08 May 2021.  

 

 

423 

 
http://annalsofrscb.ro 

CONCLUSION 

The wild bats that had been sold in the wet market of Wuhan, China are the major reservoir for SARS-CoV-2 

(COVID-19) strain. This contagious viral strain transmitted to humans from wild bats and gradually the chain 

reaction from human to human continued and affected all over the world. Studies suggest that SARS-CoV-2 strain 

infect humans by interacting with the host respiratory membrane protein via S spike, results in ACE-2 down 

regulation. The present review focuses on cytokine storm-based mechanism of hyper-immune response (Elevation of 

IL-6, IL-10 and TNF-α) in COVID-19 patients.  

 

Author’s contributions  

All authors contributed to the present review. The idea of the article was originally suggested by Dr. KartikeyaTiwari 

and the literature search along with the data analysis was performed by KhadijahbintiZainal, SaralaPergasa and 

ShazwinaIzzatibintiSamah. All authors revised and approved the final review manuscript. 

 

Acknowledgements 
The key to success is nothing more than self-discipline, hard work and teamwork. For the past 4 weeks, our group 

has been burning the candles at both ends but with all the guidance and support given to us, we were able to roses to 

the occasion excellently. First off all, praises to Almighty God, for his blessings throughout our research journey. 

Additionally, we as a group are very much indebted to International Medical School, Management and Science 

University (MSU), for granting us this golden opportunity to conduct this research. Words are certainly powerless 

for us to express our highest gratitude to Dr. KartikeyaTiwari, our holistic research supervisor for his guidance, 

enthusiasm and sharing to us his immense knowledge. One piece of log creates a small fire, adequate to warm you 

up, add a few more pieces to blast an immerse bonfire, needless to say we couldn‘t complete this research review 

without dynamic teamwork. Ultimately, special thanks to our beloved family and friends who have been always 

encouraging us in every phase of our journey thoroughly.  

 

Funding 
The authors did not receive any grant from any kind of funding agencies. 

Compliance with ethical standards  

 

Conflict of interestOn behalf of all authors, the corresponding author states that no conflict of interest exist. 

 

Ethics approvalThe review manuscript was approved by the senate of Management and Science University, Shah 

Alam, Selangor, Malaysia as a part of partial fulfilment of elective posting of MBBS program running at the 

university level.  

 

Availability of data and materialAll the data was collected from WHO. 

 

Code availabilityNot applicable. 

 

REFERENCES 

 

[1] Wang C, Horby PW, Hayden FG, Gao GF (2020) A novel coronavirus outbreak of global health concern, 

Lancet. https://doi.org/10.1016/S0140-6736(20)30185-9 

[2]  Zhu N, Zhang D, Wang W, Li X, Yang B, Song J et al (2019) A novel coronavirus from patients with 

pneumonia in China, N Engl J Med 382(8):727–733. https://doi.org/10.1056/NEJMoa2001017 

[3] Zhu C, Sun B, Zhang X, Zhang B (2020) Research Progress of Genetic Structure, Pathogenic Mechanism, 

Clinical Characteristics, and Potential Treatments of Coronavirus Disease 2019. Front. Pharmacol. 11:1327. 

https://doi.org/10.3389/fphar.2020.01327 

[4] Coronavirus Disease (COVID-19) - events as they happen, from 

https://www.who.int/emergencies/diseases/novel-coronavirus-2019/events-as-they-happen. Accessed on 26 

October 2020 

[5] Fehr AR, Perlman S (2015) Coronaviruses: an overview of their replication and pathogenesis. Methods in 

molecular biology (Clifton, N.J.), 1282, 1–23. https://doi.org/10.1007/978-1-4939-2438-7_1 

[6] Lan J, Jiwan G, Yu JF, et al (2020) Crystal structure of the 2019-nCoV spike receptor-binding domain bound 

with the ACE2 receptor. https://www.biorxiv.org/content/10.1101/2020.02.19.956235v1. Accessed on 27 

October 2020 

https://doi.org/10.1016/S0140-6736(20)30185-9
https://doi.org/10.1056/NEJMoa2001017
https://doi.org/10.3389/fphar.2020.01327
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/events-as-they-happen
https://doi.org/10.1007/978-1-4939-2438-7_1
https://www.biorxiv.org/content/10.1101/2020.02.19.956235v1


Annals of R.S.C.B., ISSN:1583-6258, Vol. 25, Issue 6, 2021, Pages. 418 – 431 

Received 25 April 2021; Accepted 08 May 2021.  

 

 

424 

 
http://annalsofrscb.ro 

[7] Plowright RK, Parrish CR, McCallum H et al (2017) Pathways to zoonotic spillover. Nat Rev Microbiol 

15(8):502–510. https://doi.org/10.1038/nrmicro.2017.45 

[8] Su S, Wong G, Shi W, Liu J, Lai ACK, Zhou J, et al (2016) Epidemiology, genetic recombination, and 

pathogenesis of coronaviruses. Trends MicrobiolJun 2016;24(6):490–502  

[9] Weiss SR, Navas-Martin S (2005) Coronavirus pathogenesis and the emerging pathogen severe acute 

respiratory syndrome coronavirus. MicrobiolMolBiol Rev Dec 2005;69(4):635–64  

[10] https://www.worldometers.info/coronavirus/country/usAccessed on 4 November 2020 

[11] Rothan HA, Byrareddy SN (2020) The epidemiology and pathogenesis of coronavirus disease (COVID-19) 

outbreak. J Autoimmun 26:102433. https://doi.org/10.1016/j.jaut.2020.102433 

[12] Graham RL, Baric RS (2010) Recombination, reservoirs, and the modular spike: mechanisms of coronavirus 

cross-species transmission. J Virol 84(7):3134–3146. https://doi.org/10.1128/JVI.01394-09 

[13] Rodriguez-Morales AJ, Bonilla-Aldana DK, Balbin-Ramon GJ, Rabaan AA, Sah R, Paniz-Mondolfi A, 

Pagliano P, Esposito S (2020) History is repeating itself: Probable zoonotic spillover as the cause of the 2019 

novel Coronavirus Epidemic. Le infezioni in medicina, 28(1), 3–5. 

[14] Zhou P, Yang XL, Wang XG, Hu B, Zhang L, Zhang W, Si HR, Zhu Y, Li B, Huang CL, Chen HD, Chen J, 

Luo Y, Guo H, Jiang RD, Liu MQ, Chen Y, Shen XR, Wang X, Zheng XS, Zhao K, Chen QJ, Deng F, Liu 

LL, Yan B, Zhan FX, Wang YY, Xiao GF, Shi ZL. A pneumonia outbreak associated with a new coronavirus 

of probable bat origin. Nature. 2020 Mar; 579(7798):270-273. https://doi.org/10.1038/s41586-020-2012-

7Epub 2020 Feb 3. PMID: 32015507; PMCID: PMC7095418. 

[15] Chen Y, Liu Q, Guo D (2020) Emerging coronaviruses: Genome structure, replication, and pathogenesis. 

Journal of medical virology, 92(4), 418–423. https://doi.org/10.1002/jmv.25681 

[16] Chan Jasper, Yuan ShuofengKok, Kin-Hang & To, Kelvin & Chu, Hin& Yang, Jin & Xing, Fanfan& Liu, 

Jieling& Yip, Cyril & Poon, Rosana&Tsoi, Hoi-Wah& Lo, Simon & Chan, Kwok-Hung & Poon, Vincent & 

Chan, Wan-Mui&Ip, Jonathan &Cai, Jian-Piao& Cheng, Vincent & Chen, Honglin& Yuen, Kwok-Yung. 

(2020). A familial cluster of pneumonia associated with the 2019 novel coronavirus indicating person-to-

person transmission: a study of a family cluster. The Lancet 395. 10.1016/S0140-6736(20)30154-9. 

[17] Guo YR, Cao QD, Hong ZS et al (2020) The origin, transmission and clinical therapies on coronavirus 

disease 2019 (COVID-19) outbreak – an update on the status. Military Med Res 7, 11 (2020). 

https://doi.org/10.1186/s40779-020-00240-0 

[18] Ahmad T, Khan M, Haroon Musa T H, Nasir S, Hui J, Bonilla-Aldana DK, Rodriguez-Morales AJ (2020). 

COVID-19: Zoonotic aspects. Travel medicine and infectious disease, 36, 101607. 

https://doi.org/10.1016/j.tmaid.2020.101607 

[19] Hu B, Zeng LP, Yang XL et al (2017) Discovery of a rich gene pool of bat SARS-related coronaviruses 

provides new insights into the origin of SARS coronavirus. PLoSPathog 13 (11):e1006698. 

https://doi.org/10.1371/journal.ppat.1006698 

[20] Lu R, Zhao X, Li J et al (2020) Genomic characterisation and epidemiology of 2019 novel coronavirus: 

implications for virus origins and receptor binding. Lancet 395(10224):565–574. 

https://doi.org/10.1016/S0140-6736(20)30251-8 

[21] Lu H, Stratton CW, Tang YW (2020) Outbreak of pneumonia of unknown etiology in Wuhan, China: The 

mystery and the miracle. Journal of medical virology, 92(4), 401–402. https://doi.org/10.1002/jmv.25678 

[22] Perlman S (2020) Another Decade, Another Coronavirus. The New England journal of medicine, 382(8), 

760–762. https://doi.org/10.1056/NEJMe2001126 

[23] Cui J, Li F, Shi ZL (2019) Origin and evolution of pathogenic coronaviruses. Nature reviews. Microbiology 

17(3):181–192. https://doi.org/10.1038/s41579-018-0118-9 

[24] Zhou P, Yang X, Wang X et al (2020) A pneumonia outbreak associated with a new coronavirus of probable 

bat origin. Nature 579:270–273. https://doi.org/10.1038/s41586-020-2012-7 

[25] Guan Y, Zheng BJ, He YQ et al (2003) Isolation and characterization of viruses related to the SARS 

coronavirus from animals in southern China. Science 302(5643):276–278 

[26] Peng Z, Xing-Lou Y, Xian-Guang W, Ben H, Zhang L, Zhang W, et al (2020) A pneumonia outbreak 

associated with a new coronavirus of probable bat origin. Nature (2020) 579:270–3. 

https://doi.org/10.1038/s41586-020-2012-7 

[27] Hu B, Huang S, Yin L (2020) The cytokine storm and COVID-19. Journal of medical virology 

10.1002/jmv.26232. Advance online publication. https://doi.org/10.1002/jmv.26232 

[28] Kan B, Wang M, Jing H, Xu, H. Jiang X, Yan M, Liang W, Zheng H, Wan K, Liu Q et al (2005) Molecular 

evolution analysis and geographic investigation of severe acute respiratory syndrome coronavirus-like virus in 

palm civets at an animal market and on farms. J Virol 79:11892–11900. 

https://doi.org/10.1038/nrmicro.2017.45
https://www.worldometers.info/coronavirus/country/us
https://doi.org/10.1016/j.jaut.2020.102433
https://doi.org/10.1128/JVI.01394-09
https://doi.org/10.1038/s41586-020-2012-7
https://doi.org/10.1038/s41586-020-2012-7
https://doi.org/10.1002/jmv.25681
https://doi.org/10.1186/s40779-020-00240-0
https://doi.org/10.1016/j.tmaid.2020.101607
https://doi.org/10.1371/journal.ppat.1006698
https://doi.org/10.1016/S0140-6736(20)30251-8
https://doi.org/10.1002/jmv.25678
https://doi.org/10.1056/NEJMe2001126
https://doi.org/10.1038/s41579-018-0118-9
https://doi.org/10.1038/s41586-020-2012-7
https://doi.org/10.1038/s41586-020-2012-7
https://doi.org/10.1002/jmv.26232


Annals of R.S.C.B., ISSN:1583-6258, Vol. 25, Issue 6, 2021, Pages. 418 – 431 

Received 25 April 2021; Accepted 08 May 2021.  

 

 

425 

 
http://annalsofrscb.ro 

[29] Lam TTY, Shum MHH, Zhu HC et al (2020). Identification of 2019-nCoV related coronaviruses in Malayan 

pangolins in southern China. Nature https://doi.org/10.1038/s41586-020-2169-0. 

https://doi.org/10.1101/2020.02.13.945485 

[30] Lau SK, Woo PC, Li KS, Huang Y, Tsoi HW, Wong BH, Wong SS, Leung SY, Chan KH, Yuen KY (2005) 

Severe acute respiratory syndrome coronavirus-like virus in Chinese horseshoe bats. Proceedings of the 

National Academy of Sciences of the United States of America 102(39): 14040–14045. 

https://doi.org/10.1073/pnas.0506735102 

[31] Sheahan T, Rockx B, Donaldson E, Corti D, Baric R (2008) Pathways of cross-species transmission of 

synthetically reconstructed zoonotic severe acute respiratory syndrome coronavirus. Journal of virology 

82(17): 8721–8732. https://doi.org/10.1128/JVI.00818-08 

[32] Ge XY et al (2013) Isolation and characterization of a bat SARS-like coronavirus that uses the ACE2 

receptor. Nature 503: 535-538. Command and Control Center (CCC) Statistics –April 2016.Ministry of 

Health (MOH) –Kingdom of Saudi Arabia. http://www.moh.gov.sa/en/CCC/PressReleases/Pages/default.aspx  

Accessed on 30 October 2020 

[33] Zaki AM, van Boheemen S, Bestebroer TM, Osterhaus AD, Fouchier RA (2012) Isolation of a novel 

coronavirus from a man with pneumonia in Saudi Arabia. The New England Journal of Medicine 367(19): 

1814–1820. https://doi.org/10.1056/NEJMoa1211721 

[34] Guan Y, Zheng BJ, He YQ et al (2003) Isolation and characterization of viruses related to the SARS 

coronavirus from animals in southern China. Science 302(5643):276–278 

[35] Riley S, Fraser C, Donnelly CA, Ghani AC, Abu-Raddad LJ, Hedley AJ, Leung GM, Ho LM, Lam TH, 

Thach TQ, Chau P, Chan KP, Lo SV, Leung PY, Tsang T, Ho W, Lee KH, Lau EM, Ferguson NM,  

Anderson RM (2003) Transmission dynamics of the etiological agent of SARS in Hong Kong: impact of 

public health interventions. Science (New York, N.Y.) 300(5627): 1961–1966. 

https://doi.org/10.1126/science.1086478 

[36] Chinese SARS Molecular Epidemiology Consortium (2004). Molecular evolution of the SARS coronavirus 

during the course of the SARS epidemic in China. Science (New York, N.Y.), 303(5664), 1666–1669. 

https://doi.org/10.1126/science.1092002 

[37] Song HD, Tu CC, Zhang GW, Wang SY, Zheng K, Lei LC, Chen QX, Gao YW, Zhou HQ, Xiang H, Zheng 

HJ, Chern SW, Cheng F, Pan CM, Xuan H, Chen SJ, Luo HM, Zhou DH, Liu YF, He JF et al (2005) Cross-

host evolution of severe acute respiratory syndrome coronavirus in palm civet and human. Proceedings of the 

National Academy of Sciences of the United States of America 102(7): 2430–2435. 

https://doi.org/10.1073/pnas.0409608102 

[38] Gralinski LE, Menachery VD (2020) Return of the Coronavirus: 2019-nCoV. Viruses 12(2): 135. 

https://doi.org/10.3390/v12020135 

[39] Xu J, Zhao S, Teng T et al (2020) Systematic comparison of two animal-to-human transmitted human 

coronaviruses: SARS-CoV-2 and SARS-CoV. Viruses 12:244. https://doi.org/10.3390/v12020244 

[40] Fouchier RA, Kuiken T, Schutten M, van Amerongen G, van Doornum GJ, van den Hoogen BG, Peiris M, 

Lim W, Stohr K, Osterhaus AD (2003) Aetiology: Koch‘s postulates fulfilled for SARS virus. Nature 

423(6937):240.  https://doi.org/10.1038/423240a 

[41] Martina BE, Haagmans BL, Kuiken T, Fouchier RA, Rimmelzwaan GF, Van Amerongen G, Peiris JS, Lim 

W, Osterhaus AD (2003) Virology: SARS virus infection of cats and ferrets. Nature 425(6961): 915. 

https://doi.org/10.1038/425915a 

[42] Ji W, Wang W, Zhao X, Zai J, Li X (2020) Cross-species transmission of the newly identified coronavirus 

2019-nCoV. Journal of Medical Virology 92(4): 433–440. https://doi.org/10.1002/jmv.25682 

[43] Li B, Si HR, Zhu Y, Yang XL, Anderson DE, Shi ZL, Wang LF, Zhou P (2020) Discovery of bat 

coronaviruses through surveillance and probe capture-based next-generation sequencing. mSphere 5:e00807–

e00819. https://doi.org/10.1128/mSphere.00807-19 

[44] Rodriguez-Morales AJ, Bonilla-Aldana DK, Balbin-Ramon GJ, Rabaan AA, Sah R, Paniz-Mondolfi A, 

Pagliano P, Esposito S (2020) History is repeating itself: probable zoonotic spillover as the cause of the 2019 

novel coronavirus epidemic. Infez Med 28(1):3–5 

[45] Gallagher TM, Buchmeier MJ, Perlman S (1992) Cell receptor-independent infection by a neurotropic murine 

coronavirus. Virology 191(1): 517–522 https://doi.org/10.1016/0042-6822(92)90223-c 

[46] Gallagher TM, Buchmeier MJ, Perlman S (1993) Dissemination of MHV4 (strain JHM) infection does not 

require specific coronavirus receptors. Advances in Experimental Medicine and Biology 342: 279–284 

https://doi.org/10.1007/978-1-4615-2996-5_43 

[47] Miura TA, Travanty EA, Oko L, Bielefeldt-Ohmann H, Weiss SR, Beauchemin N, Holmes KV (2008) The 

https://doi.org/10.1038/s41586-020-2169-0
https://doi.org/10.1101/2020.02.13.945485
https://doi.org/10.1073/pnas.0506735102
https://doi.org/10.1128/JVI.00818-08
http://www.moh.gov.sa/en/CCC/PressReleases/Pages/default.aspx
https://doi.org/10.1056/NEJMoa1211721
https://doi.org/10.1126/science.1086478
https://doi.org/10.1126/science.1092002
https://doi.org/10.1073/pnas.0409608102
https://doi.org/10.3390/v12020135
https://doi.org/10.3390/v12020244
https://doi.org/10.1038/423240a
https://doi.org/10.1038/425915a
https://doi.org/10.1002/jmv.25682
https://doi.org/10.1128/mSphere.00807-19
https://doi.org/10.1016/0042-6822(92)90223-c
https://doi.org/10.1007/978-1-4615-2996-5_43


Annals of R.S.C.B., ISSN:1583-6258, Vol. 25, Issue 6, 2021, Pages. 418 – 431 

Received 25 April 2021; Accepted 08 May 2021.  

 

 

426 

 
http://annalsofrscb.ro 

spike glycoprotein of murine coronavirus MHV-JHM mediates receptor-independent infection and spread in 

the central nervous systems of Ceacam1a-/- Mice. Journal of Virology 82(2): 755–763. 

https://doi.org/10.1128/JVI.01851-07 

[48] Graham RL, Baric RS (2010) Recombination, reservoirs, and the modular spike: mechanisms of coronavirus 

cross-species transmission. J Virol 84(7):3134–3146. https://doi.org/10.1128/JVI.01394-09 

[49] Nakagaki K, Taguchi F (2005) Receptor-independent spread of a highly neurotropic murine coronavirus 

JHMV strain from initially infected microglial cells in mixed neural cultures. J Virol 79:6102–6110 

[50] Guan Y, Zheng BJ, He YQ, Liu XL, Zhuang ZX, Cheung CL, Luo SW, Li PH, Zhang LJ, Guan YJ, Butt KM, 

Wong KL, Chan KW, Lim W, Shortridge KF, Yuen KY, Peiris JS, Poon LL (2003) Isolation and 

characterization of viruses related to the SARS coronavirus from animals in southern China. Science (New 

York, N.Y.) 302(5643): 276–278. https://doi.org/10.1126/science.1087139 

[51] Yuen KS, Ye ZW, Fung SY, Chan CP, Jin DY (2020) SARS-CoV-2 and COVID-19: the most important 

research questions. Cell BioSci. 10:40. https://doi.org/10.1186/s13578-020-00404-4. eCollection 2020. 

[52] Gu J, Han B, Wang J. COVID-19 (2020): gastrointestinal manifestations and potential fecal-oral transmission. 

Gastroenterology. 158: 1518–9. https://doi.org/10.1053/j.gastro.2020.02.054 

[53] Woo PC, Huang Y, Lau SK, Yuen KY (2010) Coronavirus genomics and bioinformatics analysis. Viruses. 

2(8):1804e1820. https://doi.org/10.3390/v2081803 

[54] Ghinai I, et al (2020) First known person-to-person transmission of severe acute respiratory syndrome 

coronavirus 2 (SARS-CoV-2) in the USA. Lancet. https://doi.org/10.1016/S0140-6736(20)30607-3 

[55] Kim YI, Kim SG, Kim SM, et al (2020) Infection and rapid transmission of SARS-CoV-2 in ferrets. Cell Host 

Microbe. 27(5): 704e709. https://doi.org/10.1016/j.chom.2020.03.023 . 

[56] Jaimes JA, Millet JK, Stout AE, Andre NM, Whittaker GR (2020) A tale of two viruses: the distinct spike 

glycoproteins of feline coronaviruses. Viruses 12(1):83. https://doi.org/10.3390/v12010083 

[57] Wan Y, Shang J, Graham R, Baric RS, Li F (2020) Receptor recognition by novel coronavirus from Wuhan: 

an analysis based on decade-long structural studies of SARS. J Virol 94. https://doi.org/10.1128/JVI.00127-20 

[58] Tyrel DA, Bynoe ML (1965) Cultivation of a novel type of common cold virus in organ culture. Br Med J. 

(5448):1467–70.  

[59] Tyrrell DA, Bynoe ML (1996) Cultivation of viruses from a high proportion of patients with colds. Lancet. 

1:76–77 

[60] Hamre D, Procknow JJ (1996) A new virus isolated from the human respiratory tract. ProcSocExpBiol Med. 

121:190–193 

[61] Omrani AS, Al-Tawfiq JA, Memish ZA (2015) Middle East respiratory syndrome coronavirus (MERS-CoV): 

animal to human interaction. Pathology Glob Health 109:354-362. 

[62] Sabir JS, et al (2016) Co-circulation of three camel coronavirus species and recombination of MERS-CoVs in 

Saudi Arabia. Science 351:81-84. 

[63] Corman VM, et al (2014) Rooting the phylogenetic tree of middle East respiratory syndrome coronavirus by 

characterization of a conspecific virus from an African bat. J Virol 88:11297-11303. 

[64] Perlman S, Netland J (2019) Coronaviruses post-SARS: update on replication and pathogenesis. Nature Rev 

Microbiol 7(6):439–50 PubMed PMID: 19430490. 

[65] Heugel J, Martin ET, Kuypers J, Englund JA (2007) Coronavirus-associated pneumonia in previously healthy 

children. Pediatr Infect Disease J 26(8):753–5  

[66] Kuypers J, Martin ET, Heugel J, Wright N, Morrow R, Englund JA (2007) Clinical dis ease in children 

associated with newly described coronavirus subtypes. Paediatrics 119(1):e70–ee6  

[67] Kuiken T, Fouchier RAM, Schutten M, Rimmelzwaan GF, van Amerongen G, Van Riel D et al (2003) Newly 

discovered coronavirus as the primary cause of severe acute respiratory syndrome. Lancet 362 (9380):263–70  

[68] Peiris JSM, Lai ST, Poon LLM, Guan Y, Yam LYC, Lim W, et al (2003) Coronvirus as a possible cause of 

severe acute respiratory syndrome. Lancet 361(9366):1319–25 

[69]  Su S, Wong G, Shi W et al (2016) Epidemiology, genetic recombination, and pathogenesis of coronaviruses. 

Trends Microbio. 24: 490–502. 

[70]  Cui J, Li F, Shi ZL (2019) Origin and evolution of pathogenic coronaviruses. Nat Rev Microbio. 17: 181–92. 

[71] Braciale T, Hahn Y (2013) Immunity to viruses. Immunol Rev. (2013) 255:10.1111/imr.12109. 

https://doi.org/10.1111/imr.12109 

[72] Thompson M, Kaminski J, Kurt-Jones E, Fitzgerald K (2011) Pattern recognition receptors and the innate 

immune response to viral infection. Viruses. 3:920–40. https://doi.org/10.3390/v3060920 

[73] Cao X. COVID-19 (2020) immunopathology and its implications for therapy. Nat Rev Immuno. 269–70. 

https://doi.org/10.1038/s41577-020-0308-3 

https://doi.org/10.1128/JVI.01851-07
https://doi.org/10.1128/JVI.01394-09
https://doi.org/10.1126/science.1087139
https://doi.org/10.1186/s13578-020-00404-4
https://doi.org/10.1053/j.gastro.2020.02.054
https://doi.org/10.3390/v2081803
https://doi.org/10.1016/S0140-6736(20)30607-3
https://doi.org/10.1016/j.chom.2020.03.023
https://doi.org/10.3390/v12010083
https://doi.org/10.1128/JVI.00127-20
https://doi.org/10.1111/imr.12109
https://doi.org/10.3390/v3060920
https://doi.org/10.1038/s41577-020-0308-3


Annals of R.S.C.B., ISSN:1583-6258, Vol. 25, Issue 6, 2021, Pages. 418 – 431 

Received 25 April 2021; Accepted 08 May 2021.  

 

 

427 

 
http://annalsofrscb.ro 

[74] Channappanavar R, Perlman S (2017) Pathogenic human coronavirus infections: causes and consequences of 

cytokine storm and immunopathology. SeminImmunopathol. 39:529–39. https://doi.org/10.1007/s00281-017-

0629-x 

[75] Shimizu M (2019) Clinical features of cytokine storm syndrome. In: Cron R, Behrens E editors. Cytokine 

Storm Syndrome. Cham: Springer 31–42. https://doi.org/10.1007/978-3-030-22094-5_3 

[76] Pratik S (2020) Is a ―Cytokine Storm‖ Relevant to COVID-19? JAMA Internal Medicine 180:9  

[77] Min CK, Cheon S, Ha YN et al (2016) Comparative and kinetic analysis of viral shedding and immunological 

responses in MERS patients representing a broad spectrum of disease severity. Sci. Rep. 6: 25359 

https://doi.org/10.1038/srep25359 

[78] Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, Zhang Let al (2020) Clinical features of patients infected with 

2019 novel coronavirus in Wuhan, China. Lancet 395(10223): 497–506. https://doi.org/10.1016/S0140-

6736(20)30183-5 

[79] Ruan Q, Yang K, Wang W, Jiang L, Song J (2020) Clinical predictors of mortality due to COVID-19 based 

on an analysis of data of 150 patients from Wuhan, China. Intensive Care Med. 46:846–8 

https://doi.org/10.1007/s00134-020-06028-z 

[80]  Chen G, Wu D, Guo W, Cao Y, Huang D, Wang H, et al (2019) Clinical and immunologic features in severe 

and moderate Coronavirus Disease. J Clinic. Invest. 130:2620–9. 

https://doi.org/10.1101/2020.02.16.20023903 

[81] Gao Y, Li T, Han M, Li X, Wu D, Xu Y, et al (2020) Diagnostic utility of clinical laboratory data 

determinations for patients with the severe COVID-19. J Med Virol. 92:791–6. 

https://doi.org/10.1002/jmv.25770 

[82] Chen L, Liu HG, Liu W, et al (2020) Zhonghuajie he hehu xi zazhi = Zhonghuajiehe he huxizazhi = Chinese 

journal of tuberculosis and respiratory diseases, 43(0), E005. Advance online publication. 

https://doi.org/10.3760/cma.j.issn.1001-0939.2020.0005 

[83]  Sun D, Li H, Lu X, Xiao H, Ren J, Zhang FR, et al. (2019) Clinical features of severe pediatric patients with 

coronavirus disease 2019 in Wuhan: a single center‘s observational study. World J Paediatrics. 19:1–9 

https://doi.org/10.1007/s12519-020-00354-4 

[84] Wang R, Zagariya A, Ibarra-Sunga O, Gidea C et al (1999) Angiotensin II induces apoptosis in human and rat 

alveolar epithelial cells. The American journal of physiology 276(5): L885–L889. 

https://doi.org/10.1152/ajplung.1999.276.5.L885 

[85]  Ruiz-Ortega M, Lorenzo O, Rupérez M, Esteban V, Suzuki Y, Mezzano S, et al. (2001) Role of the renin-

angiotensin system in vascular diseases: expanding the field. Hypertension. 38:1382–7 

[86] Hamming I, Timens W, Bulthuis ML, Lely AT, Navis G, et al 2004 Tissue distribution of ACE2 protein, the 

functional receptor for SARS coronavirus. A first step in understanding SARS pathogenesis. J Patho. 

203:631–7.  

[87] Li W, Moore MJ, Vasilieva N, Sui J, Wong SK, Berne MA, et al (2003) Angiotensin-converting enzyme 2 is 

a functional receptor for the SARS coronavirus. Nature. 426:450–4. 

[88] Kuba K, Imai Y, Rao S, Gao H, Guo F, Guan B, Huan Y, Yang P, Zhang Y, Deng W, Bao L, Zhang B, Liu G, 

Wang Z, Chappell M, Liu Y, Zheng D, Leibbrandt A, Wada T, Slutsky AS, Liu D, Qin C, Jiang C, Penninger 

JM. (2005) A crucial role of angiotensin converting enzyme 2 (ACE2) in SARS coronavirus-induced lung 

injury. Nat Med. 11(8):875-9. https://doi: 10.1038/nm1267. Epub 2005 Jul 10 

[89] Hussman J, (2020). Cellular and Molecular Pathways of COVID-19 and Potential Points of Therapeutic 

Intervention. https://www.frontiersin.org/articles/10.3389/fphar.2020.01169/full Accessed on 14 November 

2020 

[90] Xu Z, Shi L, Wang Y, et al (2020) Pathological findings of COVID-19 associated with acute respiratory 

distress syndrome, Lancet Resp. Med. https://doi.org/10.1016/S2213-2600(20)30076-X 

[91] Drosten C et al (2013) Clinical features and virological analysis of a case of Middle East respiratory 

syndrome coronavirus infection. Lancet Infect Dis 13(9):745–751  

[92]  Lew TW, et al (2003) Acute respiratory distress syndrome in critically ill patients with severe acute 

respiratory syndrome. JAMA 290 (3):374–380 

[93] Chen N, Zhou M, Dong X, Qu J, Gong F, Han Y, et al (2020) Epidemiological and clinical characteristics of 

99 cases of 2019 novel coronavirus pneumonia in Wuhan, China: a descriptive study. Lancet. 395:507–13 

https://doi.org/10.1016/S0140-67362030211-7 

[94] Lai C, Shih T, Ko W, Tang H, Hsueh PR (2020) Severe acute respiratory syndrome coronavirus 2 (SARS-

CoV-2) and coronavirus disease-2019 (COVID-19): the epidemic and the challenges. Int J Antimicrob 

Agents. 55:105924 https://doi.org/10.1016/j.ijantimicag.2020.105924 

https://doi.org/10.1007/s00281-017-0629-x
https://doi.org/10.1007/s00281-017-0629-x
https://doi.org/10.1007/978-3-030-22094-5_3
https://doi.org/10.1038/srep25359
https://doi.org/10.1016/S0140-6736(20)30183-5
https://doi.org/10.1016/S0140-6736(20)30183-5
https://doi.org/10.1007/s00134-020-06028-z
https://doi.org/10.1101/2020.02.16.20023903
https://doi.org/10.1002/jmv.25770
https://doi.org/10.3760/cma.j.issn.1001-0939.2020.0005
https://doi.org/10.1007/s12519-020-00354-4
https://doi.org/10.1152/ajplung.1999.276.5.L885
https://www.frontiersin.org/articles/10.3389/fphar.2020.01169/full
https://doi.org/10.1016/S2213-2600(20)30076-X
https://doi.org/10.1016/S0140-67362030211-7
https://doi.org/10.1016/j.ijantimicag.2020.105924


Annals of R.S.C.B., ISSN:1583-6258, Vol. 25, Issue 6, 2021, Pages. 418 – 431 

Received 25 April 2021; Accepted 08 May 2021.  

 

 

428 

 
http://annalsofrscb.ro 

[95] Xu Z, Shi L, Wang Y, Zhang J, Huang L, Zhang C, et al. Pathological findings of COVID-19 associated with 

acute respiratory distress syndrome. Lancet Respir Med. (2020) 8:420–2. https://doi.org/10.1016/S2213-

2600(20)30076-X 

[96] Zhao J et al (2011) Age-related increases in PGD (2) expression impair respiratory DC migration, resulting in 

diminished T cell responses upon respiratory virus infection in mice. J Clinic Invest 121(12): 4921–4930 

[97] Alessandro T. (2020) The ―Perfect Cytokine Storm‖ of COVID-19 Mayo Clinic Proceedings. 95 (9): 2036 – 

2037. https://doi.org/10.1016/j.mayocp.2020.05.015 

[98] Zhao J et al (2010) T cell responses are required for protection from clinical disease and for virus clearance in 

severe acute respiratory syndrome coronavirus-infected mice. J Virol 84(18):9318–9325  

[99]  Kim KD et al (2007) Adaptive immune cells temper initial innate responses. Nat Med 13(10):1248–1252  

[100]  Palm NW, Medzhitov R (2007) Not so fast: adaptive suppression of innate immunity. Nat Med 13(10):1142–

1144 

[101]  Mehta P, McAuley DF, Brown M, Sanchez E, Tattersall RS, Manson JJ (2020) COVID-19: consider 

cytokine storm syndromes and immunosuppression. Lancet. 395:1033–4. https://doi.org/10.1016/S0140-

6736(20)30628-0 

[102] Xu Z, Shi L, Wang Y, Zhang J, Huang L, Zhang C, et al (2020) Pathological findings of COVID-19 

associated with acute respiratory distress syndrome. Lancet Resp. Med. 8:420–2.  

[103] https://www.cdc.gov/coronavirus/2019-ncov/need-extra-precautions/evidence-table.html   Accessed on 

4November 2020    

[104] https://www.statista.com/statistics/1105235/coronavirus-2019ncov-cases-recoveries-deaths-most-affected-

countries-worldwide/-4thnovember2020 Accessed on 4November 2020   

[105]  Chen R, Liang W, Jiang M, et al (2020) Medical Treatment Expert Group for COVID-19 (2020).  Risk 

Factors of Fatal Outcome in Hospitalized Subjects with Coronavirus Disease 2019 from a Nationwide 

Analysis in China. Chest. 158(1): 97–105.  https://doi.org/10.1016/j.chest.2020.04.010 

[106] Zhaohai Z, et al (2020) Risk factors of critical & mortal COVID-19 cases: A systematic literature review and 

meta-analysis. Journal of Infection https://doi.org/10.1016/j.jinf.2020.04.021 

[107]  Mehta P, McAuley DF, Brown M, Sanchez E, Tattersall RS, Manson JJ. (2020) COVID-19: consider 

cytokine storm syndromes and immunosuppression. Lancet. 395:1033–4. https://doi.org/10.1016/S0140-

6736(20)30628-0 

[108]  Chen G, Wu D, Guo W, Cao Y, Huang D, Wang H, et al. (2019) Clinical and immunological features of 

severe and moderate Coronavirus disease. J ClinInvestig. 130:2620–9. https://doi.org/10.1172/JCI137244 

[109] Mohapatra PR, Mishra B, Behera B. (2020) BCG vaccination induced protection from COVID-19. The Indian 

Journal of Tuberculosis, Advance online publication. https://doi.org/10.1016/j.ijtb.2020.08.004 

[110] Savarino A, Boelaert JR, Cassone A, Majori G, Cauda R. (2003) Effects of chloroquine on viral infections: an 

old drug against today‘s diseases? Lancet Infect Dis 3: 722–7. 

[111]  Vincent MJ, Bergeron E, Benjannet S et al (2005) Chloroquine is a potent inhibitor of SARS coronavirus 

infection and spread. Virol J 2: 69 

[112] Salata C, Calistri A, Parolin C, Baritussio A, Palu G. (2017) Antiviral activity of cationic amphiphilic drugs. 

Expert Rev Anti Infect Ther 15: 483–92. 

[113] Wang M, Cao R, Zhang L, Yang X, Liu J, Xu M. (2020) Remdesivir and chloroquine effectively inhibit the 

recently emerged novel coronavirus (2019-nCoV) in vitro. Cell Res. 30:269–71. 

[114] Gao J, Tian Z, Yang X. (2020) Breakthrough: chloroquine phosphate has shown apparent efficacy in 

treatment of COVID-19 associated pneumonia in clinical studies. Biosci. Trends. 14: 72–3. 

[115]  Yao X, Ye F, Zhang M, et al (2020) In vitro antiviral activity and projection of optimized dosing design of 

hydroxychloroquine for the treatment of severe acute respiratory syndrome coronavirus 2 (SARS‐CoV‐2). 

Clinic. Infect Dis. 71(15):732‐739 

[116]  Frisk-Holmberg M, Bergqvist Y, Englund U. (1983) Chloroquine intoxication. Br J ClinPharmacol 15: 502–3 

[117] Beigel JH, Tomashek KM, Dodd LE, et al (2020) Remdesivir for the Treatment of Covid-19 — Final Report. 

New England Journal of Medicine. https://doi.org/10.1056/nejmoa2007764 

[118]  Chen P, Nirula A, Heller B, et al (2020) SARS-CoV-2 Neutralizing Antibody LY-CoV555 in Outpatients 

with Covid-19. New England Journal of Medicine, 1–9. https://doi.org/10.1056/nejmoa2029849 

[119]  Goldman JD, Lye DCB, Hui DS, et al (2020) Remdesivir for 5 or 10 Days in Patients with Severe Covid-19. 

New England Journal of Medicine, 1–11. https://doi.org/10.1056/nejmoa2015301 

[120]  Spinner CD, Gottlieb RL, Criner GJ, et al (2020) Effect of Remdesivirvs Standard Care on Clinical Status at 

11 Days in Patients with Moderate COVID-19: A Randomized Clinical Trial. JAMA - Journal of the 

American Medical Association, 324(11): 1048–1057. https://doi.org/10.1001/jama.2020.16349 

https://doi.org/10.1016/S2213-2600(20)30076-X
https://doi.org/10.1016/S2213-2600(20)30076-X
https://doi.org/10.1016/j.mayocp.2020.05.015
https://doi.org/10.1016/S0140-6736(20)30628-0
https://doi.org/10.1016/S0140-6736(20)30628-0
https://www.cdc.gov/coronavirus/2019-ncov/need-extra-precautions/evidence-table.html
https://www.statista.com/statistics/1105235/coronavirus-2019ncov-cases-recoveries-deaths-most-affected-countries-worldwide/-4thnovember2020
https://www.statista.com/statistics/1105235/coronavirus-2019ncov-cases-recoveries-deaths-most-affected-countries-worldwide/-4thnovember2020
https://doi.org/10.1016/j.chest.2020.04.010
https://doi.org/10.1016/j.jinf.2020.04.021
https://doi.org/10.1016/S0140-6736(20)30628-0
https://doi.org/10.1016/S0140-6736(20)30628-0
https://doi.org/10.1172/JCI137244
https://doi.org/10.1056/nejmoa2007764
https://doi.org/10.1056/nejmoa2029849
https://doi.org/10.1056/nejmoa2015301
https://doi.org/10.1001/jama.2020.16349


Annals of R.S.C.B., ISSN:1583-6258, Vol. 25, Issue 6, 2021, Pages. 418 – 431 

Received 25 April 2021; Accepted 08 May 2021.  

 

 

429 

 
http://annalsofrscb.ro 

[121]  Fan L, Jiang S, Yang X, Wang Z, Yang C (2020) COVID-19 Drug Treatment in China. Current 

Pharmacology Reports, 6(4): 146–154. https://doi.org/10.1007/s40495-020-00218-5 

[122] Jawhara S. (2020) Could intravenous immunoglobulin collected from recovered coronavirus patients protect 

against COVID-19 and strengthen the immune system of new patients? Int J Mol Sci. 21(7):E2272. 

https://doi.org/10.3390/ijms21072272 

[123]  Ma C, Wong CK, Wong BC, Chan KC, Lun SW, Lee N, et al (2009) Cytokine responses in a severe case of 

glandular fever treated successfully with foscarnet combined with prednisolone and intravenous 

immunoglobulin. J Med Virol. 81:99–105. https://doi.org/10.1002/jmv.21383 

[124]  Hung IFN, To KKW, Lee CK, Lee KL, Yan WW, Chan K et al (2013) Hyperimmune IV immunoglobulin 

treatment: a multicenter double-blind randomized controlled trial for patients with severe 2009 influenza A 

(H1N1) infection. Chest. 144:464–73. https://doi.org/10.1378/chest.13-0571 

[125] Alejandria MM, Lansang MAD, Dans LF, Mantaring JB, (2013) Intravenous immunoglobulin for treating 

sepsis, severe sepsis and septic shock. Cochrane Database Syst Rev. 2013:CD001090-CD. 

https://doi.org/10.1002/14651858.CD001090.pub2 

[126]  Zhao Q, Ning J (2020) Clinical and immunological features of severe and moderate coronavirus disease 2019 

Clinic. Invest. 130(5):2620-2629. https://doi.org/10.1172/JCI137244 

[127] Ghazavi A. (2020) Cytokine profile and disease severity in patients with COVID-19 

https://doi.org/10.1016/j.cyto.2020.155323 

[128]  Casmir T. (2020) Commentary Cytokine Storms in Cancer and COVID-19 University of Oxford Medical 

School, John Radcliffe Hospital, Oxford, UK https://doi.org/10.1016/j.ccell.2020.09.019 

[129] Mathilda M, et al (2020) Cytokine prediction of mortality in COVID-19 patients 

https://doi.org/10.1016/j.cyto.2020.155190 

[130] Shintaro H, (2020) How COVID-19 induces cytokine storm with high mortality 

https://doi.org/10.1186/s41232-020-00146-3 

[131]  Huang C, et al (2020) Clinical features of patients infected with 2019 novel coronavirus in Wuhan, China. 

Lancet. 395(10223):497–506. 

[132]  Malik AS. (2020) Ethical challenges for healthcare workers during covid-19 pandemic. Journal of University 

Medical and Dental College, 11(2): IV-V. 

[133] Abdalqader M, Shebl H, Ghazi H, Baobaid MF, Jun HCW, Hasan TN, et al (2020). The facts about Corona 

virus disease (COVID-19): the current scenario and important lessons. Global Journal of Public Health 

Medicine, 168-178. 

[134]  Ghazi HF, Taher TMJ, Abdalqader MA, Raheema RH, Baobaid MF, et al (2020). Knowledge, Attitude, and 

Practice Regarding Coronavirus Disease-19: Population-Based Study in Iraq. Open Access Macedonian 

Journal of Medical Sciences. 8(T1): 137-141. 

 

 

 

https://doi.org/10.1007/s40495-020-00218-5
https://doi.org/10.3390/ijms21072272
https://doi.org/10.1002/jmv.21383
https://doi.org/10.1378/chest.13-0571
https://doi.org/10.1002/14651858.CD001090.pub2
https://doi.org/10.1172/JCI137244
https://doi.org/10.1016/j.cyto.2020.155323
https://doi.org/10.1016/j.ccell.2020.09.019
https://doi.org/10.1016/j.cyto.2020.155190
https://doi.org/10.1186/s41232-020-00146-3


Annals of R.S.C.B., ISSN:1583-6258, Vol. 25, Issue 6, 2021, Pages. 418 – 431 

Received 25 April 2021; Accepted 08 May 2021.  

 

 

430 

 
http://annalsofrscb.ro 

 
Fig. 1 Zoonotic transmission of novel SARS-CoV-2 (COVID-19) strain. 

 

 
Fig. 2 Cytokine bombardment stages in COVID-19 patients. 
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Fig. 3 Angiotensin converting enzyme-2 (ACE-2) downregulation mechanism in SARS-CoV-2 (COVID-19) 

patients 

 

I. The virion particles enter the host cell by interacting with the ACE-2 receptor via its spike protein. 

II. The ACE-2 expression is downregulated by the virus through the upregulation of angiotensin II (ANG II). 

Cleavage of ANG I by angiotensin converting enzyme-2 (ACE-2) results in ANG II. 

III. Through NF-kB signalling, upregulated ANG II act on AT1R receptor and modulate the gene expression of 

several inflammatory mediators (IL-6, IL-9 and TNF-α). 

IV. The interaction between ANG II / AT1R also affects the activation of macrophages and triggers cytokine 

bombardment, which results in uncontrolled activation of macrophages (macrophage activation syndrome) and 

leads to Acute Respiratory Distress Syndrome (ARDS). 

V. ADAM17 (metalloprotease) also releases these pro-inflammatory cytokines and ACE-2 receptors to the soluble 

form, which facilitates the loss of the protective function of surface ACE-2 and probably increases SARS-CoV-

2 pathogenesis.  

 


