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Abstract 

   
An ongoing novel highly contagious pneumonia outbreak started in Wuhan, which is the sprawling capital of 

central china's province, Hubei, in late December 2019. The disease was officially named by the World Health 

Organization on February 12, 2020, as Coronavirus Disease 2019 (COVID-19) was caused by Severe Acute 

Respiratory Syndrome Coronavirus 2 (SARS-CoV-2). The primary host of SARS-CoV-2 is linked with bat species 

however; the intermediate host is still not clear. The COVID-19 spread rapidly across the world because of 

person-person transmission. The SARS-CoV-2 stimulates both the cellular and humoral immunity mediated by 

viral-specific B and T cells. Cases of COVID-19 infection exhibit several clinical complications for example fever, 

tiredness and dry cough. Diagnosis is mostly depending on epidemiological characteristics, clinical 

manifestation, and few through the examination of auxiliary tissues. In this review, we have provided a brief 

introduction of SARS-CoV-2, pathogenesis, diagnosis, immune responses, and treatments and future 

perspectives. 
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Introduction 

Coronaviruses belong to order Nidovirales, family 

coronaviridae and subfamily orthrocoronavirin 

(Shereen et al.,2020). Coronavirus shows crown-like 

spikes on their outer surface; therefore, it was named 

Coronavirus. Coronavirdae has the four subgroups 

Alpha, Beta, Gamma, and Delta (α, β, γ and δ) 

coronaviruses (Zhong et al., 2003) . The newly 

emerged  SARS-CoV-2 belongs to β-coronaviruses, 

which is an enveloped,  positive (+) sense RNA virus 

(Su et al., 2016). The SARS-CoV-2 causes a highly 

contagious disease called coronavirus Disease 2019 

(COVID-19)(Adhikari et al., 2020). The phylogenetic 

studies show that SARS-CoV-2 has a high 

resemblance with the Severe Acute Respiratory 

Syndrome virus (SARS-coV) and the relatively poor 

with the Middle East Respiratory Syndrome virus 

(MERS-CoV)(Shereen, Khan, Kazmi, Bashir, & 

Siddique, 2020; Zheng, 2020). This was the 3rd 

zoonotic coronavirus outbreak in the 1st two decades 

of the 21st century. However, this time disease is 

rapidly transmitted from person to person and has 

raised a global human concern(Xie & Chen, 2020). 

Human to human transmission through close contact, 

air droplets and asymptomatic incubation carriers 

within the families, friends and the community made 

it extremely contagious(Guo et al., 2020). By 

following exponential growth up to the end of 

January 2020, the outbreak reached several 

countries, grabbing considerable attention in the 

entire globe. As of March 11, 2020, WHO announced 

the epidemic to a global pandemic because of 13 folds 

increase in cases outside China and the number of 

affected countries also increased 3-folds. A further 

increase was also expected.  

 

Unfortunately, the Chinese New Year festival ―Lunar’’ 

holidays, which is celebrated at the beginning of the 

new year, accord with the outbreak of COVID-19, is 

the best celebratory event of the year in China during 

which a huge number of peoples migration occurred 

to their home towns(Cucinotta & Vanelli, 2020). 

Approximately 3 billion peoples in China make close 

trips over the 40 days’ travel period, of ―Chunyun‖. 

About 5 million individuals traveled from Wuhan, the 

epicenter of the COVID-19 outbreak, before the 

implementations of the travel ban on January 23, 

2020(Chen, Yang, Yang, Wang, & Bärnighausen, 

2020). Therefore, a rapid expansion and spread of 

COVID-19 cases transmission observed within China 

and outside China(Zu et al., 2020). This review article 

highlights the ongoing challenges of COVID-19, 

pathogenesis, diagnosis, current and future treatment 

strategies, immune responses and future 

perspectives.  

 

Pathogenesis 

The coronaviruses' genome structure is best known 

among all RNA viruses of virosphere. Two-third (2/3) 

part of their genome (RNA) encodes for the viral 

polymerases (RdRp), material responsible for RNA 

synthesis, and two (Ⅱ) big structural polyproteins 

that are responsible for host immune responses 

modulation (ORF1a-ORF1b). The remaining one-

third (1/3) part of RNA encodes for four (Ⅳ) 

structural proteins. These structural proteins include 

spikes (S) proteins, envelop (E) proteins, membrane 

(M) proteins, and nucleocapsid (N) proteins(Shereen 

et al., 2020). COVID-19 causes the infection of the 

lower respiratory tract of humans and results in 

pneumonia(Zhong et al., 2003). Patients infected 

with COVID-19 had a higher leukocyte count, 

respiratory abnormalities, and elevated levels of 

plasma proinflammatory cytokines(Yang et al., 

2020). Few patients can also face headaches or 

hemoptysis and even relatively asymptomatic. 

Coronavirus causes approximately 15% of adult 

common colds while the same strains of 

coronaviruses can cause debilitation and pneumonia 

in immunocompromised older adults(Cui, Li, & Shi, 

2019). Affected aged individuals with medical 

findings have a greater chance of respiratory failure 

due to severe lungs ―alveolar‖ damage(Adhikari et al., 

2020). These signs symptoms are analogous with 

SARS-CoVs and MERS-CoVs infections. The bases of 

initial infections with SARS-CoV-2 are not completely 

known until now. Although the pathogenesis 

mechanism of the COVID-19 is inadequately learned, 

however, the same mechanism of SARS-CoVs and 

MERS-CoVs can provide us huge information about 
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the SARS-CoV-2 pathogenesis. Similarly, the 

attachment of SARS-CoV-2 with lungs cells ACE2 

receptors leads to extended production of ACE2, 

which may catalyze the destruction of host alveolar 

cells. Injury to human alveolar cells run a group of 

systemic reactions and even death occured(Nikolich-

Zugich et al., 2020). As shown in figure 1. Generally, 

the coronaviruses infection consists, of attachment, 

entry, replication, translation, virion assembly and 

release of virus(Hoffmann et al., 2020; Nikolich-

Zugich et al., 2020).  

 

SARS-CoV-2 infection cycle starts from the entry of 

viral particles into the host cell. SAR-CoV-2 can enter 

into the host cell in Ⅱ ways either through plasma 

membrane fusion or either through 

endosomes(Nikolich-Zugich et al., 2020). When the 

virions enter into the endosomes, L cathepsin 

activates the S (spike) protein. Although, the spikes 

protein can also be activated by cellular serine 

protease TMPRSS2 close to the ACE2 receptor, which 

starts with a fusion of viral membrane with the 

plasma membrane(Nikolich-Zugich et al., 2020). 

Viral fusion entry less activates the immune system, 

therefore, more efficient for viral replication 

(Hoffmann et al., 2020). The S proteins play a vital 

role in the attachment of virion with the host cell 

membrane(Shirato, Kawase, & Matsuyama, 2018). It 

is consisting of two basic subunits S1 and S2. The S1 

subunit consists of a signal peptide, which is 

proceeded through N-terminal domain (NTD), and 

Receptor Binding domain (RBD), while the S2  

subunit consists of the fusion peptide (FP), 1 and 2 

heptad repeat (HR), Transmembrane domain (TMD), 

and a cytoplasmic domain (CPD)(Cucinotta & Vanelli, 

2020). Genome encoding is initiated after the entry 

into human cells (respiratory tract cells) and 

facilitates the expression of genes (protein synthesis), 

which run the adaptation of CoVs to their human 

host(Su et al., 2016).  

 

Translation of SARS-CoV-2 machinery and 

replication 

After the SARS-CoV-2 RNA is released into the host 

cell, polyproteins are translated. The virus genomic 

RNA encodes nonstructural proteins (NPs) that have 

a critical role in viral RNA synthesis, and structural 

proteins which are important in virion assembly. First 

polyprotein pp1a and pp1ab are translated to form 

functional NSPs as helicase or RdRp(Ramanathan et 

al., 2020).  

 

Translation of virus structural proteins, virion's 

assembly and release 

RdRp is responsible for the replication of structural 

proteins RNA. Structural proteins S1, S2, (E) and (M) 

are translated by ribosomes that are bound to the 

endoplasmic reticulum (ER) and presented on its 

surface as preparation of virion assembly. The 

nucleocapsids (N) remain in the cytoplasm and are 

assembled from genomic RNA. They fuse with the 

virion precursor which is then transported from the 

ER through the Golgi Apparatus to the cell surface via 

small vesicles(Zhong et al., 2003). Virions are then 

released from the infected cell through exocytosis and 

search for another host cell. 

 

Immune response 

The immune system shows a response against 

COVID-19 in 2 distinct phases (Ⅰ, Ⅱ). Phase Ⅰ 

immune responses initiated during the incubation 

and non-severe stage of SAR-CoV-2, fully functional 

and specific adaptive immune response are required 

to eliminate the SAR-CoV-2 and to stop the disease 

progression to severe stages. At this stage of the 

disease, anti-sera and IFN α treatments are important 

strategies for the protective endogenous immune 

response. The host has generally good health and 

appropriate immune genetic background that 

produce excellent antiviral immunity(Shin, Jung, 

Kim, Baric, & Go, 2018). When the protective 

immune response failed to elicit the disease, the virus 

propagates to a severe stage and triggers the phase Ⅱ 

immune response. Phase Ⅱ immune response 

includes severe cytokines storms and pro-

inflammation(Guo et al., 2020). According to Lancet 

reports, the prime factor of causalities with COVID-19 

is the progress of acute respiratory distress syndrome 

(ARDS)(Shi et al., 2020). One of the key mechanism 

of ARDS is the massive release of cytokines named as 
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cytokines storm which leads to abandoned systemic 

inflammation due to the release of IFN- α, IFN-g, IL-

1b, IL-6, IL-12, IL-18, Il-33, TNF- α, and TGFb and 

many other chemokines CCL2, CCL3, CCL5, CXCL8, 

and CXCL-10, etc(Goh, Kalimuddin, & Chan, 2020). 

This leads to multi-organ failures like kidney and 

lungs(Goh et al., 2020). While the immune system of 

aged persons bears many age-related consequences, 

that affect nearly each component of the Immune 

system collectively termed immune senescence 

(Nikolich-Žugich, 2018) that changes the faces 

themselves and enhance the morbidity and mortality 

rate with infectious diseases especially COVID-19. 

Which affect both adaptive and innate immune 

system as well as the cooperation of immune response 

itself in time and space which works effectively in 

young adults but deteriorate with age. Globally 

cytokines signaling, peroxide production, nitric oxide 

and phagocytic functions of neutrophils are all 

reduced in older peoples(Ahmed, Shah, Rahim, 

Flores, & O'Linn, 2020). The macrophages' ability of 

phagocytoses is also become limited due to defective 

phosphorylation of activating enzymes to limit and 

delayed cytokines secretions(Nikolich-Žugich, 2018). 

Ages related changes disturb the functionality of 

dendritic cell (DC, s), to encompass reduced uptake of 

antigen and diminished the maturation, migration 

and formulation of co-stimulatory molecules and 

necessary cytokines for T cells stimulations(Ahmed et 

al., 2020). Furthermore, adaptive immune system is 

also significantly affected by age related factors. It 

diminished the both B and T cells functions. 

Activation of old B cells faces serious issues in the 

initiation of a vital E47 and AID transcription factor.  

Improper induction of these important enzymes in 

case of class switching and somatic cell hyper-

mutation head to decreased avidity of antibodies in 

aged patients(Ahmed et al., 2020). T –cells also 

affected enormously by age-related changes, the 

proliferation of T-cells and expression of IL-2 

reduced. CD4+ TN cells in old humans whereby 

diminished T-cells receptors (TCR) signaling and 

population increment were associated with age-linked 

destruction of miR-181, an important microRNA 53. 

MicroRNA commonly suppress the phosphatase that 

attenuates TCR signaling. T-helper cells and 

downstream effector molecules like TNF, TNF-γ, 

granuzyme B cells and others are also 

reduced(Nikolich-Žugich, 2018). Brief information is 

beyond this review scope, although, the aggregation 

of these alterations leaves aged peoples particularly 

susceptible to emerging infectious disease. This is 

because, with advancing age, get older, T and B-cells 

production start dropping and at the age of 40-50 

years, only 10% 1of T-cells are left as compared to 

children and young. This is the reason why elderly 

people are more prone to infections(Desai, 

Grolleau‐Julius, & Yung, 2010).  

 

Current treatment strategies for covid-19 

To date, there is no specific antiviral drug and vaccine 

recommended for the treatment of COVID-19 right 

now. The UK and Germany are trailing their vaccines 

against the COVID-19. The only treatment available is 

oxygen therapy which constitutes the prime 

treatment intervention for patients with serious 

respiratory infections. Moreover, among other 

therapeutic strategies, several drugs few of them have 

been used on patients with SARSCoV and MERS-CoV 

infections, are being tested including remdisivir, 

baricitnib, hydroxychloroquine and the drugs used 

against influenza, favipiravir, chloroquine and others 

are being considered(Ahn et al., 2020). 

 

Wang et al. disclose that chloroquine (anti-malaria 

drug) in combination with remdesivir is highly 

effective against the COVID-19 because chloroquine 

shows great in-vitro impacts on the suppression of 

uncoating of viruses, it does not allow a virus to 

uncoat and release its genome and it also inhibits 

alterations of post-translational changes of newly 

synthesized protein, it also does suppression of 

glycosylation in several viruses, including human 

immunodeficiency virus (HIV)(Chinn, Blackburn, 

Manley, & Sempowski, 2012). The advantage of 

exploring such drugs is that there is already a large 

number of information available about the base of 

their use and safety in humans, and it is important 

that despite the urgency the introduction of new 

therapies should not be pressed at the expense of 
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safety. Moreover, Chinese traditional medicines have 

gained wide adoption, particularly in curing mild 

symptoms of COVID-19. A Chinese patent medicine 

Lianhuaqingwen (LH),  which is formed of 13 herbs 

has played a positive role in the treatment of COVID-

19 as it exerts broad-spectrum impacts on a group of 

influenza viruses by restricting viral propagation(Ahn 

et al., 2020). Furthermore, immunotherapy by 

applying IgG in combination with antiviral drugs can 

be applied to treat and prevent COVID-19 and to 

make stronger the immune response against this 

virus. The IgG may be applied to neutralize the virus 

causing COVID-19 and the efficacy of IgG antibodies 

would be best if they were isolated from patients 

recovered from COVID-19(Wang et al., 2020). 

 

Research which includes Ⅳ rhesus monkeys 

introduces that formulating SARS-coronavirus-2 

saved against future reoccurring infections. When 

scientists re-infected Ⅱ of the Ⅳ monkeys by this 

virus again after the 28 days of initial infection, a total 

of 96 anal swabs and nasopharyngeal swabs resulted 

in the negative (–ve) after the re-exposure of SARS-

CoV-2. The euthanasia and necropsy findings of Ⅰ of 

the Ⅱ monkeys confirmed these results. These results 

suggested that the immune response raised by Ⅱ 

animals have saved them from future infection of 

SARS-coronavirus-2. Hoffmann et al; studied, 

whether antibodies produce by patients who have 

been previously diagnosed positive (+) for SARS 

would prevent SARS-CoV-2 entry into the cell. They 

also analyzed that antibodies against the SARS-CoV S 

protein limits how well in the in-vitro model virus 

with a SARS-CoV-2 S protein could infect cells (Xia et 

al., 2020). They also saw similar findings with 

antibodies against S proteins produced in rabbits.  

 

These findings showed that neutralizing antibody 

responses formed against SARS-CoVs could offer 

some safety against SARS-CoV-2 infection, which can 

be used for the prevention of COVID-19 infection 

(Runfeng et al., 2020). Moreover, the passive 

immunization with convalescent sera having (Ab) 

antibodies from individuals who have recovered from 

COVID-19, could prevent COVID-19 infection as 

argued by Casadevall and Pirofski (Rahman, 2020). 

Some investigational treatments for COVID-19 are 

given in Table 1. 

 

Table 1. Investigational treatments of COVID-19. 

Viral drugs under clinical trials Possibilities other than antiviral drugs 

Leponavir and ritonavir(Anderson, Heesterbeek, 

Klinkenberg, & Hollingsworth, 2020) 

Monoclonal antibodies isolation from patients recovered from 

COVID-19(Barnard et al., 2006) 

Remedisvir (Ko et al,. 2020) Blood plasma transfers(Vincent et al., 2005) 

Favipiravir(Dong, Hu, & Gao, 2020) Stem cells(Zhang, Wang, Qi, Shen, & Li, 2020) 

Chloroquine (Gao et al 2020)  

Hydroxychloroquine (Chowdhury et al., 2020)  

Herbal treatments: 4 most commonly used herbs in China under trial are 

Astragali Radix (Wang, 2009) Saposhnikoviae Radix (Du, 2013) 

Glycyrrhizae Radix Et Rhizoma (Luo, 2020) Lonicerae Japonicae Flo (Bittmann, 2020) 

 

To reduce the damage linked to COVID-19, global 

public health and infection control programs are 

exigently needed to bind the worldwide transmission 

of the virus. In COVID-19 infections travel history has 

great significance for early discovery and isolation of 

SARS-Cov2 pneumonia cases. It is necessary to 

reduce the person to person transmission to limit 

secondary infections(Jawhara, 2020). Currently, 

prevention is the only strategy that can limit the 

spread of COVID-19 (Zhang et al,. 2020). 

Chloroquine as a potential inhibitor among all other 

antivirals 

Chloroquine (CQ) is an anisotropic amine form of 

quinine. For decades CQ is a medication for the 

treatment and prevention of malaria and a variety of 

viruses such as Human immune deficiency virus 

(HIV) Zika virus, Marburg virus, dengue virus and 

SARS-Cov-1 (Abdel-Aty et al,. 2020). The reason 

behind this frequent use is the anti-inflammatory and 

immunomodulatory effects of this drug, which can be 
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beneficial in treating COVID-19. The China National 

Centre for Biotechnology Development found that CQ 

is Ⅰ of Ⅲ  drugs with an encouraging profile against 

SARS-Cov-2 caused by COVID-19 (X. Z. Zhang et al,. 

2020) . Chloroquine has multiple mechanisms of 

action depending on the type of pathogen interaction. 

Chloroquine can limit the pre-entry step of the viral 

replication cycle by interfering with viral particles 

binding to their intracellular receptors, and it can also 

inhibit pH-dependent endosome mediated entry of 

enveloped viruses (Karuppannan et al., 2012). This 

feature can be attributed to treating COVID-19 as 

SARS-Cov-2 entry is also reported to be endosome 

mediated(Chinn et al., 2012).  

 

Fig. 1. Person to person transmission of SAR-CoV-2 mainly depends upon air droplets and direct contact with an 

infected person. After the transmission the viral particles undergo six-step viral replication in the human body 

such as 1) Viral entry through endosomes or Via plasma membrane 2) translation of viral replicating machinery 

3) replication of viral particles 4) translation of viral structure protein 5) virion assembly 6) release of the viruses. 

Furthermore, the fig also explains the immune responses and conditions developed after the infection. There 

should be three types of infections asymptomatic, mild and severe.   

The pH intonation by CQ can diminish the proper 

maturation of viral protein and recognition of viral 

antigens by receptors. CQ can also inhibit post-

translational modifications of viral proteins such as 

glycosylation which require low pH i.e HIV and CQ 

increase the pH (Savarino et al., 2001). During in-

vitro studies, CQ has shown to the deficit the 

glycosylation of angiotensin-converting enzyme 

2(ACE2), a virus cell surface receptor (Li, 2003). 

Chloroquine worked at both entries and after entry 
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stages of COVID-19 infection. Its immune-modulating 

functions synergistically increase its antiviral effects 

on animals as it is mostly distributed in the entire 

body as well as lungs after oral administration. 

Recently CQ has been shown by several studies to 

reduce SARS-Cov-2 viral load and duration of viremia 

(Garcia‐Cremades et al,. 2020). Till now 15 clinical 

trials have been conducted in China each trial 

containing 100 patients, to define the safety and 

efficacy of CQ in treating COVID-19 but whether their 

immune-modulatory effects also play a role in 

treating COVID-19 require further investigation 

(Scavone et al,. 2020). 

 

Vaccines 

Currently, there is no FDA approved vaccine is 

available for COVID-19. But several groups have been 

started their work on preparing vaccines shortly after 

Chinese scientists have shared virus genetic 

material(Vincent et al., 2005). These include 

MODERNA, Inovio, Curevac Biotech Company and 

University of Queensland in Australia. 

 

Moderna 

At the end of March 2020 this company started 

testing its mRNA-1273 vaccine against COVID-19 in 

Washington on 45 healthy volunteers' ages between 

18-55, this mRNA vaccine when injected into human 

body cells, then the lymphocytes (B and T cells) in 

lymph nodules can operate that mRNA or initiate the 

formulation of protein in just the right way for other 

immune cells to mark and identify them for 

destruction(Dong et al., 2020). 

 

Inovio 

This Company has quickly developed a vaccine 

against COVID-19 as they are working since 

December on DNA vaccine for MERS, caused by the 

same coronavirus. The company is expected to start a 

clinical trial of COVID-19 vaccine in May 2020(Dong 

et al., 2020). 

 

University of Queensland in Australia 

Researchers are developing vaccines by growing viral 

proteins in cell culture. They expect to start clinical  

trials at the end of May 2020(Zhang et al., 2020). 

 

Curevac biotech 

This company in Turbingen, Germany will begin a 

human trial of the mRNA-based vaccine in June 2020 

(Huggett, 2016).  

 

Another trial at the Kaiser Permanente Washington 

Health Research Institute in Seattle, USA, is under 

consideration. In this trial, the vaccine is injected into 

45 healthy volunteers contain a part of genetic 

material duplicated from SARS-CoV-2. Because this 

vaccine does not have the actual SARS-CoV-2, the 

individuals will not develop COVID-19 (Boulos, 

2020). 

 

In UK Sarah Gilbert and her colleague at Oxford 

University begin imminently trials on humans and 

animals of ChAdOx1 vaccine and predicting that the 

vaccine will be accessible in late 2020 (Purushotham, 

2019). 

 

In China CanSino Biologics in participation with the 

Academy of Military Medical sciences are also 

working to formulate the recombinant vaccine. A 

clinical trial has begun among 108 volunteers in 

Wuhan aged between 18-60 years (Ali et al., 2020) 

According to the director of the National Institute of 

Allergy and Infectious Diseases, a vaccine won’t be 

available for widespread use for at least another 12-18 

months (Mortimer, 1990). 

 

Conclusion  

There is no proper treatment available for COVID-19 

right now. Therefore, it is spreading rapidly across the 

globe and has already paralyzed life in several 

countries.  Its spread can be limited only by having a 

strict implementation of preventive strategies 

developed by WHO.  Now a day it is too early to 

predict any practical situation, but it will strongly 

threaten the entire world. Low-income countries like 

Pakistan are facing worst-case scenarios, by having 

very low economic support to fight against this lethal 

virus. This is an interesting and hot topic for which to 

develop guidelines, not only for the instant time of the 
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pandemic, it is very important to keep an eye on the 

future in case there are upcoming waves as looking 

forward. There is a need of unveiling the detailed 

entry processes of SARS-CoV-2 into human cells. 

Besides, research work is required to fill the gaps 

associated with the transmission of the virus from 

zoonotic sources to humans. Without knowing the 

intermediate zoonotic source that had received the 

virus from the source of origin and caused the 

infection in humans, it is almost impossible to 

eradicate the infection. Proper strategies should be 

applied in healthcare settings with restriction of 

people to their homes to mitigate the spread. 

 

Conflicts of Interest 

No. 

 

References 

Shereen MA, Khan S, Kazmi A, Bashir N, 

Siddique R. 2020. COVID-19 infection: Origin, 

transmission, and characteristics of human 

coronaviruses. Journal of Advanced Research. 

Shereen MA, Khan S, Kazmi A, Bashir N, Siddique R. 

COVID-19 infection: Origin, transmission, and 

characteristics of human coronaviruses [Internet]. 

Journal of Advanced Research 24, 91–8.  

Available from:  

https://doi.org/10.1016/j.jare.2020.03.005 

 

Zhong NS, Zheng BJ, Li YM, Poon LLM, Xie 

ZH, Chan KH, Li PH, Tan SY, Chang Q, Xie JP 

Epidemiology and cause of severe acute respira. 

 

Abdel-Aty AH. 2020. Computational solutions of 

the HIV-1 infection of CD4+ T-cells fractional 

mathematical model that causes acquired 

immunodeficiency syndrome (AIDS) with the effect of 

antiviral drug therapy. Chaos, Solitons & Fractals. 

 

AliJT. 2020. Pathogenesis Diagnosis, Immune 

Responses, and Current Treatment Strategies of  

COVID-19. Authorea Preprints.  

 
Boulos MN. 2020. Geraghty. "Geographical tracking 

and mapping of coronavirus disease COVID-

19/severe acute respiratory syndrome coronavirus 2 

(SARS-CoV-2) epidemic and associated events 

around the world: how 21st century GIS technologies 

are supporting the global fight ag. 1-12. 

 

Chowdhury MS. 2020. A Rapid Systematic Review 

of Clinical Trials Utilizing Chloroquine and 

Hydroxychloroquine as a Treatment for COVID‐19. 

Academic Emergency Medicine.  

 

Gao JA. 2020. Breakthrough: Chloroquine 

phosphate has shown apparent efficacy in treatment 

of COVID-19 associated pneumonia in clinical 

studies. Bioscience trends. 

 

Garcia‐Cremades MS. 2020. Optimizing 

hydroxychloroquine dosing for patients with 

COVID‐19: An integrative modeling approach for 

effective drug repurposing. Clinical Pharmacology & 

Therapeutics. 

 

Huggett B. 2016. Biotech's wellspring—a survey of 

the health of the private sector in 2015. . Nature 

Biotechnology, 608-615. 

 

Karuppannan AK. 2012. Natural compounds 

inhibiting the replication of Porcine reproductive and 

respiratory syndrome virus. Antiviral research, 188-

194. 

 

Ko WCAMYLTIR. 2020. Arguments in favour of 

remdesivir for treating SARS-CoV-2 infections. 

International journal of antimicrobial agents. 

 

Mortimer EA. 1990. Perspective: pertussis and its 

prevention: a family affair. The Journal of Infectious 

Diseases 473-479. 

 

Purushotham JL. 2019. Vaccine platforms for the 

prevention of Lassa fever. Immunology letters, 1-11. 

 

Rahman MT. 2020. Potential benefits of 

combination of Nigella sativa and Zn supplements to 

treat COVID-19. Journal of herbal medicine. 

 
Savarino AG. 2001. The anti-HIV-1 activity of 

chloroquine Journal of clinical virology, 131-135. 

https://doi.org/10.1016/j.jare.2020.03.005


 

197 Zafar et al. 

 

Int. J. Biosci. 2020 

Scavone CB. 2020. Current pharmacological 

treatments for COVID‐19: What's next? British 

Journal of Pharmacology.  

 

Xia S. 2020. Inhibition of SARS-CoV-2 (previously 

2019-nCoV) infection by a highly potent pan-

coronavirus fusion inhibitor targeting its spike 

protein that harbors a high capacity to mediate 

membrane fusion. Cell research, 343-355. 

 

Zhang LT. 2020. Can self-imposed prevention 

measures mitigate the COVID-19 epidemic? PLoS 

medicine, e1003240. 

 

Zhang XZ. 2020. Baricitinib, a drug with potential 

effect to prevent SARS-COV-2 from entering target 

cells and control cytokine storm induced by COVID-

19. International immunopharmacology 106749 tory 

syndrome (SARS) in Guangdong, People’s Republic of 

China, in February, 2003. Lancet 2003; 362, 1353–8. 

 

Su S, Wong G, Shi W, Liu J, Lai ACK, Zhou J, 

Liu W, Bi Y, Gao GF. 2016. Epidemiology, Genetic 

Recombination, and Pathogenesis of Coronaviruses. 

Trends Microbiol. 24, 490–502.  

 

Adhikari SP, Meng S, Wu YJ, Mao YP, Ye RX, 

Wang QZ, Sun C, Sylvia S, Rozelle S, Raat H. 

Epidemiology, causes, clinical manifestation and 

diagnosis, prevention and control of coronavirus 

disease (COVID-19) during the early outbreak period: 

A scoping review. Infect. Dis. Poverty2020. 

 

Zheng J. 2020. SARS-CoV-2: an Emerging 

Coronavirus that Causes a Global Threat. 

International Journal of Biological Sciences 16, 

1678–85.  

 

Xie M, Chen Q. 2020. Insight into 2019 novel 

coronavirus — an updated intrim review and lessons 

from SARS-CoV and MERS-CoV [Internet]. 

International Journal of Infection Dis. Available 

from:  

https://doi.org/10.1016/j.ijid.2020.03.071 

 

Guo YR, Cao QD, Hong ZS, Tan YY, Chen SD, 

Jin HJ, Tan KS, Wang DY, Yan Y. 2020. The 

origin, transmission and clinical therapies on 

coronavirus disease 2019 (COVID-19) outbreak – an 

update on the status. Military Medical Research. 

 

Chen S, Yang J, Yang W, Wang C, 

Bärnighausen T. 2020. COVID-19 control in China 

during mass population movements at New Year. 

Lancet 395, 764–6.  

 

Zu ZY, Jiang M Di, Xu PP, Chen W, Ni QQ, Lu 

GM, Zhang LJ. 2019. Coronavirus Disease 2019 

(COVID-19): A Perspective from China. Radiology 

2020; 200490.  

 

Yang Y, Lu Q, Liu M, Wang Y, Zhang A, Jalali 

N, Dean N, Longini I, Halloran ME, Xu B. 

2020. Epidemiological and clinical features of the 

2019 novel coronavirus outbreak in China. MedRxiv.  

 

Cui J, Li F, Shi ZL. 2019. Origin and evolution of 

pathogenic coronaviruses. Nat. Rev. Microbiol.  

 

Nikolich-Zugich J, Knox KS, Rios CT, Natt B, 

Bhattacharya D, Fain MJ. 2020. SARS-CoV-2 and 

COVID-19 in older adults: what we may expect 

regarding pathogenesis, immune responses, and 

outcomes. [Internet]. GeroScience 19. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/32274617 

 

Hoffmann M, Kleine-Weber H, Schroeder S, 

Krüger N, Herrler T, Erichsen S, Schiergens 

TS, Herrler G, Wu NH, Nitsche A. 2020. SARS-

CoV-2 Cell Entry Depends on ACE2 and TMPRSS2 

and Is Blocked by a Clinically Proven Protease 

Inhibitor. Cell: 271–80.  

 

Shirato K, Kawase M, Matsuyama S. 2018. 

Wild-type human coronaviruses prefer cell-surface 

TMPRSS2 to endosomal cathepsins for cell entry. 

Virology [Internet] 517, 9–15. Available from:  

https://doi.org/10.1016/j.virol.2017.11.012 

 

Ramanathan K, Antognini D, Combes A, 

https://doi.org/10.1016/j.ijid.2020.03.071
http://www.ncbi.nlm.nih.gov/pubmed/32274617
https://doi.org/10.1016/j.virol.2017.11.012


 

198 Zafar et al. 

 

Int. J. Biosci. 2020 

Paden M, Zakhary B, Ogino M, Maclaren G, 

Brodie D. 2020. Since January 2020 Elsevier has 

created a COVID-19 resource centre with free 

information in English and Mandarin on the novel 

coronavirus COVID- research that is available on the 

COVID-19 resource centre - including this for 

unrestricted research re-use a, 19–21.  

 

Shin JS, Jung E, Kim M, Baric RS, Go YY. 2018, 

Saracatinib inhibits middle ,ast respiratory 

syndrome-coronavirus replication in vitro. Viruses 10.  

 

Shi Y, Wang Y, Shao C, Huang J, Gan J, Huang 

X, Bucci E, Piacentini M, Ippolito G, Melino G. 

2020. COVID-19 infection: the perspectives on 

immune responses. Cell Death Differ [Internet] 

Available from:  

http://dx.doi.org/10.1038/s41418-020-0530-3 

 

Goh KJ, Choong MC, Cheong EH, Kalimuddin 

S, Duu Wen S, Phua GC, Chan KS, Haja 

Mohideen S. 2020. Rapid Progression to Acute 

Respiratory Distress Syndrome: Review of Current 

Understanding of Critical Illness from COVID-19 

Infection. Ann Acad Med Singapore 49, 1–9.  

 

Ahmed T, Shah RJ, Rahim SEG, Flores M, 

O’Linn A. 2019. Coronavirus Disease 2019 (COVID-

19) Complicated by Acute Respiratory Distress 

Syndrome: An Internist’s Perspective. Cureus 2020, 

3–9.  

 

Nikolich-Žugich J. 2018. The twilight of immunity: 

Emerging concepts in aging of the immune system 

review-article. Nat. Immunol 19, 10–9.  

 

Desai A, Grolleau-Julius A, Yung R. 2010.  

Leukocyte function in the aging immune system. 

Journal of Leukocyte Biology 87, 1001–9.  

 

Chinn IK, Blackburn CC, Manley NR, 

Sempowski GD. Changes in Primary Lymphoid 

Organs With Aging $watermark-text $watermark-text 

$watermark-text [Internet]. Semin Immunol2012; 

24, 30920. Availablefrom: 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC341

5579/pdf/nihms371057.pdf 

 

Ahn DG, Shin HJ, Kim MH, Lee S, Kim HS, 

Myoung J, Kim BT, Kim SJ. 2020. Current Status 

of Epidemiology, Diagnosis, Therapeutics, and 

Vaccines for Novel Coronavirus Disease 2019 

(COVID-19). Journal of Microbiology & 

Biotechnology 30, 313–24.  

 

Wang M, Cao R, Zhang L, Yang X, Liu J, Xu M, 

Shi Z, Hu Z, Zhong W, Xiao G. 2020. Remdesivir 

and chloroquine effectively inhibit the recently 

emerged novel coronavirus (2019-nCoV) in vitro. Cell 

Research 30, 269–71.  

 

Runfeng L, Yunlong H, Jicheng H, Weiqi P, 

Qinhai M, Yongxia S. Since January 2020 Elsevier 

has created a COVID-19 resource centre with free 

information in English and Mandarin on the novel 

coronavirus COVID- 19 . The COVID-19 resource 

centre is hosted on Elsevier Connect , the company ’ s 

public news and information. 2020. 

 

Jawhara S. 2020. Could Intravenous 

Immunoglobulin Collected from Recovered 

Coronavirus Patients Protect against COVID-19 and 

Strengthen the Immune System of New Patients? 

International Journal of Molecular Sciences 21.  

 

Watkins J. 2020. Preventing a covid-19 pandemic. 

BMJ [Internet] 368, 1–2. Available from:  

http://dx.doi.org/doi:10.1136/bmj.m810 

 

Anderson RM, Heesterbeek H, Klinkenberg D, 

Hollingsworth TD. 2020. How will country-based 

mitigation measures influence the course of the 

COVID-19 epidemic? Lancet 395, 931–4.  

 

Barnard DL, Day CW, Bailey K, Heiner M, 

Montgomery R, Lauridsen L, Chan PKS, 

Sidwell RW. 2006. Evaluation of 

immunomodulators, interferons and known in vitro 

SARS-CoV inhibitors for inhibition of SARS-CoV 

replication in BALB/c mice. Antivir. Chem. 

http://dx.doi.org/10.1038/s41418-020-0530-3
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3415579/pdf/nihms371057.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3415579/pdf/nihms371057.pdf
http://dx.doi.org/doi:10.1136/bmj.m810


 

199 Zafar et al. 

 

Int. J. Biosci. 2020 

Chemother 17, 275–84.  

 

Devaux CA, Rolain J, Colson P, Raoult D. 2020. 

Since January 2020 Elsevier has created a COVID-19 

resource centre with free information in English and 

Mandarin on the novel coronavirus COVID- The 

COVID-19 resource centre is hosted on Elsevier 

Connect, the company ’ s public news and 

information .  

 

Vincent MJ, Bergeron E, Benjannet S, 

Erickson BR, Rollin PE, Ksiazek TG, Seidah 

NG, Nichol ST. 2005. Chloroquine is a potent 

inhibitor of SARS coronavirus infection and spread. 

Virology Journal 2, 1–10.  

 

Dong L, Hu S, Gao J. 2020. Discovering drugs to 

treat coronavirus disease 2019 (COVID-19). Drug 

Discov. Ther. 14, 58–60.  

 

Zhang Q, Wang Y, Qi C, Shen L, Li J. 2020. 

Response to "Comments on ’Zhang et al.: Clinical trial 

analysis of 2019-nCoV therapy registered in China ’ ". 

Journal of Medical Virology 2019–20. 

 

Adhikari SP, Meng S, Wu YJ, Mao YP, Ye RX, 

Wang QZ, Raat H. 2020.   Epidemiology, causes, 

clinical manifestation and diagnosis, prevention and 

control of coronavirus disease (COVID-19) during the 

early outbreak period: a scoping review. Infectious 

diseases of poverty 9(1), 1-12.  

 

Ahmed T, Shah RJ, Rahim SEG, Flores M, 

O'Linn A. 2020. Coronavirus Disease 2019 (COVID-

19) Complicated by Acute Respiratory Distress 

Syndrome: An Internist’s Perspective. Cureus 12(3).  

 

Ahn DG, Shin HJ, Kim MH, Lee S, Kim HS, 

Myoung J, Kim SJ. 2020. Current status of 

epidemiology, diagnosis, therapeutics, and vaccines  

for novel coronavirus disease 2019 (COVID-19).  

 

Anderson RM, Heesterbeek H, Klinkenberg, 

D, Hollingsworth TD. 2020. How will country-

based mitigation measures influence the course of the 

COVID-19 epidemic? The Lancet 395(10228), 931-

934.  

 

Barnard DL, Day CW, Bailey K, Heiner M, 

Montgomery R, Lauridsen L, Sidwell RW. 

2006. Evaluation of immunomodulators, interferons 

and known in vitro SARS-coV inhibitors for inhibition 

of SARS-coV replication in BALB/c mice. Antiviral 

Chemistry and Chemotherapy 17(5), 275-284.  

 

Chen S, Yang J, Yang W, Wang C, 

Bärnighausen T. 2020. COVID-19 control in China 

during mass population movements at New Year. The 

Lancet 395(10226), 764-766.  

 

Chinn IK, Blackburn CC, Manley NR, 

Sempowski GD. 2012. Changes in primary 

lymphoid organs with aging. Paper presented at the 

Seminars in immunology. 

 

Cucinotta D, Vanelli M. 2020. WHO declares 

COVID-19 a pandemic. Acta bio-medica: Atenei 

Parmensis 91(1), 157-160.  

 

Cui J, Li F, Shi ZL. 2019. Origin and evolution of 

pathogenic coronaviruses. Nature Reviews 

Microbiology 17(3), 181-192.  

 

Desai A, Grolleau‐Julius A, Yung R. 2010. 

Leukocyte function in the aging immune system. 

Journal of leukocyte biology 87(6), 1001-1009.  

 

Dong L, Hu S, Gao J. 2020. Discovering drugs to 

treat coronavirus disease 2019 (COVID-19). Drug 

discoveries & therapeutics 14(1), 58-60.  

 

Goh KJ, Kalimuddin S, Chan KS. 2020. Rapid 

progression to acute respiratory distress syndrome: 

review of current understanding of critical illness 

from coronavirus disease 2019 (COVID-19) infection.  

Ann Acad Med Singapore 49, 108-118.  

 

Guo YR, Cao QD, Hong ZS, Tan YY, Chen SD, 

Jin HJ, Yan Y. 2020. The origin, transmission and 

clinical therapies on coronavirus disease 2019 



 

200 Zafar et al. 

 

Int. J. Biosci. 2020 

(COVID-19) outbreak–an update on the status. 

Military Medical Research 7(1), 1-10.  

 

Hoffmann M, Kleine-Weber H, Schroeder S, 

Krüger N, Herrler T, Erichsen S, Nitsche A. 

2020. SARS-CoV-2 cell entry depends on ACE2 and 

TMPRSS2 and is blocked by a clinically proven 

protease inhibitor. Cell.  

 

Jawhara S. 2020. Could Intravenous 

immunoglobulin collected from recovered 

coronavirus patients protect against COVID-19 and 

strengthen the immune system of new patients? 

International journal of molecular sciences 21(7), 

2272.  

 

Nikolich-Žugich J. 2018. The twilight of immunity: 

emerging concepts in aging of the immune system. 

Nature immunology 19(1), 10-19.  

 

Nikolich-Zugich J, Knox KS, Rios CT, Natt B, 

Bhattacharya D, Fain MJ. 2020. SARS-CoV-2 and 

COVID-19 in older adults: what we may expect 

regarding pathogenesis, immune responses, and 

outcomes. Geroscience, 1-10.  

 

Ramanathan K, Antognini D, Combes A, 

Paden M, Zakhary B,  Ogino M. 2020. Since 

January 2020 Elsevier has created a COVID-19 

resource centre with free information in English and 

Mandarin on the novel coronavirus COVID-research 

that is available on the COVID-19 resource centre-

including this for unrestricted research re-use a 

Elsevier. In. 

 

Shereen MA, Khan S, Kazmi A, Bashir N, 

Siddique R. 2020. COVID-19 infection: Origin, 

transmission, and characteristics of human 

coronaviruses. Journal of Advanced Research.  

 

Shi Y, Wang Y, Shao C, Huang J, Gan J, Huang 

X, Melino G. 2020. COVID-19 infection: the 

perspectives on immune responses. In: Nature 

Publishing Group. 

 

Shin JS, Jung E, Kim M, Baric RS, Go YY. 2018.  

Saracatinib inhibits middle east respiratory 

syndrome-coronavirus replication in vitro. Viruses, 

10(6), 283.  

 

Shirato K, Kawase M, Matsuyama S. 2018. 

Wild-type human coronaviruses prefer cell-surface 

TMPRSS2 to endosomal cathepsins for cell entry. 

Virology 517, 9-15.  

 

Su S, Wong G, Shi W, Liu J, Lai AC, Zhou J, 

Gao GF. 2016. Epidemiology, genetic recombination, 

and pathogenesis of coronaviruses. Trends in 

microbiology 24(6), 490-502.  

 

Vincent MJ, Bergeron E, Benjannet S, 

Erickson BR, Rollin PE, Ksiazek TG, Nichol S. 

T. 2005. Chloroquine is a potent inhibitor of SARS 

coronavirus infection and spread. Virology journal, 

2(1), 1-10.  

 

Wang M, Cao R, Zhang L, Yang X, Liu J, Xu M, 

Xiao G. 2020. Remdesivir and chloroquine 

effectively inhibit the recently emerged novel 

coronavirus (2019-nCoV) in vitro. Cell research, 

30(3), 269-271.  

 

Xie M, Chen Q. 2020. Insight into 2019 novel 

coronavirus—an updated intrim review and lessons 

from SARS-CoV and MERS-CoV. International 

Journal of Infectious Diseases.  

 

Yang Y, Lu Q, Liu M., Wang Y, Zhang A, Jalali 

N, Xu B. 2020. Epidemiological and clinical features 

of the 2019 novel coronavirus outbreak in China. 

MedRxiv.  

 

Zhang Q, Wang Y, Qi C, Shen L, Li J. 2020. 

Clinical trial analysis of 2019‐nCoV therapy registered 

in China. Journal of medical virology 92(6), 540-

545.  

 

Zheng J. 2020. SARS-CoV-2: an emerging 

coronavirus that causes a global threat. International 

journal of biological sciences 16(10), 1678.  



 

201 Zafar et al. 

 

Int. J. Biosci. 2020 

Zhong N, Zheng B, Li Y, Poon L, Xie Z, Chan 

K, Xie J. 2003. Epidemiology and cause of severe 

acute respiratory syndrome (SARS) in Guangdong, 

People's Republic of China, in February, 2003. The 

Lancet, 362(9393), 1353-1358. 

 

 


