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Abstract: Mankind faces a coronavirus pandemic originating from a seafood market in Wuhan, 

China since December 2019. The pathogen was named novel coronavirus (n-CoV) and bats are the 

identified key reservoir. The coronavirus disease 2019 (COVID-19) quickly spread over China 

across the globe, turned into a pandemic with exponentially increasing numbers of cases and 

significant mortality rate. China reacted with lockdowns and strict control measurements to 

prevent spreading the virus. The treatment of severe cases was hampered by lack of specific 

vaccines. Vaccine-development and production is a painstaking process and can only be enforced 

by international cooperation. Different supportive treatment options surfaced due to combinations 

of antiviral agents with antibiotic drugs. Elderly, male, immune-suppressed patients with 

co-morbidities showed a high mortality rate. Health literacy, strong immune system, adequate 

serum 25-hydroxyvitamin D (25(OH)D) concentrations and healthy life style choices can support 

fast recovery. Antibiotic resistance needs to be addressed by development of new generation 

antimicrobials against nosocomial infections in preparation for future outbreaks. 

Plant-biosynthesis of nanomaterials and antiseptics may help in prevention and recovery rate. 

Prevalence of COVID-19 maybe inversely related to BCG vaccination, endemicity of malaria, 

humidy and temperature but directly with latitude. Recommendations to prevent the spread of 

COVID-19 should be followed strictly. 

Keywords: COVID-19; SARS-CoV-2; human coronavirus; control; vitamin D; antibiotic resistance; 

antimicrobial agents; BCG; malaria; climate; latitude   

 

1. Introduction 

In late December 2019, a novel coronavirus (CoV) was identified as a pathogen that caused the 

outbreak of an illness in the Chinese city of Wuhan and was officially named as 2019-nCoV by the 

World Health Organization (WHO). Due to implications in the respiratory system, it was called 

severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) and later on coronavirus disease 

2019 (COVID-19). On 30 January 2020, WHO declared COVID-19 as a six public-health emergency of 

international concern [1]. This paper closely consolidates the morphology, clinical manifestations, 

diagnosis, treatments, preventive measures and future trends for research of this novel coronavirus 

(n-CoV). 

2. Human Coronavirus- a Brief History 

Human coronaviruses (HCoVs), a large family of Coronaviruses are non-segmented, enveloped, 

positive-sense, single-strand ribonucleic acid (RNA) viruses [2]. HCoVs can infect animals and also 
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humans, causing respiratory, hepatic, and neurologic diseases [3]. CoV are divided into four genera: 

alpha-coronavirus (α), beta-coronavirus (β), gamma-coronavirus (γ) and delta-coronavirus (δ) [2-5]. 

Human coronaviruses were identified in late 1960 and known to infect human as well as mammals 

and birds. Until now, six HCoVs were identified (Table 1).  

 

Table 1. Human coronaviruses since 1960. 

No. Generation Name 
Year of 

Identification 

Place of 

Identification 

Ref. 

1 Alpha (α) HCoVs-229E 1960 - [2-5] 

2 Beta (β) HCoVs-OC43 1960 - [2-5] 

3 Beta (β) SARS-CoV 
2002 Guangdong, 

China 

[6,7] 

4 Alpha (α) HCoVs-NL63 2004 Netherlands [6,7] 

5 Beta (β) MERS-CoV 2012 Saudi Arabia [8] 

6 Beta (β) SARS-CoV-2/n-CoV-19 2019 Wuhan, China [8] 

 

 

In 2003, a virus was identified in Guangdong province in China causing severe acute 

respiratory syndrome (SARS). Later on the virus was confirmed as a member of Beta-coronavirus 

family and was named as SARS-CoV [6,7]. A decade later in 2012, a couple of Saudi Arabian 

nationals were identified to be infected with another coronavirus which belongs to Beta (β) 

coronavirus family named as the Middle East respiratory syndrome coronavirus (MERS-CoV). In 

2019, the novel CoV caused the outbreak of a SARS-like illness in the Chinese city of Wuhan and was 

termed as severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) [8].  

 

3. Origin and Transmission 

Source of origination and transmission are relevant factors for the development of preventive 

strategies and treatment protocols. SARS coronavirus may have circulated in humans before causing 

the outbreak in 2003 [9]. Rhinolophus bats were identified of having anti-SARS-CoV antibodies 

suggesting the bats as a source of virus [10]. The Middle East respiratory syndrome (MERS) 

coronavirus (2012) in Saudi Arabia belongs to beta-coronavirus originating from camels as primary 

host [11]. In case of COVID-19 only bats were identified as key reservoirs [12, 13]. COVID-19 

originated in Wuhan and was carried through migration by the population to different cities and 

other provinces around Hubai [13]. Infection rates increased rapidly and were controlled by a 

lockdown on cities in the Hubai province followed by further control mechanisms for the whole 

country [13,14]. This approach prevented effectively the exponential increase of infection on national 

basis [13,14].  

 

4. Morphology 

The word ‘corona’ stands for crown in Latin, which represents crown-like spikes on the outer 

surface of the virus. Coronaviruses are enveloped type viruses with a positive sense single-stranded 

RNA genome [2]. They have the largest genome among all RNA viruses, typically ranging from 27 

to 32 kb size and are 65-125 nm in diameter [2,15]. The genome is packed inside a helical capsid 

formed by the nucleocapsid protein (N) and further surrounded by an envelope [16]. At least three 

structural proteins are associated with the viral envelope [16]. The envelope protein (E) and the 

membrane protein (M) are involved in virus assembly, whereas the spike protein (S) mediates virus 

entry into host cells. Among these structural proteins, the spike-like structure from the virus surface 

renders the crown-like appearance (Figure 1) [16].  
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Figure 1. Morphology of the human coronavirus COVID-19. 

 

5. Clinical Manifestations 

5.1. Patient Profile and Environmental Factors 

The patient characteristics in the ongoing COVID-19 pandemic reveal several hints about the 

susceptibility and the severity of the disease. A recent review reporting clinical and demographic 

characteristics of 44,672 COVID-19 cases in China showed that everyone without age limitation is 

susceptible [17]. Every person in the same vicinity of a positive case with or without symptoms can 

be infected. This can happen by respiratory droplets carrying the virus or through contact with 

infected surfaces and subsequently touching mouth, nose and eyes [18]. The virus is transmitted 

from an infected carrier to anyone in close contact without any limitation [17]. Older patients and 

immunocompromised individuals succumb most likely to a severe course of the disease due to 

pneumonia [17]. Progression of CoV pneumonia is directly related to advanced age, history of 

metabolic syndrome, smoking and other chronic conditions like cardiovascular disease [19]. 

According to a recent review, 25-hydroxyvitamin D (25(OH)D) concentrations may play a relevant 

role in the progression of the disease [20]. Sufficient serum (25(OH)D) concentrations ensure cellular 

immunity, reduce the risk of infections caused by microorganisms, protect against metabolic 

syndrome and other chronic illnesses [20].  Vitamin D levels are associated with environmental, 

biological and socio-economical factors [21]. Increased time spent indoors by screen-based 

entertainment, sedentary lifestyle, less outdoor physical activity are directly related to poor 

endogenous vitamin D synthesis [21,22,23]. Vitamin D deficiency is prevalent in the northern 

hemisphere due to decreased solar irradiation especially in the winter months [20,21]. COVID-19 

infection rates are showing exponential growth in northern hemisphere countries, which started in 

the month of December 2019 [24,25]. Higher susceptibility of advanced age individuals to COVID-19 

may confirm this hypothesis. Commonly, serum 25-hydroxyvitamin D (25(OH)D) concentrations 

are lower in elderly individuals and geriatric patients due to indoor dwelling, physical inactivity 

and increased pharmaceutical drugs intake [20,21,26]. Sufficient serum vitamin D levels may have 

an impact on recovery rate and survival of patients during illness [20-23]. High levels of fatality were 

recorded in advanced age patients with compromised immune system by diabetes, hypertension, 
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cardiovascular disease during SARS-CoV, MERS-CoV and COVID-19 [27-29]. Deng et al. compared 

in their study the characteristics of the fatality group of patients with the recovered group [29]. 

Advanced age, dyspnea, comorbidities, low oxygen-saturation, high white blood cell (WBC) count, 

low lymphocytes and high levels C-reactive protein (CRP) are significant indicators to mortality [29]. 

Patients in this group had also complications like acute respiratory distress syndrome, acute cardiac 

injury, shock, acute kidney injury and disseminated intravascular coagulation [29]. A study from 

Iran identified higher age and impaired immune system due to diabetes as risk factors leading to 

severe pneumonia [30]. Hookah smoking had a relevant role in spreading COVID-19 and increased 

the susceptibility of younger people to COVID-19 [30]. These findings can be explained by 

immune-suppressing effects of hookah smoking and the related socialization pattern during 

COVID-19 outbreak. Preventive measures, like social-distancing were not followed strictly by the 

population and not enforced harshly by the government. Delayed implementation of preventive 

measurements will be only successful if social distancing is practiced within the household. 

Asymptomatic- or mild cases can transmit the disease fastly within their household while very 

family is asked to stay at home. Especially vulnerable, high risk individuals are under risk to be 

infected and to progress towards severe COVID-19 disease. Luo et al. concluded in their prospective 

cohort study on contact modes and the risk of transmitting COVID-19 that highest in household 

contacts [31]. Stay at home campaigns needs awareness of every individual to avoid close contact, 

which can be dangerous for the whole community within the same household. 

 

5.2. Incubation Period 

The incubation period means the time between being affected by the virus and beginning to 

have symptoms of the disease. In case of COVID-19, the incubation period ranges from 1-14 days 

[29]. A recent review revealed the mean or median incubation time of COVID-19 is less than 13 days 

and should be even considered to be lower than to 4-6 days, which is similar to SARS-CoV with 4.4 

and MERS-CoV 5.5 days [17].  

 

5.3. Symptoms 

Symptoms of COVID-19 include a wide range of conditions depending on pre-existing 

comorbidities and age [28]. Wu et al. reported mild symptoms for 81%, development of severe 

health conditions 14% and critically ill for 5% of cases in China during the course of COVID-19 

disease [28]. Inversely to those findings, Chen et al. revealed that pediatric patients had good 

recovery rates and developed only mild symptoms like fever and cough [32]. 80% of the patients in a 

study developed first mild fever [33]. Half of these cases developed high fever, while atypically 20% 

had no fever at all [33]. Additional symptoms were coughing, myalgia and fatigue [33]. Few patients 

experienced problems in the cardiovascular, nervous and digestive systems overshadowing the 

diagnosis of COVID-19 [33].  

A review including 61 studies from eleven counties reports highest percentage of symptoms for 

fever, followed by cough (with and without sputum), muscle aches, fatigue, dyspnea, headache, sore 

throat and gastrointestinal problems [34]. In general the clinical symptoms of COVID-19 are similar 

to other viral respiratory diseases, which impedes swift diagnosis [34]. The delay in diagnosis, 

combined with factors such as being male with advanced age over 60 and severe pneumonia 

resulted in high death rates with a total mortality of 3% [34]. Epidemiological studies confirm higher 

mortality in elderly, male patients, while clinical symptoms and diagnosis in COVID-19 remain 

non-specific [34]. Successful control of COVID-19 is only possible through implementing effective 

mechanisms of diagnosis, isolation and treatment. Any suspected case needs to go thorough 

diagnosis process, which includes virological assay and early imaging [34]. 

 

Symptoms of COVID-19 are non-specific and it can range from no symptoms (asymptomatic) to 

severe pneumonia and death (Table 2) [33-37]. 
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Table 2. Symptoms and complications of COVID-19. 

No. Symptoms Complications Ref. 

1 Dry cough Pneumonia [33-36] 

2 Fever Kidney Failure [35,36] 

3 Sore Throat Sepsis [33-36] 

4 Headache 
Acute Respiratory Distress Syndrome 

(ARDS) 

[33-36] 

5 Fatigue Acute Heart Injury [33-36] 

6 Body ache and Pain Weakness [33-36] 

7 Diarrhea Dehydration [33-36] 

8 Runny or Stuffy Nose ARDS [35,36] 

9 Shortness of Breath ARDS [35,36] 

10 Depression  [37] 

 

 

The COVID-19 global outbreak caused panic, insecurity and depression due to the fast rate of 

infection, asymptomatic cases with high transmission potential, non-specific symptoms and the 

implemented control mechanisms on the public. Social distancing, isolation, insecurity of food and 

survival, diminishing of personal interactions, public closure, aggravated and increasing clusters of 

virus outbreaks leading to the collapse of the health care system, loss of jobs with sudden 

unemployment, financial crisis resulted in confusion, which may have an impact on health and 

quality of life. Panic, mental health problems and depression emerged like previously reported in 

MERS-CoV [37]. Health literacy in the population is a tool to measure the reaction of the public and 

the related health outcomes in the management of the crisis [37].  Lack of preparedness to the 

sudden onset of COVID-19 by governments, health care systems and organizations, as well as 

deficiency in diagnostic mechanisms, treatment options and management protocols further 

increased public insecurity globally. Human race is facing a disease without having tools to combat. 

According to Nguyen et al., health literacy in educated individuals is inversely related to their 

depression status. Increasing health literacy in the population can improve the management and 

control of COVID-19 and even further global pandemics [37]. 

6. Diagnosis 

6.1. Clinical Diagnosis 

In most of the infected cases with COVID-19 symptoms like fever, dry cough, fatigue, runny 

nose or other upper respiratory symptoms appeared as in SARS-CoV and MERS-CoV [3,33-36,38]. 

The diagnosis can be categorized as follows.  

 

6.1.1. Physical Examination 

Patients in severe condition may have shortness of breath, moist rales in lungs, weakened 

breath sounds, dullness in percussion [34]. 

 

6.1.2. CT Imaging Examination 

CT imaging results vary with the patient`s age, immunity status, disease stage at the time of 

scanning, underlying diseases, and drug interventions. In early stage of pneumonia cases, chest 

x-ray show bilateral opacities, multiple small patchy shadows, interstitial changes and thickening of 

pulmonary texture [34,38]. Ground-glass opacity, segmental consolidation in bilateral lungs and 

septal thickening can be observed more clearly in chest CT than chest x-ray [34,39].  
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6.2. Laboratory Diagnosis 

Distinguishing COVID-19 from other known respiratory tract viruses clinically is a difficult 

task due to its non-specificity. Precise diagnosis can be carried out by PCR-testing and radiological 

study of the cases [34,40]. The two commonly known nucleic acid detection technologies for 

SARS-CoV-2 are reverse real-time quantitative polymerase chain reaction (rRT-qPCR) and 

high-throughput sequencing [41]. As far as the application of high-throughput sequencing 

technology in clinical diagnosis is concerned, it is limited because of its high cost and equipment 

dependency. So rRT-qPCR is the most common, effective and straightforward method for detecting 

pathogenic viruses in respiratory secretions and blood [42]. However, five patients with negative 

results of rRT-qPCR for SARS-CoV-2 may present with positive chest CT findings, later on 

confirmed that all patients were infected by SARS-CoV-2 [43]. Thus, it is essential to improve the 

detection rate of RT-qPCR for SARS-CoV-2 infection and RT-qPCR has some other shortcomings as 

well. To overcome this, a combination of repeated RT-qPCR tests and chest CT scan may be helpful. 

Laboratory findings in a study showed lymphopenia and abnormal C-reactive protein with a 

mortality rate of 0.3% [34].  

 

7. Treatment 

Until now, there is no vaccine or specific antiviral treatment for COVID-19 although there is an 

urgent demand for effective, available, and affordable drugs as a suitable response to the outbreak. 

WHO has announced that a vaccine for SARS-CoV-2 should be available in 18 months amids 

existing challenges such as funding and public interest [44]. The general treatment scheme depends 

on the condition of the patient.  According to Liu et al. -immunoglobulin can be given, if 

symptomatic and respiratory treatment is necessary [33]. Systemic corticosteroid administration to 

inhibit a cytokine storm did not render any significant improvement in the prognosis of the disease 

[33]. In this study, antiviral treatment was given to 76.6% of the cases compared to 86.9% of cases 

receiving antibacterial drugs. Majority of the patients (86.9%) needed respiratory support, nasal 

cannula (62.0%), non-invasive ventilation (24.8%), inpatient treatment (56.2%), human 

-immunoglobolin (32.1%) and systemic corticosteroid treatment (29.2%). The percentage of 

improved and discharged patients was 32.1%, while the death rate was 11.7% [33]. According to Liu 

et al., patients with mild symptoms like mild fever, coughing, runny nose and sore-throat should be 

quarantined at home without hospitalization [33]. This measurement will also prevent spreading the 

virus among hospitalized patients not suffering from COVID-19 [45]. 

In a review article on 26 publications with 1876 patients, the antiviral agents mostly used on a 

total of 815 patients was oseltamivir, followed by ritonavir, ganciclovir and arbidol [34]. Antibiotics 

were used for 836 patients linezolid, including vancomycin, meropenem, azithromycin, cefaclor, 

tazobactam, cefepime and moxifloxacin [34]. Other administered medications included 

corticosteroids, immunoglobulin, alpha-interferon, and anti-fungal agents [34]. These effectiveness 

of these drugs were not confimed due to lack of data [34]. Atypical pneumonia in combination with 

a reduced WBC, treatment failure with antibiotics is an indicator for a viral infection, including 

COVID-19 [46]. 

Remdesivir (GS-5734) and chloroquine (CQ) phosphate reportedly inhibited SARS-CoV-2 

infection in vitro [47]. Hydroxychloroquine (HCQ), a less toxic derivative of chloroquine is effective 

in inhibiting SARS-CoV-2. Oral absorption of CQ and HCQ in humans is very efficient according to 

these investigations [47]. A single dose of 200-400mg can provide adequate lung tissue concentration 

to inhibit SARS-CoV-2. A single dose within every three weeks may be sufficient for prevention of 

SARS-CoV-2 induced lung damage [48]. Although HCQ is less toxic than CQ, its prolonged and 

overdose usage can still cause poisoning [49]. To make it efficient and safe, carefully designed 

clinical trials are required.  
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Fan et al. reported recently on cepharanthine, selamectin and mefloquine hydrochloride as 

potential drugs against COVID-19 [50]. Cepharanthine is suggested as a promising broad-spectrum 

antiviral agent against pan-betacoronavirus and awaits a clinical trial [50]. 

 

8. Preventive Measurements 

COVID-19 outbreak can be controlled by tight measurements. These include government 

orchestrated, meticulously organized and strictly followed control mechanisms supported and 

executed by the jurisdictional and executive organs. The success rate depends on political, social and 

economic structures of the countries, their infrastructure and level of health care system. Availability 

of socioeconomic power with enough resources to cope with the pressure on the health care system 

strengthens the effectivity of implemented control measurements. Therefore, higher income, 

industrialized countries may have the better opportunities to respond to the challenge [51]. 

Social distancing, sanitary precautions and lockdowns may help to prevent infection [52]. Many 

countries across the globe responded with different control mechanisms putting into account the 

experiences made in China, Iran and South Korea. A modeling study from Singapore investigated 

the impact of control measurements implemented to reduce the spread of COVID-19 [53]. The most 

effective method with a median average of 99.3% according to this and other studies was a 

combination of isolating infected cases, strict quarantine, closure of schools and workplaces [17,53]. 

The lockdown of educational establishments and offices paved the way for online based solutions, 

which helped to continue education and work from home. 

China, Taiwan and South Korea are among those countries able to control the COVID-19 

outbreak by reducing infection numbers [41,54-56]. After outbreak in Wuhan, China, the Korean 

government activated a 24/7 emergency response system to screen all travelers entering the country 

from that city [55]. They authorized an unlicensed COVID-19 testing kit and diagnosed 46,127 cases 

by February 26, while Japan had tested just 1,846 cases and the United States only 426 [56]. In Taiwan, 

proactive and comprehensive health checks on inbound passengers from Hubei province were 

established quickly. The production of masks, hand sanitizers and other medical items of 

significance were quickly controlled by the government providing a daily allotment to Taiwanese 

citizens [56]. Different countries implemented measurements and experienced various results in the 

COVID-19 pandemic (Table 3).   

 

Table 3. Countries, their responses and outcomes in COVID-19. 

No. Country Preventive Measures/Reason Results 

1 Taiwan 

Proactive and comprehensive health checks on 

inbound passengers. 

Establishment of an efficient and effective 

command structure. 

Information management by creating App. 

Production of masks, hand sanitizer and other 

items of medical significance were quickly 

controlled by the government. 

Under Control 

2 
South 

Korea 

24/7 Emergency response system to screen all 

travelers. 

Unlicensed Covid-19 Test. 

Under Control 

3 UAE 

Educational institutes closed quickly. 

Online teaching implemented, like in Ajman 

University, Ajman, UAE. 

Work from home. 

Sanitizing huge areas in cities during nights. 

Closure of malls except supermarkets and 

Under Control 
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pharmacies. 

Availability of personal protection equipment 

and other items of medical significance ensured 

by government.  

Public transportation stopped. 

Lockdown on cities. 

Establishment of services to prevent spreading 

COVID-19 (like Dawak Li Darek in Ajman, UAE 

delivering chronic patients the needed drugs to 

their doorsteps.) 

Rising temperatures. 

4 India 

Work from home.  

All services except emergency services locked 

down. 

Janata curfew. 

Lockdown in metropolitan cities. 

Rising temperatures. 

Under Control 

5 Iran 

Shortage of drug and equipment. 

Late lock down. 

Lack of harsh preventive measures. 

No fastly implemented mobility restrictions. 

Economical sanctions.  

No ban on massive religious gatherings. 

Hit hard 

6 Italy 

Old age population. 

Late lock down. 

Lack of harsh preventive measures. 

No fastly implemented mobility restrictions. 

Hit hard 

7 Spain 

Old age population. 

Delayed lock down. 

Lack of harsh preventive measures. 

No quick mobility restrictions. 

Hit hard 

8 USA 

Delayed lock down. 

Lack of harsh preventive measures. 

Lack of prevention strategy. 

No ban on mobility. 

Hit hard 

 

 

The preventive measures can be summarized depending on the stages of spread of the 

coronavirus (Table 4) [54]. 

 

Table 4. Condition and recommendations in COVID-19 pandemic. 

No./Stage Condition  Recommendations 

1 

Virus 

outside 

human 

body 

Keeping personal hygiene, washing hands with clean soap 

for at least 20 seconds or using sanitizer with 75-80% alcohol 

solution several times a day. 

Keeping rooms ventilated by opening windows and 

removing respiratory droplets through air exchange.  

Taking off shoes when entering home. 

Frequently sanitizing contacted surfaces (door handles etc.) 

with 75-80% alcohol solution. 

Covering mouth/nose while sneezing, coughing by using 

disposable tissue and disposing it off into waste bins, 
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washing hands afterwards immediately.  

Sneezing, coughing into elbow if no disposable tissue is 

available. 

Staying away from sick people or diagnosed with 

COVID-19. 

Avoiding visiting infected places, crowds, close contacts in 

public and hand shake. 

Avoiding touching surfaces outside home with bare hands. 

Avoiding public gatherings and socialization. 

Avoiding touching face (mouth, nose and eyes) with 

unsanitized hands. 

Giving proper attention to personal hygiene. 

Observing own health condition and checking for signs of 

infection (by measuring temperature). 

Avoiding close contacts in the household. 

Practicing self-isolation and social-distancing. 

Closing educational institutes and offices. 

Using mask or N95 mask and gloves when going outside. 

Avoiding animal farms and animals living outdoors. 

Avoiding close contact with living animals/pets. 

Preventing bug bites. 

Avoiding eating uncooked, undercooked meat. 

Avoiding eating meat of wild or carnivorous animals. 

Not sharing cutlery and glasses. 

Not sharing body fluids. 

Disinfecting purchased items (boxes, packages and food) 

before use. 

Using payment by card, avoiding touching money, 

disinfecting cash and purse. 

Disinfecting mobile phones frequently.  

Disposing clinical waste into leak-proof clinical waste bags. 

2 
Virus is in 

the Throat 

Strict quarantine.  

Gargling with hot water. 

Using mask to prevent spreading virus. 

Patients with mild symptoms: supportive treatment by 

doctors and experts. 

Avoiding close contacts in the household. 

3 

Virus is in 

upper 

respiratory 

system 

Using mask to prevent spreading virus. 

Depending on symptoms and complications, patients can be 

treated with supportive treatment by doctors and experts. 

4 
Virus in 

the lungs 

24/7 Close monitoring in ICU. Prevention of SARS-CoV-2 

induced lung damage. 

 

 

9. Future Scope in Research 

At present, there is no specific vaccine or antiviral treatment for COVID-19. There is an urgent 

demand of effective, specific, active and affordable drugs.  

6.1. Role of Basic Sciences against COVID-19 and Antibiotic Resistance 
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Physics based techniques plays important role in the field of structural engineering. Virus 

reproduction can be explained by X-ray crystallography and other techniques.  The researchers will 

test how the structure of the coronavirus withstands changes in humidity and temperature, and 

under what conditions the virus falls apart. The results will help public health officials understand 

how the virus behaves under various environmental conditions, including in the changing seasons 

and in microclimates such as air-conditioned offices [57]. Chemistry, virology and immunology play 

a role in understanding viral structure, pathogenesis, vaccine-development and therapies. 

Computational chemistry can play a relevant role in revealing key mechanisms of viral transmission, 

host-guest response, drug delivery mechanisms and studies on the vulnerability of the virus. 

Artificial intelligence can help to deliver solutions for the vaccine production [51]. 

Antibiotics are used in the treatment of COVID-19 together with antiviral agents [34,45]. 

Antibiotic agents are needed in immune-suppressed, high-risk patients to eliminate bacterial 

co-infections, strengthen the immune system and speed up recovery [54]. The emergence of resistant 

microorganisms is another threat lingering behind the COVID-19 crisis. Already, antibiotic 

resistance was declared by the WHO as threat to human existence because of resistant pathogens, 

which do not respond to available antibiotic agents and even cause hospital-acquired nosocomial 

infections in patients [58,59]. This crisis was overshadowed and maybe overlooked in the ongoing 

fight against the coronavirus. The next pandemic striking mankind may result in higher mortality 

rates, if there are no new generation antibiotics ready to support the treatment of patients and to 

prevent nososcomial infections due to multidrug-resistant pathogens. Xiao et al. reported in a 

retrospective cohort study on 62 severe COVID-19 pneumonia patients in the intensive care unit at 

the Zhongnan Hospital of Wuhan University [60]. Incidence of hospital-acquired infections was 

directly related to hospitalization time and nosocomial infection by multidrug-resistant pathogens, 

with Acetinobacter baumanii as the most common strain isolated from the lower respiratory tract [60]. 

Nanotechnology is delivering promising future perspectives to develop vaccines and solutions 

against antibiotic resistance [61-66]. Jorquera et al. reported on nanovaccines against the respiratory 

syncytial virus [64]. Nanoparticles are effective drug-and vaccine carriers due to targeted delivery 

and controlled-release mechanisms [62,63]. Silver nanoparticles have antibacterial and antiviral 

potential [67-70]. Iodine is an important antimicrobial agents and has many applications in the 

medical field [71-74]. Complexed compounds with iodine offer potential agents with controlled 

release of iodine from polyiodides against pathogenic microorganisms [75-80]. The quest for 

antimicrobial agents should culminate in effective coating agents for masks, gloves, personal 

protective equipment, surfaces, wound-care products, surgical materials and medical equipment to 

prevent microbial adsorption. There is an urgent need for keeping surfaces, medical devices and 

equipment in hospitals free of pathogenic microorganisms in order to support the healing process 

and fast recovery of the patients [81]. This can be achieved by antimicrobials controlling the growth 

of multi-drug resistant microorganisms and preventing nosocomial infections. During a pandemic 

like COVID-19, such measurements can be life-saving. Coating masks, gloves and personal 

protective equipment with effective antimicrobials may protect the users from microbial infections. 

6.2. Plant based chemical compounds 

Polyphenols, flavonoids and further plant based natural products have high potential in the 

fight against pathogens [82-84]. A combination between biosynthesized nanocomposites with iodine 

content may have promising antimicrobial effects [69,85]. Essential oils of several plants like Prosopis 

cineraria (L.) Druce, allium sativum L. (garlic), zingiber officinale (ginger), curcuma longa (turmeric), 

cinnamomum zeylanicum (cinnamon) and rhus coriaria L. (sumac) have antimicrobial properties and 

support the immune system [69,86-92]. In the Mediterranean, Middle- and Far-East many plants and 

essential oils are used due to their health benefits and antimicrobial activities [89]. A recent article 

from Thuy et al. suggests garlic (Allium sativum L.) essential oil as natural antiviral compound [90]. 

Organosulfur compounds within the garlic essential oil may inhibit the ACE2 and PDB6LU7 

receptor proteins [90]. Rhus coriaria L. has manifold properties and is used as antimicrobial agent 

since centuries [91]. Nigella sativa (black seed, kalonji) is an antimicrobial agent, stimulates the 
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immune system and supports recovery from fatigue [92]. Hydroxychloroquine (HCQ), a less toxic 

derivative of chloroquine (CQ) is effective in inhibiting SARS-CoV-2, which is the component of 

black seed. According to the Indian council of Medical Research (ICMR), about 80 % of infected 

patients experience common cold symptoms. Patients can take benefit of Genus Epidemicus 

homeopathy drugs as well from ayurveda as per prescription by doctor or expert.  

 

10. Discussion 

The outbreak of novel coronavirus (n-CoV-2019) originated from the Hunan seafood market at 

Wuhan, China where bats, snakes and other animals are sold [1,88]. COVID-19 rapidly spread across 

the globe [1,45]. The zoonotic source of SARS-CoV-2 is not confirmed, however, sequence-based 

analysis suggested bats as the key reservoir [5,93]. Wild animals should not enter the human food 

chain. There should be strict control mechanisms on life animal markets in China and other 

countries. A ban on eating wild animals and birds is of paramount significance to prevent further 

pandemics.  

Reverse Real-time quantitative polymerase chain reaction rRT-qPCR is used for laboratory 

diagnosis in SARS-CoV-2. Due to low detection rate, there is a need to analyze with CT imaging 

[94,95]. To overcome this shortcoming, specific, sensitive, accurate and rapid diagnostic kit of 

SARS-CoV-2 in suspected patients is required. Until now, no promising clinical treatments or 

prevention strategies have been developed against human coronaviruses. However, the researchers 

are working to develop efficient therapeutic strategies to cope with the novel coronaviruses. As 

reported recently Hydroxychloroquine (HCQ), a less toxic derivative of chloroquine (CQ) maybe 

effective in inhibiting SARS-CoV-2. Most importantly, human coronaviruses specific vaccines and 

antiviral drugs should be designed that could be used against the current as well as future 

epidemics.  

Prevention is better a strategy than cure. The COVID-19 pandemic is a challenge and can be 

controlled (Table 3). The experience and advances towards control and management of the global 

outbreak are relevant milestones. The lessons from the COVID-19 pandemic need to be learned, 

implemented, so mankind can survive future outbreaks unharmed. Authorities are required to take 

harsh and strict preventive measures including lockdown of entire areas. Countries like Taiwan, 

China and South Korea adopted successful preventive measures that should be followed worldwide. 

Health services staff members need to be specifically trained in crisis-management and 

decontaminating surfaces after each high-risk patient contact [96]. Health personnel and the general 

population require access to effective personal protective equipment. Different teams of doctors and 

experts should be immediately dispatched to other countries facing the outbreak to help control the 

spread of COVID-19. Measures to improve the health care system by developing the existing 

infrastructure is recommended.  

Limiting transmissions is the most relevant step in the COVID-19 outbreak and further future 

pandemics (Table 3) [51,54]. We recommend developing new antimicrobial agents through 

bio-nanotechnology combined with well-known microbicides including plant derived products and 

polyiodides. Prevention of microbial biofilm formation and adsorption on medical equipment, 

masks, gloves and personal protective equipment is significant for the future of mankind. The use of 

artificial intelligence and computational chemistry is needed to act faster during development of 

vaccines and antimicrobial agents. International cooperation will ensure the survival of our species. 

The quest for vaccines and drugs should be orchestrated through cooperation and support 

mechanisms by all related institutions, governments and philanthropic organizations worldwide.  

The epidemiological studies revealed that the majority of fatal cases are in the advanced age 

group, male and with pre-existing comorbidities [34]. Health literacy in the population should be 

improved through educational programs which will in turn reduce co-morbidities, depression and 

lower immunity in the population [37]. Governments and related institutions are urged to advocate 

increasingly healthy lifestyle with physical activity, healthy food intake and adequate serum 

25-hydroxyvitamin D (25(OH)D) concentrations [20,21]. These factors are inversely related to 
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obesity, diabetes, hypertension, metabolic syndrome, cardio-vascular and immune-suppression 

which seem to be the gateway to fatality in COVID-19 [17,19,33,34]. At the same time, environmental 

factors like pollution, temperature, humidity and latitude are related to the spread of the disease 

[24,25]. The increasing temperatures especially in the near equatorial regions will reduce infection 

rates drastically. 

India, Pakistan, UAE, Gulf countries, Middle East and Africa seem not being hardly hit by the 

COVID-19 outbreak. This needs to be answered in an immunological context. India and UAE fastly 

reacted to the pandemic with strict and harsh preventive measurements which seem to be successful 

so far. Still questions arise, why the area is not as hard hit like other countries. Temperature, 

humidity and latitude may have prevented the uncontrolled spread of COVID-19 in India, Pakistan, 

UAE, other Gulf countries, the Middle East and Africa [24].  

There are possible explanations for this phenomenon related to India and Pakistan. The copy of 

the virus in the Indian subcontinent may have irreversibly mutated and changed into a less virulent 

strain. At the same time, Pakistan, India, African continent are endemic for Malaria. The use of the 

traditional anti-malaria drugs chloroquine and it derivative hydroxyl-chloroquine made the 

population less liable. In comparison, other societies may be susceptible, because malaria is not 

endemic and the above anti-malaria drugs are not in use. The angiotensin-renin receptor of 

individuals in the Indian subcontinent does not fit to the viral legends and they differ from other 

nations. Low incidence of co-morbidities result in strong immune system. Additionally, BCG 

vaccination is stimulating cell mediated immunity (CMI). CMI is the part of the immune system that 

deals with the virally infected cells, acting in this respect in favor of subcontinent population. The 

BCG vaccine is not used in Italy, Spain or Germany. In the United Kingdom, BCG is given to infants 

in areas with a tuberculosis incidence around 40/100,000. These are infants with a parent or 

grandparent born in a high incidence country.  The BCG vaccine induces an enhanced state of 

trained immunity [97].  

A new hypothesis emerged recently related to lung involvement in COVID 19 [98]. Based on 

observations from the different studies published recently, Whenzhong et al. report, that the 

postmortem analysis revealed pulmonary thrombosis and not typical ARDS. They conclude, that 

COVID-19 does not cause pneumonia, nor ARDS. The virus structural protein may bind to 

hemoglobin displacing oxygen and iron [98]. The iron is released into the circulation and leads to 

toxicity causing inflammation of alveolar macrophages. The free iron released into the circulation is 

so toxic, that it causes oxidative damage to the lungs, which explains the bilateral - ground glass 

opacities seen on chest CT of those patients [98]. The authors claim, that this condition was 

mistakenly treated as bilateral pneumonia. Lung inflammation starts due to inability of both oxygen 

and carbon dioxide exchange. Hemoglobin loses its capacity to bind with oxygen thus oxygen is not 

supplied to major organs leading to resistant hypoxia coupled with very rapid multi-organ failures 

[98]. Patients do not benefit from invasive ventilation but may require frequent blood transfusions 

[98]. Heme is converted to porphyrin and subsequently chloroquine competes for binding to 

porphyrin. Favipiravir binds to the virus envelope protein with very high affinity and prevents 

entry into the cells as well as binding of structural proteins to porphyrin [98]. The body tries to 

compensate by elevating the rate of hemoglobin synthesis which explains high Hb levels in those 

patients [98]. Another compensatory mechanism is to deal with the iron load such as increasing 

ferritin [98]. This explains the very high ferritin observed in those patients. 
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