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The outbreak of acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
infection in mid-December 2019, from Wuhan, Hubei Province, China, 
and its spread across China and beyond has taken the world by surprise. 
On March 11, 2020 WHO (World Health Organization) declared it a global 
pandemic. Herein, we discuss the epidemiological trends, clinical and 
diagnostic findings, management, and investigative therapies of this 
disease and also reflect upon how it might be different in India from 
the rest of the world. 
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Introduction
Coronaviruses are a group of diverse micro-organisms that 
primarily targets the human respiratory system. Previous 
outbreaks of coronaviruses (CoVs) include the Severe 
Acute Respiratory Syndrome (SARS)-CoV and the Middle 
East Respiratory Syndrome (MERS)-CoV which have been 
characterized as a great public health threat.1 Coronavirus 
disease 19 (COVID-19) is an infection caused by a strain 
of coronavirus that was designated by the World Health 
Organization (WHO) as Severe Acute Respiratory Syndrome 
coronavirus 2 (SARS-CoV-2). 

SARS-CoV-2 has a single-stranded positive-sense RNA 
genome and has been shown to interact with angiotensin-
converting enzyme receptor-2 (ACE-2) for entry into the cells. 
The ACE-2 receptor is present in the alveolar cells of the lung, 
stomach, small intestine, colon, skin lymph nodes, brain, 
bile ducts, and parietal cells of the kidney.2 Another recent 
study suggests that certain proteins of the virus like ORF8 
(Open Reading Frame) and surface glycoprotein could bind 
to porphyrin and proteins like ORF1ab, ORF10 and ORF3a 
proteins attack the 1-beta chain of hemoglobin resulting in 
dissociation from iron to form porphyrin resulting in less 
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oxygen carrying capacity of hemoglobin.3 Medications like 
hydroxychloroquine prevent the attack of ORF1ab, ORF10, 
and ORF3a proteins on heme, thus relieving symptoms of 
respiratory distress. The new antiretroviral drug Favipiravir 
inhibits the envelope protein and ORF7a protein, preventing 
the virus from entering the cells.3

WHO initially called the pathogen novel coronavirus 2019 
(2019-nCoV) and the disease as Novel Coronavirus Infected 
Pneumonia (NCIP) only to rename the clinical condition 
as COVID-19 (short form of Corona Virus Disease-19). 
The Coronavirus Study Group (CSG) of the International 
Committee on Taxonomy of Viruses renamed the virus 
“Severe Acute Respiratory Syndrome Coronavirus 2” (SARS-
CoV-2) on February 11, 2020.4, 5 On March 11, 2020 WHO 
declared COVID-19 a pandemic.

Epidemiology
As of 27th of May, 2020, there are more than 5,609,079 
cases worldwide and more than 350,958 deaths, in the USA 
there are 1,681,418 cases with more than 98,929 deaths 
and in India 151,767 cases with 4,337 deaths according 
to the tracker by The Lancet.6,7 The phylogenetic analysis 
suggests that the disease appears to be zoonotic in origin, 
primarily bats.1 The contagiousness is depicted by the basic 
reproduction number (R0) which is an indication of the 
transmissibility of a virus, representing the average number 
of new infections generated by an infectious person in a 
totally naive population. For R0 > 1, the number infected 
is likely to increase, and for R0 < 1, the transmission is 
likely to die out. The R0 for COVID-19 is between 2-3.8 The 
median incubation period of COVID-19 disease is 5 days 
with 97.5% becoming symptomatic in 11.5 days and 100% 
symptomatic at 14 days.8

The Case Fatality Rate (CFR) or mortality rate for COVID-19 
disease is about 3%.9 Overall, the case fatality rate is 4.4% 

worldwide. It may be depending on region and ethnicity; 
however, further research is warranted. Belgium has the 
highest CFR of 15.8%, followed by the United Kingdom 15%, 
France 14.9%, Italy 13.7%, Netherlands 12.4%, and Spain 
11.7% among the top few. The United States has a CFR of 
5.8%, China 4% and India 3.2%.10,11 The recovery rate in 
India is 35.6%. The difference in the CFR may be caused by 
a number of factors like differences in the number of people 
tested (with more people tested identifies cases with milder 
illness and reduces the CFR), demographics (countries with 
older population has higher CFR) or health care system 
characteristics (more CFR with fewer resources). The Death 
Rate Doubling Time is used to access how long it takes for 
the total number of confirmed cases by COVID-19 to double. 
Longer the Doubling time better it is for the community. The 
Death Rate Doubling Time for India is 10 days, the USA is 
18 days, the United Kingdom is 20 days, Italy is 32 days and 
for the world, it is 21 days. The Doubling Case Rate is used 
to access total confirmed cases of Coronavirus infection to 
double. Longer the Doubling Rate better the country is doing. 
The Doubling Case Rate in India is 11 days, in the United 
Kingdom it is 20 days, in the USA it is 21 days, in the world 
overall is 23 days and in Italy, it is 34 days.12

The disease primarily affects adults and rarely children. 
Human to human transmission is now the primary mode of 
transmission through droplets and fomites. Droplets nuclei 
travel up to 6 feet and do not linger in the air for long. The 
virus can be active in the air for about 3hrs, on copper 4hrs, 
on cardboard 24hrs, on steel and plastic for about 3 days. 
Risk factors for COVID-19 are age above 65years, people 
in long term care or nursing homes, immunocompromised 
patients, chronic lung disease, and co-morbid conditions 
like cardiac disease, diabetes, chronic renal disease, and 
chronic liver disease.13

Clinical and Laboratory Features

Table 1.Definitions of case and contact by WHO14

Definition of the Case and Contact by WHO14

1. Suspect Case

A patient with acute respiratory illness (fever and at-least one sign/symptom of 
respiratory disease like cough, dyspnea or diarrhea), AND history of travel to or 
residence in a country/area or territory reporting transmission of COVID-19 during 14 
days prior to symptom onset. 
OR
A patient with any acute respiratory illness AND contact with a confirmed or probable 
case of COVID-19 during 14 days prior to symptom onset.
OR
A patient with acute respiratory illness (fever and at-least one sign/symptom of 
respiratory disease like cough, dyspnea or diarrhea), AND requiring hospitalization AND 
no other etiology explaining the symptoms.

2. Probable Case A suspect case whose COVID-19 test result is inconclusive.
3 Confirmed Case Laboratory confirmed COVID-19 case, irrespective of signs and symptoms.
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Common clinical features associated with COVID-19 are 
fever (90%), dry cough (59%), fatigue (70%), anorexia 
(40%), and shortness of breath (31%). Other less common 
features associated are muscle or joint pains, sore throat, 
headache, chills, nausea or vomiting, loss of smell, and loss 
of taste and diarrhea.15 The most distinctive symptom is 
shortness of breath which is not usually present in flu or 
the common cold. The clinical features are mostly similar 
to SARS-CoV and MERS-CoV. 

The disease spectrum of SARS-CoV-2 ranges from mild 
disease (81%), severe (14%), and critical disease (5%) with 
the death rate of 3.4%. The severity of symptoms can be 
categorized as mild, moderate, severe, and critical (including 
ARDS, Sepsis, and shock). The patients with the mild or 
uncomplicated disease have mild symptoms of dry cough, 
some shortness of breath, sore throat, nasal congestion 
without radiographic abnormalities. The patients with 
moderate disease have fever, shortness of breath, cough, 
and other constitutional symptoms with radiographic 
abnormalities. The patients with severe disease have severe 
dyspnea with either a respiratory rate >30/min and/or SpO2 
<90% on room air and/or PaO2/FiO2 <300 mmHg and more 
than 50% lung involvement on imaging within 24-48 hours. 
Critical patients have either respiratory failure, hypotension/
septic shock, altered sensorium, or multi-organ failure. 
Severe complications include ARDS, acute cardiac injury, 
RNAaemia, and multi-organ failure.16-18

Hospitalized patients develop arrhythmias in 17%, shock 
in 9%, bacterial superinfection in 10-20%, ARDS in 20%, 
respiratory co-infection in 2-25%, renal injury in 5%, and 
about 1/3rd develop cardiomyopathy. The recovery time 
is about 2 weeks for mild disease and 3-6 weeks for the 
severe disease.15

The laboratory features include lymphopenia, increased 
prothrombin time, elevated LDH (lactate dehydrogenase), 
elevated AST (aspartate aminotransferase), elevated 
ALT (alanine aminotransferase), elevated blood urea & 
creatinine, elevated ESR (erythrocyte sedimentation rate), 
increased CRP (C-reactive protein) and normal procalcitonin. 
In some cases, there may be an elevation of Anti pro-
BNP and troponins. In severe cases, D-dimer is elevated 
increasing the possibility of pulmonary embolism even 
without deep venous thrombosis.19,20

Prognostic Factors
Poor prognostic factors are age over 65 years (8% CFR in 70-
79 years and 15% CFR in ≥80 years), male sex, co-morbidities 
{like diabetes, pulmonary disease, cardiovascular disease 
(including hypertension), malignancy, immunosuppression}, 
abnormal laboratory findings (severe lymphopenia, elevated 
troponin, elevated creatinine, elevated CRP, elevated 
creatinine, elevated LDH and elevated D-dimer).21

Testing/ Screening Criteria

4. Contact

A contact is a person that is involved in any of the following: 
• Providing direct care of COVID-19 patients without proper personal protective 

equipment (PPE).
• Staying in the same close environment as a COVID-19 patient (including workplace, 

classroom, household, gatherings). 
• Travelling together in close proximity (within 1 meter) with a symptomatic person 

who later tested positive for COVID-19. 

5. Low Risk 
Contact

• Shared the same space (same classroom/same room for work or similar activity) 
and not having high risk exposure to the confirmed/suspected case.

• Travel in the same environment (bus/train) but not having high exposure as cited 
above.

• Any traveler from aboard not satisfying high risk criteria.

6. High Risk 
Contact

• Contact with a confirmed case of COVID-19.
• Travelers who visited a hospital where COVID-19 cases are being treated. 
• Travel to a province where COVID-19 local transmission is being reported as per 

WHO daily situation report.
• Touched body fluids of patients (respiratory tract secretions, blood, vomitus, saliva, 

urine, feces).
• Had direct physical contact with the body of the patient including physical 

examination without PPE.
• Touched or cleaned the linens, clothes or dishes of the patient.
• Close contact, within 3 feet (1 meter) of the confirmed case.
• Co-passengers in an airplane/vehicle seated in the same row, 3 rows in front and 

behind of a confirmed COVID-19.
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Indian Council of Medical Research (ICMR) suggested 
guidelines for the patients to be tested.22 These include:

•	 All symptomatic patients (fever, cough, difficulty 
breathing) who have traveled internationally in the 
last 14 days.

•	 All symptomatic contacts of laboratory-confirmed 
cases.

•	 All symptomatic healthcare workers.
•	 All hospitalized patients with severe acute respiratory 

illness (fever and cough and/or shortness of breath).
•	 Asymptomatic contact of high-risk patients should be 

tested once between 5-14days of contact.
•	 Direct and high-risk contact living in the same household 

and healthcare worker who examined the patient 
without adequate protection as per WHO.

Diagnostics
The diagnostic tests include laboratory investigations and 
imaging.

Laboratory Investigations 
Essential samples to be taken are nasopharyngeal and 
oropharyngeal swabs; additionally, bronchoalveolar lavage, 
tracheal aspirate, and sputum can also be collected in select 
cases. The samples should be collected within 3 days of 
the onset of symptoms or as early as possible and no less 
than 7 days. Routine investigations like metabolic profile, 
culture for other respiratory pathogens must be sent for 
all patients.

Laboratory testing includes gene sequencing, Reverse 
Transcriptase Polymerase Chain Reaction (RT-PCR), and 
serological methods like Enzyme-Linked Immunosorbent 
Assay (ELISA). RT-PCR is a Nucleic Acid Amplification Test, 
widely used to detect viral RNA is based on spike-gene and 
N-gene with results available in 24hrs. RT-PCR targets e-gene 
(envelop gene, common to all coronaviruses) and RdRp 
gene (RNA-dependent RNA polymerase) & ORF-1 gene. 
The RdRp gene and ORF-1 gene are specific to SARS-CoV-2. 
RT-PCR has limitations of false positive and negative results 
and requires expensive equipment and trained personnel. 
RT-PCR with sputum induction was found to be better than 
in throat swabs and also decreases the risk to healthcare 
workers with aerosol generation. The sensitivity of RT-PCR 
is about 71%. In positive cases the virus has been isolated 
from blood, and rarely stool samples, raising the possibility 
of feco-oral transmission.23, 24 Viral gene sequencing should 
be regularly performed from a percentage of samples to 
monitor viral genome mutations.25 

Reverse Transcription Loop-mediated Isothermal 
Amplification (RT-LAMP) allows faster and cheaper 
testing with results in less than 30 minutes. RT-LAMP is 
one-step nucleic acid amplification method based on PCR 
technology.26 Rapid detection of nucleic acids can also be 

achieved through the SHERLOCK platform (Specific High 
Sensitivity Enzymatic Reporter Unlocking) that uses cas13a 
ribonuclease for RNA sensing.27

Immunoglobulin G and Immunoglobulin M IgG and IgM) can 
be detected from the serum of COVID-19 patients by ELISA. 
Point of care rapid tests based on immunochromatographic 
assay detects immunoglobulin G and immunoglobulin M 
IgG and IgM in patient’s serum, plasma, or whole blood 
at the bedside.2 IgG and IgM antibodies start developing 
in patients in about 5 days from the onset of symptoms.

Recently developed new rapid point of care test, “ID 
NOWTM COVID-19” (Abbott) detects RNA-dependent 
RNA polymerase (RdRp). This test is ‘emergency use 
authorized’ by USFDA (United States Federation of Drug 
Authority), though not approved. It detects SARS-CoV-2 
RNA in respiratory samples and gives a positive result in 5 
minutes and a negative result in 13 minutes.28

Group testing is utilized as wide-scale individual testing 
is not feasible in a global pandemic. Many countries like 
Germany and now India are adopting group testing. This 
test detects the virus in a sample, be it from one person or 
a group (many individual samples). If the sample is negative, 
then the whole group is not a carrier of the virus. If the 
sample is positive, then at least one person in the group is 
a carrier. It is suggested that adequate use of group testing 
can save up to 85-95% of the tests.29

Imaging
Radiographic Findings

1. Chest x-ray: The chest x-ray may be normal in early 
or mild disease. The most common findings are 
bilateral air space opacities described as Ground-Glass 
Opacities (GGO) or consolidation, with peripheral and 
lower zone predominance (Figure 1 and 2). Pleural 
effusions are rare.30 The extent of infection can be 
quantified by a severity score using the Radiographic 
Assessment of Lung Edema (RALE) score.31 A score of 
0-4 can be assigned to each lung depending on the 
extent of involvement by consolidation or GGO (0=no 
involvement; 1=<25%; 2=25-50%; 3=50-75%; 4=>75% 
involvement). The scores for each lung were summed 
to produce the final severity score.30 More the score 
severe the disease.

2. CT Scan: CT chest has a lower rate of missed diagnosis 
of COVID-19 and should be used as a standard method 
for diagnosis of the disease. The sensitivity of CT chest 
for COVID-19 infection was found to be 98%, compared 
to RT-PCR sensitivity of 71%.24,32 A non-contrast CT 
scan is advised in patients as contrast would affect 
the interpretation of ground-glass opacities. The CT 
findings also depend on the stage of the disease.33

3. Mild disease stars as small sub-pleural, unilateral or 
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bilateral GGO in lower lobes which later develops into 
a crazy-paving pattern and eventually consolidation.

4. In early stages (0-4 days after onset of initial symptoms) 
unilateral or bilateral lower lobe GGO is the main 
presentation.

5. In progressive stage (5-8 days after initial symptoms) 
there are bilateral, multi-lobar GGO with crazy paving 
pattern and consolidation.

6. In peak stage (9-13 days after initial symptoms) there 
is diffuse bilateral GGO with crazy paving pattern and 
consolidation.

7. In the absorption stage (more than 14 days after initial 
symptoms) there is a gradual resolution of consolidation 
and GGO. No crazy paving pattern is observed.

Peak lung involvement is characterized by crazy paving 
pattern, new or increasing consolidation, bilateral, and 

multi-lobar involvement (Figure 5). Pleural effusions, 
extensive tiny nodules, and lymphadenopathy are rare 
(Figure 3 and 4).34, 35 Microvascular dilatations in the area 
of GGO has been observed on CT scan, probably secondary 
to inflammation.36

Figure 1.Chest X-ray of 74-years-old male 
patient reveal bilateral airspace opacities with 

conglomeration in left mid and lower zones 
suggesting consolidation. The endotracheal 

tube is in place. Multiple overlying ECG leads. 
Radiographic score 4+4=8. The patient                                        

was RT-PCR positive for COVID-19

Figure 2.Chest X-ray of 53-year-old female patient 
reveal low lung volumes with bilateral mid and lower 
zone airspace opacities with conglomeration in left 

mid and lower zones and right lower zone suggesting 
consolidation. Radiographic score 2+3=5. The 

patient was RT-PCR positive for COVID-19

Figure 3.Non-contrast CT scan of the Chest of the 
62-year-old female patient reveals peripheral, bilateral 
(multi-lobar), lower lobes GGO of rounded morphology. 
The patient was RT-PCR positive for COVID-19

Figure 4.3D CT Chest of another COVID-19 positive 
patient showing rounded peripheral, bilateral GGOs

Figure 5.Non-contrast CT scan of the Chest of the 
72-years-old male patient reveals peripheral, bilateral 

(multi-lobar), GGO with crazy-paving pattern. The 
patient was RT-PCR positive for COVID-19



6
Sharma P et al.
J. Commun. Dis. 2020; 52(2)

ISSN: 0019-5138 
DOI: https://doi.org/10.24321/0019.5138.202019

According to the consensus statement by Radiological 
Society of North America (RSNA) the typical findings are 
peripheral, bilateral (multi-lobar), GGO, or multifocal GGO 
of rounded morphology with or without consolidation 
or visible interlobular lines (crazy-paving pattern) and 
reverse halo sign. The intermediate findings of COVID-19 
are multifocal, diffuse, perihilar, or unilateral consolidation 
or GGO without specific distribution and are non-peripheral 
or non-rounded. The atypical findings of COVID-19 are 
isolated lobar or segmental consolidation without GGO, 
centrilobular or tree-in-bud nodules, cavitation, smooth 
interlobular septal thickening with pleural effusion.37 

Although the imaging features of COVID-19 closely resemble 
with SARS-CoV (Severe Acute Respiratory Syndrome) 
and MERS-CoV (the Middle East Respiratory Syndrome 
coronavirus), the bilateral lung involvement and absence of 
nodules is more suggestive of COVID-19, as initial findings in 
SARS-CoV and MERS-CoV are more commonly unilateral.38,39 
Non-COVID-19 cases of pneumonia, on CT, has central and 
peripheral distribution, lobar or segmental distribution, 
pleural thickening, pleural effusion, and lymphadenopathy.40

Disease Prevention
Preventing exposure in the community: The aim of 
preventions is to break the transmission of the virus. This 
can be achieved through physical and social distancing, by 
staying at home and maintaining at least 6 feet (2 meters) 
distance from others. Repeated handwashing with soap and 
water for at least 20 seconds, with hand sanitizer containing 
at least 60% ethyl alcohol or isopropyl alcohol and avoiding 
touching eyes, nose, and mouth with unwashed hands is 
recommended.41 Covering mouth and nose with a cloth 
or mask when going out in public and covering a cough 
and sneeze with a cloth covering the face or sneeze inside 
the elbow.42 Standard, contact, airborne, and droplet 
precautions to be followed. The standard precautions 
include hand hygiene, use of personal protective equipment, 
respiratory hygiene and cough etiquette, cleaning and 
disinfection of surfaces and environment, appropriate 
patient placement, and waste disposal. Environmental 
disinfection can be performed with a number of agents 
the most common ones are bacillol spray (ethanol and 
propranolol), 7% Lysol spray (80% benzalkonium chloride 
solution, laurel alcohol ethoxalate) and AvaguardTM hand 
rub (2-propranolol, 1-propranolol), hypochlorite solution 
and detergent soap.41

Preventing exposure in the healthcare setting: Screening 
for all patients suspected for COVID-19. The healthcare 
personnel are advised to wear Personal Protective 
Equipment (PPE) covering their exposed body parts and 
following standard, contact, and droplet precautions with 
the gown, gloves, mask, and eye protection. Airborne 
precautions like respirators (N95) are warranted for 

aerosol-generating procedures (intubation, bronchoscopy, 
nebulization, etc.). Due to a worldwide shortage of PPE, 
decontamination for reuse has been advised with hydrogen 
peroxide, Ultraviolet light, and moist heat. Environmental 
disinfection can be achieved by 1% sodium hypochlorite 
solution. For the disinfection of items like thermometers, 
stethoscopes, BP apparatus cuffs, 60% ethyl alcohol can 
be used. Quaternary ammonium compounds are highly 
virucidal.43-45

Treatment
The treatment depends on the severity of the disease. 
There is no approved specific antiviral drug for COVID-19. 
Many investigative therapies are under trial; however, these 
are used clinically due to lack of specific medication for 
COVID-19. We discuss a few commonly used medications 
under trial before specific treatment strategies:

• Hydroxychloroquine/Chloroquine and Azithromycin: 
Some initial reports have reported that 600 mg of 
hydroxychloroquine daily significantly reduced the 
viral load in nasopharyngeal swab and addition of 
Azithromycin increased efficiency of virus elimination. 
The common side effects of Hydroxychloroquine/
Chloroquine include QT prolongation, cardiomyopathy, 
hepatotoxicity, bone marrow suppression.46 Both 
Hydroxychloroquine/Chloroquine and Azithromycin 
cause QT prolongation, hence EKG monitoring is 
required. However, further clinical trials are warranted.

• Lopinavir/ Ritonavir: Some initial reports have shown in 
vitro activity of Lopinavir/Ritonavir against SARS-CoV-1 
and MERS-CoV; however, no significant difference 
than standard care has been observed in SARS-CoV-2. 
With a lack of medication experts suggest keeping this 
combination as a treatment option.47

• Remdesivir: In vitro studies have shown that Remdesivir 
(neuraminidase inhibitor, inhibits viral replication) is 
highly effective in controlling SARS-CoV-2. Preliminary 
studies have shown Remdesivir shortens the recovery 
time in adults with COVID-19 and lower respiratory 
infections.48

• Dexamethasone: Dexamethasone, a corticosteroid 
is known to reduce inflammation. Initial insights in 
patients in United Kingdom has shown to reduce 
mortality in patients requiring oxygen or ventilator 
support. WHO has welcomed further trials and 
research.49

• Vitamin C: Vitamin C is an antioxidant and prevents 
inflammatory damage to alveolar cells.

• Favipiravir: Favipiravir is an RNA dependent RNA 
polymerase inhibitor and is recently approved to treat 
COVID-19. It has been used to treat infection by RNA 
viruses. Clinical trials are underway.50

• Arbidol: Some studies have shown that Arbidol, an 
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antiviral drug inhibits SARS-CoV-2 infection in vitro.51

• Tocilizumab: Tocilizumab is an IL-6 antagonist. Inhibition 
of IL-6 results in a reduction in cytokine and acute 
phase reactant production. Studies have shown that 
symptoms, blood gases, and CT opacities improved 
after treatment with Tocilizumab.51

• Interferon Beta: Interferon beta has been used to 
reduce viral overload in MERS-CoV, however, studies 
are underway for its role in treating SARS-CoV-2.52

• Interferon Alfa: Interferon alfa is a broad-spectrum 
antiviral and has been shown to inhibit SARS-CoV 
reproduction in vitro.50

• Convalescent Serum: Patients who have recovered from 
COVID-19 infection have antibodies in their serum. 
Studies have shown clinical improvement after the 
administration of convalescent serum containing 
neutralizing antibodies to COVID-19 patients with 
ARDS.53 In India, clinical trials with convalescent serum 
have started.

• Ribavirin: Ribavirin is a nucleoside analog and with 
broad-spectrum antiviral effects. Ribavirin combined 
with Lopinavir/ Ritonavir reduces the risk of ARDS.50

• Ivermectin: Ivermectin is a broad-spectrum antiparasitic 
drug and has been shown to inhibit SARS-CoV-2 
reproduction in vitro.54

• Ribonucleoside analog β-d-N4-hydroxycytidine: Recent 
study by Sheahan et al. has shown that ribonucleoside 
analog β-d-N4-hydroxycytidine has broad-spectrum 
antiviral activity against SARS-CoV-2, MERS-CoV, 
SARS-CoV, and related zoonotic group 2b or 2c bat-
CoVs, and increased potency against a CoV bearing 
resistance mutations to the nucleoside analog inhibitor 
Remdesivir.55

• Vaccine: Many countries are working hard to prepare 
a vaccine but, none is available in the market so far. 
The vaccine technologies under evaluation are whole 
virus vaccines, recombinant protein subunit vaccines, 
and nucleic acid vaccines.56 There are 115 candidates 
for the COVID-19 vaccine worldwide, of which 78 
are confirmed as active and 37 are unconfirmed. Of 
the 78 confirmed active projects, 73 are currently at 
exploratory or preclinical stages, with some in clinical 
stages, including mRNA-1273, Ad5-nCoV, INO-4800, 
LV-SMENP-DC, and pathogen-specific aAPC.57 Among 
those with the greatest potential for speed is DNA- and 
RNA-based platforms, as these can be made quickly 
because they require no culture or fermentation, 
instead of using synthetic processes, followed by those 
for developing recombinant-subunit vaccines.58 

Prophylaxis
Though there are ongoing clinical trials ICMR recommended 
Hydroxychloroquine for healthcare workers directly involved 
in patient care of suspect or confirmed COVID-19 patient 

(400 mg twice daily day 1, then 400 mg once weekly for 
7 weeks) and asymptomatic close contacts of confirmed 
COVID-19 patient (400 mg twice daily day 1, then 400 mg 
once weekly for 3 weeks). Before administration G6PD test 
and ECG should be performed.59,60

Hospital Admission Criteria
The criteria for hospital admission are respiratory rate 
more than 24/min, SpO2 <94% at room air, confusion, 
drowsiness, systolic BP <90mmHg or diastolic BP <60 mmHg 
and high-risk patients (age above 60 years, comorbidities 
as described earlier). MuLBSTA scoring system proposed 
by Chen et.al. includes six indices: Multilobar infiltrates 
(5 points), Lymphopenia (4 points), Bacterial Co-infection 
(4 points), Smoking history (Active smoker 3 points, quit 
smoking 2 points), Hypertension (2 points), Age >60 years 
(2 points). If the score is more than 12 there is increased 
mortality.18

Mild Cases
Mild cases present with mild fever, cough and prostration, 
without clinical or laboratory parameters of clinical severity 
or respiratory impairment. The treatment is mainly 
symptomatic with antipyretic (paracetamol), antibiotics 
if needed (azithromycin with or without amoxicillin and 
clavulanate), hydration, oseltamivir if influenza is also 
suspected. Home isolation should continue till 2 negative 
PCR tests 24hrs apart and till 2 weeks after the symptoms 
resolve.61

Supportive Management
In patients with severe acute respiratory illness, respiratory 
distress, hypoxemia, and shock early supportive management 
with 5L/min supplemental oxygen therapy increasing to 
10-15 L/min to keep target SpO2 >90% is recommended. 
Conservative fluid therapy to keep lungs dry but avoid 
hypovolemia, empiric antibiotics according to clinical 
diagnosis (community-acquired pneumonia or healthcare-
associated pneumonia or sepsis), neuraminidase inhibitor 
(oseltamivir), and treatment of comorbidities. Empiric 
corticosteroids are not recommended for the treatment 
of viral pneumonia or ARDS. Severe complicated COVID-19 
patients often require intubation. There is microvascular 
thrombosis, according to autopsy series from Italy, which 
leads to increased dead space. Hypoxemic respiratory failure 
and ARDS are managed with high flow nasal catheter or 
non-invasive ventilation. Endotracheal intubation should 
be performed in severe or critical cases.16 In mechanical 
ventilation, low tidal volumes and low inspiratory pressures 
are recommended.62 Prone ventilation for >12hrs/day is 
also recommended.63 Further discussion on mechanical 
ventilation is beyond the scope of this manuscript. 

Moderate Cases
Moderate cases present with signs and symptoms 
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of COVID-19 like high fever, persistent cough, severe 
asthenia, prostration, with clinical or radiological signs of 
lung involvement and without red flags of clinical severity 
or respiratory impairment. These patients are closely 
monitored and may require hospital admission. Perform 
chest x-ray (first-line investigation) or CT Chest without IV 
contrast (high sensitivity in identifying and quantifying the 
parenchymal involvement) as indicated. The treatment 
includes supportive management, oral hydration, consider 
broad-spectrum empiric antibiotic therapy. Antiviral therapy 
with Lopinavir/Ritonavir 200/50mg tablets, 2 tablets twice 
daily for 14 days and hydroxychloroquine 400 mg twice daily 
day 1, then 200 mg twice daily for 10 days or chloroquine 
phosphate 250 mg twice daily for 10 days. An alternative 
to Lopinavir/Ritonavir, Darunavir 600 mg tablet, 1 tablet 
twice daily plus Ritonavir 100 mg tablet, 1 tablet twice 
daily for 14 days.61

Severe Cases

Patients with clinical and/or laboratory parameters of 
worsening gas exchange (dyspnea, elevated respiratory rate, 
decreased SpO2, altered blood gas on room air) without 
critical or warning signs like respiratory failure, altered 
consciousness, hypotension, or shock. Perform SARS-CoV-2 
RT-PCR swab every 48-72hrs until persistently negative, IL-6 
(Interleukin-6) levels, D-dimer, and inflammatory markers 
like fibrinogen, ferritin, CRP and LDH, chest x-ray, CT chest, 
and echocardiography to access the lungs and heart. The 
treatment includes supportive management, oral hydration, 
and consider broad-spectrum empiric antibiotic therapy. 
Antiviral therapy with Remdesivir once-daily IV, 200mg 
on day 1 then 100 mg once daily for 10 days or Lopinavir/
Ritonavir 200/50 mg tablets, 2 tablets twice daily for 28 
days and hydroxychloroquine 400 mg twice daily day 1, then 
200mg twice daily for 10 days or chloroquine phosphate 
250 mg twice daily for 10 days and Tocilizumab 8 mg/kg 
single dose IV infusion in 60 minutes or two doses if no 
clinical improvement. ICMR recommends off-label use of 
hydroxychloroquine 400 mg loading dose followed by 200 
mg twice daily for 4 days in combination with azithromycin 
500mg once daily for 5 days, along with close monitoring 
of the EKG for QTc interval prolongation.16 An alternative 
to Lopinavir/Ritonavir, Darunavir 600 mg tablet, 1 tablet 
twice daily plus Ritonavir 100 mg tablet, 1 tablet twice 
daily for 14 days. Tocilizumab should be considered if any 
one or more of the following is present like PaO2/FiO2 <300 
mmHg, rapid worsening of blood gas, IL-6 levels >40 pg/mL 
or D-dimer >1000 ng/mL. Steroids (methylprednisolone or 
dexamethasone) may be considered if there is an incipient 
worsening of respiratory functions and if Tocilizumab is 
administered.61

Critical Cases
These patients have very severe illnesses due to respiratory 

failure, ARDS, hypotension, multi-organ failure, or impaired 
consciousness. Perform SARS-CoV-2 RT-PCR swab every 
48-72hr until persistently negative, IL-6 levels, D-dimer, 
and inflammatory markers like fibrinogen, ferritin, CRP, 
and LDH, CT chest and echocardiography to access the 
lungs and heart. The treatment includes antiviral therapy, 
supportive management, oral hydration and consider broad-
spectrum empiric antibiotic therapy. Supportive therapy 
with early mechanical ventilation, and ECMO (Extra Corporal 
Membrane Oxygenation) in case of refractory hypoxemia. 
Antiviral therapy with Remdesivir or Lopinavir/Ritonavir 
and hydroxychloroquine or chloroquine phosphate and 
Tocilizumab or Darunavir with Ritonavir or Tocilizumab and 
steroids may be administered as mentioned in the treatment 
of severe cases. Dexamethasone has been introduced for 
cases requiring oxygen or ventilator support.49

Hospital Discharge Criteria for a Suspect or 
Confirmed COVID-19 Case

The samples from a suspect or probable case of COVID-19 
are sent to the laboratory and the patient is kept in isolation 
until the test results. If the result is negative, then the 
patient is discharged according to the physician’s discretion 
with monitoring for 14 days since the last contact with 
confirmed COVID-19 case. In case the results of the 
test are positive, then the case is managed as pert the 
management guidelines and shall be discharged after 
clinical and radiological improvement with viral clearance 
in respiratory samples in two negative RT-PCR 24-48hrs 
apart after 2 weeks of treatment.64

Special Considerations for India
There have been many theories regarding the severity of 
COVID-19 in various parts of the world. We discuss some 
theories attributable to the Indian subcontinent. 

• Sequencing of COVID-19 genome: Gene sequencing 
analysis of the SARS-CoV-2 genome from different 
locations like USA, Italy, India, and Nepal was performed 
and revealed that the maximum number of mutations 
were found in Indian sequence. Mutation in the viral 
genome which is supposed to bind to human miRNA-
27b has led to the efficacy of antiretroviral drugs in 
COVID-19 in India, whereas in China these drugs were 
ineffective. It is speculated that due to these factors 
there is varied disease severity in different countries.65

• Universal Bacillus Calmette-Guerin (BCG) Vaccine: 
Studies have found that BCG vaccination has been found 
to provide protection against respiratory pathogens. 
There has been more morbidity and mortality in 
countries like Italy, the USA, Netherland without 
universal BCG vaccination. COVID-19 attributable 
mortality has been 5.8 times lower in countries among 
BCG using countries than in non-BCG using countries. 
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Compulsory BCG vaccination has a negative correlation 
with COVID-19 mortality and morbidity.66-68

• Population density: Though it is expected that the 
population density would result in the spread of the 
disease, but research has shown that the mortality 
rates do not correlate with population density.68

• Ventilated homes: Many studies have shown that well-
ventilated homes with high levels of natural sunlight, 
natural ventilation, and cleanliness can protect against 
indoor droplet infection.69, 70 India like many developing 
countries has well-ventilated homes with plenty of 
natural sunlight. Thus, it is postulated that COVID-19 
will be less virulent as compared to many developed 
countries like the USA or Italy.

• Blood group A: Studies have shown that COVID-19 is 
more prevalent in people with blood group A. In India, 
the prevalence of blood group A is between 23-30%, 
whereas countries like the USA and Britain have 41% 
and 42% respectively. This correlation may suggest 
that COVID-19 will be less widespread in India.71 But 
this is just an observation and further investigation is 
required to prove this.

• Younger population: Mortality of elderly patients with 
COVID-19 is higher than younger and middle-aged 
patients. India has about 9% population above the age 
of 60 and the majority is the young population.72, 73

Conclusion
Substantial work has to be done to combat the 
COVID-19 pandemic at the individual, institutional, and 
administrative levels. Many pharmacologic strategies are 
under investigation with many clinical trials underway. 
Effective prevention through social and physical distancing, 
public health education, and vigilant infection control is 
recommended. There is still a long way before a vaccine 
becomes available, till that time the best strategy is 
prevention. 

Conflicts of Interest: None

References
1. Rothan HA, Byrareddy SN. The epidemiology and 

pathogenesis of coronavirus disease (COVID-19) 
outbreak. Journal of Autoimmunity, 2020.

2. Udugama B, Kadhiresan P, Kozlowski HN et al. Diagnosing 
COVID-19: the disease and tools for detection. ACS 
nano, 2020.

3. Liu W, Li H. COVID-19: Attacks the 1-beta chain of 
hemoglobin and captures the porphyrin to inhibit 
human heme metabolism. 2020.

4. Gorbalenya AE. Severe acute respiratory syndrome-
related coronavirus-The species and its viruses, a 
statement of the Coronavirus Study Group. BioRxiv, 
2020.

5. Enserink M. Update: A bit chaotic. Christening of new 
coronavirus and its disease name create confusion. 
Science, 2020.

6. Dong E, Du H, Gardner L. An interactive web-based 
dashboard to track COVID-19 in real time. The Lancet 
Infectious Diseases, 2020.

7. Corona outbreaks in India. 2020. Available from: 
https://www.covid19india.org.

8. Lauer SA, Grantz KH, Bi Q, et al. The incubation period 
of coronavirus disease 2019 (COVID-19) from publicly 
reported confirmed cases: estimation and application. 
Annals of Internal Medicine, 2020.

9. Guan WJ, Ni ZY, Hu Y et al. China Medical Treatment 
Expert Group for Covid-19 (2020) Clinical characteristics 
of coronavirus disease 2019 in China. N Engl J Med 
2020.

10. Kim DD, Goel A. Estimating case fatality rates of 
COVID-19. The Lancet Infectious Diseases, 2020.

11. COVID-19. Available from: https://coronavirus.jhu.
edu/map.html.

12. Max R, Hannah R. Esteban Ortiz-Ospina and Joe Hasell 
(2020) - Coronavirus Pandemic (COVID-19). Retrieved 
from: ‘https://ourworldindata.org/coronavirus’.

13. Murthy S, Gomersall CD, Fowler RA. Care for critically 
ill patients with COVID-19. JAMA 2020.

14. WHO. Coronavirus disease (COVID-19) (2019-nCoV) 
Situation report-52. 2020. Available from: https://www.
who.int/docs/default-source/coronaviruse/20200312-
sitrep-52-covid-19.pdf?sfvrsn=e2bfc9c0_2.

15. Wang D, Hu B, Hu C et al. Clinical characteristics of 138 
hospitalized patients with 2019 novel coronavirus–
infected pneumonia in Wuhan, China. JAMA, 2020.

16. Revised Guidelines on Clinical Management of 
COVID-19. Available from: https://www.mohfw.gov.
in/pdf/.RevisedNationalClinicalManagementGuide-
lineforCOVID1931032020.pdf.

17. Mission WC. Report of the WHO-China Joint Mission 
on Coronavirus Disease 2019 (COVID-19). 2020.

18. Chen N, Zhou M, Dong X et al. Epidemiological and 
clinical characteristics of 99 cases of 2019 novel coro-
navirus pneumonia in Wuhan, China: a descriptive 
study. The Lancet 2020; 395(10223): 507-513.

19. Wang Y, Wang Y, Chen Y et al. Unique epidemiologi-
cal and clinical features of the emerging 2019 novel 
coronavirus pneumonia (COVID-19) implicate special 
control measures. Journal of Medical Virology, 2020.

20. Danzi GB, Loffi M, Galeazzi G, et al. Acute pulmonary 
embolism and COVID-19 pneumonia: a random asso-
ciation? European Heart Journal 2020.

21. Ruan Q, Yang K, Wang W et al. Clinical predictors of 
mortality due to COVID-19 based on an analysis of 
data of 150 patients from Wuhan, China. Intensive 
Care Medicine 2020.



10
Sharma P et al.
J. Commun. Dis. 2020; 52(2)

ISSN: 0019-5138 
DOI: https://doi.org/10.24321/0019.5138.202019

22. Sahasranaman A, Kumar N. Network structure of 
COVID-19 spread and the lacuna in India’s testing 
strategy. 2020.

23. Wang W, Xu Y, Gao R et al. Detection of SARS-CoV-2 
in different types of clinical specimens. JAMA 2020.

24. Fang Y, Zhang H, Xie J, et al. Sensitivity of chest CT for 
COVID-19: comparison to RT-PCR. Radiology 2020.

25. World Health Organization. Laboratory testing for 
coronavirus disease 2019 (COVID-19) in suspected 
human cases: interim guidance. 2020.

26. Lamb LE, Bartolone SN, Ward E et al. Rapid detection 
of novel coronavirus (COVID19) by reverse transcrip-
tion-loop-mediated isothermal amplification. 2020.

27. Gootenberg JS, Abudayyeh OO, Kellner MJ et al. 
Multiplexed and portable nucleic acid detection plat-
form with Cas13, Cas12a, and Csm6. Science 2018; 
360(6387): 439-444.

28. ID NOW COVID-19. Available from: https://www.fda.
gov/media/136525/download.

29. Gollier C, Gossner O. Group testing against Covid-19. 
Available from: https://ideas.repec.org/p/crs/wpa-
per/2020-02.html.

30. Wong HYF, Lam HYS, Fong AH et al. Frequency and 
distribution of chest radiographic findings in COVID-19 
positive patients. Radiology, 2019.

31. Warren MA, Zhao Z, Koyama T et al. Severity scoring 
of lungs oedema on the chest radiograph is associated 
with clinical outcomes in ARDS. Thorax 2018; 73(9): 
840-846.

32. Li Y, Xia L. Coronavirus Disease 2019 (COVID-19): Role 
of chest CT in diagnosis and management. American 
Journal of Roentgenology 2020.

33. Pan F, Ye T, Sun P et al. Time course of lung changes on 
chest CT during recovery from 2019 novel coronavirus 
(COVID-19) pneumonia. Radiology 2020.

34. Kanne JP, Little BP, Chung JH et al. Essentials for ra-
diologists on COVID-19: an update -radiology scientific 
expert panel. Radiology 2020.

35. Raniga S, Sharma P, Kaur G et al. Interstitial Lung dis-
ease (Ild) in Rheumatoid arthritis (Ra) -a study of thirty 
cases. Indian Journal of Radiology and Imaging 2006; 
16(4): 835.

36. Zhou S, Wang Y, Zhu T et al. CT features of coronavirus 
disease 2019 (COVID-19) pneumonia in 62 patients 
in Wuhan, China. American Journal of Roentgenology 
2020; 1-8.

37. Simpson S, Kay FU, Abbara S et al. Radiological Society 
of North America Expert Consensus statement on re-
porting chest CT findings related to COVID-19. Endorsed 
by the Society of Thoracic Radiology, the American 
College of Radiology, and RSNA. Cardiothoracic Imag-
ing - Radiology. 2020; 2(2): e200152.

38. Hosseiny M, Kooraki S, Gholamrezanezhad A et al. 

Radiology perspective of coronavirus disease 2019 
(COVID-19): lessons from severe acute respiratory syn-
drome and Middle East respiratory syndrome. American 
Journal of Roentgenology, 2020.

39. Sharma P, Kochar P, Sharma S et al. A case of pulmonary 
arteriovenous malformation: role of interventional 
radiology in diagnosis and treatment. Annals of Trans-
lational Medicine 2017; 5(17).

40. Bai HX, Hsieh B, Xiong Z et al. Performance of radiolo-
gists in differentiating COVID-19 from viral pneumonia 
on chest CT. Radiology, 2020.

41. Centers for Disease Control and Prevention. Inter-
im guidance for preventing getting sick from 2019 
Novel Coronavirus (2019-nCoV), cleaning and disin-
fection. Available from: https://www.cdc.gov/corona-
virus/2019-ncov/prevent-getting-sick/cleaning-disin-
fection.html?CDC_AA_refVal=https%3A%2F%2Fwww.
cdc.gov%2Fcoronavirus%2F2019-ncov%2Fprepare%2F-
cleaning-disinfection.html. Reviewed March 28, 2020.

42. Centers for Disease Control and Prevention. Interim 
guidance for persons who may have 2019 Novel Coro-
navirus (2019-nCoV) to prevent spread in homes and 
residential communities. Available from: https://www.
cdc.gov/coronavirus/2019-ncov/prevent-getting-sick/
prevention.html. Reviewed on April 13, 2020.

43. Lowe JJ, Paladino KD, Farke JD, et al. N95 Filtering 
Facepiece Respirator Ultraviolet Germicidal Irradia-
tion (UVGI) Process for Decontamination and Reuse 
Available from: https://www.nebraskamed.com/sites/
default/files/documents/covid-19/n-95-decon-process.
pdf?date=03252020.

44. Holmdahl T, Walder M, Uzcátegui N, et al. Hydrogen 
peroxide vapor decontamination in a patient room 
using feline calicivirus and murine norovirus as surro-
gate markers for human norovirus. Infect Control Hosp 
Epidemiol 2016; 37: 561.

45. Duan SM, Zhao XS, Wen RF, et al. Stability of SARS 
coronavirus in human specimens and environment and 
its sensitivity to heating and UV irradiation. Biomed 
Environ Sci 2003; 16: 246.

46. Gautret P, Lagier JC, Parola P et al. Hydroxychloroquine 
and azithromycin as a treatment of COVID-19: results 
of an open-label non-randomized clinical trial. Inter-
national Journal of Antimicrobial Agents 2020.

47. Dalerba P, Levin B, Thompson JL. A trial of lopinavir–
ritonavir in Covid-19. The New England Journal of 
Medicine 2020; 382(21).

48. Beigel JH, Tomashek KM, Dodd LE, et al. Remdesivir 
for the treatment of Covid-19-preliminary report. New 
England Journal of Medicine 2020.

49. Villar J, Confalonieri M, Pastores SM, Meduri GU. Ratio-
nale for prolonged corticosteroid treatment in the acute 
respiratory distress syndrome caused by coronavirus 



11
Sharma P et al.

J. Commun. Dis. 2020; 52(2)

ISSN: 0019-5138 
DOI: https://doi.org/10.24321/0019.5138.202019

disease 2019. Critical Care Explorations 2020; 2(4).
50. Dong L, Hu S, Gao J. Discovering drugs to treat coro-

navirus disease 2019 (COVID-19). Drug Discoveries & 
Therapeutics 2020; 14(1): 58-60.

51. Xu X, Han M, Li T et al. Effective treatment of severe 
COVID-19 patients with Tocilizumab. ChinaXiv 2020; 
202003(00026): v1.

52. Sahin AR, Erdogan A, Agaoglu PM et al. 2019 Novel 
Coronavirus (COVID-19) outbreak: a review of the 
current literature. EJMO 2020; 4(1): 1-7.

53. Shen C, Wang Z, Zhao F et al. Treatment of 5 critically 
ill patients with COVID-19 with convalescent plasma. 
JAMA 2020.

54. Caly L, Druce JD, Catton MG et al. The FDA-approved 
Drug Ivermectin inhibits the replication of SARS-CoV-2 
in vitro. Antiviral Research 2020.

55. Sheahan TP, Sims AC, Zhou S et al. An orally bioavail-
able broad-spectrum antiviral inhibits SARS-CoV-2 in 
human airway epithelial cell cultures and multiple 
coronaviruses in mice. Science Translational Medicine 
2020; 12(541).

56. Chen WH, Strych U, Hotez PJ et al. The SARS-CoV-2 
vaccine pipeline: An overview. Current Tropical Med-
icine Reports, 2020.

57. Regenauer A. COVID-19 - CMO Update and Overview. 
9th Edition. 2020. Available from: https://www.nature.
com/articles/d41573-020-00073-5.

58. Lurie N, Saville M, Hatchett R, et al. Developing Covid-19 
vaccines at pandemic speed. New England Journal of 
Medicine 2020.

59. Agrawal S, Goel AD, Gupta N. Emerging prophylaxis 
strategies against COVID-19. Monaldi Archives for 
Chest Disease 2020; 90(1). 

60. Indian Council of Medical Research. Advisory on the 
use of Hydroxychloroquine as prophylaxis for ARSCoV2 
infection. Accessed on 24 March 2020. Available from: 
https://www.mohfw.gov.in/pdf/Advisoryontheuseof-
HydroxychloroquinasprophylaxisforSARSCoV2infection.
pdf.

61. Nicastri E, Petrosillo N, Bartoli TA et al. National Insti-
tute for the Infectious Diseases “L. Spallanzani”, IRCCS. 
Recommendations for COVID-19 clinical management. 
Infectious Disease Reports 2020; 12(1).

62. Gage A, Higgins A, Lee R, et al. Reacquainting cardi-
ology with mechanical ventilation in response to the 
COVID-19 pandemic. 2020.

63. Cascella M, Rajnik M, Cuomo A, et al. Features, eval-
uation and treatment coronavirus (COVID-19). InStat-
Pearls. StatPearls Publishing, 2020.

64. Discharge Policy of nCoV Case. Available from: https://
www.mohfw.gov.in/pdf/Corona%20Discharge-Policy.
pdf.

65. Sardar R, Satish D, Birla S et al. Comparative analyses 

of SAR-CoV2 genomes from different geographical lo-
cations and other coronavirus family genomes reveals 
unique features potentially consequential to host-virus 
interaction and pathogenesis. bioRxiv, 2020.

66. Shet A, Ray D, Malavige N et al. Differential COVID-19-at-
tributable mortality and BCG vaccine use in countries. 
medRxiv, 2020.

67. Miller A, Reandelar MJ, Fasciglione K, et al. Correlation 
between universal BCG vaccination policy and reduced 
morbidity and mortality for COVID-19: an epidemio-
logical study. medRxiv, 2020.

68. Singh BR, Gandharva R. Are BCG Vaccination, Population 
Density, Median Age and Poverty Important Determi-
nants of COVID-19 Pandemic Spread, Morbidity and 
Mortality? Teaching Veterinary Epidemiology, 2020.

69. Hobday RA, Dancer SJ. Roles of sunlight and natural 
ventilation for controlling infection: historical and cur-
rent perspectives. Journal of Hospital Infection 2013; 
84(4): 271-282.

70. Hobday RA. The influence of sunlight and ventilation 
on indoor health: infection control for the post-anti-
biotic era. 2020.

71. Giri PA, Yadav S, Parhar GS, et al. Frequency of ABO 
and rhesus blood groups: a study from a rural tertiary 
care teaching hospital in India. Int J Biol Med Res 2011; 
2(4): 988-980.

72. Dowd JB, Rotondi V, Adriano L et al. Demographic 
science aids in understanding the spread and fatality 
rates of COVID-19. medRxiv, 2020.

73. Liu K, Chen Y, Lin R et al. Clinical features of COVID-19 
in elderly patients: A comparison with young and mid-
dle-aged patients. Journal of Infection 2020. 


