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The entire scientific community have come together in the last eight months to under-
stand the details of the novel SARS-CoV-2 virus that has caused the COVID-19 pandemic. 
We now have a fair idea of the main targets that should be looked into in depth to fight 
the virus. However, the data from different population groups on the different testing 
or treatment strategies is still largely lacking. Populations are diverse in terms of their 
genetics, nutritional status, microbiota, access to facilities, among many other factors. 
This article makes a case for looking into women-specific data on test results, response 
to disease management strategies, as well as mortality due to COVID-19, otherwise 
currently missing.
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The Coronavirus Family
Coronaviruses (CoV) are RNA viruses. They contain RNA as 
their genetic material, surrounded by a layer of crown-like 
glycoproteins and a layer of lipid membrane around them.

There are hundreds of different kinds of Coronaviruses, 
which we know so far, found in birds and animals including 
humans.1 Many of them are zoonotic,2 spreading across liv-
ing beings. This also opens up the possibility of these viruses 
being transmitted to humans from other animals. Some of 
the earlier known zoonotic Coronaviruses in humans have 
been transmitted from civet cats and dromedary camels. 
They have been known to be infectious and cause a range 
of diseases from mild cold to diseases with high mortal-
ity such as Severe Acute Respiratory Syndrome (SARS) or 
Middle East Respiratory Syndrome (MERS). Although not 
clearly understood thus far, it is thought that the zoonotic 
Coronaviruses cause more severe diseases.

The Novel SARS-CoV-2

SARS-CoV-2 is a novel Coronavirus that was officially reported 
in humans for the first time in December 2019.3 Since then, 
it has spread across the world, impacting people’s lives 
and livelihoods and was declared a pandemic in March 
2020.4 Comparative genome analyses of SARS-CoV-2 with 

Coronaviruses from bats and pangolins show 96.2% and 91% 
similarity, respectively.5 These studies suggest a high possi-
bility of the virus to have originated or come through bats 
and pangolins.

As in coronaviruses HCoV-NL63 and SARS-CoV, the 
spike (S) proteins on the surface of SARS-CoV-2 bind to the 
Angiotensin-Converting Enzyme-2 (ACE-2) receptors. But 
the binding is ten times stronger than for SARS-CoV.6 The 
host’s transmembrane serine protease 2 (TMPRSS) cleaves 
the S proteins to enable its binding to ACE-2, entering 
the host cells.7 ACE-2 expression is seen in heart, vessels, 
gut, lung (particularly in type-2 pneumocytes and macro-
phages), kidney, testis, and brain.8

The disease caused by SARS-CoV-2 within 2 to 14 days 
of infection is called COVID-19. The list of symptoms of 
the disease includes fever, dry cough, tiredness, aches and 
pains, sore throat, diarrhea, conjunctivitis, headache, loss) 
of taste or smell, skin rashes, discoloration of finger or toes, 
difficulty in breathing, chest pain, and difficulty in move-
ment.9 The chest CT scans show bilateral lung opacities after 
around 10 days of infection.10 Much of the severe symptoms 
of COVID-19 are believed to be due to cytokine storm elic-
ited by the hosts’ immune systems.11 The immune systems 
have proteins such as toll-like receptors (TLRs), which are 
able to detect pathogen-associated molecular patterns, initi-
ate a cascade of antiviral reactions via a set of proteins called 
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cytokines.12 However, we have a limited understanding on 
the impact of these reactions on our own cells.

Diversity in Susceptibility
Global studies have shown elderly, those with obesity, 
hypertension, diabetes, and asthma, and those who are 
immune-compromised are found to be the most suscepti-
ble to this virus.13 Of the top 10 countries with the highest 
number of Coronavirus cases, India arguably shows a lower 
mortality rate.14 However, studies correlating the incidence 
and severity of the disease with various factors determined 
by genetic make-up among Indian populations are currently 
underway.

Earlier epidemics caused by SARS and MERS-CoV had 
affected men with worse outcomes than women.15,16 The 
trend remains the same in SARS-CoV-2. Women are believed 
to have a more superior immunity than men.17 Estrogen and 
testosterone act differentially on immune pathways; the 
former confers protection against infections, and the latter 
diminishes immune responses.

In the context of SARS-CoV-2 infection, lower ACE-2 reduces 
the risk of infection. ACE-2 has been shown to be downregu-
lated by estrogen.18,19 Higher levels of ACE-2 has been found 
in men than in women in its soluble form as well as on lung 
epithelial cells.20,21 TMPRSS gene has an androgen-response ele-
ment, which activates the transcription of this gene.22,23 More 
the protease, easier will be the entry of the virus in host cells. In 
addition, ACE-2 gene and a variety of genes with immune func-
tions including TLRs are expressed on X-chromosome.24,25 The 
two copies of X-chromosome genes in XX cells offers these 
cells two different allelic options. An unfavorable mutation on 
an X-chromosome gene in a XY cell, on the other hand, does 
not leave it with an alternate option. The phenomenon of 
X-chromosome inactivation in XX cells has evolved to avoid 
double dosage of the genes on X-chromosome which are non-
homologous with the Y-chromosome.26 All of these put together 
are believed to make X-linked diseases more common among 
men. The role of X-chromosome genes on SARS-CoV-2 spread 
and COVID-19 outcomes remains to be fully understood.27

As of May 2020, 66% of COVID-19 cases in India cited on 
https://www.covid19india.org/ were males. However, the case 
fatality rate among women was reported to be 3.3%, and 2.9% 
among men in India.28 This difference was more pronounced 
in the 40 to 49 years age group, with 3.2% women’s deaths 
against 2.1% men’s deaths. In the age group of 5 to 19 years old, 
it was only women who have died. Data from multiple countries 
have shown that a higher percentage of COVID-19 deaths have 
happened among infected men.15,29,30 The reason for this discrep-
ancy in certain age groups in India remains elusive.

Detecting the Virus
Since most of the common symptoms of COVID-19 are not 
unique, it requires more specific molecular biology tests to 
confirm the viral infection.

The most widely used diagnostic test has been RT-PCR. The 
test allows checking for specific regions of the SARS-CoV-2  

genome. The virus contains a single strand of RNA. Using 
reverse transcriptase (RT) enzyme, the RNA can be converted 
into DNA. Polymerase chain reaction (PCR) allows for ampli-
fication of select regions of the DNA.

The virus is collected from the upper respiratory tract 
using nasopharyngeal swabs. These swabs are then put in 
viral transport medium (VTM) and transferred to testing cen-
ters. We have shown that the volume of VTM can be reduced 
to 1 mL (from 3 mL which was otherwise used. This helps in 
not only saving the currently scarce reagent but also aids in 
concentrating the biological sample.

RNA isolation from the virus in nasopharyngeal samples 
require a minimum of Biosafety Level 2A cabinet.31,32 It can 
be done manually as well as using automated machines. The 
procedure principally involves breaking open the virus’ lipid 
and protein membranes using detergents, and dissolving the 
RNA into a buffer solution. This RNA is then converted into 
DNA and used for PCR generally in a qPCR machine. Since 
these steps do not deal with live virus, it does not need a 
biosafety cabinet. The qPCR machine is a thermocycler that 
allows for DNA amplification. The reaction is designed in a 
way that amplification of DNA is accompanied with increase 
in fluorescence, which is detected by the qPCR machine. The 
higher the viral load, the machine detects fluorescence in 
lesser number of amplification cycles, which are referred to 
as cycle threshold or Ct values.

The COVID-19 test kits contain probes to look for two or 
three genes in the viral genome. For Ct values ≤ 40 for at least 
two genes, the test is considered positive. These tests have 
shown 30 to 70% specificity across different studies,33-37 and 
takes 18 to 24 hours to test approximately 200 samples. 
Much of this time is spent on cataloguing the samples and 
RNA isolation.

Ways to make the Testing Faster
In areas with infection prevalence lesser than 2%, we recom-
mend pooling of five samples in one tube during RNA isola-
tion (►Fig. 1). Only if a pooled sample shows positive results 
in RT-PCR, those five samples in the pooled sample will be 
individually catalogued and sent for RNA isolation and indi-
vidual RT-PCR.

We also found that the dry nasopharyngeal swabs can 
be sent to testing centers without the VTM. The biological 
sample from the swabs can be extracted here using a read-
ily available buffer called Tris EDTA (TE) buffer (►Fig. 2). This 
extracted sample can be also directly used in RT-PCR, skipping 
the RNA isolation step completely without compromising on 
the test’s sensitivity and saving 40 to 50% of the testing costs 
and time. And with the step of RNA isolation from samples in 
TE buffer, the test’s sensitivity can be improved by 20%. This 
method of testing currently awaits ICMR approval.38

Spread of Virus
All the data on studying transmission routes of 
COVID-19 suggest inhalation to be the primary route of 
infection spread followed by surface transmission.39
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Latest evidence suggests a distinct possibility of air-
borne transmission of COVID-19.40,41 Sneezing, coughing, 

and even talking produces respiratory droplets (generally 
of sizes 5–10 µ) and droplet nuclei (of sizes ≤ 5 µ). While 
the respiratory droplets settle on surfaces within seconds, 
the smaller droplet nuclei can drift in air for a few minutes. 
Studies are now underway to determine how far these drop-
lets can go and their infectivity.

Genome Analysis and COVID-19 Management
When virus spreads from one person to another, it also 
mutates to form strains of varied virulence. Variety in the 
viral genome also determines the efficiency of vaccines or 
drugs on each of these populations. Our genome analysis 
efforts along with others in the country show two major 
clades of virus42,43 (►Fig.  3a). Clade A3i, which seems to 
have resulted from a single outbreak in February 2020 has 
now almost subsided. Clade A2a is now the most dominant 
clade in India as well as across the globe (►Fig. 3b).44,

Similarity in genomes of the viral populations across the 
world implies that the proteins expressed by the virus in 
different populations will also be similar to each other. This 
ascertains the disease management strategies targeting viral 
proteins, testing protocols, vaccines, and drugs, which are 
under development worldwide, might act equally well on all 
the virus populations.

Recent studies suggest that both the ancestral clades (A and 
B, also referred to as I and II) cause COVID-19 with no signifi-
cantly different severity.45 Studies from patients in China hint at 
different lymphocyte levels in the earlier phase of infection, and 
a cytokine storm in later parts to be correlated with more severe 
manifestations of the disease.45 Proteome studies on patients in 
Germany have identified 27 proteins whose levels also alter in 
those with different severities of COVID-19.46

Curbing the Spread
As we are into community transmission of COVID-19, it is 
important for us to move into mass surveillance techniques. 
These will allow for communities to know the status of 
spread in their localities.

Centre for Cellular and Molecular Biology (CCMB) is work-
ing toward a mass surveillance strategy using next gener-
ation sequencing (NGS) facilities across the country. The 
strategy demands the collection centres to run PCR on the 
samples before shipping to nodal NGS facility. Each of these 
facilities can test 10,000 to 50,000 samples in a day. Through 
NGS, we can check for viral genes very reliably; thus, finding 
out persons who are currently infected.

There are rapid antigen testing kits that look for viral pro-
teins, which are under development by various agencies and 
some of which have been approved by ICMR.47 These kits also 
use nasopharyngeal swabs but are faster and will be useful in 
mass surveillance of infected persons.

Antibody-based tests look for antibodies that the patient’s 
body produces in response to an infection, which can be 

Fig. 1  Pooled testing strategy for COVID-19 diagnostics. 
Source: CCMB

Fig. 2  Biological samples extracted from dry swabs in Tris EDTA (TE) 
buffer. Source: CCMB.
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present for a few weeks to months.48,49  These tests are being 
used, and many are under development at CCMB as well as 
at many other places. Testing positive in these tests implies a 
current or a recent infection. This will be helpful in repeated 
checking of large populations. We are also developing ways 
of checking the infection levels in localities through sewage 
surveillance.50  These tests are expected to be useful in fig-
uring out if localities have the infection and the extent of it.

Vaccines allow the body’s immune system to be pre-
pared for specific infections. Close to 200 COVID-19 vaccine 
candidates are in various processes of development and 
testing.51 The most forerunning candidate has now started its 
human trials. Although the vaccine trials are going through 
expediated processes, the first vaccine is expected to be 
available, if at all, by early 2021.

The efficacy of antibody-based tests and vaccines will 
also depend on data from different population groups. 
Women, because they are known to develop higher antibody 
responses, might need different cutoff values in these tests or 
react differently to vaccines. It is imperative to systematically 
document the disease progression as well as effects of these 
interventions on women and other population groups for an 
overall management of the pandemic.52

Until vaccines and mass surveillance tools are ready for 
use, public has its role to play. Evidence is mounting up for 
the effectivity of face masks in containing the spread of 
COVID-19.53 Handwashing with soap helps to destroy the 
virus particles and curbs spread by surface transmission. 
There have to be mechanisms of mass education on the 
importance of these.

Way Ahead to Manage the Pandemic in India
This crisis has allowed us all to get on war footing to identify 
our capabilities and push them to action. This has helped the 
medical staff to get familiar with molecular biology-based 
diagnostic tools. Scarcity of imported resources and the sheer 
need for large number of diagnostic kits in India has been a 
great impetus for medium-scale enterprises to grow. This has 
also helped building more portable, faster, safer, and more 
reliable diagnostic kits. These experiences, skills, and tools 
developed will find utility not only in this pandemic but also 
tackle many of our country-specific health issues.

It has also opened up avenues to study the biology of 
infections. The disease itself has raised multiple ques-
tions on the mechanisms of differential disease outcomes 
among the infected.54,55 This ranges from a deeper under-
standing of the molecular biology of coronavirus infection 
to different factors such as nutrition, lifestyle, microbiota, 
and genetics that not only differentially regulate host’s 
immunity but also determine success of disease manage-
ment strategies; much of these would be different among 
genders for biological as well as socioeconomic reasons. A 
better understanding of these in populations of different 
countries will help in targeted disease management.
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