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Viral epidemics continue to emerge as a serious threat 
to public health. The past two decades have seen several 
viral epidemics, such as severe acute respiratory syndrome  
coronavirus (SARS-CoV) in 2002–2003, H1N1 influenza in 
2009, and Middle East respiratory syndrome coronavirus 
(MERS-CoV) in 2012, which have caused great loss of human 
lives. This ongoing new pandemic caused by a novel Coronavi-
rus (SARS-CoV-2), the Coronavirus disease 2019 (COVID-19), 
emerged as an acute respiratory disease in December 2019 
in Wuhan city of Hubei province, China, and spread globally.1

On January 12, 2020, WHO confirmed the genetic 
sequence of the novel Coronavirus shared by Chinese scien-
tists, who isolated it on January 07, 2020.2 On January 30, 
2020, as per the international health regulations (IHR, 2005), 
the outbreak was declared by the WHO as a public health 
emergency of international concern (PHEIC). On March 12, 
2020, WHO declared COVID-19 to be a pandemic.

Over the last 4 months, this pandemic has marched 
relentlessly and has penetrated more than 216 countries 
globally. As of today (June 17, 2020), COVID-19 outbreak data 
globally, as per WHO, is 804,3487 cases and 439,487 deaths,3  
and in India, as per Ministry of Health and Family Welfare, 
Government of India, there are 155,227 active cases, 186,934 
have been cured/discharged with 11,903 deaths.4 This pan-
demic has reminded scientists of the 1918 flu pandemic. 
India had the largest number of deaths in any single coun-
try at that time (10–20 million) and the global death toll was 
50 to 100 million.5 Things have changed significantly over 
the past 100 years, but the basic infection control practic-
es have remained the same. We need to learn from history 
and ensure that the same mistakes are not committed again. 
For example, after the lockdown was lifted in 1918, people 
did not observe social distancing and came out and even 
indulged in parties. This allowed the virus to spread again, 

and the second wave killed more people than the first one. 
We therefore need to be more vigilant in enforcing infection 
control measures in the coming months.

Various measures have been taken globally to manage 
and check the spread of disease at community levels by 
developing preventive and therapeutic strategies. Facilities 
such as 24-hour flu screening OPDs with a system of triage 
for quick examination and treatment have been set up. Some 
hospitals were expressly designated for COVID-19 patients. 
An entire system of COVID care centers (as isolation facility 
for stable patients), COVID care hospitals (for patients 
needing oxygen and comorbidity management), and COVID 
ICUs (for critical care) were set up at a district level to meet 
the possible increasing demand of cases. In order to confirm 
the diagnosis and increase the capacity of conducting more 
molecular tests (RT-PCR), new facilities such as molecular 
laboratories were set up and medical colleges were upgraded. 
Public messages and videos about prevention of disease 
by wearing masks, using hand hygiene, observing cough 
etiquette, social distancing, and avoiding crowded areas were 
spread by various print and electronic media. International 
airports initially placed the screening mechanism to detect 
infected people for quarantine; later, international flights 
were suspended, and international boundaries were sealed 
in various countries. In India complete lockdown was 
imposed for 3 weeks on March 25, 2020, after a 14-hour 
voluntary public curfew on March 22, 2020.6,7 The aim was 
to slow down the growth rate of the pandemic. It was further 
extended until May 03 (phase 2), May 17 (phase 3) and  
May 31 (phase 4). On May 30, 2020, the lockdown was further 
extended till June 30 in containment zones. The rest of the 
areas have resumed various services in a phased manner 
from June 08 onward, a process which has been termed  
as “unlock.”8,9
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Some people are facing undue stigma linked to the dis-
ease and its treatment. This causes delay in treatment and 
may increase mortality as patients report late to the hospital 
with advanced respiratory failure.10 Healthcare workers and 
supporting staff are bearing enormous work pressure, risk of 
infection, and also the violent behavior of patients and pub-
lic in general due to the stigma related to the disease. Clear, 
coordinated management guidelines need to be communi-
cated consistently to healthcare professionals as well as to 
the public to avoid unnecessary fear and anxiety.11

This viral outbreak has not only challenged the medical 
and public health infrastructure of countries but also the 
economy at large. The potential benefits from the steps taken 
to contain the disease compared with economic losses will 
be debated for years.12

It is critical to improve international surveillance, 
cooperation, coordination, and communication about this 
pandemic and to be even better prepared to respond to 
future public health threats. We also need to develop some 
comprehensive strategies both at the national and international 
level to combat future outbreaks of viruses and other pathogens 
of zoonotic origin.

Since knowledge about COVID-19 is rapidly evolving, we 
need to update ourselves regularly. In this issue, the latest 
research progress in the fields of epidemiology, immune-
pathophysiology, clinical management and scientific 
advancements to uncover the mystery of the molecular 
mechanism of viral entry and replication, which form the 
basis of future research on developing targeted antiviral 
drugs and vaccine, will be covered.
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Whereas most infections have origin from poor hygiene and 
deprived nutrition and move upward from bottom rung of 
social strata, pandemics mostly move top-down beginning 
with the air travelers. Extensive infliction by COVID-19 has 
taken the world by surprise, but milder trend in India so far 
has given us some lessons regarding its behavior. The first 
case in India was reported on January 30, 2020 and it took 
45 days to reach to a mark of 100. Only 30 days later, the tally 
reached to 10,000. This looks fast but is slow relative to most 
European countries and the United States. The possible rea-
sons for this are many.1 We in India now have data of more 
than 40 days since the emergence of 100 cases to study the 
trend and make educated projection for immediate future.

An empirical study of the trend indicates that the 5-day 
multiplier was 2.5 in the beginning, but it gradually came 
down to 2.0 by the end of March due to measures such as 
physical distancing. This reflects 20% reduction in transmis-
sion in a fortnight. This is the same as saying that the doubling 
time increased from less than 4 days to 5 days. The multiplier 
rose back to 2.5 by the end of the first week of April due to 
Tablighi incident. The lockdown from 25th March and the 
quarantine strategy paid rich dividend and the multiplier 
came down to 1.5 by the end of the third week of April—a 
40% reduction in a fortnight. Thus, the lockdown provided 
an additional reduction of 20% in transmission over the pre-
vious strategy of physical distancing. A 5-day multiplier of 
1.5 corresponds to a doubling time of nearly 9 days. If the 
present favorable trend continues, we may see a 5-day mul-
tiplier reduced to 1.0 by the end of the third week of May 
that would stabilize the epidemic. Another incident such as 
Tablighi can cause an unforeseen spike. If hot weather and 
sunshine (ultraviolet rays) in May bring substantial relief and 
hampers virus transmission, as many expect,2 the stabiliza-
tion can happen sooner. If these unusual occurrences do not 
happen, the present trend indicates the cumulative number 
of cases may become 88,000 by the end of third week of May 
(►Fig. 1) and the number of new cases may reach to a peak 
of nearly 3,000 during the second week of May. After this, the 
occurrence of new cases may decline (►Fig. 2). The data are 

not enough at present to make projections beyond the third 
week of May.

An epidemic such as this should be tracked by occurrence 
of new cases rather than with cumulative cases because 
cumulative cases can never decline. The trend indicates that 
we are unlikely to reach to full blown Stage-III of the epidemic 
so long as precautions such as physical distancing are strictly 
followed. There is evidence that effective implementation 
of ban on gathering of five or more with physical distanc-
ing and face masks, complete ban on all kinds of transport, 
malls, cinema halls, parties, etc., can play a decisive role in 
controlling the spread of infection.

After an erratic pattern, the relative increase in cases per 
day was the highest, 22%, on 3rd April but it is showing a 
declining trend since then in percentage terms and is now 
nearly 6% on 24th April, primarily due to continued lock-
down. If the opening up of lockdown after 3rd May does not 
disrupt the present trend and we are able to maintain reduced 
transmission by physical distancing, the rate of increase can 
become less than 1% after the third week of May. The cumu-
lative number of active cases may be nearly 45,000 at that 
time—others recovered or died. This is the number our med-
ical care facilities should be ready to handle. It seems India 
is ready to handle that much load on medical care facilities. 
The present trend indicates that approximately 20% (nearly 
7,000 cases at its peak) of cases will need hospitalization. 
Cumulative cases will always rise and cannot decline but the 
new cases after the third week of May could be less than the 
recoveries and the active cases may decline that would reduce 
the load on medical care facilities. We hope that the present 
trend continues, and the projections become a reality.

The trend further indicates that the number of patients 
reaching to the end point on any given day is nearly the same 
as the new detections about 2 weeks earlier. The end point 
is either recovery or death. The mortality is not less than 5%, 
 generally stated on the basis of the cumulative deaths and 
cumulative cases,3 as it ignores the fact that many of these 
patients are still active and have not reached to their end point 
yet. The trend of death to recovery ratio indicates that the case 
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fatality, which at one point of time was 26%, has come down to 
13% by the end of the third week of April as our medical care 
system learns to manage these cases (►Fig.  3). This decline 

could also be partially due to higher detection of cases at early 
stages, some even those without symptoms, as testing intensi-
fies. These mild cases generally recover due to early care. The 

Fig. 1 Cumulative cases and trend.

Fig. 2 New cases per day and the percentage increase over the cumulative on the previous day.

Fig. 3 Deaths and recoveries each day and the case fatality rate.
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case fatality may come down to 10%, even lower, in the course 
of time due to accrued lessons and emergence of plasma or 
other therapies but the present mortality pattern does not 
indicate a lower case fatality. Case fatality in China and some 
other countries is lower perhaps due to their better medical 
infrastructure and early detection.

Despite no target treatment available for COVID-19, it is 
strange that a large percentage of cases are recovering.4 This may 
be attributed to our in-built immunity and perhaps because the 
disease is mild in substantial percentage of cases. Low infections 
and mild disease in many cases also may be due to our better 
immunity levels. This point is not highlighted yet. Herd immu-
nity is long way off and short-term strategies to raise immunity 
level through diet and yoga may provide further help.

With such widespread concern over this disease, it is 
interesting to compare the loss of life due to COVID-19 with 
the loss of life with injuries in India. With the crude death 
rate of 7.2 per thousand population in India and an estimated 
138 crore population in 2020,5 nearly 9.7 million deaths are 
likely to occur in India in the full year. According to the Global 
Burden of Disease 2016 estimate for India, more than 10% 
of these deaths occurred due to injuries alone (of all kinds, 
including accidents, homicides, drowning, and animal bites).6 
Thus, injuries are expected to take away nearly 1 million 
lives in 2020. Compare this with likely deaths by COVID-19. 
Moreover, most deaths by injuries in India are of young peo-
ple whereas the toll by COVID-19 is mostly of old people, 
particularly those who have comorbid conditions, and are 

vulnerable to death anyway. In addition, a substantial saving 
of lives due to much less road and other injuries due to lock-
down, may be more than the loss of life due to this disease.
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The emphasis so far during the COVID-19 pandemic has been on the respiratory man-
ifestations with little attention being given to neurological manifestations. Literature 
has shown multiple cases of stroke being associated with COVID-19. Thus, there is 
great interest in the role of the virus in stroke pathogenesis. Regarding hyperacute and 
acute stroke treatment, the routine guidelines for thrombolysis and thrombectomy 
are to be followed with emphasis on high suspicion of COVID-19 in stroke cases with 
respiratory symptoms or with contact/travel history. Secondary risk factor treatment 
for hypertension, diabetes, dyslipidemia is a must. We recommend continuing angio-
tensin converting enzyme 2 inhibitors/angiotensin II receptor blockers (ARBs) in those 
who are taking these medications as per evidence available. Mandatory lockdown has 
led to delay in presentation to the hospital with a decrease in thrombolysis due to inel-
igibility and a corresponding increase in primary thrombectomies being performed. 
Telemedicine could be an important tool to triage cases worthy of tertiary referral 
from other strokes and must be encouraged.
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Introduction

The novel coronavirus disease 2019 (COVID-19) caused by 
SARS-Cov-2 virus, was declared a pandemic by the WHO 
(World Health Organization) on March 11, 2020. This was 
just two and a half months after the first case was reported 
on December 2019 in Wuhan, China. This just demon-
strates the rapid human transmissibility of this virus which 
has spread across continents in such a brief period of time. 
At the time of writing this article, COVID-19 has already 
infected 2,726,724 cases worldwide and led to more than 
191,000 deaths worldwide. The number of cases in India 
are still on the rise. Hence, it becomes all the more import-
ant for us to know as much as possible regarding the varied 
manifestations of this virus. The emphasis so far has only 
been on the predominant respiratory manifestations of this 
illness and scant literature or only anecdotal case reports 
are available regarding the neurological manifestations of 
COVID-19. These neurological manifestations will further 
add to the morbidity and mortality caused by this disease. 
In a recent retrospective case series of 214 Chinese patients, 
36.4% of the cases had neurological manifestations. Out of 

the 214 patients, six (2.8%) had evidence of stroke (ischemic 
or hemorrhagic). Strokes were common in patients with 
severe COVID-19 disease manifestations with five out of the 
six strokes (83.3%) occurring in severely affected individuals.1

Stroke and COVID-19: The Evidence So Far
Both Stroke and COVID-19 impart greater morbidity and 
mortality among the elderly and those with co-morbidities 
like hypertension and diabetes mellitus. Hence, these groups 
are at a heightened risk for this double hit.2 Therefore for 
neurologists, it becomes important to be aware of the rela-
tionship between COVID-19 and stroke to suspect, quickly 
identify, quarantine, and control the spread of this disease to 
other non-COVID patients. In the study by Mao et al, cases of 
COVID-19 with central nervous system (CNS) manifestations 
also demonstrated a significantly lower lymphocyte and 
platelet count with an elevated blood urea nitrogen.1 Also, 
severely affected COVID-19 cases had significantly higher 
C-reactive protein (CRP) and D-dimer levels which hints at 
a pro-inflammatory cascade probably due to increased cyto-
kine release in severe cases.1
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The occurrence of diffusion abnormalities found in the MRI 
brain of two patients with severe COVID-19 who did not have 
any focal neurological deficits further raises the question of a 
link between COVID-19 infection and occurrence of stroke.3 
Subsequently, a case report from Iran described lobar intra-
cranial hemorrhage in a 79-year-old male without co-mor-
bidities who had developed loss of consciousness after 3 days 
of fever and cough. Interestingly, the patient had a normal 
coagulation profile on admission and tested positive for 
COVID-19.4 However, it is important to note that some cases 
of stroke with concomitant COVID-19 reported so far have 
not presented with typical flu like symptoms. These cases 
presented as focal neurological deficits and lung pathology 
were subsequently detected on emergency chest computed 
tomography (CT) scans. These cases developed cough, fever, 
and flu like symptoms later in the course, a few days after 
the onset of deficit.1 This presentation emphasizes the need 
for a higher suspicion among cases of acute ischemic stroke 
coming to the emergency.

 In terms of mortality, case fatality rate has been  estimated 
to be as high as 49% among severely affected and critically 
ill COVID-19 cases. A higher case fatality rate has also been 
reported independently with the presence of advanced age, 
hypertension, diabetes mellitus, ischemic heart disease, and 
prior ischemic stroke.5 Since, most of these co-morbidities 
are proven stroke risk factors, the higher occurrence of stroke 
and stroke-related deaths among COVID-19 cases is to be 
expected secondary to traditional stroke risk factors.

Plausible Pathogenic Mechanisms for 
Increased Stroke Risk and COVID-19
As such patients with stroke who traditionally are elderly 
and have comorbidities are already at an increased risk 
of getting infected with COVID-19. This forms the major 
chunk of co-occurring COVID-19 and stroke cases. However, 
atypical cases have prompted the study on the possible role 
of this viral infection in stroke pathogenesis. Studies on the 
various pathogenic mechanisms of COVID-19 have demon-
strated role of a pro-inflammatory cascade with higher levels 
of CRP, interleukin 6, D-dimer, and multiple other cytokines 
in these patients.6 Prior studies have found an association 
of acute ischemic stroke with pro-inflammatory markers as 
well.7,8 The higher levels of these pro-inflammatory markers 
among COVID-19 patients have been associated with more 
severe manifestations, poorer outcomes, and a greater occur-
rence of neurological manifestations. Thus, a plausible uni-
fying hypothesis could be a procoagulant state induced by 
the pro-inflammatory milieu, leading to a greater chance 
of vascular thrombosis among individuals who are already 
harboring traditional stroke risk factors. The occurrence of 
venous thromboembolism in up to 31% cases in a case series 
of 184 intensive care unit (ICU) patients with severe COVID-19 
pneumonia also supports a hypercoagulable state due to an 
excessive inflammatory response among COVID-19.9 The low 
platelet count and elevated D-dimer consequent to immune 
dysregulation and the cytokine storm predispose these 
patients to develop intracranial bleeding as well. It is also 

known that a pro-inflammatory state due to immune activa-
tion can result in endothelial dysfunction which itself leads 
to an increased risk of vascular thrombosis.10 Another pos-
sible mechanism could be the role of angiotensin converting 
enzyme 2 (ACE2) receptor. ACE2 has now been recognized as 
the receptor through which virus binds to the host cells.11 ACE 
and its receptors are present in the lungs, gastrointestinal 
tracts, nervous system, skeletal muscles, and in the cerebral 
endothelial cells. Interestingly, these are some of the major 
target organs of this virus.12 ACE2 converts angiotensin II into 
a heptapeptide (angiotensin [1–7]) having vasodilatory, anti-
oxidant, and anti-inflammatory actions.13,14 There have been 
studies regarding downregulation of ACE2 post binding by 
COVID-19 to host cell membranes. Therefore, ACE2 down-
regulation might lead to vasoconstriction, pro-inflammatory 
effects leading to increased risk of hypertension and strokes. 
The finding of hypertension as the major co-morbidity 
among severe COVID-19 cases and among those with neu-
rological manifestations could very well be explained by 
the ACE2 receptor hypothesis. Another possible mechanism 
could be due to increased cardiovascular diseases incidence 
(like acute myocardial infarction, valvular vegetations, and 
arrhythmias) precipitated by viral illness.15 This would lead to 
a greater risk of cardioembolic strokes. Recently, the first case 
of meningitis with detection of viral ribonucleic acid (RNA) 
in cerebrospinal fluid in a COVID-19 patient was reported, 
hinting at a direct neurotropic role of this virus.16 Hence, 
locally mediated CNS inflammation and CNS vasculitis sec-
ondary to the virus could be possible mechanisms especially 
in those without typical flu-like symptoms. The mode of 
spread of the virus to the CNS may be through hematogenous 
route in cases with severe COVID-19 infection. However, a 
plausible mechanism could be through trans ethmoid spread 
via olfactory rootlets as case series have reported anosmia 
as an early manifestation of COVID-19 disease.17,18 This might 
explain some cases presenting as neurological manifestation 
prior to development of respiratory complaints. However, 
more studies and the association of olfactory symptoms 
among those presenting as strokes due to COVID-19 will have 
to be studied before any conclusion can be made. Thus, severe 
COVID-19 infection could tilt the balance toward developing 
a stroke in those who already have traditional risk factors.

Hyperacute and Acute Management of 
Stroke Patients with COVID-19
The occurrence of acute ischemic stroke at the time of this 
pandemic poses a great challenge regarding emergency 
treatment (particularly administering thrombolysis and per-
forming thrombectomy) of acute stroke patients. From the 
time the patient arrives in the emergency, it would be perti-
nent to do a quick screen for respiratory symptoms and travel 
history. Quick transportation for CT scan through fast tracked 
low traffic corridors with prior communication to the radiol-
ogy colleagues is of utmost importance as well. The pres-
ence of concomitant COVID-19 infection in stroke patients is 
not a contraindication for thrombolysis per se unless there 
is evidence of coagulopathy or disseminated intravascular 
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coagulopathy (DIC) due to severe infection. The risk of post 
thrombolysis bleed will depend on the coagulation profile of 
the patient as it may be deranged in severe COVID-19 cases 
due to excessive cytokine release. Hence, acute treatment for 
those who deserve thrombolysis is to be performed but with 
a special care toward ruling out sepsis, DIC, thrombocytope-
nia, and donning adequate personal protective equipment 
(PPE) while sampling and cannulation.

With regards to thrombectomy, there must be adequate 
information provided beforehand to the neurointerven-
tion team if a stroke patient is demonstrating any respira-
tory symptoms, so that adequate PPE can be donned. There 
is mechanistically no difference in the technique of throm-
bectomy to be performed apart from high-risk prognosis for 
those with COVID-19 and respiratory distress. The site of 
post thrombolysis or thrombectomy care would be of utmost 
importance to prevent the spread of infection to other neu-
rological patients. Hence, a dedicated COVID-19 stroke ward/
ICU would be ideal for isolating these patients while impart-
ing optimal care.

The routine control of hypertension (those taking ACE 
inhibitors/ARBs should continue taking these medications),19 
diabetes, fever, and care of post stroke swallowing care are 
necessary in all stroke patients with or without COVID-19 
if we are to achieve good stroke outcomes. Regarding care 
of severe COVID-19 stroke patients who are in ICU, or who 
are immobilized should receive deep vein thrombosis pro-
phylaxis routinely because of increased risk of venous 
thromboembolism.9

Implications of the Lockdown Due to 
COVID-19 for Stroke Patients
The sheer pace with which this virus has spread has forced 
governments to take drastic steps. Thus, patients are reluc-
tant or unable to avail medical care due to the lockdown, 
restricted social mobility, suspended OPDs, and suspen-
sion of public/private transport systems. This is particularly 
important for acute stroke patients where even a slightest 
delay can be catastrophic having an impact on morbidity 
and mortality. Recently few examples have come up where 
patients have ignored stroke symptoms only to develop a 
severe deficit the next morning.20 A recent communication 
with Italy also reflected on the dwindling number of acute 
stroke cases to the emergency room.21 Reports from a ter-
tiary care center in Italy also recorded a 26to 30% decrease in 
combined thrombolysis and thrombectomy rates. However, 
they also had a 41% increase in primary thrombectomy cases 
which was due to transportation delay and patients being 
ineligible for thrombolysis.22 Therefore, alternate strategies 
must be sought for tackling these specific issues. Providing 
services through telemedicine consultations would lead to 
prompt recognition of symptoms and triaging cases requiring 
tertiary care. The efficacy of this process has been proven in 
various neurological diseases around the globe.23-25 Spreading 
awareness among the community regarding prevailing emer-
gency services and tertiary stroke centers capable of compre-
hensive acute stroke treatment would be another step.

Future Direction for Stroke Care in COVID-19 
Patients in the Indian Scenario
The finding of neurological manifestations in the absence of 
respiratory findings portends a great challenge for neurolo-
gists and emergency physicians. It also puts other admitted 
neurology and ICU patients at a greater risk of developing a 
highly infectious disease. Care of such stroke patients with 
concomitant COVID-19 infection would be especially chal-
lenging due to time constraints in treatment, multiple health 
care professionals involved (nurses, emergency physicians, 
neurologists, radiologists), transportation to various hospital 
areas, and limited availability of PPE.

Therefore, to tackle this situation, neurologists need to be aware 
and should have a high index of suspicion of COVID-19 among 
stroke cases especially at the peak of this pandemic. Second, 
quick transportation of stroke patients and well-defined stroke 
pathways would be the need of the hour. Such COVID-specific 
stroke pathways have already been designed in certain coun-
tries.22 Radiological investigations like CT/CT angiography for 
COVID-19 patients could be done via mobile units or in desig-
nated hospital areas specific to COVID-19 patients. Routine PPE 
use by neurologists taking care of acute stroke case with respi-
ratory symptoms will help as well. Considering testing of stroke 
patients presenting with respiratory complaints or developing 
symptoms late in hospital course will help in greater case detec-
tion, isolation, and prevention of disease transmission among 
vulnerable hospitalized patients. All these preventive measures 
might help us in delivering better stroke care to patients during 
these times. Post COVID-19 follow-up and further insights into 
pathophysiology and long-term outcome of stroke patients will 
be of paramount importance. Till such time, neurologists and 
physicians caring for stroke patients, need to be sensitized about 
the stroke occurring in the context of COVID-19 and its implica-
tions for acute stroke treatment, secondary stroke prevention, 
and stroke rehabilitation.
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The novel coronavirus disease, known as severe acute respiratory syndrome coronavirus 
2 (SARS-CoV2), has developed into a pandemic affecting more than three million peo-
ple worldwide. It predominantly affects the respiratory system and patients present 
with fever, dry cough, dyspnea, and myalgia. The confirmatory diagnostic test is 
real-time reverse transcriptase polymerase chain reaction on blood or respiratory 
samples. Imaging with computed tomography, although not routinely recommended, 
may not only assist in making a diagnosis but also in assessing disease progression, 
assessing complications, and in prognostication. This review describes the objectives, 
techniques, imaging features, and reporting of computed tomography findings of 
SARS-CoV2 pneumonia.
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Introduction
The novel coronavirus, which causes severe acute 
respiratory syndrome (SARS) like illness, is a newly found 
zoonotic virus originating from the bats.1 This virus, now 
called, SARS coronavirus-2 (SARS-CoV) belongs to the 
subgenus Sarbecovirus and family Coronaviridae.2 These 
are single-stranded RNA viruses and bats are natural hosts 
and reservoirs.2 After the initial outbreak in China in late 
December 2019, the disease has spread worldwide with 
over 3 million cases infected and over 200,000 dead in just 
4 months and numbers continue to rise.3

The SARS-CoV2 virus predominantly affects the 
respiratory system and the symptoms differ from the other 
diseases caused by coronavirus family like SARS and Middle 
East Respiratory Syndrome (MERS).4 The disease affects 
all ages. About 37% of the infected patients had associated 
comorbidities such as hypertension, cardiovascular disease, 
and diabetes mellitus.5 The common clinical manifestations 
include fever, dry cough, dyspnea, and myalgia.4,5 Laboratory 
findings are nonspecific with elevation of C-reactive protein, 
erythrocyte sedimentation rate, and lactate dehydrogenase.5

In view of the highly contagious nature of the disease 
and the absence of any definitive treatment, early 

diagnosis is necessary to isolate the infected person.6 The 
diagnosis is confirmed by reverse-transcriptase polymerase 
chain reaction (RT-PCR) on the respiratory or blood samples 
by identifying the RNA gene. However, it has a sensitivity over 
90%.7,8 The real-time RT-PCR takes 5 to 6 hours to provide the 
final result.9 Radiological imaging is a critical component of 
the diagnostic workup, monitoring of disease progression, 
and follow-up in coronavirus-related pulmonary syndromes. 
Although initially it was suggested that imaging, particularly 
with computed tomography (CT) scan, plays an important 
role in the diagnosis of SARS-CoV2 infection, its specificity is 
low (25%) and may be normal (►Fig. 1).6,7 The typical imaging 
features of coronavirus disease 2019 (COVID-19) pneumonia 
are also nonspecific and can be seen in many other diseases.10 
Hence, it is not routinely recommended.

Pathology
Although most patients have mild symptoms, lung 
involvement is found in most patients, even in those 
without symptoms.11 The pathological changes in the lungs 
in SARS-CoV2 are found to be similar to that of SARS and 
MERS.12,13 The main pulmonary histological findings include 
deposition of hyaline membrane, damage to the alveolar 
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epithelial cells, exudates of fibrin, and diffuse hyperplasia of 
type II pneumocytes, all of which are the features of diffuse 
alveolar damage.14 The disease progresses from mild exuda-
tive phase involving alveolar edema, proteinaceous exudate, 
focal pneumocyte hyperplasia, and patchy infiltration of 
inflammatory cells to consolidation, when there is prolifer-
ation of fibroblasts with clusters of extracellular matrix and 
fibrin within the alveoli (►Figs.  2  and  3).14 These changes 
match with the imaging findings of ground glass opacities 
(GGOs) and consolidation. Intra-alveolar neutrophilic infil-
tration may be seen in the event of a superimposed bacterial 
bronchopneumonia. The preferential involvement of lungs 
in most cases has been attributed to the presence of high 

concentration of angiotensin converting enzyme 2 within 
the pneumocytes that are specifically utilized by the virus.15

Precautions While Performing CT Scan
All CT scans when done for a SARS-CoV2 positive patient 
should be done by a technologist after donning the personal 
protective equipment.16 Two technologists are needed for 
performing a CT scan, one to position the patient and the 
other in the console room.17 Entry of personnel into the CT 
room should be restricted. The scans should be properly 
scheduled to later part of the day after the routine other 
cases, unless it is an emergency.

Fig. 1 Normal appearance. (A) Schematic diagram of a terminal alveolus showing normal structures. (B) Computed tomography scan (lung 
window) of normal lungs.

Fig. 2 Early exudative phase. (A) Schematic diagram showing changes at the level of alveolus in the early phase. (B) Axial computed tomogra-
phy scan (lung window) showing ground glass opacities in both lungs.
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After the CT scans have been performed, the CT room 
should be properly sanitized.17 The high-frequency con-
tact surfaces should be wiped with a cloth soaked in alco-
hol-based disinfectants. The protocol for decontamination is 
to mop the floor and to wipe the CT scanner, initially with 
water mixed with detergent followed by sodium hypochlo-
rite solution. Subsequently, the room is fumigated with form-
aldehyde for 30 minutes. The CT suite should be completely 
closed for 1 hour and properly ventilated.

Imaging Features on Computed Tomography
The noncontrast CT scan of the chest is performed using the 
standard technique. The patient is in supine position and the 
scan is performed from the level of thoracic inlet to the level 
of costophrenic angles, with breath held in end-expiration.11 
Multidetector CT scan is preferred with images reconstructed 
at slice thickness of 1.5 mm. Intravenous contrast is usually 
not required.18 The iodinated contrast enhanced CT is done in 
specific situations like hemoptysis or when we need to see 
pulmonary vasculature. Both lung and mediastinal windows 
should be evaluated along with multiplanar reconstructions.

Various findings on CT have been described that assist in 
the diagnosis of SARS-CoV2 pneumonia. These can be broadly 
classified into alveolar or parenchymal, airway, pleural, and 
other organ changes.6,11,19,20

Alveolar/Parenchymal Changes
GGO with ill-defined margins is the most common man-
ifestation of SARS-CoV2 pneumonia (►Fig.  2).11,21 It is con-
sidered as one of the earliest signs and is present in up to 
98% of the patients.22,23 Consolidation is another common 
finding (►Fig. 3).14,19 The consolidation may be found de novo 
or may develop in an area of previous GGO, indicating that 
this is seen more commonly as the disease progresses.11,22,24 
It may be associated with an air-bronchogram (►Fig.  3). 
Consolidations are more commonly seen in late stage of the 

disease and in patients older than 50 years and hence, may 
be an indication of more severe disease.24 Further, many of 
the patients have a combination of GGO and consolidation 
during the course of the disease. A reverse halo or atoll sign 
has also been described when a ring of consolidation devel-
ops around an area of GGO.10 Round cystic changes might be 
associated with the process of resorption of consolidation, 
which might be explained by the infection causing dam-
age to the alveolar walls and leading to pneumatoceles.11 
Enlargement of the vessels is another common finding seen 
in ~70% of the patients.20 This finding is typically seen within 
or around an area of GGO or consolidation and thought to be 
due to the acute inflammation resulting in injury and edema 
of the vessel wall.19,20

Along with alveolar infiltration, there may be an associ-
ated infiltration of the interstitial tissue in 49%.11,19,20 A find-
ing described with this feature is in 5 to 36% crazy paving 
pattern, which occurs when there is a combination of GGO 
and interlobular septal thickening.10 Along with consol-
idation, this finding may be an indication of progressive 
disease.25 Centrilobular nodules have been found in ~23% 
of the patients.20 They may be solitary or multiple and have 
ill-defined margins.19 These nodules may increase in size and 
number as the disease progresses.26

Fibrosis and architectural distortion is a finding (21–53%) 
seen in SARS-CoV2 pneumonia and indicates the healing pro-
cess of the GGO, consolidation, and interstitial disease.18,20,26 
Fibrosis may be in the airspace or interstitium or both and 
results in distortion of the parenchymal architecture, volume 
loss, and mediastinal shifts.18 The prognosis of the fibro-
sis is still not clear. It is too early to suggest if the fibrosis is 
irreversible.

The distribution of the findings in the pulmonary paren-
chyma has been described in most of the studies. Lower 
lobes of the lungs are the most common sites of involvement, 
found in 55% of the cases (►Fig. 3).20 Upper lobes are involved 
in 6% and in the remaining, no craniocaudal distribution is 

Fig. 3 Late exudative phase. (A) Schematic diagram showing changes at the level of alveolus in the late phase. (B) Axial computed tomography 
scan (lung window) showing consolidation with air bronchogram in the left lower lobe. 
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seen. Within a lobe, most common site is peripheral subpleu-
ral regions, seen in more than 75% of the cases.20,22 Bilateral 
lungs are affected in more than 80% and it was commonly 
multifocal (~55%) (►Fig. 2). In early phase, it may present as 
a unifocal lesion, commonly located in the inferior lobe of the 
right lung.11,27

Airway Changes
Bronchial wall thickening is an uncommon finding, seen in 
less than a third of patients.20 It has been found that bron-
chial wall thickening was more common in severe and crit-
ically ill patients and may have a prognostic significance.23 
Bronchiectasis or bronchiolectasis occurs either due to bron-
chial wall inflammation or due to surrounding fibrosis devel-
oping during the healing phase (tractional bronchiectasis).19 
It is found as the diseases progresses into the second and 
third week and may indicate the onset of healing process.11  
A small air-containing space has been variably labeled as cys-
tic change, cavity sign, and air-bubble sign.19 This could be due 
to bronchiolectasis or resorption of an area of consolidation.

Pleural Changes
Pleural effusion is an uncommon finding seen in 5 to 14% of 
the cases.11,20 Pleural effusion develops in the late stage of the 
disease and may represent poor prognosis.18 Thickening of 
the pleura is a more common finding, found in one third of 
patients.11 This is usually seen in association with underly-
ing lung involvement in the form of GGO, consolidation, or 
interstitial thickening. Subpleural lines or bands are seen in 
less than a third of patients. They are seen as curvilinear den-
sity of 1 to 3 mm in thickness, located < 1cm from the pleural 
surface.19 This finding may be related to either pulmonary 
edema or fibrosis.23

Other Changes
Lymphadenopathy is an uncommon finding in SARS-CoV2 
pneumonia. It is reported in 4 to 8% of patients.11 It is com-
monly found in patients with severe and critical disease and 
thus may be a poor prognostic factor.23 Pericardial effusion is 
found in ~5% of the patients and is more commonly seen with 
progression of the disease.22 Similar to lymphadenopathy, it 
may also carry poorer prognosis.23

Some studies have shown perfusion abnormalities on dual 
energy CT and suggested that processes other than alveolar 
damage might be involved in hypoxemia related to COVID-
19 pneumonia. Further details of the vascular and perfusion 
changes in patients with COVID-19 are yet to be assessed.28

Disease Evolution
Healing usually begins after 14 days of illness in ~75% of 
cases.22 The imaging findings gradually improve with decrease 
in the extent of lobar involvement, resorption of consolida-
tion, and disappearance of crazy-paving feature.25 Later on, 
there may be cavitation, development of fibrosis and bron-
chiectasis. It is currently not clear how the fibrosis progresses.

Differential Diagnosis
Since SARS-CoV2 belongs to Coronaviridae family, other 
diseases caused by this family like SARS and MERS are the 

common differentials. Findings on CT scan are similar in all 
these three diseases.29 However, some of the findings are 
found to be more common in SARS-CoV2 compared with 
MERS and SARS. These include predominant multifocal 
involvement, nodules with halo sign, and reverse halo sign.29 
The latter two findings have not been described in MERS and 
SARS and may be relatively specific to SARS-CoV2.

Current Status of CT Scan for SARS-CoV2 
Infection
The RT-PCR test for SARS-CoV2 infection is highly sensitive 
with sensitivity rates ranging from 93 to 100%.30 The results 
are usually available within 6 to 12 hours, and within a day 
in all of the patients. The CT scan has a sensitivity and spec-
ificity in the range of 80 to 90% and 60 to 70%, respectively, 
for the diagnosis of SARS-CoV2 infection.6 Out of the patients 
who were RT-PCR positive, the CT scan showed findings in 61 
to 97% in various studies.31

Since abnormal lung CT findings can be present even in 
asymptomatic patients, CT scan may have a role in a clin-
ically suspected case with negative RT-PCR.23 CT scan cur-
rently has not been recommended for routine use in the 
diagnosis of SARS-CoV2 pneumonia. Further, routine use 
of CT scan will overwhelm the resources and will reduce 
the throughput for non-COVID cases as the machine will 
be closed frequently for sanitization. The radiology team 
should be aware of all precautions and strategies to mini-
mize the risk of infection among staff and patients.32

Since the chest imaging is an important component of 
patient management in individuals with COVID-19, fur-
ther investigations are required to expand understanding 
of the imaging findings throughout the disease course.32 
The experiences with SARS and MERS show that follow-up 
imaging should be performed in individuals recovering 
from COVID-19 to look for evidence of chronic involve-
ment of the lungs (i.e., interlobular thickening, air trapping 
or fibrosis).33

Conclusion
SARS-CoV2 is a zoonotic viral disease predominantly 
involving the respiratory system. The real-time RT-PCR is 
highly sensitive and is diagnostic in > 95% cases. Routine 
imaging of the chest with CT scan for diagnosis is not 
currently indicated. In the current prevalence of the dis-
ease, incidental detection of COVID-19 pneumonia on CT 
examinations not directly performed for this has critical 
importance since radiologically visible COVID-19 pneu-
monia is associated with possible viral transmission.34 
However, early reports have stated that initial imaging 
might show normal findings in 15% of individuals, so a 
normal chest imaging examination does not exclude the 
infection.33 Knowledge of the spectrum of findings on the 
CT scan, although non-specific, may assist the radiologist 
to suggest a diagnosis if found incidentally in non-sus-
pected patients. Using CT diagnostically is not known to 
provide clinical benefit(s) and could lead to false security 
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if results are negative.35 The objective quantification of 
lung involvement manually or by artificial intelligence at 
the time of diagnosis might have prognostic value and an 
effect on the choice of therapy.36
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The coronavirus disease 2019 (COVID-19) epidemic, detected first in China in 
December 2019, is now rapidly spreading across the world. India responded by draw-
ing up National Containment Plan for COVID-19 that envisaged screening of people 
for COVID-19 for early detection of infection, providing community, primary health 
care-centered management for those with mild infection, tertiary care for those with 
severe infection, and health education to the population to reduce person-to-person 
transmission of infection. To minimize the spread of infection from other countries, all 
travelers were screened and quarantined; in the third week of March, India imposed 
ban on all international travel. To prevent person-to-person spread, congregation of 
people for commercial, educational, entertainment, sports, religious, and other social 
activities was banned. To minimize intracity, interstate, and urban rural spread, India 
imposed nationwide lockdown on 25th March 2020. The lockdown flattened the 
epidemic curve and provided needed time for the country to reorganize the health 
system, so that it can provide needed care for the increasing number of COVID-19 
patients at all levels of health care. National guidelines for screening of people for 
severe acute respiratory syndrome-coronavirus-2 infection, quarantine, and home iso-
lation and care of infected people were drawn up and implemented. Health education 
on methods by which person-to-person transmission of infection can be minimized 
has been provided using all media of communication. Global comparison shows that 
currently India has low infection rates, low fatality rates per 1,00,000, and high recov-
ery rates. There are ongoing research studies to document the course and outcome 
of COVID-19 in India. Clinical trials of potential drugs for treatment of severe infec-
tions and vaccines for preventing infection in the high-risk groups are underway. 
A COVID-19 disease surveillance program is underway to track the infection rates and 
bring appropriate midcourse corrections in interventions. In the coming months, the 
people and health system will not only have to evolve a sustainable strategy to provide 
needed care for COVID-19 cases but also ensure that all other health care programs 
are implemented and patients with other illnesses get optimal care too.
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Introduction
On December 31, 2019, China reported to the World Health 
Organization (WHO) that there was a pneumonia outbreak in 
Wuhan caused by a novel coronavirus as required under the 
International Health Regulation (IHR) 20053. The virus was 
named severe acute respiratory syndrome-coronavirus-2 

“SARS-CoV-2” and the disease it caused was given the term 
“coronavirus disease 2019” (abbreviated to “COVID-19”).1 
The globalized world across which millions of people travel 
every day, coupled with the highly contagious nature of the 
virus led to the rapid spread of COVID-19 across all countries 
in the world. Based on the speed and scale of transmission of 
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SARS-CoV-2 reported from several countries across the globe, 
COVID-19 was declared a pandemic on March 11, 2020.1

India responded to COVID-19 pandemic with commend-
able speed and drew up the Containment Plan for Novel 
Coronavirus Disease 2019.2 The plan focused on screening 
people for early detection of SARS-CoV-2 infection, provid-
ing community-based primary health care-centered care for 
those with mild infection, tertiary care for those with severe 
infection, and health education to the population to reduce 
person-to-person transmission of infection.

In order to minimize spread of infection from other coun-
tries, in the phase 2 of the pandemic, India screened and 
quarantined all international travelers; later India imposed 
ban on all international travel. Congregation of people for 
commercial, educational, entertainment, sports, religious, 
and other social activities was banned to prevent per-
son-to-person spread.

India imposed nationwide lockdown on March 25, 2020 
to minimize intracity, interstate, and urban–rural spread. 
The pre-emptive lockdown flattened the epidemic curve in 
the initial months. The lockdown also provided needed time 
for the country to reorganize the health system so that the 
needed care for increasing number of COVID-19 patients can 
be provided at all levels of health care.

There is wide variation in the magnitude and severity of the 
infection and case fatality rates across countries1 and within 
states in large countries like India.2 Global comparison shows 
that India has low infection rates, high recovery rates, and 
low fatality rates. The present article reviews the response of 
health system and the people during the initial three months 
of the COVID-19 epidemic in India. Lessons learnt during 
implementation of interventions during the initial phase to 
the vast varied population, accessing health care under diverse 
settings, can help in bringing about midcourse correction in the 
public health response to this epidemic and improve the health 
outcomes.

Perspective
Earth is the home of a vast number of living organisms. 
Viruses have been inhabitants of the earth for millions of 
years. Humans are relatively late-comers but within a short 
period have brought about massive alterations in atmo-
spheric, geologic, hydrologic, biospheric, and other earth 
systems. Earth's most recent geologic time period has been 
defined as Anthropocene period in recognition of the changes 
in the global environment brought about by human beings. 
One of the consequences of changes in ecology brought about 
by humans is a threat to the survival of viruses. When chal-
lenged by fall in number of animal hosts because of loss of 
their habitats, viruses try to survive by infecting abundantly 
available humans who are in close contact with the animals. 
It is estimated that there are ~1.7 million viral species cir-
culating among wildlife and 50% of these have the potential 
to cause zoonotic diseases in human beings. In the first two 
decades of this century, Ebola and Nipah viruses have caused 
relatively localized epidemics; severe acute respiratory 
syndrome (SARS-CoV), Middle East respiratory syndrome 

coronavirus, avian flu, and HINI flu were the more wide-
spread but less lethal pandemics. Viewed in this perspective, 
the SARS-CoV-2 pandemic is one more of the zoonotic viral 
epidemic that will continue to occur at unpredictable time 
and place.

Following the SARS epidemic, IHR3 was revised to “pro-
vide a public health response to the international spread of 
disease in ways that are commensurate with and restricted to 
public health risks, and which avoid unnecessary interference 
with international traffic and trade.” World Health Assembly 
approved IHR in May 2005. Subsequently all countries pre-
pared National Pandemic Preparedness Plans that provided 
the frame work for evolving containment and control strategy 
for any future epidemics.

The already overstretched health systems providing 
preventive, promotive, curative, and rehabilitative services 
to the population cannot invest major proportion of their 
resources in maintaining a state of perpetual pandemic 
preparedness. The thrust of efforts was therefore on capac-
ity building within the health system for early detection and 
effective response to epidemics as and when they arise.3 The 
capacity building included strengthening of the:

 • Disease surveillance networks aimed at early detection of 
newer infections.

 • Epidemiology networks enabling rapid documentation of 
the natural course and outcome of the disease.

 • Research laboratories to rapidly develop diagnostic test for 
early detection of infection.

 • Hospitals to provide care to mitigate morbidity and 
mortality.

 • Public health system to evolve and implement interven-
tions aimed at reducing the magnitude and severity of the 
epidemic.

 • Communication system to inform the people and enable 
their active participation in the interventions.

It was envisaged that in the initial phases of the epidemic 
the health system will reorganize existing infrastructure and 
manpower to cope with the caseload by curtailing the routine 
follow-up care and elective procedures. Once the peak of the 
epidemic curve is reached, the focus will shift to sustaining 
the services for the new infection and progressively restoring  
the services under the national health programs, care of 
patients with other illnesses, and elective intervention 
procedure. This process of health system’s response to COVID-
19 will  continue until such time that the management of the 
new infection becomes one of the ongoing health programs.

Evolution of COVID-19 Pandemic
On December 31, 2019, China reported to the WHO that 
there was a pneumonia outbreak in Wuhan caused by a novel  
coronavirus as required under the IHR 2005.3 The virus was 
named “SARS-CoV-2” and the disease it caused was given the 
term “coronavirus disease 2019” (abbreviated to “COVID-19”).3 
The globalized world across which millions of people travel 
every day, coupled with the highly contagious nature of the 
virus, led to the rapid spread of COVID-19 across all countries 
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of the world. In December 2019, the SARS-CoV-2 spread from 
one city Wuhan to the entire Hubei province. January 2020 
saw the spread of infection across China and to other countries. 
On January 30, 2020, COVID-19 was declared by the WHO4as 
a “public health emergency of international concern” (PHEIC).

Based on the speed and scale of transmission SARS-CoV-2 
reported from several countries across the globe, COVID-19 
was declared a pandemic on March 11, 2020.3

The WHO has defined four stages of the COVID-19 
pandemic:3

Stage 1: There is no infection in the country.
Stage 2: Travelers bring the virus into the country and trans-
mit it to people they come in contact with, usually friends 
and family.
Stage 3: People without travel history or known contact with 
an infected person get infected.
Stage 4: There are many major clusters of infection all over 
the country.

As the pandemic progresses, countries move from one 
to the next phase of transmission (►Fig.  1). Irrespective of 
the phases of the epidemic, the objectives of public health 
response to COVID-19 are to:

 • Prevent outbreaks, delay spread, and slow down 
transmission.

 • Provide optimal care for all patients, ranging from asymp-
tomatic infected people, to those with mild, moderate, 
and serious illness.

 • Minimize the impact of the epidemic on health systems, 
ongoing other health programs, and essential health care.

COVID-19 in China
In the initial phase of the pandemic almost all the data on 
COVID-19 were generated in China. All available evidence 
suggests that SARS-CoV-2 has a natural animal origin and 
probably has its ecological reservoir in bats. The genome 
of the SARS-CoV-2 was sequenced first in China. This step 
paved the way for manufacture and use of tests for the 
diagnosis of SARS-CoV-2. Data from China showed that 
SARS-CoV-2 was genetically related to the coronavirus that 
caused the outbreak of SARS in 2003, but SARS was much 
less infectious but more deadly than COVID-19.

In an attempt to limit the exponential increase in the 
number of infected people, China:

 • restricted the congregation of people for social, economic, 
educational, entertainment, or trade purposes.

 • banned crowding especially in closed environment such 
as malls and theaters.

 • closed schools and colleges.

Despite this, the spread of COVID-19 across the other 
provinces in China continued (Stage 3 of the COVID spread). 
China imposed and implemented a strict lockdown to limit 
Stage 4 of community transmission. After 2 months, China 
reported flattening of the epidemic curve; the lockdown was 
relaxed in a phased manner enabling resumption of agricul-
tural, industrial, and economic activities.3

Health Systems Response to COVID-19 
Epidemic in India
The first three confirmed COVID-19 cases in India were stu-
dents who returned to Kerala from Wuhan.3 The state health 
minister announced that “children” returning from China 
will be quarantined at home and tested. When they tested 
positive, they and their families were kept under home quar-
antine and provided essential goods and services at home. 
All the three recovered.5 This experience set the tone and 
tenor of response to COVID-19 in Kerala. The clear guide-
lines and transparent handling of the initial cases and past 
experience of the state in successfully tackling epidemic of 
Nipah virus gave both health system and the aware literate 
population confidence that they can cope with the relatively 
milder COVID-19 epidemic and laid the foundation for the 
people-centered primary health care approach to the man-
agement of COVID-19 epidemic.5

Screening of Travelers
In the period January 31st to mid-March 2020, all the detected 
COVID -19 cases were people coming to India from COVID-19  
affected countries and their contacts in India (Stage 2 of 
COVID-19 pandemic). In an attempt to reduce spread of 
 infection, Government of India (GOI) put out an advisory 
against nonessential travel to China. Students stranded in 

Fig. 1 Phases of the epidemic and responses.
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Wuhan were brought back to India by special flights, quar-
antined and tested. Those who tested negative were allowed 
to travel to their home. They were kept under home surveil-
lance. If as and when they developed any respiratory symp-
toms, they were tested for COVID-19.3

During February 2020, the screening of incoming 
 passengers in airports for fever was initiated: initially pas-
sengers from COVID-19 affected countries were screened, 
then all passengers coming to India were screened for 
fever. Those with symptoms were quarantined and tested 
for infection. A review of the experience in March 2020 
showed that screening of people for fever is not an effec-
tive method of screening for COVID-19.3 The long wait 
for test results (screening and confirmatory testing) was 
a matter of concern and so the number of laboratories 
equipped to undertake testing for virus were increased 
and testing of people with symptoms was speeded up. Till 
March 4th 2020, 5,89,000 people had been screened at 
airports and over 1 million were screened at borders with 
Nepal. Around 27,000 were placed on quarantine at home 
and were followed up.3

During March, a steady stream of travelers (Indian 
and foreigners from different countries) was screened 
on arrival in the airports and symptomatic people were 
referred to health facilities;6  asymptomatic people were 
quarantined at home.7 If they were found positive, they 
and their families were quarantined at home for further 
15 days. The contacts of people who had traveled to differ-
ent places in India were traced and quarantined at home. 
Since they all were allowed to stay in their own homes 
during the quarantine period, compliance was good. All 
quarantined people and their contacts were followed up 
by the health staff and provided with needed advice; if any 
one developed symptoms of COVID-19, they were given 
symptomatic treatment and supportive care at home. 
They were advised to contact health staff (mobile phones, 
helpline numbers) if they developed high fever, difficulty 
in breathing. Those who developed these symptoms were 
admitted in the hospital.8

Despite such liberal measures, some of the travelers 
broke the quarantine and traveled without informing the 
health surveillance team. Their contacts during travel and 
in the places they visited were tested and several positive 
cases were detected.3 This led to more stringent measures to 
ensure compliance with quarantine.8,9 Quarantine facilities 
were established initially in Army establishments and sub-
sequently in sports stadia. The quarantine and care facilities 
developed in trains10 (they are mobile can be taken wher-
ever needed) and stadiums (they are empty as sports activ-
ities are not there) meant to accommodate 3,20,000 people 
were kept fully functional but occupancy rates were low.3

Lockdown 1.0, 2.0, and 3.0
On March 11, 2020, the COVID-19 outbreak was declared 
an epidemic in India and provisions of the Epidemic 
Diseases Act, 1897, was been invoked; congregation 

of people for commercial, educational, entertainment, 
sports, religious, and other social activities was banned; 
all schools and colleges were closed. By the third week of 
March 2020, COVID-19 cases were reported from almost 
all states in India. Most of the cases were from urban 
areas; this was perhaps due to the differences in popula-
tion density, as well as availability and access to testing 
facilities. India observed a 14-hour voluntary public cur-
few on 22nd March 2020, to test feasibility of a lockdown 
to prevent rapid spread of COVID-19 between states, dis-
tricts, urban and rural areas, and between different areas 
in the densely populated cities.

Commencing on March 24, a nationwide lockdown for 
21 days was ordered, affecting the entire 1.3 billion pop-
ulation of India.11 This was followed by Lockdown 2.0; 
Lockdown 3.0 and Lockdown 4.0 which is slated to end on 
May 31, 2020. All international, national, and interstate 
passenger transport (air, rail, bus, and car) were banned but 
transport of essential supplies and goods was allowed. In 
addition to trucks, railways rakes unutilized because of the 
industrial shutdown were used for transport of food, drugs, 
and other essential supplies. By and large essential goods 
and services were available across the country, though there 
were quality, variety, quantity, and cost-related issues.

Guidelines for Testing for SARS-CoV-2
Initially testing was mainly done for travelers from coun-
tries with COVID-19, their household, and other contacts.11 
With the increasing number of testing institutions and avail-
ability of test kits, respiratory symptomatics seeking health 
care and contacts and household people of confirmed cases 
were tested.12 Indian Council of Medical Research (ICMR) 
guidelines13 recommend screening for SARS-CoV-2 in:

 • All asymptomatic individuals who have undertaken inter-
national travel in the last 14 days.

 • All symptomatic direct and high-risk contacts of a con-
firmed case (test once between day 5 and day 14 of com-
ing in contact).

 • Asymptomatic people in hotspots/clusters, (defined by 
Ministry of Health and Family Welfare [MoHFW]), large 
migrations/gatherings/evacuee centers.

 • All symptomatics (fever, cough, sore throat, runny nose).
 • All symptomatic contacts confirmed cases.
 • All symptomatic health care workers.
 • All patients with severe acute respiratory illness.

Testing of cases has been ramped up over the last month. 
Till May 13, 2020 a total of 18,54,250 samples have been 
tested. As compared with other countries, the positivity 
rates are relatively low. ICMR has initiated sentinel surveil-
lance for assessing magnitude of the SARS-CoV-2 infection 
across the country.14 In the coming months, large-scale 
screening of population groups across states, facility-based 
district level surveillance,15 and sentinel surveillance14 will 
provide useful data to assess the prevalence of infection 
and the impact of ongoing interventions.
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Providing Health Care to People Infected 
with SARS-CoV-2
All infected people are asymptomatic immediately after infec-
tion; they can, however, transmit the infection even at this 
stage. Incubation period for COVID-19 is around 5 days (range: 
1–14 days). Many infected people remain asymptomatic and 
eliminate the virus in about a month. Illness due to COVID-19 
infection is generally mild, especially in children and young 
healthy adults. The most common symptoms of COVID-19 are 
fever, tiredness, and dry cough. Some patients may have aches 
and pains, nasal congestion, runny nose, sore throat, or diarrhea. 
About one out of every six patients with COVID-19 develop high 
fever and difficulty in breathing; they require hospitalization. 
There is as yet no specific antiviral drug to prevent or treat 
COVID-19. There is no evidence that hydroxyl-chloroquine can 
prevent or modify the course and outcome of COVID-19; it is 
being given on an empirical basis under careful medical super-
vision, as a prophylactic to health workers providing care to 
COVID-19 patients. Currently, there is no vaccine for the pre-
vention of COVID-19. Clinical trials on potential drugs to treat 
severe infections and vaccine that could be useful to prevent 
infection in high risk individuals are underway and may come 
up with useful products within the next 12 months.

Home Care for Asymptomatic Patients and 
Those with Mild Illness
Most patients with mild illness do not require hospitalization; 
they respond readily to symptomatic treatment (paracetamol 
for fever and body ache; antihistaminic for runny nose, and 
cough syrups for cough; adequate hydration and balanced diet 
with larger serving of vegetables and fruits).16 The family will 
be under home isolation for 2 weeks; they can provide comfort 
and care for infected patients under home quarantine. One of 
the major advantages of the home isolation and care of infected 
patients is that they are comfortable at home recover within a 
week or 10 days; they do not face psychological problems of 
being alone in a hospital. Guidelines for home management of 
asymptomatic and mildly symptomatic infected patients have 
been drawn up and are available in the website of MoHFW and 
the National Centre for Disease Control.16 The infected person 
and the family will be followed up by the health system person-
nel, provided the needed advice and care.

Testing of the family contacts will be done and if the family 
members are found to be infected, the home isolation period 
will be appropriately increased. The administration will ensure 
that all the goods and services needed by the family are pro-
vided at their doorstep, so that home isolation does not lead to 
any hardship in terms of accessing essential goods and services.

Prevention of Intrafamily Infections during 
Home Care
Infected patients (both symptomatic and asymptomatic) 
transmit the virus readily to others - when they speak, 
when they cough (droplet infection), or dry their nose 
and touch surfaces (surface contamination). All infected 
patients, therefore, should wear a multilayer cloth mask, 

observe respiratory etiquette, and wash their hand as and 
when they touch their face, nose or mouth.16 Family mem-
bers who provide care should wear a mask, stay about a 
meter from the infected person, wash hands with soap and 
water as and when they touch the surfaces handled by the 
infected person.16

Hospitalization and Care
About 5% of infected patients develop persistent high 
fever and/or breathlessness and require hospitalization.17 
National Guidelines for screening symptomatic patients 
in hospital have been drawn up.18 Guidelines for the man-
agement of infected person in hospitals have been drawn 
up and are available in the website of MoHFW and the 
National Centre for Disease Control.17 Older people, and 
those with underlying medical problems like high blood 
pressure, heart problems, or diabetes, are more likely to 
develop serious illness.19 For the duration of the pandemic, 
GOI has designated some hospitals as COVID-19 centers. 
All hospitals have earmarked adequate proportion of their 
beds for COVID patients.20 So far the beds, including inten-
sive care unit (ICU) beds allocated for COVID patients, have 
not been fully occupied. Discharge policy guidelines have 
been developed for hospitalized patients.21 Guidelines for 
disposal of hospital waste from wards where COVID-19 
patients are receiving treatment have been developed.22 
All hospitals continue to provide outpatient and inpatient 
care for the treatment of patients with other illnesses in 
areas away from the COVID-19 earmarked areas.23 This is 
to prevent cross-infection to the general hospital popu-
lation and to ensure that medical care to non-COVID-19 
patients is not compromised. Health care providers are 
provided with personal protection equipment to minimize 
the risk of infection while providing health care;23 how-
ever, some health care professionals do develop infection. 
Adequate provisions have been made to provide required 
care for these patients.

Management of acute severe respiratory distress in 
COVID-19 patients requires intensive care and the attend-
ing physicians should provide personalized care. There 
have been reports that aggressive management in ICUs 
and use of ventilators may not be associated with higher 
recovery rates.24 Efforts should be made to proactively 
reassure patients and provide prognostic information to 
the relatives.

Health Education to Reduce Spread of 
Infection
SARS-CoV-2 spreads through airborne respiratory droplets 
when an infected person coughs, sneezes, or speaks. Person 
close by gets infected by inhaling the virus containing 
droplets or by touching objects and surfaces contaminated 
with droplets containing the virus and later touching their 
nose or mouth. All people entering public places should 
take essential personal precautions to reduce risk of infec-
tion because it is not possible to know who is infected and 
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who is not. Measures to reduce risk of infection include 
physical distancing, mask wearing, and hand washing after 
touching potentially infected surfaces in public places.25

Physical Distancing
One of the most important methods for reducing the risk 
of infection is staying away from any potentially infected 
patients. Global and Indian guidelines have empirically rec-
ommended that the minimum distance should be one meter. 
People should avoid going to crowded places and attending 
congregations to reduce risk of this airborne infection.25

Wearing of Masks
A multilayer cotton mask offers some protection to the 
wearer from droplets of infectious material emitted during 
coughing/sneezing/talking by an infected person and can be 
comfortably worn though the summer and monsoon.26,27 To 
be effective the mask should cover the nose and mouth, be 
reasonably fitting and should be kept in place. Masks should 
be removed at least once in 6 hours or when they become 
moist with secretions or sweat. They should be washed well 
with soap and water and thoroughly dried before reuse. 
Masks have to be used by:

 • quarantined people and people with respiratory symp-
toms to reduce the amount of potentially infected droplets 
reaching the environment and infecting others.

 • those providing care to quarantined people and home care 
for infected patients have to wear similar mask to reduce 
the risk of their inhaling the infected droplets.

In the current phase of the epidemic, the use of these 
masks has been made mandatory whenever anyone leaves 
home and goes into a public place. This reduces risk of infec-
tion in two ways: less droplets from respiratory tract of those 
who are infected will reach others; those who are uninfected 
will inhale less of the contaminated droplets.

Respiratory Etiquette
It is well recognized that cough, runny nose, and fever are the 
most common symptoms of COVID-19; but not all respiratory 
infections are due to COVID-19. Since it may not be possi-
ble to test every person with mild respiratory symptoms 
for COVID-19, it is recommended that all people with mild 
respiratory symptoms should stay at home; they should prac-
tice respiratory etiquette of covering nose and mouth during 
sneezing and coughing to prevent spread of droplet infection 
to the family members. Those with moderate or severe illness 
should seek health care.

Washing Hands with Soap and Water
Washing hands with soap and water for 20 to 30 seconds 
whenever people touch potentially contaminated surfaces is 
an important method for the prevention of infection.

Sanitizing Potentially Contaminated Surfaces
All surfaces of furniture in public places that are touched by 
number of people should be adequately cleaned and sani-
tized to prevent spread of infection.

During the last 3 months, major efforts have been made to 
provide public health information on COVID-19 epidemic to 
the population and methods by which individuals can reduce 
risk of the getting infected through all media of communica-
tions. If the aware population follows all these steps, it will be 
possible to bring some reduction in the magnitude of infec-
tion over the next 12 months period.

Current Status of the Epidemic in India
The most striking aspects of the COVID-19 pandemic are 
the speed spread of infection; the most bewildering aspect 
is the reported variations in infection rates and health out-
comes of the infection. The reported data on cases, cases/
million population, recoveries, and deaths in the world, 
some countries with high COVID-19 caseloads, and India 
are given in ►Fig. 2. There are large differences between 
countries in terms both of confirmed cases and deaths. 
India has the lowest caseload and deaths per million pop-
ulation. Available global data indicate that despite better 
equipped health care system and aware population access-
ing available facilities, morbidity and mortality rates in 
USA and European countries are higher as compared with 
the Indian scenario. To some extent, the lower morbidity 
and mortality in India could be due to lower testing of 
populations groups, incomplete reporting of test results, 
and under-reporting of cases and deaths. There have been 
worries that the COVID-19 has increased disparities in 
health care,28 lockdown has aggravated livelihood crisis,28 
and lockdown may not prevent severe infections,29 espe-
cially in those with noncommunicable diseases.30 Recent 
publications from Europe and USA have shown that hospi-
talization of all infected patients (even the asymptomatic 
and mild cases) and aggressive respiratory interventions 
(including use of ventilators) in moderate and severe cases 
may not improve health outcomes; there is a possibility 
that such interventions may increase the severity by trig-
gering inflammatory storm and might result in higher case 
fatality rates.24

►Fig. 3 depicts the epidemic curve showing the cumu-
lative number of confirmed cases, active cases, recov-
eries, and deaths in India between January 30, 2020 to 

Fig. 2 COVID-19 pandemic current status (as of May 9, 2020).
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May 13, 2020.3 Over time there has been a linear increase 
in the number of confirmed cases. Part of the increase 
could be due to increased testing and reporting, iden-
tification of hot zones, and screening of the residents in 
these areas. State-wise distribution of confirmed cases and 
deaths is given in ►Figs. 4 and 5.3 Most of the confirmed 
cases, recovered cases, and deaths are from urban areas. 
The highest recovery rates and lowest fatality rates are 
reported from Kerala.

The country is moving toward progressive easing of 
the lockdown, so that economic employment activities 
resume, essential goods and services reach the popula-
tion. At the district and below district level, three catego-
ries of zones (red, yellow, and green) have been identified 
based on the data on number of confirmed cases;31 people 
residing in green zones will be able to move around and 
get back to their work. Indians stranded abroad and the 

migrants stranded in other states are returning home. 
Soon public transport is expected to open so that people 
can move from home to workplace. All these will inevita-
bly lead to an increase in the number of infected patients, 
but the health system and the people are expected to be 
ready to cope with this.

Health Systems Response to COVID-19 
Epidemic in Kerala
In India, Kerala was the first state to report COVID-19 cases 
and over the last 3 months the state health system has metic-
ulously recorded and reported the evolution of the epidemic 
in Kerala. A review of these prospectively reported data can 
provide some insights and evidence based on the impact 
of effective implementation of the Indian guidelines for the 
management of COVID-19 epidemic.5

Fig. 3 COVID-19 epidemic curve in India.

Fig. 4 Interstate differences in COVID-19 confirmed cases (as of  
May 10, 2020), Fig. 5 Interstate differences in COVID-19 deaths (as of May 10, 2020)
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►Fig. 6 shows the number of COVID-19 cases (confirmed, 
active, recovered, and deaths) in Kerala from January 30, 
2020 to May 5, 2020.

There was a progressive linear increase in confirmed and 
active cases between January 30, 2020 to April 7, 2020. All 
through April and first week of May:

 • The cumulative number of confirmed cases continued to 
increase in a linear fashion with some flattening over time 
(impact of lockdown?).

 • Number of recovered cases steadily increased.
 • Number of active infections declined.

Keeping the family and contacts of the infected patients in 
isolation is an essential component of the epidemic control 
measures. Till May 10, 2020, a total of 20,157 people have been 
kept under observation. Of these 19,810 were kept under obser-
vation at home. Home isolation helps the infected person and 
family to cope with the anxieties associated with isolation in 
the comfort of their homes with their family’s support. It is rel-
atively easy to improve compliance with isolation under these 
circumstances; this in turn has a major impact on preventing 
COVID-19 spread. So far only 347 people required hospitaliza-
tion. In Kerala, designated quarantine facilities and designated 
hospital beds at various levels for COVID-19 have remained fully 
functional but majority of these remained under-utilized. The 
fear that the epidemic will overwhelm the health system was 
shown to be unwarranted.

As of May 10, 2020 there were 505 total confirmed cases 
in Kerala; of these 485 (96%) had recovered and only 17 cases 
(3.4%) are active. There were three deaths one each in the dis-
tricts of Thiruvananthapuram, Malappuram, and Ernakulam 
(case fatality rate of 0.6%). Globally and within India, Kerala 
has the highest rate for recovered cases and lowest case fatal-
ity rates. The state implemented the national guidelines of:

 • Home-based isolation and care for infected person (both 
asymptomatic and those with mild infection).

 • Home isolation and care for the families and contact of 
infected patients.

 • Home follow-up of infected patients by primary health 
care personnel.

 • Referral of only those with moderate and severe symp-
toms to hospital for intensive care.

 • Optimal use of the available tertiary health care facilities 
to provide care for the severely affected patients and those 
with comorbidities.

This approach:

 • Provided needed comfort and care and minimized 
psychosocial trauma of the infected patients and their 
families.

 • Resulted in high recovery rates, low infection rates, low 
hospitalization rates, and low case fatality rates.

 • Minimized the adverse impact of COVID-19 on other 
health care programs and management of people with 
other illnesses.

 • Will be sustainable through the expected continued lin-
ear increase in COVID cases over the next few months and 
some upsurge during winter.

Way Forward
Containment and control of rapidly spreading air-
borne droplet infections like COVID-19 is difficult. India 
responded to COVID-19 pandemic with commendable 
speed by drawing up the National Containment Plan for 
COVID-19. The plan envisaged community and primary 
health care-centered approach to screening, containment, 
and care during COVID-19 epidemic.

Ban on international travel and pre-emptive lockdown 
flattened the epidemic curve in the initial months. During 
the lockdown phase, the health system has been reorga-
nized so that it can provide the needed care for increasing 
number of COVID-19 patients at all levels of health care 

Fig. 6 Summary of COVID-19 cases in Kerala (as of May 10, 2020).



75Health System Response to COVID-19 Epidemic in India Ramachandran, Kalaivani

Annals of the National Academy of Medical Sciences  (India)   Vol. 56   No. 2/2020

ranging from home-based care to tertiary care institu-
tions. Guidelines for providing needed care for patients 
with varying severity of infection have been revised taking 
the experience of last 3 months;32-34 health care providers 
have gained experience and can cope with increased num-
ber of COVID-19 patients in the coming months.

Simultaneously, every effort has been made to inform 
the public about the epidemic and the precautions that 
everyone has to take such as physical distancing, wearing 
of masks, hand washing after touching surfaces in public 
spaces, and avoiding congregations (education, entertain-
ment, social, religious) to minimize the risk of infection. It 
is expected that the aware population will take the precau-
tions and ensure that the number of cases is kept at a rela-
tively low level. Global comparison shows that India has low 
infection rates, high recovery rates, and low fatality rates.

In the coming months, the people and health system will 
have to evolve a sustainable strategy to provide needed care 
for COVID-19 cases and minimize the adverse impact of 
COVID-19 on other health care programs and management 
of patients with other illnesses. The process of transition 
will have to continue until such time that the management 
of the new infection is implemented as a part of the ongoing 
health programs and other health programs, care of patients 
with other illnesses and elective intervention procedure, are 
restored fully.
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The COVID-19 pandemic has stimulated tremendous innovation in India, driven 
by unprecedented novel needs, sense of urgency, availability of time during the 
lockdown, funding by Government agencies, and accelerated processing of projects. 
Therefore, the country has witnessed widespread innovation and imitation of exist-
ing technologies in recent weeks, but very few inventions. One novel invention, the 
Artificial Breathing Capability Device (ABCD) is being speeded up by the current neces-
sity. Other innovations and imitations include (i) healthcare devices/products intended 
for diagnosis, management, or monitoring of suspected/confirmed COVID-19 patients 
(in healthcare institutions); (ii) improvisations in personal protective equipment 
(PPE) for frontline healthcare workers and other personnel (including the public); (iii) 
adaptation of information technology platforms for telehealth, telemedicine, telemon-
itoring, and tele-education; and (iv) repurposing of existing resources/technologies 
for COVID-19. Some fruits of these efforts include (i) respiratory support devices (by 
mechanization of manual ventilation, ventilator splitters, etc.), (ii) personal protective 
equipment (PPE) (novel face masks, face shields/splash guards, intubation boxes, aero-
sol guards, etc.), (iii) novel sanitization products, processes or deployment methods, 
(iv) diagnostic tests (including rapid antibody tests, polymerase chain reaction [PCR] 
methods, and loop-mediated isothermal amplification [LAMP]), and (v) various adap-
tations such as repurposing and retrofitting of existing technologies aligned to the 
needs of COVID-19. These innovations and imitations have laudable features such as 
extremely rapid development of products (not merely concepts or prototypes); col-
laboration among individuals, institutions, and industry; willingness of players to work 
outside traditional comfort zones; and teamwork among stakeholders. Social media 
and lay press publicity create a sense of achievement and hope in a nation bogged 
down by the realities of COVID-19. However, these positive developments are asso-
ciated with unique problems, especially duplication of effort, disregard of intellectual 
property (IP) issues, unhealthy competition amongst institutions, and failure to con-
sider the needs for which solutions are proposed. The haste for developing products 
has bypassed the important steps of peer review, laboratory testing, and clinical val-
idation to ensure the safety and efficacy of end users. These unintended side effects 
of the innovation race can be overcome by coordinated efforts through an innovation 
pathway proposed in this article under a broader innovation ecosystem.
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Introduction
The COVID-19 pandemic has stretched healthcare resources 
(in terms of manpower, materials, and money) to an unprece-
dented extent. Concomitantly, the imagination of healthcare 
and nonhealthcare personnel have also been stretched to 
find unique solutions to the unprecedented needs created by 
the pandemic. Thus, innovation has become a buzzword in 
healthcare delivery today. The boost to innovation has even 
been hailed as a positive benefit of COVID-19.1,2 The intrin-
sic innovative mindset and approach of Indian professionals 
and the public have created interesting and offbeat solutions 
to some of the challenges posed by the pandemic. This arti-
cle presents some of the major innovations and imitations 
undertaken in India, without intending to be an extensive 
catalogue. However, all these innovations and imitations are 
reported mostly in the lay press, rather than scientific pub-
lications. Hence, technical and scientific details are lacking. 
In some situations, the “innovation” merely represents an 
improvement or improvisation of existing technologies. 
Innovative usage of novel or existing pharmacological prod-
ucts, biologicals, or vaccines are outside the scope of this arti-
cle. Similarly, information technology (IT) solutions through 
the creation of novel apps are not considered here. Diagnostic 
tests, platforms, etc. are also outside the scope of this article, 
but they are described briefly for the sake of completion.

Definition and Scope of Innovation
The Merriam-Webster dictionary defines innovation sim-
ply as a “new idea, method, or device,” or alternatively 
as “the introduction of something new.”3 Similarly, the 
well-respected Cambridge dictionary defines the term as “the 
use of a new idea or method”4. The Wikipedia description 
stresses that innovation is an “original and more effective” 
product of a novel idea or creative thought.5 Thus, all three 
definitions capture the concept of novelty, although the latter 
emphasize the additional concept of implementing the novel 
idea to produce something. The Business Dictionary throws 
additional light on the term as the “deliberate application of 
information, imagination and initiative in deriving greater or 
different values from resources.” It emphasizes innovation as 
the process by which novel ideas are converted into useful 
products.6 In India, the colloquial Hindi word “jugaad” par-
tially captures the concept of innovation as a creative solu-
tion from an unconventional use of existing resources. The 
emphasis is to “make things work, or to create new things 
with minimal resources.”7

It is important to understand the distinction between 
innovation and invention. The latter clearly describes a 
novel product or solution, whereas innovation is more 
likely to be a novel implementation of an existing or new 
invention. Viewed in this context, innovation need not 
always stem from an invention.

However, the bottom-line is that invention, innova-
tion and imitation must be driven to satisfy a specific need 
that is not fulfilled by the existing products, techniques, or 

processes. In that sense, invention, innovation, and imitation 
are offspring of the same mother, namely, necessity created 
by the COVID-19 pandemic.

Indian Inventions, Innovations, and 
Imitations in the Context of COVID-19
Since Indians are innovative by nature, a slew of products and 
processes have been conceived in recent weeks to tackle the 
challenges posed by COVID-19. Many of these are directly 
related to healthcare delivery in patients with suspected or 
confirmed COVID-19, aiding treatment, prophylaxis or diag-
nosis. Others are indirectly associated with healthcare but 
are nevertheless important. Some innovations and imitations 
are more applicable in the domain of public health. Finally, 
IT platforms provide unique opportunities for telehealth and 
educational activities. ►Table 1 presents a nonexhaustive list 
of some of the major innovations and imitations impacting 
healthcare delivery. Some of the more useful products are 
described subsequently.

COVID-19 Inspired Innovations in India: Boon 
or Bane?
The lockdown period provided the most valuable resource 
to organizations, institutions, individual professionals, and 
even the lay public–time (in ample quantity). The availability 
of time and flexibility of working outside the routine systems 
and schedules created an immense opportunity for innova-
tion. These innovations occurred despite limited access to 
raw materials, consumables, and traditional supply chains; 
that too in an environment wherein face-to-face collabora-
tion among colleagues was nearly impossible.

Professionals across disciplines worked together to devise 
solutions for practical problems. It has also fostered tre-
mendous industry support for initiatives outside the usual 
mandate of these organizations. This has resulted in mobili-
zation of industry equipment, raw materials, workforce, and 
even finances, to support the development of products even 
without a clear business plan. Government agencies have 
also announced liberal schemes to fund/support innovation, 
fast-tracking applications for funding new projects, commer-
cialization of prototypes, scaling-up production of existing 
products, etc. The emphasis on rapid development of prod-
ucts rather than restricting to proof-of-concept or prototypes 
bodes well for India as a whole (well beyond the COVID-19 
situation). All these are laudable effects.

Government Ministries, State Governments and national 
organizations (notably. the Department of Science & 
Technology, Department of Biotechnology, Defense Research 
and Development Organization, Council for Scientific and 
Industrial Research, etc.) have liberally promoted innovation in 
recent weeks through competitive calls for proposals to manage 
the COVID-19 pandemic effectively. Similar efforts have been 
made by the private sector, including associations such as the 
Federation of Indian Chambers of Commerce and Industry, pri-
vate companies, and crowdsourced platforms.
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On the other hand, the race for innovation has triggered a 
wave of unregulated competition, duplication, plagiarism, and 
often complete disregard for the principles of protecting intel-
lectual property (IP). Many innovators created hype rather than 
hope with their innovations. Even prestigious Government agen-
cies/institutions are compiling reports and brochures, rather 
than ensuring that useful products reach the intended end user. 
Thus, there is more innovation on paper than in reality. Further, 
the urgency for solutions compressed the timelines for inno-
vation; hence, half-baked solutions are being released without 
appropriate testing. Worse, none of the products intended for 

clinical use have undergone clinical validation. Therefore, many 
of the products being developed are unlikely to be usable in the 
clinical or public health domains. Most innovators fully realize 
that their designs are not novel hence there is no scope of filing 
patent applications. Such innovators immediately publicize 
their unoriginal innovations/imitations to the lay press “in the 
national interest.” In contrast, serious innovators are unable to 
share their innovations until IP is protected. This has created an 
ironic situation, wherein genuine innovations are unknown to 
the public, whereas unoriginal ideas and prototypes are widely 
available for public discussion.

Common Features of COVID-19 Related 
Innovations and Imitations in India
The wealth of ideas has resulted in a plethora of low-tech 
innovation and imitation products. However, very few 
high-quality products have been developed. Most of the 
“innovative products” represent technology solutions with-
out end user considerations.

Therefore, none of the products have been clinically vali-
dated for efficacy and safety of the end user (i.e., healthcare 
worker or patient). This is equally true for potentially 
life-saving innovations (such as respiratory support devices) 
and products for prophylaxis (such as sanitizers, PPE com-
ponents, etc.). Thus, most of the innovations and imitations 
have little potential to change the healthcare scenario related 
to COVID-19 or otherwise.

What is the Way Forward?
Biomedical innovation is a process, not merely an outcome. 
►Fig. 1 shows a schematic diagram of this concept. The process 
should begin from a thorough understanding of the healthcare 
need(s) of the end user, namely, healthcare provider, patient, 
or public health system. This stimulates novel ideas to address 
the lacunae in the existing solutions, leading to the develop-
ment of a novel prototype or product. This needs extensive 
laboratory testing, followed by clinical validation before it can 
be processed for regulatory approval and ultimately reach the 

Table 1  Partial list of innovative products and processes in 
India related to healthcare delivery for COVID-19

Respiratory support devices

Mechanization of manual ventilation

Artificial Breathing Capability Device 

Ventilator splitter adapters

Oxygen delivery splitter devices

Personal protective equipment products

Face masks

Face shields and splash guards

Intubation boxes

Aerosol guard boxes

Sanitation products and solutions

Indigenous hand sanitizers

Ultraviolet light emitters

Ozone

Silver-based products

Others

Diagnostics

Indigenous antibody-based testing kits

Polymerase chain reaction-based diagnostic kits

Loop-mediated isothermal amplification

Repurposing and/or retrofitting existing products and 
solutions

Telehealth solutions (conventional and adapted versions)

Tele-education solutions (for professionals, students, public, etc.)

Telemeeting solutions (i.e., platforms for communication)

Remote patient monitoring systems repurposed for COVID-19

Wearable devices adapted for COVID-19

GPS-enabled technologies adapted as COVID trackers

Artificial intelligence-enabled platforms for automation of  
radiological diagnosis, patient monitoring, environmental  
monitoring, etc

Railway coaches used as isolation wards

Hotels, hostels, factory floorspace, etc. converted to quarantine 
facilities

Robots used for contactless delivery of medications, etc

Drones used for sanitization, transportation of small objects, and 
public health messaging

COVID-19 bus

IT solutions adapted for COVID-19 management
Fig. 1 Schematic showing the innovation pathway for biomedical 
products.
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market. Once deployed in the clinical setting, postmarketing 
surveillance is essential to ensure efficacy and safety for the 
end users. Most innovators try to short-circuit the process 
from step 3 directly to step 7 or 8. Many innovators believe 
that once a prototype or product is ready, someone else should 
take up the responsibility for the subsequent steps to make the 
product usable in the real world.

Successful innovation also requires an ecosystem wherein 
individuals, institutions, organizations, and Government 
agencies work together to facilitate the flow of an innova-
tive idea to its final destination, that is, the end user. ►Fig. 2 
shows a schematic representation of this concept. The eco-
system requires close coordination and cooperation amongst 
multiple stakeholders, without unhealthy competition. The 
current COVID-19 inspired innovation race lacks this system; 
therefore, considerable resources are being wasted rather 
than being concentrated toward useable innovative products.

Fruits of COVID-19 Inspired Innovation in 
India
The following section briefly highlights some innovations 
that are either inspired by the COVID-19 pandemic or can 
have application in this situation.

Respiratory Support Devices
The shortage of mechanical ventilators in developed and 
developing countries (to meet the need posed by COVID-19) 
spawned an international as well as domestic race to develop 
solutions.

Mechanization of Manual Ventilation
Manual ventilation by compressing self-inflating bags (SIBs) 
is common in most busy Indian hospitals, even before the 
COVID-19 pandemic. Although it is an uncontrolled process, 
it is life-saving in situations where mechanical ventilators 
are inaccessible, unavailable, or unaffordable. The inherent 
problems with manual ventilation are that ventilation rate, 
volume, and pressure are uncontrolled resulting in hypo- 
or hyperventilation. There is often dys-synchrony with the 

patient’s spontaneous respiratory efforts or cough, no control 
over situations like endotracheal tube block, displacement, 
disconnection, etc. Finally, manual ventilation entails tre-
mendous physical, emotional and mental fatigue in persons 
performing ventilation.

The COVID-19 pandemic stimulated the re-explora-
tion of efforts to automate compression of SIBs, which 
itself is not a new concept.8,9 In recent weeks, several 
innovators in various countries10-14 including India15-25 
devised mechanical solutions for manual ventilation. Most 
of these mechanize the compression of the SIB at a preset 
rate using motors controlled by microprocessors. Some of 
these devices can be operated using smartphone apps.15,16  
One institution went a step further and reported capabil-
ity to compress two bags with one machine.26

Although these devices appear to be attractive solutions, 
they fail to overcome the inherent problems associated with 
manual ventilation, as there is no control over ventilation 
pressure, volume and ratio of inspiratory to expiratory time. 
This creates the same risks of barotrauma and dys-synchrony 
noted with manual ventilation. These devices could even 
be harmful if the SIB gets compressed when the patient is 
breathing out, thereby driving air rich in carbon dioxide back 
into the lungs. Further, most of the innovators have not con-
sidered how the device can be connected to a patient.

However, all these devices share the common features 
of extremely rapid development, low(er) price, expansive 
claims of the device capabilities for COVID-19 patients, 
lack of clarity of which ventilation parameters can be con-
trolled, extensive publicity in the lay press (without techni-
cal details), paucity of laboratory testing data for suitability 
in clinical care, and absence of clinical validation. Ultimately, 
most of these devices are unsuitable for clinical use.

Artificial Breathing Capability Device
A group of innovators led by the first author successfully 
invented and tested a novel ‘Artificial Breathing Capability 
Device’ (ABCD). This device was conceptualized in 2015, well 
before the COVID-19 pandemic, as a safer and more effica-
cious alternative to manual ventilation. Design and develop-
ment phases were completed during 2016–18,27 and patent 
application filed in May 2018.28 ►Fig. 3 shows the device.

ABCD comprises an electromechanical system compress-
ing a SIB, with the unique feature of controlling ventilation 
by permitting users to set peak inspiratory pressure (PIP), 
respiratory rate (RR), and inspiration:expiration time ratio 
(I:E ratio). The present version of the device can deliver PIP 
in the range of 10 to 50 cm H2O, RR in the range 10 to 60 per 
minute, and I:E ratio in the range 1:1 to 1:4 (with any fraction 
in between). This covers most clinical situations requiring 
respiratory support. Another unique feature of the device is 
that an exhalation valve is placed just distal to the endotra-
cheal tube; hence, there is no risk of rebreathing expired air. 
Further, a pressure sensor placed at the same location enables 
the recording and real-time display of the actually delivered 
pressure, rate and inspiratory time, with each breath. The 
device has multiple smart features including self-regulatory 
checks, cough alarm with temporary cessation of ventilation, 

Fig. 2 Schematic showing a biomedical innovation ecosystem.
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endotracheal tube disconnection alarm, endotracheal tube 
blockage alarm, and bag disconnection alarm.

ABCD was extensively tested using 396 combinations of 
user settings, and nonstop functioning for 60 continuous days 
in the laboratory.29 It was also tested on a patient simulator in 
PGIMER Chandigarh, proving its capabilities. Clinical testing 
on live patients has been initiated with due approval of the 
Institutional Ethics Committee (►Fig. 4).

Although the ABCD is safer and more efficacious than 
manual ventilation, and well ahead of the current wave 
of devices compressing ambu bags, it requires further 
refinements to make it suitable for the ventilatory needs 
of COVID-19 patients. This process is currently underway 
and ABCD 2.0 is expected to be available for clinical testing 
in 2 to 3 months.

Ventilator Splitter
This is a simple mechanical device, permitting one ventilator 
to ventilate more than one patient simultaneously. This is 
achieved by using a plastic connector (often 3D printed) to 
“split” the ventilator output to reach multiple patients. The 
exhaled air is similarly returned from multiple patients. 
Naturally, the system can work only if all patients require 
exactly the same ventilatory settings. Such splitters are not 
entirely novel and were used previously in the 2017 Las 
Vegas mass shooting, where most of victims were young 

Fig. 3 Front view and side view of the Artificial Breathing Capability Device (ABCD).

Fig. 4 Patient being ventilated using ABCD in the emergency ward. 
ABCD, artificial breathing capability device.
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healthy adults (with normal lungs requiring physiological 
ventilation parameters).30 However, their utility in the 
context of COVID-19 is uncertain, since ventilatory support 
of various patients may not be similar, and the risk of 
cross-contamination is significant. Nevertheless, several 
Indian innovators imitated the design31-36 with wide media 
publicity, although none has been clinically validated.

Oxygen Delivery Splitter
In many Indian hospitals, general wards lack sufficient 
oxygen points/ports to ensure individualized delivery of 
oxygen to patients. Many such wards have recently been 
converted to COVID-19 wards, necessitating assured oxygen 
supply at every bed. For years, the deficiency of oxygen ports 
was solved by using Y connectors to split the oxygen flow 
to reach multiple patients. Naturally, such methods require 
high-flow of oxygen from the source. This innovation may 
ensure oxygen at every bed in COVID-19 wards, although it is 
not known whether they can fulfil the high-oxygen demand 
of some COVID-19 patients.

Innovations in Personal Protective Equipment Products
Face Masks
An institution in Bengaluru developed a face mask 
comprising a sheet of nylon or silk sandwiched between 
polypropylene layers.37 Rubbing the layers against each other 
creates a negative charge on the outer layer, whereas nylon 
gets a positive charge. The double electric charge reportedly 
protects users from inhaling the Coronavirus. The practical 
utility of masks requiring rubbing is questionable, given that 
masks used in COVID-19 are not to be touched by hand at all.

A student of class XI from West Bengal successfully 
developed an “air providing and virus destroying mask” within 
7 days.38 Lay press coverage reported that “dust particles 
and harmful elements” somehow get “trapped in water 
particles and the lipid proteins of the virus are destroyed.” 
A one-way valve then ensures that “clean air can enter the 
patient’s lungs.” During expiration, “air exits through another 
one-way valve and enters another reservoir-container in 
which the lipid protein of the virus is broken down to destroy 
it.” Despite these vague details, the Ministry of Science and 
Technology plans to take this innovation forward.

A private company developed a reusable N95 mask, with 
viral filtration efficiency of 99.7%, claiming it as the world’s 
first mask having a “nanotech filter39.” Apparently, the mask 
serves to trap the “virus particles, dry them out and break 
them apart.”

A pharmacy training institution in Vadodara developed a 
triple-layer mask impregnated with “enzymes and chemical 
reagents that can copy DNA to RNA.” The institution claimed 
that contact of the mask with “Coronavirus particles” triggers 
a reaction, causing the mask to change color.40

The Times of India newsgroup launched the “Mask India 
movement” to encourage people to design and use masks.41 
Apparently more than 1 lakh entries were received, and the 
movement was commended by the Prime Minister of India. 
However, the website shows only fabric masks in different 
designs, shapes and colors.42

Face Shields and Splash Guards
Various innovators designed and developed face shields 
or splash guards. Most either repurposed existing helmet 
visors or simply attached (overhead projector) transpar-
ency to plastic or rubber headbands. The attachments range 
from crude stapling to buttons or studs. Variations include 
3D printing of the plastic parts. The Ministry of Health and 
Family Welfare’s recent specifications for face shields rec-
ommended that they be composed of clear plastic, ensure 
good visibility, have an adjustable headband, snug fit, be 
preferably fog resistant, and could be reusable.43 They should 
also be compliant with two international standards, that is, 
“EU standard directive 86/686/EEC, EN 166/2002” or “ANSI/
SEA Z87.1-2010.” However, these standards include much 
more stringent specifications. A footnote states that the item 
should be accompanied with certification of analysis from 
national/international organizations/laboratories, indicating 
conformity to standards” and expiry date of 5 years. Clearly, 
none of the Indian innovations fulfil these criteria.

Intubation Boxes and Aerosol Guards
A variety of acrylic/plastic boxes have been manufactured to 
protect healthcare workers from aerosol generated during 
patient care. The general design includes a box with openings 
to insert the operator’s hands. Depending on the intended 
usage, the box may be open at one end (if it is to be placed over 
the patent’s head) or completely closed (if used for laboratory 
processing of samples). Although these boxes are based on an 
open-source design shared by a Taiwanese physician,44 many 
Indian individuals and institutions have claimed to have 
“developed” it with or without additional refinements.45-48 
The first author has encountered 23 variants of the box 
design in his own institution, and contributed to designing 
one for laboratory technicians handling biological specimens 
of suspected COVID-19 patients. Despite being imitations, 
the numerous variations making them fit-for-purpose is a 
tribute to the Indian spirit of innovation. These boxes are one 
of the few innovations that can be successfully deployed in 
hospitals managing COVID-19 patients, although their safety 
needs verification.

Innovations in PPE
The overall design of PPE including hazmat suits is not very 
complex. The challenge with indigenous innovation is mass 
producing them rapidly, yet with efficacy and safety. The 
Indian Navy is producing a cheap(er) PPE “developed” by a 
naval physician, which has been tested and validated by an 
(undisclosed) Indian Council of Medical Research (ICMR)-
approved testing laboratory.49 It is composed of a “special 
fabric” with “high breathability.”

IIT Ropar scientists have “created” a machine to clean and 
sterilize PPE using “ultrasonication, UV-C irradiation and oxi-
dizing treatment.”50

A startup company claims to have developed antibacte-
rial clothing for hospital personnel, using nanosilver.40 It is 
unclear how an antibacterial coating will work against the 
Coronavirus.
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Sanitization Solutions
Indigenous Hand Sanitizer Solutions
A south Indian University prepared conventional hand san-
itizer on its campus and distributed it to the district health 
department authorities.51 Similarly, the Defense Research 
and Development Organization (DRDO) also produced a 
hand sanitizer in one of its laboratories.52 An alcohol-free 
cow urine-based sanitizer prepared from “distilled cow 
urine obtained from indigenous cows” mixed with “aro-
matic essential oil and Ganga jal” is also described on various 
Internet sites.53,54

Ultraviolet Light Emitters
Many innovators have developed gadgets using ultraviolet 
light to “kill the COVID-19 virus” since light with 200 to 
300 nm (peak 254 nm) wavelength can kill bacteria and 
viruses. These gadgets include units such as boxes/suitcases to 
disinfect small objects,55,56 cabinets and trolleys,57 full-person 
sanitation boxes,58 and larger towers to disinfect rooms40 
or even public spaces.59 The “disinfection time” with these 
gadgets is variously described as 3 minutes to 30 minutes, 
but there is no way to test efficacy.

Ozone
A mineral water manufacturing company has developed 
disinfection chambers, wherein medical-grade ozone is pro-
duced and sprayed in a chamber60 to decontaminate clothes 
and exposed parts of the body. Placed in front of hospitals 
in Mumbai, it “sanitizes” personnel entering or leaving this 
hospital within 30 seconds.

Silver
A startup company developed alcohol-free aqueous-based 
colloidal silver solution to disinfect hands and surfaces.61 
Other agencies reported similar developments.62 The 
principle is that the silver nanoparticles were previously 
documented to be effective against HIV, Hepatitis B virus, etc. 
It is expected that colloidal silver may block RNA replication 
of the Coronavirus and its infectivity by blocking the surface 
glycoproteins.

AU Sanitizer
Recently, the National Hub for Healthcare Instrumentation 
Development (NHHID) claimed the development of a unique 
sanitizer, incorporating a RNA degrading enzyme, that 
destroys all Coronavirus components, including its genetic 
material.63 It seems that this product can work as a stand-
alone disinfectant but can also be mixed with existing alco-
hol-based solutions. The product is reported to be highly 
efficacious and very cheap.

Disinfection Tunnels
An innovator in Tamil Nadu popularized the concept of dis-
infection tunnels in India. Basically, it is a narrow passage 
embedded with hundreds of nozzles to spray disinfectant 
(usually 1% hypochlorite) onto people walking through the 
passage.64 This “development” triggered a race of copycat 

innovations using the same or different disinfectant chem-
icals. One site installed such a tunnel to spray an ayurvedic 
product called rajat bhasma.65 However, it soon became 
apparent that disinfection tunnels could be more harmful 
than beneficial.66 Official agencies rapidly discouraged and 
then banned the use of such tunnels. Various explanations 
were offered,67 rather than simply citing absence of efficacy 
and safety.

Environmental Sanitization Solutions
A Delhi-based company claimed to have developed a machine 
that discharges highly ionized water droplets which can oxi-
dize the protein of Coronavirus.68 The technology ostensibly 
combines electric energy and water atomization to induce a 
charge on water droplets. This has apparently been designed 
to rapidly sanitize large public spaces such as hospitals, 
transportation hubs, marketplaces, etc.

Another private company developed an antimicrobial 
coating claimed to be efficacious against viruses for as long as 
3 months.69 This chemical is being used to sanitize the fleet 
of vehicles of the Gurugram Police Department.

The Indian Army has deployed quadcopters (described 
as drones with four rotors) to spray up to 5 L of disinfec-
tant chemicals from a height of 10 m to sanitize larger areas 
within a few minutes.70

Diagnostic Testing
Rapid Antibody-Based Kits
On May 14, 2020, ICMR listed 10 antibody-based rapid diag-
nosis test kits manufactured in India which were satisfacto-
rily validated by the National Institute of Virology.71 The ICMR 
document included a disclaimer that the test kits were vali-
dated under laboratory conditions and there could be perfor-
mance variability in field conditions. It also advised that the 
kits were not intended for diagnosis of COVID-19 infection.

Real-Time PCR Diagnostic Kits
The ICMR website hosted a document dated May 16, 2020, 
reporting that a total of 71 RT-PCR kits were evaluated and 37 
were found to be satisfactory.72 However, news reports indi-
cate that other diagnostic kits are also expected to be avail-
able in the immediate future. One of these products include a 
probe free RT-PCR based kit developed at IIT Delhi.73

Loop-Mediated Isothermal Amplification
Sree Chitra Tirunal Institute for Medical Sciences and 
Technology (SCTIMST) has developed a diagnostic kit based 
on reverse tranase loop-mediated amplification of viral 
nucleic acid technology.74 The method has high-specificity as 
it detects two regions of the Coronavirus gene. SCTIMST sci-
entists claim that the test detection time is only 10 minutes, 
and total time from receiving the sample to delivering the 
report is under 2 hours. The technology will make testing far 
cheaper than existing methods. However, ICMR approval is 
pending. Another private company also developed a diagnos-
tic platform using LAMP technology.75
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Conclusion
The current COVID-19 pandemic has created an unprece-
dented demand for the rapid development of technological 
solutions for widespread healthcare needs. This has triggered 
innovation among individuals, institutions, and organiza-
tions. Although there are several laudable characteristics of 
the innovation effort, it has raised new challenges and prob-
lems as well. The way forward is to encourage innovation 
through a rational pathway, starting from the needs of the 
end users and guiding the process through the various logical 
steps back to the end user. This requires a complex interplay 
amongst various stakeholders through an innovation ecosys-
tem, so that the country can benefit from the process during 
the COVID-19 pandemic and beyond.

Authors’ Contributions
J.L.M. conceptualized the manuscript, undertook litera-
ture survey, and prepared and finalized the manuscript. 
T.L.M. provided critical appraisal and intellectual inputs.

Funding
None.

Conflict of Interest
None declared.

References

1 Luo H, Galasso A. The One Good Thing Caused by COVID-19: 
Innovation. Available at: https://hbswk.hbs.edu/item/the-
one-good-thing-caused-by-covid-19-innovation. Accessed 
May 15, 2020

2 India: How Coronavirus Sparked a Wave of Innovation. 
Available at: https://theconversation.com/india-how-corona-
virus-sparked-a-wave-of-innovation-135715. Accessed May 
16, 2020

3 Merriam-Webster Dictionary. Available at: https://www.mer-
riam-webster.com/dictionary/innovation. Accessed May 12, 
2020

4 Cambridge Dictionary. Available at: https://dictionary.cam-
bridge.org/dictionary/english/innovation. Accessed May 13, 
2020

5 Wikipedia. Available at: https://en.wikipedia.org/wiki/
Innovation. Accessed May 13, 2020

6 Business Dictionary. Available at: http://www.businessdictio-
nary.com/definition/innovation.html. Accessed May 13, 2020

7 Wikipedia. Available at: https://en.wikipedia.org/wiki/Jugaad. 
Accessed May 13, 2020

8 Bergman RT. Ambu-bag automation system and method. 
International Application Published Under The Patent 
Cooperation Treaty (PCT). International Publication Number 
WO 2011/022112 A3. Available at: https://patentim-
ages.storage.googleapis.com/0d/5b/3c/2e57418ee200d3/
WO2011022112A3.pdf. Accessed March 30, 2020

9 Bergman RT. Ambu bag automation system and method. 
United States Patent Application Publication. Publication 
Number US 2011/0041852 A1. Available at: https://paten-
timages.storage.googleapis.com/d8/ce/df/f378c200595e3f/
US20110041852A1.pdf. Accessed March 26, 2020

10 Zhou C. University of Minnesota Develops Simpler, Inexpensive 
Mechanical Ventilator. Available at: https://www.medgadget.
com/2020/03/university-of-minnesota-develops-simpler-in-
expensive-mechanical- ventilator.html. Accessed March 30, 
2020

11 Beech P. These New Gadgets Were Designed to Fight COVID-
19. Available at: https://www.weforum.org/agenda/2020/04/
coronavirus-covid19-pandemic-gadgets-innovation-technol-
ogy/. Accessed May 14, 2020

12 Cook K. Volunteer Team Develops Affordable Ventilator. 
Available at: https://www.kgw.com/article/news/health/volun-
teer-team-develops-affordable-ventilator/283-0d02d08a-d1a4- 
480f-bae4–725fc50e4311. Accessed May 18, 2020

13 Welsh Doctor Uses Military Experience to Design Ventilator 
That Will Help Coronavirus Patients. Available at: https://
www.walesonline.co.uk/news/health/welsh-doctor-uses-mil-
itary-experience-17970315. Accessed May 16, 2020

14 COVID-19 Ventilators: The Two Best Innovations, An Indian 
US$1,700 Toaster-Sized Ventilator and A US$75 Open Source 
Ventilator from Spain. Available at: https://www.thailand-
medical.news/news/covid-19-ventilators-the-two-best-inno-
vations,-an-indian-us$1,700- toaster-sized-ventilator-and-a-
us$75-open-source-ventilator-from-spain. Accessed May 16, 
2020

15 Indian Institute of Technology Kanpur: Standard Chartered Bank 
First Entity to Fund Ventilator Prototype by IIT Kanpur. Available at: 
https://www.business-standard.com/article/news- ani/indian- 
institute-of-technology-kanpur-standard-chartered- 
bank-first-entity-to-fund-ventilator-prototype-by-iit- 
kanpur-120040700345_1.html. Accessed May 16, 2020

16 BW Online Bureau. IIT Hyderabad CfHE-Incubated Startup 
Develops Low-Cost & Portable Emergency Use Ventilator. 
Available at: http://bweducation.businessworld.in/article/IIT- 
Hyderabad-CfHE-Incubated-Startup-Develops-Low-Cost-
Portable-Emergency-Use-Ventilator-/03-04-2020-188175/. 
Accessed May 16, 2020

17 Bora G. Rising Covid-19 Cases Scare Hospitals with Insufficient 
Ventilators. Available at: https://economictimes.indiatimes.
com/small-biz/sme-sector/covid-19-ventilators-hospitals- 
agva-healthcare-coronavirus/articleshow/74840459.
cms?utm_source=contentofinterest&utm_medium=tex-
t&utm_campaign=c ppst. Accessed May 15, 2020

18 Watch: How the World’s Lowest-Cost 'Made in India' 
Ventilator. Available at: https://timesofindia.indiatimes.com/ 
gadgets-news/watch-how-the-worlds-lowest-cost-made-
in-india-ventilator-works-without-electricity/articleshow/ 
75243170.cms. Accessed May 17, 2020

19 Indian Railways Develops Low-Cost Ventilator ‘Jeevan’, 
Seeks ICMR Approval. Available at: https://economictimes.
indiatimes.com/industry/transportation/railways/railways- 
develops-low-cost-ventilator-jeevan-seeks-icmr-approval/
articleshow/74996857.cms?from=mdr. Accessed May 17, 2020

20 Nanda PK. IIT-Roorkee, AIIMS-Rishikesh Develop Low-Cost 
Portable Ventilator. Available at: https://www.livemint.com/
news/india/covid-19-iit-roorkee-develops-low-cost-portable- 
ventilator-offers-to- industry-11585842779864.html. Accessed  
May 17, 2020

21 Hyundai Motor India Develops Automatic Ambu Bag Actuator 
Prototype. Available at: https://auto.hindustantimes.com/auto/
news/hyundai-motor-india-develops-automatic-ambu-bag-actu-
ator- prototype-41587208914044.html. Accessed May 17, 2020

22 Rana C. Chandigarh: PGIMER Doctor Creates Automatic AMBU 
Ventilator. Available at: https://indianexpress.com/article/cit-
ies/chandigarh/chandigarh-pgimer-doctor-creates-automat-
ic-ambu-ventilator-6332803/. Accessed March 31, 2020

23 Karnataka Based Startup Comes Up with Automatic Ambu 
Bag. Available at: https://www.newindianexpress.com/states/
karnataka/2020/apr/05/karnataka-based-startup-comes-up-
with- automatic-ambu-bag-2126133.html. Accessed May 17, 
2020

24 SCTIMST Ties Up with Wipro 3D To Make Automated 
Ventilators. Available at: https://economictimes.indiatimes. 
com/industry/healthcare/biotech/healthcare/ctimst-ties-up- 



85Innovation in India during the COVID-19 Pandemic Mathew, Mathew

Annals of the National Academy of Medical Sciences  (India)   Vol. 56   No. 2/2020

with-wipro-3d-to-make-automated-ventilators/article-
show/74960457.cms. Accessed May 17, 2020

25 COVID-19: NIT-Durgapur Builds Artificial Breathing Device. 
Available at: https://www.businessinsider.in/india/news/
covid-19-nit-durgapur-builds-artificial-breathing-device/article-
show/75126729.cms. Accessed May 17, 2020

26 Khanna B. Ventilator That Can Treat Two Patients, Courtesy IIT 
Ropar Scientists. Available at: https://timesofindia.indiatimes.
com/home/education/news/ventilator-that-can-treat-two-
patients-courtesy-iit- ropar-scientists/articleshow/74967790.
cms. Accessed May 17, 2020

27 Mathew JL, Sharma M, Kumar N. Sukesha. Artificial Breathing 
Capability Device (ABCD): A Novel Life- Saving Device for 
Resource-Limited Settings. Presentation at 4th Global Forum 
on Medical Devices, Visakhapatnam, 12–14 December 2018. 
Available at: https://www.who.int/medical_devices/global_
forum/73_Artificial_Breathing_Capability_Device_novel_
life_s aving_device_limited_resources.pdf. Accessed May 17, 
2020

28 WIPO IP Portal. WO2019229776 – Automated Artificial 
Breathing Device. Available at: https://patentscope.wipo.int/
search/en/detail.jsf?docId=WO2019229776&_cid=P11-KA-
CLNC-27872-1. Accessed  January 12, 2020

29 Mathew JL, Sharma M, Sukesha GA, Kumar N, Chander A, 
Mathew PJ. Artificial Breathing Capability Device: design, 
development, and testing. BMJ Innovations (Accepted for 
publication) 

30 Graham C. Johns Hopkins Engineers Develop 3d-Printed 
Ventilator Splitters. Available at: https://hub.jhu.edu/2020/ 
04/02/3d-printed-ventilator-splitters-for-covid-19/. Accessed 
May 17, 2020

31 Tamil Nadu: Ventilator Splitters Being 3D Printed in Case 
of Shortage for Covid-19 Patients. Available at: https://
www.indiatoday.in/india/story/tamil-nadu-ventilator-split-
ters-being-3d-printed-in- case-of-shortage-for-covid-19-pa-
tients-1668167–2020–04–17. Accessed May 17, 2020

32 Coronavirus: Childcare Startup Cradlewise Develops Splitter 
to Increase Ventilator Efficiency. Available at: https://your-
story.com/2020/04/coronavirus-childcare-startup-cradlew-
ise-covid-19- ventilators. Accessed May 17, 2020

33 Badve A. Coronavirus India: Nagpur’s Dr Anand Sancheti 
Develops Ventilator Splitters. Avilable at: https://www.sakal-
times.com/coronavirus-maharashtra/coronavirus-india-nag-
pur’s-dr-anand-sancheti- develops-ventilator-splitters. Accessed 
May 17, 2020

34 Khandge S. Engg Students Develop Ventilator Splitter to 
Support Multiple Patients at One Time. Available at: https://
punemirror.indiatimes.com/pune/civic/engg-students-devel-
op-ventilator-splitter-to-support-multiple- patients-at-one-
time/articleshow/74973864.cms. Accessed May 17, 2020

35 3D Printing Technology to Design Splitters that Can 
Bridge Ventilators Shortfall in India. Available at: https://
www.prnewswire.com/in/news-releases/chandigarh- 
university-uses-3d-printing- technology-to-design-splitters-
that-can-bridge-ventilators-shortfall-in-inia-888142073.
html. Accessed May 17, 2020

36 Local Doctors Create Ventilator Splitters; They Can Only Be 
Used in Crisis Situations Say Experts. Available at: https://
www.nationalheraldindia.com/national/local-doctors-cre-
ate-ventilator- splitters-they-can-only-be-used-in-crisis-situ-
ations-say-experts. Accessed May 17, 2020

37 Kumar C. Bengaluru Lab Develops Easy-To-Make Reusable 
‘Power’ Mask. Available at: https://timesofindia.indiatimes.
com/india/bengaluru-lab-develops-easy-to-make-reus-
able-power- mask/articleshow/75220726.cms. Accessed May 
17, 2020

38 Das J. Bengal Girl’s ‘Game-Changer Mask’ for Covid-19 
Patients Makes Central Agency’s Shortlist. Available at: 

https://indianexpress.com/article/cities/kolkata/budwan-girl-
covid-19-air-provider-and-virus-destroyer- mask-central-
agency-nod-6381390/. Accessed May 17, 2020

39 Paljor A. Nirvana Being's N95 reusable Airific Masks are Right 
Fit and Filter. Available at: https://www.newindianexpress.
com/cities/delhi/2020/apr/28/nirvana-beings-n95-reusable-
airific-masks-are-right-fit-and-filter-2136281.html. Accessed 
May 17, 2020

40 Intepat Team. A Gist of Indian Innovation to Combat COVID-
19. Available at: https://www.intepat.com/blog/indian-inno-
vation-to-combat-covid-19/. Accessed May 17, 2020

41 The Times of India: Mask India Movement. Available at: 
https://campaignsoftheworld.com/digital/the-times-of-india-
mask-india-movement/. Accessed May 17, 2020

42 MaskIndia Entries. Available at: https://timesofindia.india-
times.com/maskindia/photos. Accessed May 17, 2020

43 Ministry of Health and Family Welfare Directorate General of 
Health Services [Emergency Medical Relief]. Novel Coronavirus 
Disease 2019 (COVID-19): Guidelines on rational use of Personal 
Protective Equipment. Available at: https://www.mohfw.gov.in/
pdf/GuidelinesonrationaluseofPersonalProtectiveEquipment.
pdf. Accessed  May 12, 2020

44 Inventiva. Startup Group Works to Get Flat-Packed Protective 
Boxes to Front-Line COVID-19 Medical Workers. Available at: 
https://www.inventiva.co.in/trends/inventiva/startup-group-
works-to-get-flat-packed-protective-boxes-to-front-line-
covid-19-medical-workers/. Accessed May 18, 2020

45 Singh B. IIT Guwahati Students Design Low-Cost Intubation 
Box to Help Doctors in Covid-19 Fight. Available at: https://
economictimes.indiatimes.com/industry/healthcare/bio-
tech/healthcare/iit-guwahati-students-design-low-cost- 
intubation-box-to-help-doctors-in-covid-19-fight/article-
show/75475246.cms?from=mdr. Accessed May 18, 2020

46 Railways New Innovative Device, ‘Intubation Boxes’, to Aid the 
Medical Fraternity In Our Fight Against COVID-19. Available 
at: https://news.fresherslive.com/articles/railway-s-new-in-
novative- device-intubation-boxes-to-aid-the-medical-frater-
nity-in-our-fight-against-covid-19–126438. Accessed May 18, 
2020

47 Dalvi A. Mahindra Starts Making Coronavirus-Combating 
Aerosol Box at Nashik Plant. Available at: https://www.auto-
carpro.in/news-national/mahindra-starts-making-coronavirus-
combating-aerosol-box-at- nashik-plant-56196. Accessed May 
18, 2020

48 COVID-19: IIT Madras Start-Ups Develop PPEs Made From 3D 
Printers and Common Stationery Materials. Available at: https://
www.edexlive.com/campus/2020/apr/30/covid-19-iit-madras- 
start-ups-develop-ppes-made-from-3d-printers-and-common-
stationery-materials-11697.html. Accessed May 18, 2020

49 Patenting of Innovative Low Cost PPE Developed by Indian Navy 
Paves Way for Rapid Mass Production. Available at: http://
ddnews.gov.in/national/patenting-innovative-low-cost-ppe- 
developed-indian-navy-paves-way-rapid-mass-production. 
Accessed May 17, 2020

50 Khanna B. Innovation in Times of COVID-19. Available at: https://
timesofindia.indiatimes.com/india/innovations-in-times-of-
covid19/articleshow/74942548.cms. Accessed May 17, 2020

51 100 Litres of Hand Sanitizer was Prepared at Karunya 
Deemed University. Available at: https://www.karunya.
edu/news/100-litres-hand-sanitizer-was-prepared-karun-
ya-deemed-university. Accessed May 17, 2020

52 Covid-19 in India: DRDO Manufactures Hand Sanitizer in Own 
Unit. Available at: https://timesofindia.indiatimes.com/vid-
eos/news/covid-19-in-india-drdo-manufactures-hand-sani-
tizer-in-own- unit/videoshow/74810774.cms. Accessed May 
17, 2020

53 Team Newsable. Will 'Cow Urine Hand Sanitizer' On Amazon 
Protect You from Coronavirus. Available at: https://newsable.



86

Annals of the National Academy of Medical Sciences  (India)   Vol. 56   No. 2/2020

Innovation in India during the COVID-19 Pandemic Mathew, Mathew

asianetnews.com/india/will-cow-urine-hand-sanitizer-on-
amazon-protect-you-from- coronavirus–q6zaq2. Accessed 
May 17, 2020

54 Singh R. Amid Coronavirus Scare, Amazon Is Selling A ‘Cow 
Urine Hand Sanitizer’ But It’s Clearly Ineffective. Available at: 
https://www.india.com/viral/amid-coronavirus-scare-ama-
zon-is-selling-a-cow- urine-hand-sanitizer-but-its-clearly-in-
effective-3967339/. Accessed May 17, 2020

55 Wangchuk RN. Bengaluru Startup Designs Disinfection 
Chamber for Parcels, Groceries & Masks. Available at: 
https://www.thebetterindia.com/223668/bengaluru-start-
up-log9-coronaoven-covid19-innovation- disinfection-cham-
ber-india-nor41/. Accessed May 17, 2020

56 IIT Ropar's Sanitizing 'Trunk' Using UV Light to Kill Covid-19 to 
Be Available at Rs 500. Available at: https://www.indiatoday.
in/education-today/news/story/iit-ropar-creates-sanitizing-
trunk-that-kills-covid-19-using-uv-light-1665432- 2020–04–
10. Accessed May 17, 2020

57 Department of Science and Technology. UV Disinfection Trolley 
Can Effectively Clean Up Hospital Spaces to Combat COVID-19. 
Available at: https://dst.gov.in/uv-disinfection-trolley-can-ef-
fectively-clean-hospital- spaces-combat-covid-19. Accessed 
May 17, 2020

58 UV Light Booth, Nasal Gel & Other Innovations India’s Working 
on To Battle Covid-19. Available at: https://theprint.in/science/
uv-light-booth-nasal-gel-other-innovations-indias-work-
ing-on-to- battle-covid-19/397999/. Accessed May 17, 2020

59 DRDO develops UV disinfection tower for malls, airports 
and other crowded places. Available at: https://timesofindia.
indiatimes.com/gadgets-news/drdo-develops-uv-disinfec-
tion-tower-for-malls-airports-and-other-crowded-places/
articleshow/75540927.cms. Accessed May 17, 2020

60 BW Online Bureau. Bisleri Installs Ozone Disinfection Chambers 
Outside Mumbai Hospitals to Stop the Spread of COVID-19.  
Available at: http://bwhotelier.businessworld.in/article/Bisleri-
Installs-Ozone-Disinfection-Chambers-Outside-Mumbai-
Hospitals-to-Stop-the-Spread-of-COVID-19/23–04–2020- 
190122/. Accessed May 17, 2020

61 DST Funded Start-Up Develops Chemical Free Silver Based 
Disinfectant to Fight COVID 19 Pandemic. Available at: https://
dst.gov.in/dst-funded-startup-develops-chemical-free-sil-
ver-based- disinfectant-fight-covid-19-pandemic. Accessed 
May 17, 2020

62 BioVoice News desk. BARC Develops Nanosilver Coating That 
Can Kill Bacteria. Available at: https://www.biovoicenews.
com/barc-develops-nanosilver-coating-that-can-kill-bacte-
ria/. Accessed May 17, 2020

63 The Covai Mail. Anna University develops Novel Sanitizer to 
destroy Novel Coronavirus. Available at: https://www.covai-
mail.com/?p=26855. Accessed 30 May 2020

64 Saigal K. India’s Disinfectant Tunnels – Emerging strategies to 
Combat Coronavirus. Available at: https://www.investindia.

gov.in/team-india-blogs/indias-disinfectant-tunnels-emerg-
ing-strategies-combat- coronavirus. Accessed May 17, 2020

65 Chitravanshi R. Covid-19: Demand for Disinfectant Tunnels 
Grows as Malls, Offices, Line Up. Available at: https://www.
business-standard.com/article/current-affairs/covid-19-
demand-for-disinfectant-tunnels-grows-as-malls-offices-
line-up-120042600562_1.html. Accessed May 17, 2020

66 Disinfectant Tunnel Could Have Harmful Effects, says 
PGIMER. Available at: https://www.thehindu.com/sci-tech/
health/disinfectant-tunnel-could-have-harmful-effects/arti-
cle31348227.ece. Accessed May 17, 2020

67 Kulkarni S. Coronavirus: Centre Strongly Advises Against 
Spraying of Disinfectants on People. Available at: https://www.
deccanherald.com/national/coronavirus-centre-strongly- 
advises-against-spraying-of-disinfectants-on-people-827399.
html. Accessed May 17, 2020

68 Varshney R. IIT and Stanford Alumni Develop Machine to 
Sterilise Public Places to Prevent The Spread Of Coronavirus. 
Available at: https://yourstory.com/2020/03/iit-stanford-alum-
ni-machine-coronavirus-spread. Accessed May 15, 2020

69 Chakraborty N. Coronavirus: How Droom is Helping Gurgaon 
Police Beat COVID-19. Available at: https://yourstory.
com/2020/04/coronavirus-startup-droom-gurugram-police. 
Accessed May 16, 2020

70 Indian Army has Disinfectant Drone, UV Gun That Kills Virus 
in Seconds in Its Covid Arsenal. Available at: https://theprint.
in/health/indian-army-has-disinfectant-drone-uv-gun-
that-kills-virus-in- seconds-in-its-covid-arsenal/402452/. 
Accessed May 17, 2020

71 Guidance on Rapid Antibody Kits for COVID-19. Available at: 
https://www.icmr.gov.in/pdf/covid/kits/Antibody_based_
tests_14052020.pdf. Accessed May 18, 2020

72 Performance Evaluation of Commercial Kits for Detection of 
SARS-CoV-2. Available at: https://www.icmr.gov.in/pdf/covid/
kits/Real_time_PCR_tests_16052020.pdf. Accessed May 18, 
2020

73 Press Trust of India. Bengaluru Firm to Produce IIT Delhi's 
COVID-19 Testing Kit. Available at: https://www.ndtv.com/
india-news/coronavirus-bengaluru-firm-to-produce-iit-del-
his-covid-19-testing-kit- 2227795. Accessed May 18, 2020

74 A Research Institute in Kerala Has Developed A New, Faster and 
Cheaper Diagnostic Test For COVID-19 Which Could Be A Major 
Breakthrough. Available at: http://ddnews.gov.in/health/indian- 
scientists-develop-low-cost-diagnostic-test-kit-covid-19. 
Accessed May 18, 2020

75 Fernandes S. Innovations in Covid-19 diagnosis reach pilot  
test stage. Available at: https://www.hindustantimes.com/
mumbai-news/innovations-in-covid-19-diagnosis-reach-
pilot-test-stage/story-N1AbqWGfEGBocnWlwyiGNK.html. 
Accessed May 18, 2020



THIEME

87

Current Avenues for COVID-19 Serology
Saumya Srivastava1 Vidhi Jain1 Vijaya Lakshmi Nag1 Sanjeev Misra2 Kuldeep Singh3

1Department of Microbiology, All India Institute of Medical 
Sciences, Jodhpur, Rajasthan, India

2Department of Surgical Oncology, All India Institute of Medical 
Sciences, Jodhpur, Rajasthan, India

3Department of Paediatrics,  All India Institute of Medical Sciences, 
Jodhpur, Rajasthan, India

Address for correspondence  Vijaya Lakshmi Nag, MD, Department 
of Microbiology, All India Institute of Medical Sciences, Jodhpur, 
Rajasthan, India (e-mail: vijayalakshmi005@gmail.com).

Development of rapid, reliable, and easy diagnostic tests with high-throughput is the 
need of the hour for laboratories combating the COVID-19 pandemic. While real-
time polymerase chain reaction (RT-PCR) is the gold standard for diagnosing active 
infections, it is expensive and time-consuming. Serological diagnostic assays with a 
premise to aid rapid contact tracing, immune status determination, and identification 
of potential convalescent plasma donors hold great promise. Timely diagnosis, effec-
tive treatment, and future prevention are key to management of COVID-19.

Abstract

Keywords
 ► rapid diagnostic tests
 ► COVID-19 serological 
tests
 ► convalescent plasma
 ► immune status
 ► antibody test

DOI https://doi.org/ 
10.1055/s-0040-1713709 
ISSN 0379-038X.

©2020 National Academy of 
Medical Sciences (India)

Introduction
The Coronavirus disease 2019 (COVID-19) caused by a novel 
coronavirus (SARS–CoV-2, previously known as 2019-nCoV) is 
a new pandemic, spreading across countries and threatening 
the world.1 Viral epidemics pose a serious threat to public 
health. In the last 20 years, several such epidemics, such as 
severe acute respiratory syndrome coronavirus (SARS–CoV) 
between 2002 and 2003, H1N1 influenza in 2009, Middle 
East Respiratory Syndrome Coronavirus (MERS–CoV) in 2012,  
have led to great human loss. Coronaviruses are enveloped 
positive sense RNA viruses with spiked projections on their 
surface, giving them a crowned appearance; hence, the name 
“Coronavirus.”2

The current pandemic began with a cluster of 
pneumonia cases reported from Wuhan, China, on 
December 31, 2019, resulting in the identification of a 
novel Coronavirus3 SARS-CoV-2 and its associated disease 
“COVID-19,” an acronym of “Coronavirus disease 2019.” On 
March 11, 2020, the WHO declared it as a pandemic. Despite 
social distancing and large-scale lockdowns, it has led to 
310,801 deaths worldwide till May 16, 2020,4 requiring addi-
tional epidemiological solutions5,6 to curtail its spread.

The microbiology laboratory is faced with multiple 
challenges related to reliable diagnosis and prognosis of 
COVID-19. Currently, the confirmation of active disease is 
approved by real-time polymerase chain reaction (RT-PCR) 

but this facility is expensive, time-consuming, and is only 
available in well-equipped laboratories with trained per-
sonnel. PCR results cannot predict past infection, immunity 
against the disease or prognosis. There is an urgent need for 
simpler, cheaper, and quicker point-of-care tests. Serological 
testing can enable testing of immune status, contact tracing 
and identification of potential convalescent plasma donors. 
Timely diagnosis, effective treatment, and future prevention 
are key to management of COVID-19.7

Basis for Serological Testing and 
Immunoassays in COVID-19
Serological testing for detection of antigen (Ag) and/or anti-
bodies (Ab) is currently the focus of rapid diagnostic solu-
tions for COVID-19. While RT-PCR for detection of true 
infection is clearly superior to serology, Ab testing may be 
a useful marker of immunity. IgM can be used to diagnose 
early infections, and IgG can be used as an indicator for cur-
rent or past infections and postinfection immunity. These 
tests have a huge potential for establishing the epidemi-
ology of COVID-198-12 as well (►Table  1). The challenges 
faced by developers of immunoassays are: (1) False negative 
results during the serological window period before IgM 
becomes detectable; (2) Asymptomatic infections leading 
to seropositivity with discordant PCR negativity, without 
a way to confirm the same; (3) Unknown baseline levels of 
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potentially cross-reacting previous antiCoronavirus Abs in 
different populations; (4) Widely variable sensitivity and 
specificity values reported during field trials of most kits;13,14  
(5) Lack of an established gold standard serological assay 
against SARS-CoV-2.

Current research has focused largely on the detection 
of either IgM or IgG Abs that are specific for various viral 
antigens including, but not limited to, the spike glycopro-
tein (S1 and S2 subunits, receptor-binding domain) and 
nucleocapsid protein. The methodology may be ELISA, 
immunochromatographic lateral flow assay, neutraliza-
tion bioassay, specific chemosensors, or rapid Ag detec-
tion tests. Each of these formats brings advantages (speed, 
multiplexing, automation) and disadvantages (trained 
personnel, biosafety cabinets, dedicated laboratories). The 
Food and Drug Administration (FDA) granted Emergency 
Use Authorization (EUA) status to the first serology test, 
qSARS-CoV-2 IgG/IgM Rapid Test, manufactured by Cellex 
Inc. on April 1, 2020,14 but continues to allow clinical labo-
ratories and commercial manufacturers to launch serolog-
ical tests without an EUA status.

Lateral Flow Immunoassay: This test is typically a chro-
matographic assay that is small, portable, and used at the 
point-of-care. Being a rapid diagnostic test (RDT), the result 
can be obtained in 10 to 30 minutes. AntiCoronavirus Abs 
along with tracer Abs collect at the test band to produce a 
colored positive result. The test is cheap, without a need 
for trained staff but provides only qualitative results.  
A rapid bedside screening for infection may be possible in 
symptomatic patients using these Ab-based tests.

Rapid Antigen Detection Tests: While molecular methods 
are the current gold standard in diagnostic target detection, 
various rapid serological Ag detection tests using monoclo-
nal Abs in different formats have been proposed.15,16 Such 
rapid tests employing colorimetry and chemiluminescence 
are available against SARS-CoV.17,18 A fluorescence-based lat-
eral flow assay for the detection of SARS-CoV-2 nucleocapsid 
protein is currently under evaluation.19 Some rapid Ag detec-
tion tests, using monoclonal anti-CoV antibodies, have been 
recently approved by ICMR for India (►Table 2).

Enzyme-linked Immunosorbent Assays (ELISA): ELISA, based 
on Abs or Ags attached to a solid surface, can be used to detect 
Ags or Abs with high-specificity.20,21 It can use in-house pro-
tocols or commercial reagent kits, has high throughput–run 
on 96 or 324-well plates, can be conducted on different sam-
ple types, namely, plasma or serum, takes just 1 to 5 hours 
for results, and is highly sensitive.17 Being a laboratory-based 
test, it requires dedicated instruments (e.g., plate reader) 
and trained laboratory staff. All laboratory procedures must 
be performed in a facility using procedures equivalent to 
a BSL-2, be based on a risk assessment, and conducted by 
trained personnel. Initial processing of samples from patients 
suspected to have COVID-19 infection, as well as any aero-
sol-generating procedures such as vortexing and ELISA plate 
washing, must be done in a biological safety cabinet. The sci-
entists at ICMR-NIV, Pune, have developed and validated the 
completely indigenous IgG ELISA test for antibody detection 
for SARS-CoV-2. On external validation, the IgG test kit pro-
duced by ICMR-NIV, Pune, has been found to have sensitivity 
and specificity of 98.7% and 100%, respectively. It is named 

Table 1  Some currently available immunodiagnostics to detect viral proteins or antibodies against SARS-CoV-2

Test name Test type Sample source Ig/protein detected Manufacturer

m2000 SARS- CoV-2 assay Chemiluminescent 
microparticle 
immunoassay

Serum/plasma/ 
whole blood

IgG Abbot

COVID-19 IgG/IgM LF Lateral flow 
immunoassay

Serum/plasma/ 
whole blood

IgG/ IgM Advagen Biotech

COVID-19 IgM/IgG rapid test Lateral flow 
immunoassay

Serum/plasma/ 
whole blood

IgG/ IgM BioMedomics Inc.

IgG antibody test kit for novel 
coronavirus 2019–nCoV

Magnetic 
particle-based 
chemilumisence 
assay

Serum IgG Bioscience (Chongqing) 
Diagnostic Technology 
Co., Ltd.

One-Step COVID–2019 test Lateral flow 
immunoassay

Serum/plasma/
whole blood

IgG/IgM Celer Biotechnologia 

KT-1033 EDI Novel Coronavirus 
COVID-19 ELISA Kit

ELISA Serum IgG/IgM Epitope Diagnostics

VITROS- Immunodiagnostics 
Products Anti- SARS-CoV-2 total 
reagent pack

ELISA Serum/blood IgG/IgM Ortho Clinical Diagnostics  

Standard Q COVID-19 Ag Chromatographic 
immunoassay

Nasopharyngeal 
swabs

Viral antigen SD Biosensor

Abbreviation: ELISA, enzyme-linked immunosorbent assay.
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“COVID KAVACH ELISA,” which is currently in the process of 
commercial production and distribution.22

Luminescent Immunoassay: Luminescent immunoassays 
comprise chemiluminescence and fluorescence technology to 
improve specificity. Cai et al have developed a peptide-based 
magnetic chemiluminescence enzyme immunoassay for 
diagnosis of COVID-19, and Diazyme Laboratories, Inc. (San 
Diego, California) announced the availability of two new fully 
automated serological tests for SARS-CoV- 2 that are run on 
the fully automated Diazyme DZ-lite 3000 Plus chemilumi-
nescence analyzer.23,24

Biosensor Test: This technology uses broad-range PCR 
primers that target conserved regions of bacterial genomes, 
such as ribosomal sequences and essential protein-coding 

genes, and rapidly identifies a variety of pathogens without 
prior knowledge of the pathogen’s nucleic acid sequence. The 
specific interaction of biomolecules can be converted into 
optical, electrical, enzymatic and other outcomes like surface 
plasmon resonance (SPR). An SPR-based biosensor had been 
developed for the diagnosis of SARS with a turnaround time 
of 10 minutes.25 Recently, PathSensors Inc. announced a 
CANARY biosensor to detect the novel SARS coronavirus. This 
platform utilizes a cell-based immunosensor that couples 
capture of the virus with signal amplification to provide a 
result in 3 to 5 minutes.15

Neutralization Assay: Neutralization assays are highly spe-
cific for detecting Abs that inhibit viral infection and cytopathic 
effects of viral replication. For this assay, patient’s sample 
of whole blood, serum, or plasma are diluted and added at 
decreasing concentrations to the cell cultures. If neutralizing 
antibodies are present, they will bind and inactivate the virus. 
Their levels can be measured by determining the threshold at 
which they are able to prevent viral replication in the infected 
cell cultures. The time required for results is typically 3 to 5 days 
but recent advances have reduced this to hours.26,27 This type 
of testing requires Biosafety Level 3 (BSL3) cell culture facilities 
which is only available in reference laboratories. Despite these 
limitations, determination of neutralizing antibodies is import-
ant in the short-term for the therapeutic application of conva-
lescent plasma and in the long-term for vaccine development.
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A novel Coronavirus, SARS-CoV-2 illness, has spread throughout the world after the 
first case was reported from Wuhan, China, in December 2019. This illness typically 
causes respiratory symptoms like fever, cough, and shortness of breath, although 
atypical presentation with gastrointestinal symptoms like abdominal pain, nausea, 
vomiting, or diarrhea are being increasingly reported. The viral RNA has been detected 
in saliva and stool of such patients, which raises concerns regarding the risk of trans-
mission during gastrointestinal (GI) endoscopy. Many patients also have liver involve-
ment, with the most common manifestation being deranged liver function tests. This 
review highlights the symptomatology, mechanism, and histopathology findings of 
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in patients afflicted with chronic liver disease and in patients undergoing liver 
transplantation.
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Introduction
In December 2019, a novel Coronavirus named as severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
was first reported from Wuhan, China.1 It is a nonenveloped 
RNA β-coronavirus2 which has infected 4307287 people with 
more than 295000 deaths as of May 15, 2020.3 This outbreak 
is significantly bigger than the previous pandemics of SARS 
and Middle East respiratory syndrome (MERS), which were 
caused by different strains of coronavirus. While lungs are 
the primary organ of involvement in Coronavirus disease 
2019 (COVID-19), liver, and gastrointestinal (GI) involvement 
is being increasingly reported in the emerging data from  
various centers across the globe.

Information Source and Literature Search
For this review article, we searched PubMed for articles pub-
lished from January 1, 2020 using the keywords “COVID-19,” 
“coronavirus,” “severe acute respiratory syndrome coro-
navirus 2,” “SARS-CoV-2,” and “2019-nCoV.” Also, publi-
cations on COVID-19 from various journals, including The 
Lancet, The New England Journal of Medicine, JAMA, BMJ, 
Gut, Gastroenterology, Journal of Hepatology, Hepatology, 

Liver International, Hepatology International were screened, 
and relevant articles including preproof publications were 
included. Further articles were included after screening the 
reference list of included studies.

GI Symptomatology
The clinical presentation of COVID-19 patients is variable. The 
most common and typical symptoms reported from a multi-
center study from China are fever (88.7%) and cough (67.8%).4 
While GI symptoms are infrequent, nausea/vomiting is seen 
in around 5% patients and diarrhea in 3.8%.4 However, in the 
study by Fang et al,5 GI involvement was reported in up to 
79% of patients with predominant symptoms being anorexia, 
diarrhea, nausea/vomiting, abdominal pain, and GI bleed. 
The GI symptoms can also precede fever and dyspnea by 
1–2 days in approximately 10% of patients.6 There is a recent 
meta-analysis of 57 studies7 that has reported the prevalence 
of diarrhea in 7.7%, nausea/vomiting in 7.8%, and abdominal 
pain in 3.6% of patients. These symptoms of diarrhea, nau-
sea/vomiting, and abdominal pain were reported more com-
monly from countries other than China.7 A large number of 
patients are being recognized in the asymptomatic stage or 
with atypical symptoms like pain abdomen, with abdominal 
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CT scans suggestive of typical findings of COVID-19 in lung 
bases.8 Patients can even have GI symptoms in the absence of 
respiratory symptoms, as seen in 16% of patients in a study 
by Luo et al.9 Therefore, accurate history taking and docu-
menting gastrointestinal complaints is essential to prevent 
missing out on the diagnosis of COVID-19 in patients who 
lack respiratory symptoms.

GI Symptoms and Severity of COVID-19
The presence of GI symptoms is associated with a more 
severe form of disease and was first reported by Henry et al.10  
Abdominal pain and nausea/vomiting were associated with 
increased disease severity, while diarrhea had no such asso-
ciation. A pooled analysis of 10 studies having a total of 
1989 confirmed COVID-19 patients revealed severe disease 
in around 30.1% of patients. In another study by Tian et al,11 
patients with severe disease had more frequent GI symptoms 
as well (anorexia 66.7% vs. 30.4%; abdominal pain 8.3% vs. 
0%). The patients with GI involvement are also more likely 
to have a longer duration of illness (33% vs. 22%; p = 0.048) 
and test positive for COVID-19 (OR 1.7, 95% CI 1.1–2.5) in one 
study.12

Mechanism of GI-Tropism
The entry of SARS-CoV2 into the host cell happens as a result 
of the interaction of envelope-anchored spike protein with 
angiotensin-converting enzyme 2 (ACE2), which is present 
on host cells.2 Spike protein of SARS-CoV-2 contains two 
subunits, S1 and S2.13 S1 is involved in virus attachment 
to the cell membrane, and S2 is involved in the fusion of 
cell membranes by using ACE2.14 Serine proteases, mainly 
Transmembrane protease serine 2 (TMPRSS2) is required 
for priming this process.15 Binding of SARS-CoV-2 with ACE2 
may alter gut microbiota, interfere with innate immunity, 
and inhibit dietary tryptophan absorption, leading to diar-
rhea.16 High-ACE2 receptor staining in the cytoplasm of gas-
tric, duodenal, and rectal epithelial cells of COVID-19 infected 
patients have been demonstrated,16 supporting viral entry 
and GI symptoms of diarrhea, abdominal pain, and nausea/
vomiting.

Fecal–Oral Transmission of COVID-19–Is it 
Possible?
The interest in GI involvement of SARS-CoV-2 was fur-
ther augmented when viral RNA was detected by real-time 
reverse transcriptase polymerase chain reaction (rRT-PCR) 
in the stool sample of the first COVID-19 case in USA.17 This 
led to the proposition of the fecal–oral route of transmission 
(►Table 1). Viral RNA can be detected in stool in around 70% 
of patients even after full resolution of symptoms.7 However, 
in spite of high-RNA concentration, viral isolation was not 
possible from stool samples,16 thereby questioning the infec-
tivity of COVID-19 through the fecal–oral route. The pres-
ence of the live virus has also been detected in saliva by viral 

culture; however, the clinical significance of this has to be 
deciphered.18

Histopathological Findings in GI Tract in 
COVID 19 Patients
The histopathological findings in GI tract of COVID-19 
patients are variable. The first autopsy report19 described 
segmental dilatation and stenosis of the small intestine, 
while histopathology was suggestive of degeneration, necro-
sis, and shedding of gastrointestinal mucosa in another 
patient.20 Endoscopic biopsies from the esophagus, stomach, 
duodenum, and rectum suggest that the esophagus shows 
occasional lymphocytic infiltrate, while lymphoplasmacytic 
infiltrate and interstitial edema was present in lamina propria 
of stomach, duodenum and rectum;16 however, there was no 
mucosal epithelial damage. Viral nucleocapsid protein was 
also demonstrated in gastric, duodenal, and rectal glandular 
epithelial cells in this case. In another autopsy study of two 
patients,21 no abnormalities in GI tract were noted except for 
increased visceral adipose tissue in both patients and gas-
eous distension of bowel loops in one patient.

Liver Injury with COVID-19
The most common liver injury documented in COVID-19 
patients is abnormal liver function tests (LFTs),1,6,22,23 which 
is reported in approximately 14 to 53% patients, as shown in 
►Table 2. According to a recent meta-analysis, elevated AST 
and ALT are seen in 15% of patients and elevated bilirubin in 
approximately 16.7% of patients, with a higher proportion of 
patients with deranged LFTs seen from countries other than 
China.7 Most cases are mild and transient, although elevated 
AST, ALT, ALP, or total bilirubin is associated with increased 
mortality.24 The pattern of liver injury is usually hepatocel-
lular type, with AST being elevated more than ALT, and ALP 
largely remaining normal.24 Patients with GI symptoms are 
more likely to have liver dysfunction as well (17.57% vs. 
8.84%, p = 0.035).25 The mechanism is unclear, and various 
factors are implicated like pre-existing chronic liver disease, 
drug toxicity, ischemic hepatitis secondary to hypotension 
and, rarely, direct injury by SARS-CoV-2.

Only one case of acute liver failure26 in a patient of  
SARS-CoV-2 has been described to date.

The patient was a 65-year-old hypertensive man who 
presented with typical respiratory signs and symptoms 
of COVID-19. He had elevated amino transaminases at 
admission. He required mechanical ventilation on day 2 of 
admission and was treated with ritonavir/lopinavir and 
interferon-β. However, therapy had to be stopped, as his ami-
notransferases started to increase from day 7 and reached a 
maximum by day 14. The bilirubin went up to a maximum of 
22.2 mg/dl by day 20. The etiological workup for viral hepa-
titis A, B, C, and E and autoimmune hepatitis were negative.  
At last follow-up (day 20), he was still critically ill, with mul-
tiorgan failure, and registered a model for end-stage liver dis-
ease (MELD) score of 40.
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Two cases of acute on chronic liver failure (ACLF) related 
to SARS-CoV-2 have been recently described. The first 
report27 of ACLF is by EASL-CLIF definition due to insult by  
SARS-CoV-2. The patient was a 56-year-old woman with 
alcohol-related decompensated cirrhosis and a history of 
upper GI bleed due to gastric varices.

The second case28 describes a patient with nonalcoholic 
steatohepatitis (NASH) cirrhosis and ascites who was also 
admitted with complaints of nausea, vomiting, diarrhea, and 
anorexia without any respiratory symptoms that progressed 

to grade 2 ACLF for which liver transplantation was done at 
day 28 of admission.

Postulated Mechanisms of Liver Injury
ACE2 in Liver Injury
ACE2 receptors and TMPRSS2 are expressed in cholangiocytes 
and hepatocytes, and viral binding to these receptors may result 
in entry of SARS-CoV-2 in liver cells.29,30 However, only a small 
percentage of hepatocytes express ACE2 receptors (~2.6%).29 

Table 1  Summary of studies documenting viral RNA detection in feces

S.
No.

Authors Type of 
Study

No. of 
patients

GI symptoms Sample Results

1. Jiang X et al54 Case Report 1 Asymptomatic Anal swab Detected up to 42 days

2. Siew C Ng et al55 Case series 21 cases and
114 healthy 
individuals

NA Feces Detected in all 81 stool samples 
from 21 patients

3. Wu et al56 Observational 
study

132 NA Anal swabs & 
feces

RNA detected in 9.8% of stool  
samples and 10% of anal swabs

4. Wu et al57 Observational
study

98 31% Feces 55% patients had positive fecal RNA. 
Fecal samples remained positive for 
27.9 ± 10.7 days
While respiratory swabs were  
positive for 16.7 ± 6.7 days

5. Chen et al58 Retrospective 
study

42 19% Feces 66.67% patients had detectable RNA 
in feces
64.29% patients remained positive 
for RNA in feces for 6–10 days after 
pharyngeal swabs were negative

6. Chen et al59 Case report 1 NA Pharyngeal swab, 
sputum and feces

Pharyngeal swab and sputum  
negative and fecal RT-PCR Positive

7. Zhang et al60 Observational 
study

39 in 1st investi-
gation and 139 
in 2nd
investigation

NA Pharyngeal, oral 
swab, anal swab 
and serum

15 patients had PCR positive after 
treatment out of which 4 were anal 
swab positive. On day 5, anal swabs 
were more positive than oral swabs 
(75% vs. 50%)

8. Yun et al61 Retrospective 
study

2510 patients 
screened in 
fever clinic

NA Pharyngeal swab, 
feces, serum

32 (1.3%) positive for RNA by  
pharyngeal swab and eight patients 
had positive RNA in feces

9. Cheung et al62 Retrospective 
data from 
Hong-Kong 
cohort & 
Systematic
review and 
meta-analysis

59 patients
Meta-analysis of 
60 studies
(n = 4243)

25.4%
17.6%

Feces 15.3% tested positive for RNA in 
feces. 38.5% with diarrhea and 8.7% 
without diarrhea had stool RNA
In meta-analysis, 48.1% stool  
samples were positive for RNA. Of 
these, 70.3% samples were collected 
after respiratory samples were 
negative

10. Zhang et al63 Retrospective 
study

14 None Oropharyngeal 
swabs, feces

Four out of 62 stool samples (6.5%) 
positive for viral RNA

11. Xiao et al16 Observational 
study

73 NA Serum, naso-
pharyngeal and 
oropharyngeal 
swabs, urine, 
stool, endoscopic 
biopsy

53.42% had positive viral RNA in 
feces
23.29% continued to have positive 
fecal RNA after negative respiratory 
swab

12. Wei et al64 Retrospective 
study

84 31% patients 
had diarrhea

Feces Patients with diarrhea had longer 
duration of fever/dyspnea (p < 0.05) 
Viral RNA in stool detected in 69% 
with diarrhea and 17% without 
diarrhea (p < 0.001)

Abbreviation: NA, Not available.
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The major expression is seen in cholangiocytes (~59.7%)29; 
however, injury to bile duct cells is not clinically evident, as ALP 
remains largely normal in patients infected with COVID-19.  
A recent study, however, showed elevated GGT in 54% of 
patients, suggesting injury to bile duct cells.31 Along with 
cholangiocytes, TMPRSS2 is also expressed in periportal 
liver sinusoidal endothelial cells and erythroid cells in liver, 
suggesting a pathologic basis for infection of liver by SARS-
CoV-2.30 In an autopsy series of 22 patients,32 low-levels of 
viral RNA were detectable in liver tissues. Viral particles have 
also been shown to be abundant in the cytoplasm of infected 
hepatocytes.33

Inflammatory Cytokines
Another contributor to liver injury is an inflammatory 
cytokine storm. Lymphopenia, commonly seen in these 
patients, leads to decreased inhibition of the innate immune 
response. As a result, Interleukin-6 (IL-6), IL-10, IL-12, and 
IFN-γ are increased in circulation, which causes multiorgan 
dysfunction, including involvement of liver.34 The presence 
of lymphopenia and elevated CRP is independently associ-
ated with liver injury,35 which highlights the plausible role 
of cytokine storm in inciting liver dysfunction. Another 
interesting finding seen on immunohistochemistry of post-
mortem liver biopsies was the presence of increase CD68+ 
cells in hepatic sinusoid which is suggestive of Kupffer cell  
activation.33

Ischemic Hepatitis and Drug Toxicity
Ischemic hepatitis does not seem to be a major contributory 
factor in the elevation of transaminases as AST and ALT are 
only rarely elevated to > 5 x ULN in patients with COVID-
19.36 Also, features of ischemic hepatitis are not seen on 
liver biopsy.33 Various drugs used to treat COVID-19 can also 
lead to drug-induced liver injury (►Table  3). However, no 

concrete data are available regarding a plausible cause and 
effect relationship.

Histopathological Findings in the Liver
The available liver biopsy findings from patients with COVID-19  
are limited. One patient showed mild vesicular steatosis with 
watery degeneration of hepatocytes and sinusoidal inflam-
mation,37 while another patient showed moderate vesicu-
lar steatosis with mild lobular and portal activity.38 A case 
series of four patients described mild sinusoidal dilatation 
and lobular lymphocytic inflammation with no evidence of 
steatosis, and one of the patients showing patchy hepatocyte 
necrosis.39 A recent study33 also demonstrated mitochondrial 
swelling, endoplasmic reticulum dilatation, and a decrease 
in glycogen granule reserve of hepatocytes with massive 
hepatic apoptosis.

COVID-19 and Chronic Liver Disease
The prevalence of chronic liver disease among patients 
infected with COVID-19 is 2 to 11%, as shown in ►Table 2. 
The prevalence of hepatitis B virus (HBV) infection in patients 
with COVID-19 is approximately 12%.40 The patients with 
HBV infection had a higher prevalence of cirrhosis, elevated 
bilirubin (p = 0.039 and 0.0178, respectively), more severe 
disease (46.7% vs. 2.8%), and high mortality (13.3% vs. 2.8%). 
The burden of alcohol-related liver disease was estimated to 
be around 30% in hospitalized patients with COVID-19 in one 
series.41

In another series,42 2,780 COVID-19 patients were ana-
lyzed, out of which 9% had pre-existing chronic liver disease. 
The most common chronic liver disease coexisting with 
COVID-19 was NASH, seen in 42% of patients with pre-ex-
isting liver disease.42 Cirrhosis was seen in 1.8% cases, and 

Table 3  Drugs used for treatment in COVID-19, their mechanism of action, and GI side effects

Treatment Dose Route Class of drug GI/Liver side effects

Remdesivir 200 mg stat followed by 100 mg
OD for 10 days

Intravenous Antiviral Nausea, vomiting, elevated 
transaminases

Lopinavir/Ritonavir 400 mg/100 mg BD Oral Antiviral Deranged liver enzymes (not shown to 
be clinically significant in a RCT68)

Hydroxychloroquine 800 mg stat followed by 400 mg
daily

Oral Antimalarial Nausea, vomiting, weight loss,  
abdominal pain

Chloroquine 500 mg BD Oral Antimalarial Elevated transaminases, anorexia, 
nausea, vomiting, diarrhea, abdominal 
cramps

Azithromycin 500 mg OD Oral Antibacterial Diarrhea, nausea, vomiting, pain 
abdomen

Tocilizumab 8 mg/kg IV single dose Intravenous IL-6 receptor
antagonist

Elevated transaminases, bowel  
perforation, pancreatitis, abdominal 
pain, reactivation of chronic hepatitis B

Favipiravir 1000–1600 mg on first day
followed by 400–800 mg BD for 
4–13 days

Oral Antiviral Not reported

Ivermectin 200 µg/kg body weight single
dose

Oral Antiparasitic Nausea, vomiting, diarrhea

Abbreviations: GI, gastrointestinal; RCT, randomized controlled trial.
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patients with pre-existing liver disease and cirrhosis had a 
high-risk of mortality. Increased disease progression, higher 
likelihood of abnormal LFT, and longer viral shedding time of 
approximately 5 days in patients with nonalcoholic fatty liver 
disease NAFLD have also been reported.43

In another study describing the clinical course of COVID-19  
in patients with autoimmune hepatitis (AIH) on immuno-
suppression, it was found that 70% of patients with AIH were 
asymptomatic.44 Respiratory symptoms were present in 26% 
cases, and they were classified as suspected cases since test-
ing was not conducted. Only 3% of patients were confirmed 
COVID-19 cases. This suggests that the incidence of COVID-
19 in patients with AIH is similar to that seen in the general 
population.

Liver Transplantation and COVID-19
The number of liver transplants performed in the past 2 to 
3 months has declined drastically in various transplant cen-
ters across the globe. The available data from Italy and the 
USA have shown that organ procurement for transplant had 
decreased by approximately 25% in the first month of the 
outbreak45,46; however, the incidence of infection was low in 
liver transplant recipients.47 High mortality (23%) has been 
reported in liver transplant recipients due to COVID-1941;  
hence, liver transplantation should only be done for emer-
gency indications. Since there are concerns regarding donor 
and recipient safety, the Liver Transplant Society of India 
(LTSI) and National Organ and Tissue Transplant Organization 
(NOTTO) have recommended that elective transplants be 
deferred.48 They recommend that only transplants for acute 
liver failure and ACLF should be performed after donor 
and recipient testing and proceed only if COVID testing is 
negative.49

The management of COVID-19 in the posttransplant 
patient is also a challenge due to the interplay of immu-
nosuppression, drug-induced liver injury, and direct cyto-
pathic effects of SARS-CoV-2. A recent case report50 describes 
COVID-19 infection in a liver transplant recipient on postop-
erative day 19, which was successfully managed while con-
tinuing tacrolimus and glucocorticoids. However, another 
report describes a 59-year-old patient,51 who underwent a 
liver transplant in 2017 for decompensated HBV cirrhosis 
with hepatocellular carcinoma and succumbed to COVID-19 
with nosocomial sepsis and multiorgan failure on day 45 of 
hospital admission. However, more data are required to iden-
tify the risk factors for COVID-related mortality in liver trans-
plant recipients and guide immunosuppressive regimens and 
management after liver transplant.

Gastrointestinal Endoscopy in the  
COVID-19 Era
Gastrointestinal endoscopy is an aerosol-generating proce-
dure, and given the high prevalence of SARS-CoV-2 viral RNA 
in feces of COVID-19 infected patients, it appears necessary 
to consider GI secretions as infective and capable of trans-
mitting the virus during endoscopic procedures. Hence, it is 

necessary to take all necessary preventive measures to pre-
vent the spread of disease to healthcare workers (HCWs).

Endoscopic procedures should be divided into emergency, 
urgent, and routine-based on their urgency. The current 
joint guidelines from Society of Gastrointestinal Endoscopy 
of India (SGEI), Indian Society of Gastroenterology (ISG), and 
Indian National Association for the Study of the Liver (INASL) 
state that only emergency and urgent endoscopy procedures 
be performed and elective endoscopy be postponed till the 
current threat of COVID-19 persists.52 All patients scheduled 
for endoscopy should be screened for fever, cough, shortness 
of breath, diarrhea, abdominal pain, nausea/vomiting, his-
tory of travel to or residence in a high-transmission zone of 
COVID-19, or contact with confirmed COVID-19 case. They 
should be assessed regarding the urgency of endoscopy, and 
elective procedures should be postponed. Based on the pres-
ence of symptoms or history of travel to or contact with a 
COVID-19 positive case, patients can be divided into a low-
risk group, intermediate-risk group, and high-risk group. The 
low-risk patients do not have any symptoms of COVID-19 
or history of travel to an area of high-transmission zone or 
history of contact with a confirmed COVID-19 patient. The 
high-risk patients have at least one symptom, and either 
have a history of contact with COVID-19 case or history of 
travel to or stay in high-transmission zone. All those not fit-
ting into either of these categories are classified as an inter-
mediate-risk group. All high-risk patients should be tested 
for COVID-19 by RT-PCR. The endoscopy room should be a 
negative pressure room, have minimum and experienced 
staff, and all team members should wear personal protective 
equipment (PPE) including gloves, gown/plastic apron, N-95 
mask and face shield. In all high-risk procedures, donning 
and doffing of PPE should follow standard protocol.

Although viral RNA has been documented in saliva and 
feces, whether it is infective is a question of debate, as data 
from Italy suggest that only one patient out of 851 who 
underwent endoscopy developed COVID-1953 and no HCW 
who came in contact with this patient developed respira-
tory symptoms. Although this was a retrospective study, it 
might suggest that endoscopy may be a low-risk procedure 
for transmission if proper precautions are followed.

Conclusion
COVID-19 is caused by a novel coronavirus, and data regard-
ing the epidemiology, symptomatology, and transmission 
are rapidly evolving. As the outbreak is progressing, more 
and more cases with nonrespiratory symptoms and signs are 
being recognized, with liver and GI involvement being com-
mon. As viral RNA shedding has been documented in saliva 
and feces of infected patients, it becomes prudent for gastro-
enterologists and hepatologists to identify these symptoms 
early and take necessary precautions in performing diagnos-
tic and therapeutic procedures in these patients. Although 
the quality of evidence is low, various gastrointestinal and 
hepatology associations have issued guidelines for manage-
ment, which should be followed strictly until further data are 
available.
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With the pandemic of COVID-19 infection spreading throughout the world leading 
to unprecedented serious burden on healthcare, our understanding of the virus con-
tinues to grow on a daily basis with the whole world united to find a vaccine/cure to 
combat the disease. Clinical experience with growing number of cases has provided 
us with insight into the pathophysiology of the disease and the various systems of 
the body it affects. The growing experience shows that cardiovascular complications 
occur in significant number of cases and contribute to increased mortality. The compli-
cations and mortality is also higher in those with pre-existing cardiovascular disease. 
The pathogenesis of increased cardiac complications is possibly related to the action 
of virus surface spike proteins through ACE2 receptors expressed in the myocardium. 
Although various drugs/therapies are being tried currently, no effective therapy is still 
available. It is emphasized that those with existing cardiac disease should optimally 
take their medicines, and religiously follow preventive measures like social distancing, 
self-isolation and hand hygiene.
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Epidemiology of Cases
On December 31, 2019, 27 cases of pneumonia of unknown 
cause first surfaced in Wuhan, Hubei province, which were 
reported to the World Health Organization (WHO) country 
office in China. Investigators in Wuhan published their 
initial experience with this infection in the recent March 
edition of Journal of the American Medical Association 
(JAMA).1 After identification and isolation of the pathogen, 
this virus was originally called 2019 novel coronavirus 
(2019-nCoV) and officially renamed severe acute respira-
tory syndrome CoronaVirus 2 (SARS-CoV-2) by the WHO.2 
The virus has since then spread throughout the world 
with the first case in India reported on January 30, 2020 
in Thrissur, Kerala. Taking into cognizance the alarming 
rate of spread and severity of the disease, WHO character-
ized COVID-19 as a pandemic on March 11, 2020. To date, 
nearly 5 million people have been reported to be infected 
worldwide, with over 300000 deaths, and the numbers are 
rapidly rising every day.

Although the main symptoms of COVID-19 appear to be 
respiratory, some infected patients suffer, in addition, from 
severe cardiovascular damage. This is especially true for 

patients with underlying cardiovascular diseases who are 
more prone to infection and might have an increased risk of 
death.3

Pathophysiology of COVID-19 Infection
Angiotensin-converting enzyme 2 (ACE2) is a mem-
brane-bound aminopeptidase which is highly expressed in 
the heart and lung. Infection is triggered by the binding of the 
spike protein of the virus to ACE2 and consequent invasion of 
lung (alveolar epithelial cells) and heart, resulting in respi-
ratory and cardiac complications. ACE2 is a homolog of ACE 
and converts angiotensin II to angiotensin 1–7. It thus pro-
tects the heart/lungs from the harmful effect of angiotensin 
II which is mediated via systemic vasoconstriction. The exact 
mechanism of cardiac involvement is speculated to be either 
direct myocardial damage or via an imbalance between sub-
types of T helper cells, leading to a cytokine storm and shock-
like state.

Cardiovascular complications occur in a significant pro-
portion of patients and are an important independent risk 
factor for mortality. It has been observed that there is a vul-
nerable population prone to develop serious complications, 
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which includes patients with comorbid conditions, namely, 
advanced age, diabetes mellitus, hypertension, coronary 
artery disease, heart failure, chronic lung disease, and 
patients with cancer or with immune compromised status.4

Cardiovascular Manifestations
Myocarditis Related Myocardial Injury
The severity of myocardial involvement after COVID-19 
infection varies, with patients presenting with chest pain, 
arrhythmias, dyspnea or acute left ventricular (LV) failure.1,3 
The electrocardiogram (ECG) abnormalities include nonspe-
cific ST-T abnormalities, T wave inversions, PR segment and 
ST segment depression, and elevations mimicking acute coro-
nary syndrome (ACS) in some cases. Differentiating ACS from 
COVID-19 related myocarditis by ECG and clinical presen-
tation may be challenging. Echocardiography may be help-
ful in this situation, with regional wall motion abnormality 
demonstrated in ACS, and either no wall motion abnormality 
or global hypokinesia seen in COVID-19 related myocarditis.

Acute myocardial injury associated with COVID-19 
mainly manifests as an increase in high-sensitivity cardiac 
troponin I (hs-cTn I), requiring admission to the intensive 
care unit (ICU). Patients with severe symptoms often have 
complications involving acute myocardial injury.1 ECG, 
echocardiography abnormalities and troponin elevation 
correlate with severity of the infection and denote worse 
outcomes in patients with severe infection.5,6 There is usu-
ally raised CRP, CD4, CD8 and interleukin 6 (IL-6), pointing 
to an inflammatory response. This inflammatory response 
may result in myocarditis. Hu et al reported a patient with 
fulminant myocarditis, following SARS-CoV-2 infection. 
The patient showed remarkable improvement in LV func-
tion with methylprednisolone and immunoglobulins in 
addition to other symptomatic therapy.7

Acute Coronary Syndrome
Some patients with SARS-Cov-2 present with ACS and 
ST-elevation myocardial infarction (STEMI) or non-STEMI 
picture.

Treatment of STEMI in COVID-19 patients is controver-
sial in nature. In patients presenting with “low-risk STEMI,” 
defined as inferior STEMI without right ventricular involve-
ment or lateral wall MI and also without hemodynamic com-
promise, thrombolytic therapy has been suggested to be the 
preferred option by American College of Cardiology (ACC) 
when compared with percutaneous coronary intervention 
(PCI) to avoid exposure to staff. If PCI is pursued, appropriate 
personal protective equipment (PPE) for staff is mandatory, 
with full decontamination of the catheterization laboratory 
after completion of the procedure.8

In a recent study published in Circulation, Stefanini 
et al9 reported a review of their 29 COVID-19 patients 
with STEMI. Emergent coronary angiography confirmed 
culprit lesions in 60% of patients. The author emphasized 
that delay in reperfusion to provide adequate protection 
to the staff and fibrinolytic therapy may be an alternative 
approach. The obvious limitation of this approach is that 

nearly 40% will also receive fibrinolytic therapy in the 
absence of any underlying culprit lesion. These patients 
either have myocarditis or stress cardiomyopathy. In the 
absence of endomyocardial biopsy, it remains difficult to 
be sure of underlying pathology in such cases.

In the setting of non-STEMI, conservative therapy may be 
appropriate in low-risk patients with COVID-19 infection. 
High-risk patients or those with hemodynamic instability 
should be managed with invasive approach.8

ACS in infected patients portends a poor prognosis. 
Myocardial ischemia or necrosis compromises underlying 
functional cardiac reserve, precipitating cardiac insufficiency.

Arrhythmias and Acute Heart Failure
Patients infected with COVID-19 may present with palpita-
tions, most commonly sinus tachycardia and, rarely, atrial 
fibrillation, resulting from hypoxia, inflammatory stress and 
abnormal metabolism. Dysrhythmias with elevated tropo-
nin levels should alert the clinician toward underlying acute 
myocarditis or ACS.10 Rarely, ventricular tachycardia may 
occur secondary to QT prolongation either as result of under-
lying myocarditis or some drug, namely, use of hydroxychlo-
roquine and azithromycin.

COVID-19 infection can present with acute heart failure 
as the primary manifestation in 24% of patients and is associ-
ated with an increased risk of mortality.11

Venous Thromboembolism
Patients infected with the virus are also at increased risk of 
venous thromboembolism, resulting from systemic inflam-
mation and abnormalities of the coagulation pathways, 
leading to elevations of D-dimer levels.10,12,13 In one study, all 
25 patients infected with COVID-19 had elevated D-dimer 
levels out of which 10 patients had CT pulmonary angiog-
raphy-proven pulmonary embolism.3 Low-molecular weight 
heparin has been used in a study to reduce mortality in 
severe COVID-19 infection.14

COVID-19 and Chronic Cardiovascular 
Disease
The increased metabolic demand as a result of infection 
imposes a burden on patients with underlying chronic 
cardiovascular disease, who have reduced cardiac reserve, 
leading to decompensation of stable state. Widespread 
systemic inflammation may be linked to increased risk 
of plaque rupture, worsening heart failure and stent 
thrombosis, and rigorous use of plaque stabilizing agents, 
antifailure measures and antiplatelet therapy should be 
considered.15

Furthermore, symptoms of COVID-19 infection tend to be 
more severe in these patients and a large proportion of deaths 
occur in patients with cardiovascular disease. The mortality 
may be nearly 10 times higher in these patients as compared 
with those without such comorbid conditions. Thus, it is 
important to optimally control the comorbid cardiac condi-
tion and take all preventive steps to avoid COVID-19 infection 
in this vulnerable group.
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Conclusion
The COVID-19 pandemic with uncertain clinical characteris-
tics has caused an unprecedented level of burden on health-
care systems across the world. SARS-CoV-2 possibly infects 
the host cells through ACE2 receptors, causing myocardial 
damage and leading to adverse prognosis in patients with 
underlying cardiovascular disease. Therefore, careful moni-
toring of infected patients for cardiovascular complications 
becomes paramount to provide timely treatment in order to 
reduce overall mortality.
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The novel Coronavirus disease 2019 (COVID-19) pandemic started with few cases of 
pneumonia of unknown origin in Wuhan, China. It has now become one of the signifi-
cant public health emergencies of all time. Within 5 months of its existence, it has led 
to a significant impact on national and international policies. Apart from being a medi-
cal emergency, it is also affecting the global economy, and without proper measures, it 
may have severely impact the socioeconomic statuses of individuals. It has profoundly 
challenged the healthcare infrastructure, particularly in low- and middle-income 
nations. Every nation is trying to safeguard its population and the health workers as 
adequately as possible. While we still wait for the development of an absolute cure in 
the form of a vaccine, preventive measures have taken the lead in reducing the disease 
spread and breaking the chain of transmission. The knowledge gained from the clinical 
characteristics of patients has suggested markers or comorbid conditions that may aid 
in the risk assessment. This narrative review aims to provide an update on SARS-CoV-2, 
the causative virus of COVID-19, its pathogenesis, the clinical and laboratory features, 
and its association with several comorbid conditions that may influence the prognosis 
of this disease.
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Introduction

Coronavirus disease 2019 (COVID-19) was declared as a 
global health crisis by the World Health Organization (WHO) 
on January 30, 2020. COVID-19 is not just a health crisis, as 
it has stressed each country of the world by creating a social, 
economic, and political crisis, which might leave deep scars 
for decades. The first case was from the city of Wuhan, China, 
in December 2019, with a provisional diagnosis of pneumonia 
of unknown origin. Gradually, more cases with similar clinical 
features were reported. The connection of these patients 
to a seafood and wild animal wholesale market in Wuhan 

city hinted at a new zoonosis or SARS outbreak. Further 
investigations were carried out for identifying this new 
disease. On January 7, 2020, the causative virus was isolated 
from a patient and its genome was sequenced. The virus, a 
novel member of the coronavirus family, was later named 
as severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) by the International Virus Classification Commission, 
and the disease was termed COVID-19 by WHO on February 
11, 2020.1-4 Before COVID-19, the other Coronavirus-
mediated outbreaks included severe acute respiratory 
syndrome (SARS-CoV) and middle east respiratory syndrome 
(MERS-CoV). The disease had a significant spread in various 
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countries of the world due to the superspreading nature of 
the infection, with the WHO declaring it as a global pandemic 
on March 11, 2020. As of May 17, 2020, the world’s disease 
burden has reached 47,37,926 with 18,23,320 recovery and 
313,636 casualties, and USA, Russia, and Spain being the 
most affected countries. In India, the total number of cases to 
date is 91,314 with 2897 deaths.5

Since the last 5 months, numerous studies are being 
conducted all over the world to gather information on 
the clinical profile and laboratory features of the patients 
suffering from COVID-19. The major reports, as of now, 
have been based on the Chinese population. COVID-19 is a 
highly contagious disease, mainly targeting the respiratory 
system. The major cause of death is due to acute respira-
tory distress syndrome (ARDS), with multiorgan failure in 
some cases. A major factor in determining the prognosis 
of COVID-19 is the presence of comorbidities such as age, 
metabolic diseases, cardiovascular diseases (CVDs), etc.6 
The aim of this review was to present a comprehensive 
account of the virus, its pathogenesis, and the clinical and 
diagnostic features of the disease, besides highlighting the 
various comorbidities that may affect the disease progres-
sion and prognosis.

Pathogenesis of COVID-19
COVID-19 is a SARS-CoV-2 virus outbreak. As of now, its 
pathogenesis is not understood entirely. The data on cellular 
responses of this virus is undefined, but eventual pathogen-
esis is based on past SARS-CoV studies. The clinical course 
could be formulated by focusing on certain areas of the respi-
ratory tract which are involved.6 The pathogenesis includes 
genome structure, transmission mode, SARS-CoV-2 infec-
tion, and replication and pathogenesis of the Coronavirus.

Genome Structure
SARS-CoV-2 is an enveloped, pleomorphic, and spheri-
cal β-Coronavirus, of size ranging from 150 to 160 nm, 
with single-stranded RNA and nonsegmented nucleo-
protein, capsid, matrix, and S-protein. The nucleocap-
sid, membrane glycoprotein, and spike glycoprotein are 
essential viral proteins. The extra glycoprotein coding 
for acetyl esterase and hemagglutination (HE) is dif-
ferent in other Coronaviruses.6,7 The genome of SARS 
CoV-2 is more like SARS-CoV than that of MERS CoV. 
The COVID-19 amino acid sequence is different from 
other Coronaviruses in the regions of the polyprotein, 
surface glycoprotein, and S-protein. There are two sub-
units of S-protein: S1 and S2; S1 being directly linked 
to the host receptor and S2 helping in infusion across 
the host membrane, both simultaneously aiding virus 
entry into the host cell. Studies revealed that angioten-
sin-converting enzyme 2 (ACE2) function as a receptor 
for SARS CoV-2, as it was for SARS CoV.8,9

Mode of Transmission
Bats are evidently the natural reservoir for a wide variety of 
CoVs such as SARS-CoV and MERS-CoV. So, the SARS-CoV-2 
genome was tested for BAT CoV RaTG13 and it showed 96.2% 
identity, indicating that bats and SARS-CoV-2 may have the 
same ancestor.10 The three primary modes of transmission are 
droplets, contact, and aerosol transmission.11 Additionally, 
ocular transmission, feco-oral transmission, and vertical 
transmission are also reported.12 The transmission of SARS-
CoV-2 mainly occurs between family members, including 
relatives and individuals who have closely interacted with 
incubation carriers..

Replication and Pathogenesis of SARS-CoV-2
SARS-CoV-2 uses the same ACE2 receptor for the cellu-
lar entry as SARS-CoV. ACE2 receptors are present in the 
lower respiratory tract. The S-glycoprotein virion on the 
Coronavirus surface is bound to ACE2 receptors on cell sur-
faces.13 The binding affinity of S- glycoprotein and ACE2 
receptor is 10 to 20 times that of SARS-CoV. The two sub-
units of S glycoprotein are S1 and S2. The virus–host spec-
trum and cellular tropism through the receptor binding 
domain (RBD) are established by S1, while S2 supports he 
virus-cell membrane to fuse through two tandem domains: 
heptad repeats 1 (HR1) and heptad repeats 2 (HR2). 
Coronavirus genomic RNA of around 30 000 nucleotides 
encode structural proteins and nonstructural virus proteins 
that are important for the synthesis of viral RNA (known 
as replicase-transcriptase proteins). The replicase-tran-
scriptase proteins are determined by open reading frame 
1a (ORF1a) and ORF1b, which are initially synthesized 
as two large polyproteins, pp1a and pp1ab. The polypro-
teins then split into 16 proteins during or after synthesis 
via virus-coded proteinases, with papain-like (PLpro) and 
chymotrypsin-like folds. ORF1a codes for NSP1 to NSP11 
and ORF1b codes for NSP12 to NSP16. In conjunction with 
other viral proteins, and possibly even cellular proteins, 
replicase-transcriptase proteins assemble into mem-
brane-bound replication-transcription complexes (RTCs). 
These complexes assemble as double-membrane vesicles 
in the perinuclear region. Eventually, virion-containing 
vesicles (VCVs) combine with the plasma membrane of 
the cell and release the virus. The virus then enters a new 
cell and continues its cycle.14-19 Replication of SARS-CoV-2 
infection is explained in the ►Fig. 1.

Clinical Characteristics of COVID-19
Statistics of the Chinese CDC show that 51.4% of the total 
infected patients are male and 86.6% lied in the age group 
of 30 to 79 years. The median age is 51 years (2 days to 
100 years).20 The symptoms of COVID-19 are manifested 
after an incubation period of 5.2 days (1–14 days). The most 
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common clinical presentation seen is fever, followed by 
cough, fatigue, shortness of breath, sore throat, and head-
ache.21 Other presentation includes sputum production, 
hemoptysis, diarrhea, and dyspnea. Th elderly and those 
patients with chronic illness rapidly develop acute ARDS, 
septic shock, metabolic acidosis, and even death.22

Laboratory Findings and Diagnostic 
Modalities
Presently, RT-PCR is the gold standard for diagnosis and 
regulation of SARS-CoV-2 infections.23-26 RT-PCR is a nucleic 
acid amplification test (NAAT), which identifies a specific 
sequence of COVID-19 in the respiratory specimen. The 
peak viral load is seen during most of the cases during the 
initial onset of symptoms. This technique is expensive and 
time-consuming. Thus, serological testing may be considered, 
but it is still not approved by the Centre for Disease Control 
and Prevention (CDC) or any other health organization, as it 
detects infection in late-stage (> 7 days), and they may also 
have cross-reactivity with other coronaviruses. Additionally, 
SARS-CoV-2 infection is found to be associated with a dys-
regulation in blood investigations such as lymphocyte count, 
ALP, albumin, lactate dehydrogenase (LDH), C-reactive pro-
tein (CRP), and neutrophil.21 Recently, increased level of 

D-dimer, CRP, prothrombin time, and procalcitonin (PCT) 
were considered as markers for severity of disease.22 Apart 
from blood and respiratory testing, radiological imaging is 
also considered. The early detection of subtle changes is sug-
gested by CT.27 The standard findings from chest CT include 
ground glass opacities (GGOs) distributed peripherally with 
patchy consolidations. Increased GGO numbers, width, and 
density on chest CT is linked to the progression of the dis-
ease. A study by Quin et al stated that fluorodeoxyglucose 
(FDG) uptake is increased in GGOs in COVID-19 patients.28

Comorbidities of COVID-19
The clinical manifestation of the SARS CoV-2 infection has 
shown a wide variation in patients residing in different 
parts of the world. Comorbidities in addition to demo-
graphic differences and lifestyle changes are one of the 
most important determining factors leading to different 
manifestations of the disease.29-31 According to data from 
the early months of 2020, this catastrophe is associated 
with multiple severe comorbidities, with the most prev-
alent being old age, hypertension, diabetes mellitus (DM), 
coronary heart diseases, obesity, and cerebrovascular dis-
ease. These comorbidities raise the risk of hospitalization 
and death in COVID-19 patients dramatically. Similarly, 

Fig. 1 Replication of SARS-CoV-2 infection.
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the incidence of SARS and MERS was also increased in peo-
ple with DM. In the USA, 34.2 million people are afflicted 
with DM, or 10.5 percent of the total population.30,32 Of 
the population aged 65 years or older, 26.8% are afflicted 
with DM and are at greater risk of death due to COVID-19.30 
Symptomatic persons with advanced age are more in need 
of hospitalization. This proportion ranges from 17 to 27 
percent in people over 60 years. Further, in the older popu-
lation, the proportion of hospitalized patients in intensive 
care units (ICUs) was 27 to 71 percent. However, these fig-
ures are tentative and likely to change with the prevalence 
of DM, hypertension, and severe obesity.32

COVID-19 and Aging
Although people over the age of 65 years constitute 17% 
of the total population in the USA, the CDC have estimated 
that they make up 31% of COVID-19 infections, 45% of hos-
pitalization, 53% of admissions in ICUs, and 80% of deaths 
caused by this infection. This means that elderly people 
are more likely to get infected with COVID-19 and dis-
play more severe outcomes than the general population.33 
The latest proposed mechanism for SARS-CoV-2 entry 
in the cell is through angiotensin-converting enzyme-2 
(ACE2) receptor, which is found in the lungs, heart, gas-
trointestinal systems, and kidneys. This particular action 
mechanism may suggest that older adults have a greater 
risk of infection. The report of the CDC says that 63.1% of 
adults over 60 years have hypertension, 38% of individ-
uals over 65 years have chronic renal disease, and 26.8% 
of adults over 65 years have diabetes.33 Most of the older 
age patients use ACE inhibitors and angiotensin-receptor 
blockers (ARBs), which upregulate the receptor of ACE2. 
It is therefore believed that the severity and probabil-
ity of a severe course of infection with SARS-CoV-2 are 
increased for elderly people with these comorbidities, 

namely, diabetes, hypertension, and chronic renal disease. 
The common clinical presentations among 21 critically 
ill patients with a mean age of 70 years were dyspnea 
(76%), fever (52%), and cough (48%). The most significant 
comorbidities included chronic renal disease in 48%, CVDs 
in 43%, chronic obstructive pulmonary disease in 33%, 
and DM in 33% of the patients (►Fig. 2).34 The death rate 
of the SARS-CoV-2 pandemic has been quite high among 
older adults. The total CFR (case fatality rate) of 17.3% 
in January decreased to 7% in February, according to the 
joint WHO-China fact-finding mission, but among older 
adults (> 80 years), the CFR increased to 21.9%.34 A study 
on 4,226 cases recorded CFR below 1% for patients under 
54 years of age, but CFR of 3 to 11% for patients under 
84 years of age and, finally, CFR of 10 to 27% for those over 
85 years of age (►Fig.  3). About 80% of deaths occurred 
among elderly patients older than 65 years and patients 
with comorbidities.33,35 Increased mortality was found to 
be associated with diabetes among 84% of elderly patients 

Fig. 2 Comorbidities in 86% of total older population.

Fig. 3 Case fatality rate among SARS-CoV-2 infection by age.
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above 60 years.35,36 All these findings do suggest that old 
age could be a predisposing factor for developing severe 
SARS-CoV-2 infection.

COVID-19 and Diabetes
Almost 20 to 50% of patients afflicted with COVID-19 also 
suffer from DM. If COVID-19 is an acute communicable dis-
ease, DM is its chronic, noncommunicable counterpart. Both 
diseases can be viewed as global pandemics with different 
characteristics and modes of transmission, leading to their 
tremendous outbreaks.37 Diabetes is one of the most com-
mon and among the most dangerous metabolic diseases, 
marked by chronic inflammatory conditions leading to met-
abolic and vascular abnormalities which, in turn, affect the 
response toward a pathogen. Due to hyperglycemia and insu-
lin resistance, advanced glycation end products (AGEs) are 
formed which, in turn, stimulate the synthesis of proinflam-
matory cytokines and oxidative markers, leading to tissue 
inflammation.38 Besides, type 2 diabetes mellitus (T2DM) is 
also associated with endothelial dysfunction, and enhanced 
platelet aggregation and activation, due to the dysregulated 
balance between coagulation and fibrinolysis; these abnor-
malities lead to hypertension and CVDs.39 Additionally, 
in diabetes, the immune response of the individual gets 
impaired to such an extent that T cell functions get altered, 
leading to changed cellular responses such as changes in 
neutrophil chemotaxis, phagocytosis, intracellular killing of 
microbes, and delayed cell-mediated immunity, eventually 
leading to high amounts of inflammatory cytokine secretion, 
which is also known as “cytokine storm.” These cytokines 
and chemokines such as interleukin-6 (IL-6), tumor necro-
sis factor (TNF), CXC chemokine ligand 10 (CXCL10), and CC 
chemokine ligand 2 (CCL2) act as some of the major drivers 
of SARS-CoV-2 associated hyperinflammation and, in due 
course, lead to multiorgan failure.40 For a long time, diabetes 
was considered as one of the leading causes of morbidity and 
mortality throughout the world. Elderly people with T2DM 
are often the most vulnerable group toward infections such 
as influenza and pneumonia. A similar exacerbation was 
caused by diabetes earlier during the outbreak of SARS-CoV 
infection in 2002 and MERS in 2012, which affected more 
than 800 people in Asia and 2000 in Saudi Arabia, respec-
tively.41-43 Considering the alarming rate of COVID-19 trans-
mission, the association between SARS-CoV-2 and diabetes 
appears quite strong. The mortality rate of 16% was observed 
in diabetic patients afflicted with COVID-19 when compared 
with nondiabetics.44 In the United States, among individu-
als of age 65 years or above, 26.8% were afflicted with DM, 
which marked a highly vulnerable group with respect to the 
COVID-19 toll.30 In a report from Wuhan, China, among 41 
COVID-19 patients, 32% were suffering from other comorbid 
conditions, with 20% suffering from diabetes. Similar findings 
were reported from different parts of the world, highlighting 
the underlying role of these disorders as predisposing fac-
tors for COVID-19. Diabetes is also associated with increased 
susceptibility in individuals toward infectious diseases such 

as Staphylococcus aureus and Mycobacterium tuberculosis, 
probably due to dysregulated immune responses in them.45-47

It is observed that among the diabetic patients, 29.2% 
had to increase their insulin dosage, while 37.5 switched to 
insulin therapy from oral medicine after admission, stress-
ing upon the deteriorating glycemic status after contracting 
COVID-19.43 The major link bridging the two abnormalities 
is the receptor protein. ACE2 on the cell surface of the liver, 
endocrine pancreas, kidney, brain, and heart acts as a recep-
tor for the entry of SARS CoV-2. ACE2 regulates the synthesis 
and secretion of insulin hormone.48 Once the virus infects the 
human body, it tries to get entry into the target cell through 
receptor–ligand complex formation. As soon as it identifies 
its complementary receptors ACE2, it binds to it via spike pro-
tein and gets into the cell.49 The virus targets the endocrine 
pathway, thus modulating its crucial roles such as regulation 
of blood pressure, metabolism, and inflammation because of 
infection.49 ACE is an important enzyme of the renin-angio-
tensin system (RAS) which converts angiotensin I to angio-
tensin II. Angiotensin II acts as a powerful vasoconstrictor, 
leading to increased blood pressure, triggering oxidative 
stress, as well as causing a rise in reactive oxygen species 
(ROS). Insulin resistance, endothelial dysfunction, and pro-
teinuria are also some of the outcomes of elevated levels of 
angiotensin II. ACE II uses angiotensin II as a substrate to form 
angiotensin 1–7, which acts as a potent vasodilator and low-
ers glucose and oxidative stress. Diabetic patients use ACEI 
and ARB drugs due to their renoprotective effects. Inhibition 
of ACE activity prevents the formation of angiotensin II from 
angiotensin but instead converts it to angiotensin 1–9 which, 
in turn, is further converted to angiotensin 1–7 by ACE2. 
Additionally, angiotensin II formed is prevented from bind-
ing to its receptor, which gets converted to angiotensin 1–7 
as well. Thus, leading to balanced glucose levels and blood 
pressure.50 Hence, acute hyperglycemia causes upregulation 
of ACE2 which, in turn, facilitates the entry of the virus, and 
thus acts as a promotor of infection (►Fig. 4).49 It is analyzed 
that the combination of diabetes and COVID-19 has wors-
ened the damage caused by both the diseases, but it is not 
clear whether pre-existing diabetes leads to worsening of 
COVID-19 symptoms or if it is the SARS CoV-2 effect which 
leads to progression to diabetes. The complication has arisen 
since the expression of ACE2 modulates β cells functions and 
thus insulin secretion dysregulation.

Although there is no verification of the fact, it does point to 
a complicated relationship between the two severities.48,51-53 
Thus, it may be suggested that DM may be an underly-
ing factor for the rapid progression and worst prognosis of 
COVID-19.

COVID-19 and Hypertension
Hypertension is found in a great number of patients afflicted 
with severe COVID-19. The prevalence of hypertension 
reported in the study of 44,672 patients by China CDC was 
12.8% in the overall patient community and in 39.7% in those 
who died.54 In patients with COVID-19, hypertension was 
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reported to increase the death odds ratio (OR) by 3.05 (95% 
CI 1.57–5.92).35 The high-prevalence of hypertension in old 
age may be a big concern, since aged people have poorer out-
comes and a higher mortality rate compared with younger 
patients. According to the European Society of Hypertension, 
the mechanism of hypertension and severity of COVID-19 
might be related to the role of the ACE2 receptor.55 ACE2 is 
an essential component of the renin-angiotensin-aldoste-
rone system (RAAS), which participates in the pathogenesis 
of hypertension.56 ACE inhibitors and angiotensin II receptor 
blockers drugs inhibit RAAS which increases ACE2 levels 
(►Fig.  1).57 Therefore, the institution proposes that these 
drugs may be harmful to SARS-CoV-2 infection.58 The alter-
native mechanism connecting hypertension and COVID-19 is 
the immune system, and it is dysregulated in hypertension 
and SARS-CoV-2 infection.59 Circulating lymphocyte counts 
and CD8+ T cell dysfunction are observed among patients 
with hypertension.60 These CD8+ T cells are incapable of 
effectively fighting against viral infections and aid pathologi-
cal cytokine overproduction, which might suggest a potential 
connection to COVID-19.

COVID-19 and Neurological Complications
The overall incidence of neurological complications from 
COVID-19 remains unclear. The neurological symptoms are 
mostly present in patients with severe COVID-19 compared 
with mild forms.61 Genome sequencing analysis revealed the 
presence of SARS-CoV-2 in cerebrospinal fluid (CSF) during 
infection, thereby suggesting neurological complications.62 
There are several suggested mechanisms for the associa-
tion of COVID-19 and neurological diseases. The nervous 
system may be involved in SARS-CoV-2 directly via hema-
togenous and neuronal pathways.63 The neuronal invasion 
of SARS-CoV-2 may be associated with the expression of 
the ACE2 receptor in the central nervous system (CNS). The 
ACE2 receptor is present in the capillary endothelial cells 

whereby the virus enters the endothelium and spreads to 
the neurons.64 Additionally, hypoxia and immune dysreg-
ulation predispose neurological involvement. SARS-CoV-2 
replicates in lung alveolar cells and triggers alveolar and 
interstitial inflammatory exudate, leading to the formation 
of the membrane and subsequently, gas exchange in alveoli 
is severely compromised.65 Hypoxia, in turn, causes anaerobic 
metabolism, interstitial edema, ischemia, and vasodilatation 
in CNS. Thus, syncope, an anoxic crisis, and stroke may be 
present. Also, SARS-CoV-2 infects macrophages, astroglia, 
and microglia. The disease severity and mortality are associ-
ated with cytokine storm and multiorgan failure in COVID-19 
patients. An in vitro study demonstrated secretion of proin-
flammatory cytokines IL-6, IL-12, IL-15, and TNF-α from 
the glial cells when infected with SARS-CoV-2.66,67 The likely 
neurological complications include encephalitis, Guillain–
Barré syndrome, postencephalitic Parkinsonism, transient 
ischemic attack, stroke, necrotizing encephalomyelitis, and 
post-COVID-19 chronic fatigue syndrome.68 In a study of 214 
COVID-19 patients with ARDS showed 36.4% of patients had 
neurological symptoms like dizziness, headache, hypogeusia, 
hyposmia, and change in the state of consciousness.68

COVID-19 and Coagulation Abnormality
The severe form of COVID-19 may result in sepsis-induced 
coagulopathy (SIC), and in uncontrolled stages, it may 
advance to disseminated intravascular coagulation (DIC).69 
DIC is a serious complication of septicemia, cancer, pneu-
monia, and many other diseases.70 DIC is clinically diag-
nosed with a progressive decline in organ functions, which 
increases the development of intravascular thrombin, 
leading to endothelial leakage and developing secondary 
parenchymal bleeding.70 The immune and toxic activation 
of intravascular and platelet-released thrombin may con-
tribute to the development of venous thromboembolism in 
COVID-19 patients.71 The diagnosis of DIC is suggested by 

Fig. 4 Pathogenesis of SARS-CoV-2 infection and RAAS in diabetes mellitus and hypertension. RAAS, renin-angiotensin-aldosterone system.
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the worsening of laboratory parameters. Prothrombin time 
(PT) and activated partial thromboplastin time (APTT) are 
the most common established parameters in COVID-19 
patients. Thrombin–antithrombin complex, fibrin-degra-
dation products, and D-dimers increase in the late stages 
of the disease, which is linked to the fatal outcome.72 
Additionally, platelet counts are increased in the initial 
stage and decrease in the late stages of the disease.73 DIC is 
observed with a median time of 4 days, following the onset 
of interstitial pneumonia in 71% of non-survivors and 0.6% 
survivors.74 The D-dimer levels are three times higher in 
severe disease compared with mild COVID-19. The mor-
tality rate increases three-times if the value of D-dimer is 
above 3 µg/mL.75 CT angiography revealed that COVID-19 
patients with PE (pulmonary embolism) have higher lev-
els of D-dimer than those without PE. The sensitivity and 
specificity of D-dimer are 100% and 67%, respectively, for 
the PE on CT angiography.76 The current strategies of treat-
ment for DIC and venous thromboembolism involve the use 
of unfractionated heparin (UFH) or low-molecular weight 
heparin (LMWH), which reduces the risk of mortality.77,78 
Other strategies available should also be considered, such 
as the administration of IgG in combination with LMWH, 
and use of tissue plasminogen activator (tPA).79-81

COVID-19 and Rheumatoid Arthritis
The association of rheumatoid arthritis (RA) and viral 
respiratory infection is very complex. Few studies 
reported a possible role of respiratory infection in RA.82-

84 Additionally, infections are a significant problem in 
patients with inflammatory arthritis, as they can lead to 
disease flares.83,84 RA patients are predisposed to respira-
tory infection compared with a healthy population. Doran 
et al reported that RA patients had a significantly higher 
risk of developing a severe form of respiratory disease 
compared with patients without RA.85 Another study on 
2108 patients with RA also reported that RA patients had 
1- to 4-fold high risk of severe disease compared with 
healthy population.86 This can be linked to impairment of 
the immune system, as RA is an autoimmune disorder and 
involves the immune system. Moreover, the management 
of RA includes synthetic and biological disease-modifying 
drugs which have the potency to increase the severity of 
the disease, but poor control of RA has a worse effect on 
COVID-19. So, it is advised to continue treatment for RA.87 
Recently, hydroxychloroquine was found to reduce the 
severity of COVID-19, which is used for the treatment of 
RA; also, the use of IL-6 inhibitors like Tocilizumab was 
found to be beneficial in reducing the severity of COVID-
19, but their use is still controversial in nature.88

COVID-19 and Hypovitaminosis
The individual's nutritional status has an impact on 
SARS-CoV-2 risk, the course of the treatment, and COVID-19 
outcomes. Hence, macro- and micronutrient maintenance is 

an essential preventive measure for COVID-19. Many micro-
nutrients are essential for improving immunity, mainly vita-
min A, C, D, E, selenium, iron, and zinc.89

Vitamin D
Vitamin D plays an important role in the prevention of acute 
respiratory tract infections.90 Vitamin D supplementation 
should be started before respiratory tract infection begins. 
Although the underlying causes of vitamin D deficiency 
and the emergence of viral diseases are not clear, the pos-
sible mechanisms involve the antiviral immune stimulation, 
the variation of the immune defense, initiation of autoph-
agy and apoptosis, and regulation of genetic or epigenetic 
mechanisms.91 Additionally, Vitamin D can lower the risk of 
viral infections. The associated mechanisms can be defensins 
and cathelicidins stimulation, which decreases the replica-
tion of the virus, increase the levels of anti-inflammatory 
cytokines, and decreases proinflammatory cytokines levels.92 
The incidence of vitamin D deficiency is high in old age.93 The 
first outbreak of COVID-19 was during the winters with a 
high-mortality rate among the elderly, which can be linked 
to Vitamin D deficiency, as sunlight is the natural source of 
this vitamin.94 Still, for people at risk of COVID-19, vitamin D 
supplementation can be given in the dose of 10,000 IU/d of 
vitamin D3 for a couple of weeks to quickly raise the concen-
tration of 25(OH)D, followed by 5000 IU/d.92,95

Vitamin C
Several studies have reported the role of vitamin C in pneu-
monia. However, evidence of supplementation of vitamin C 
in the prevention and treatment of acute respiratory tract 
infection is unclear. Few studies have reported that the 
administration of vitamin C before and after the respiratory 
symptoms can be beneficial to vitamin C-deficient individu-
als compared with healthy individuals.96 Based on previous 
studies, it is revealed that the routine supplementation of 
vitamin C can reduce the duration and severity of respiratory 
symptoms without any adverse effects.97 Thus, the supple-
mentation of vitamin C needs to be considered as a rational 
option to strengthen immunity in vitamin C-deficient indi-
viduals at risk of COVID-19.

Treatment of COVID-19
There is currently no clear and effective COVID-19 anti-
viral therapy. Although most COVID-19 patients have 
mild-to-moderate courses, up to 5 to 10% may have severe 
life threats, and hence there is an urgent need for specific 
medicines to treat the disease. The main aspect of treatment 
is personalized supportive care, and patients who develop 
ARDS require oxygen supplementation and even ventila-
tion. Many clinical trials are under process, assuring the 
availability of potential vaccine and treatment for COVID-19 
soon. Chloroquine, hydroxychloroquine, lopinavir/ritonavir, 
favipiravir, and remdesivir are the most widely used drugs 
worldwide.98,99 Recently, nitazoxanide and ivermectin have 
been documented for SARS-CoV-2 activity in vitro. Also, 
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some studies have indicated the successful use of convales-
cent plasma therapy in severe COVID-19 patients with an 
increase in prognosis.100,101 All the necessary steps to mon-
itor the emerging COVID-19 pandemic shall be enforced 
if the infection becomes uncontrollable. Since there is no 
specific treatment available to date, prevention is crucial. 
Isolation is recommended for suspected and confirmed 
cases. WHO has advised to follow social distancing, observe 
hand hygiene, and wear proper masks.

Conclusion
The COVID-19 pandemic, which originated from Wuhan, 
China, has shaken the entire globe. Although most of the 
patients present with mild symptoms, the spread of the 
infection is quite rapid. This has become a critical social 
health threat of this era. Since there is no treatment or vac-
cine available to date, the only option left is prevention. In 
India, a major lockdown was implemented from March 24, 
2020 to contain the spread of the virus and break the chain 
of transmission. Despite taking all the necessary steps to con-
tain the spread of COVID-19, the number of cases is still on 
the rise, majorly due to lack of awareness. The older popula-
tion and individuals with chronic illness need to take extra 
precautions, as the mortality rate is higher among them. 
Although the search for a vaccine or an effective cure is still 
on, until then, social distancing and hand hygiene remain the 
best preventive measures against the fight with SARS-CoV-2.
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Introduction
Coronavirus disease 2019 (COVID-19) is an unprecedented 
global pandemic caused by the novel severe acute respira-
tory syndrome coronavirus-2 (SARS-CoV-2) that has affected 
over 5 million persons globally at the time of this review.1 
Strikingly, it disproportionately affects persons with under-
lying endocrine conditions such as obesity, diabetes mellitus, 
and hypertension. In the United States, the most common 
co-existing condition affecting patients with COVID-19 is 
hypertension (49.7%) followed by obesity (48.3%) and diabetes 
mellitus (28.3%).2 These conditions are also associated with 
an increased risk of poor outcomes including mortality.3-5 In 
light of these risks, it is prudent to explore the pathophysio-
logical mechanisms that account for the observed trends. In 
this brief review, we discuss the molecular basis of COVID-19 
risks in obesity, diabetes mellitus, and hypertension with a 
focus on immune dysregulation.

Common Immune Dysregulation Pathways
The human body has multiple protective mechanisms 
against viral infections. Broadly, viruses gain cellular entry by 
attaching to viral cell surface receptors. Following this, viral 
antigens are presented via the major histocompatibility com-
plex to trigger counteractive cellular and humoral immune 
responses. If immunological mediators are expressed abnor-
mally due to comorbid conditions, the resulting immunolog-
ical response can be catastrophic. The abnormal expression 
of immunological mediators appears to be the predominant 
mechanism in dysregulated immune responses to COVID-19 
in metabolic disease that may result in a cytokine storm 
(►Fig. 1).

SARS-CoV-2, a betacoronavirus and the causative 
agent of COVID-19, gains cellular entry by binding to the 
cell membrane bound angiotensin-converting enzyme 
2 (ACE2).6 SARS-CoV-2 related coronaviruses such as Middle 
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East respiratory syndrome-coronavirus (MERS-CoV) and 
SARS-CoV also directly affect immune cells including mono-
cytes, dendritic cells, and T-cells.7 The cellular entry of these 
betacoronaviruses is mediated by a glucose homeostasis 
intermediary—dipeptidyl peptidase-4 (DPP-4)—an enzy-
matic cleaver of glucagonlike peptide-1 (GLP-1).8 Following 
SARS-CoV-2 infection, immune cell releases interleukin-6 
(IL-6), a proinflammatory cytokine.9 IL-6 has two main 
pleiotropic signaling pathways—cis- and trans-signaling. 
In cis-signaling, IL-6 initially binds to its membrane bound 
receptor (mIL-6R), found predominantly on the surface of 
immune cells, followed by recruitment and activation of 
T-cells, B-cells, and natural killer cells.7 IL-6 secretion by 
recruited cells is enhanced and its exaggerated release is 
hypothesized to trigger the onset of the cytokine release syn-
drome. When IL-6 binds to its soluble receptor (sIL-6R) pres-
ent on the vascular endothelium, it leads to the activation of 
the trans-signaling pathway that in turn causes the release 
of vascular endothelial growth factor (VEGF) and monocyte 
chemoattractant protein-1 (MCP-1). Vascular endothelial 
E-cadherin levels decline as a consequence of trans-signal-
ing, which in combination with elevated VEGF and MCP-1, 
can lead to increased vascular permeability and leakage 

(►Fig. 1). Ultimately, these effects result in syndromes such as 
acute respiratory distress syndrome and hypotensive shock. 
A third, less dominant, pathway of IL-6 signaling known as 
trans-pathway (different from trans-signaling) pathologically 
activates T-helper cells, a prelude to lung injury and shock.7

The pathological mediators of virus-triggered immune 
responses are elevated in metabolic diseases such as obe-
sity, diabetes mellitus, and hypertension. As an example, 
IL-6 levels are chronically elevated in obesity and progres-
sively increase with increments in body mass index.10,11 
This is thought to be consequent to the secretion of IL-6 by 
adipocytes in response to chronic adipose tissue hypoxia.12 
C-reactive protein (CRP), a downstream product of IL-6 
and a prognosticator of poor COVID-19 outcomes, is also 
elevated in obesity.11,13 Similarly, IL-6 levels are elevated in 
diabetes mellitus and insulin resistance states.14 Further, 
IL-6 receptors are also upregulated in type 1 diabetes mel-
litus, predisposing T-cells to be more sensitive to circulat-
ing IL-6.15 This leads to a consequent elevation in CRP that 
is also common in diabetes mellitus.16 Equally, IL-6 levels 
are elevated in hypertension that was well illustrated by 
Luther et al, who demonstrated the role of angiotensin II as 
a direct stimulator of IL-6 production.17,18 Luther et al also 

Fig. 1 Immune dysregulation in metabolic disease leading to a pathological immunological coronavirus disease 2019 response. Upstream 
secretion of interleukin-6 (IL-6) leads to downstream activation of the trans-signaling and trans-pathway modes of IL-6 action resulting in 
severe end-organ injury. ACE2, angiotensin-converting enzyme 2; DPP-4, dipeptidyl peptidase-4; MERS-CoV, Middle East respiratory syn-
drome-coronavirus; mIL-6R, membrane bound interleukin-6 receptor; SARS-CoV-2, severe acute respiratory syndrome coronavirus-2; sIL-6R, 
soluble interleukin-6 receptor; TNF-α, tumor necrosis factor-alpha (image created using BioRenderTM).
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reported that the stimulatory effect of IL-6 on angiotensin 
II was blocked by the use of angiotensin receptor blockers 
(ARBs) and mineralocorticoid receptor antagonists such as 
spironolactone.17 Another study of diabetic mice infected 
with the betacoronavirus, MERS-CoV, reported a pro-
longed course of severe infection.19 This was accompanied 
by a reduction in CD4+ T-cells and a pathological elevation 
of IL-17α, a proinflammatory cytokine, confirming the 
presence of immune dysregulation in diabetes mellitus.19

DPP-4, a proinflammatory molecule and a coronavirus 
receptor, is also elevated in obesity, diabetes mellitus, and 
hypertension.20 DPP-4 is directly proportional to measures 
of visceral adiposity such as intra-abdominal fat and waist-
hip ratio.21 In persons with diabetes mellitus, DPP-4 levels 
correlate linearly with glycemic control.22 DPP-4 has also 
been identified as a therapeutic target in diabetes, sug-
gesting a critical role for DPP-4 in the pathophysiology of 
diabetes.23 Finally, the trans-pathway of IL-6 may be over-
active in obesity, diabetes mellitus, and hypertension and 
may represent the final common pathway in the causative 
pathophysiology of acute end-organ injury. Taken together, 
the enhanced secretion and activity of these immune medi-
ators in metabolic diseases are key to understanding the 
risk of severe COVID-19 (see ►Fig. 1).

Specific Immune Dysregulation Pathways
Obesity
Obesity is also linked to increased levels of interleukins such 
as IL-1 and tumor necrosis factor-alpha (TNF-α) that may 
exacerbate the IL-6-mediated immune dysregulation. This is 
worsened by hyperinsulinemia-induced T-cell dysfunction, 
a consequence of increased body adiposity. Additionally, 
obesity is associated with an increased propensity for risks 
including diabetes mellitus, hypertension, obstructive sleep 
apnea, and obesity hypoventilation syndrome that further 
enhance the risks of severe disease by both immune and 
nonimmune-mediated mechanisms. While DPP-4 inhibition 
as a therapeutic target to reduce COVID-19 severity remains 
speculative, GLP-1 receptor analogues have been proven to be 
immunoregulatory and lung protective in animal models.24

Diabetes Mellitus
Immune dysregulation is multifactorial in diabetes mellitus. 
In addition to the aforementioned-effects, ACE2 levels are 
augmented in diabetes mellitus that presumably facilitates 
viral entry into respiratory and other tissues.25 A disintegrin 
and metallopeptidase domain 17 (ADAM17), the enzymatic 
cleaver of ACE2, is lower in mouse models of diabetes mel-
litus, which may increase the risk of COVID-19 infection.24,25 
Co-existing complement deficits, impaired antigen present-
ing cell function, elevated TNF-α and IL-8, and compromised 
T-cell function all independently contribute to the dysregu-
lated immune milieu of diabetes mellitus.27-29 In addition, the 
co-existence of other risk factors including obesity and hyper-
tension further amplifies the pre-existing immunological dys-
function in diabetes.

Hypertension
Hypertension has additional features of immune dysregula-
tion, manifesting as elevated IL-17 and diminished T-cell and 
natural killer cell function.30,31 Hypertension is also associated 
with an overactive sympathetic drive and elevated angioten-
sin II, both of which contribute to a compromised immune 
response.32 While sympathetic overdrive has indirect pleio-
tropic effects on immunity, angiotensin II directly stimulates 
the secretion of IL-6, which orchestrates the pathological 
host immune response as detailed above.17,33 ACE inhibitors 
(which are inhibitors of ACE1) and ARBs have been specu-
lated to raise COVID-19 risks through a potential increase in 
ACE2, but emerging clinical evidence refutes this theory.34-37

Conclusion
Patients with COVID-19 infection in the setting of metabolic 
diseases such as obesity, diabetes mellitus, and hypertension 
independently have a significantly worse outcome than those 
without these diseases. As each of these diseases is associated 
with dysregulation of the immune system leading to cytokine 
storm and consequent severe COVID-19. Further research is 
needed to elucidate the specific immune-deregulatory mecha-
nisms that lead to severe COVID-19 in patients with metabolic 
disorders.
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