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On March 12, 2020, the World Health Organization (WHO)
declared coronavirus disease 2019 (COVID-19) a pandemic
as the first 2 months of the year 2020 witnessed the rapid
spread of infection across countries and continents and has
penetrated 216 countries globally. As of today (September 11,
2020), this disease has infected 27,973127 individuals worldwide and caused 905,426 deaths.1
At present, India reported the third largest number of confirmed cases after United States and Brazil but has relatively low
infection rate per 1,00,000 population. The testing strategies are
also changing with time. We initially tested people with respiratory symptoms or those who travelled from COVID-19-affected
countries, later focused to contact tracing of those who tested
positive. Presently, we are following WHO recommendations
“test, identify, treat, trace contacts, and test” strategy. As large
number of people are being tested in India, there will be larger
number of confirmed cases even if there is no rise in positivity
rate. The case fatality rate in India is lower (2.8%) as compared to
the world (4.8%), United States (3.9%), and Brazil (3.8%).2
Various measures were taken to control the spread, by
disease screening and quarantine of travelers from affected
countries and later banning inward travel from these countries, imposing lockdowns of varying duration to control
the spread of infection across states and from urban to rural
areas, globally and also in India. The lockdowns slowed down
the disease spread to some extent. This time was utilized by
healthcare policy makers to prepare the healthcare system to
cope with the anticipated increase in infection and simultaneously efforts were made to generate awareness among the
population on universal precautions that should be taken to
reduce the risk of infection. Various therapeutic strategies
were developed like 24-hour flu screening OPDs (outpatient
departments), upgradation of existing hospitals, setting of
COVID-19 care new hospitals, preparing human resources and
facilities for increased molecular testing laboratories, etc.3,4

The lockdown also brought substantial collateral damage, economic slowdown, fall in industrial production, rising
unemployment, poverty, and food insecurity among poor
segments of society, reduction in access to healthcare for
people with other illness and coverage under the national
mother and child healthcare, and disease control program.
Like other countries, India has started reopening from
June 08, 2020 onward; various services have been started in
a phased manner in noncontainment zones, a process which
has been termed as “unlock.”5 The questions about how to
hold gatherings of large number of people safely have become
increasingly important. It is a good step that our Government
has allowed a limited number of people to attend marriages,
funerals, social and devotional gatherings like Jagannath Puri
Ratha Yatra, etc. and even cancelled few big celebrations to
avoid COVID-19 spread.6
Various research studies are underway to document natural history and modes of transmission of the infection for
planning strategies to contain and control this pandemic;
molecular and serological tests to diagnose and monitor
trends in infection; clinical trials to evaluate efficacy of various treatments,4 and development of vaccines for prevention of infection on a fast track mode. Reverse transcription
polymerase chain reaction (RT-PCR) is the gold standard test
for detection of COVID-19 with high sensitivity and specificity. To increase the capacity of conducting more RT-PCR
tests, new laboratories were set up. ICMR (Indian Council of
Medical Research) also approved some laboratories to carry
out more tests. Since the RT-PCR equipments are not widely
available and also it takes 5 to 6 hours to process the samples, rapid point-of-care antigen detection tests were developed, which can be done at district hospitals and results can
be provided within an hour. These tests have low sensitivity but high specificity. As per ICMR guidelines, these tests
should be used for large scale community-based testing in
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high case load containment zones and all those who test
negative should be retested after 5 days by RT-PCR test. Currently numerous high specificity IgG (immunoglobulin G)
and IgM (immunoglobulin M) antibody tests assays are available. These tests can be used for assessing the magnitude of
seropositive cases and can be used for monitoring the progression of the disease and assessing the impact of various
interventions to reduce the transmission rate.
In last few months, we have sufficient data to answer the
best use of common interventions as universal precautions:
physical distancing of at least 1 m, optimum use of proper
face masks and eye protection equipment, and hand washing
to reduce the chances of the spread of infection from asymptomatic infected persons.7
Healthcare workers are bearing not only work pressure,
saving lives while risking their own lives but also facing the
violent behavior of public due to the stigma related to the
disease. Despite wearing personal protective equipments,
healthcare personnel were infected by COVID-19. Majority of
them recovered but few deaths have been reported from all
countries.8 In India till August 15, 2020 there had been nearly 200 deaths reported due to COVID-19 among doctors.9 At
one end we have lost many healthcare workers, on the other
end these recovered healthcare workers “corona warriors,”
donated plasma to treat COVID-19 patients.2
In some countries hydroxychloroquine has been used
empirically as a nonspecific drug in the treatment of moderate COVID-19 infection; however, recent global trials
have not shown any useful results. Hydroxychloroquine
and lopinavir-ritonavir have not shown any reduction in
the mortality of hospitalized patients when compared to
standard care.1 Global trials with antiviral agents for treatment of COVID-19 may become available in the next few
months. There are some reports of beneficial effect of convalescent plasma infusion on severity and duration of severe
COVID-19 infection. The ongoing clinical trials to assess its
role are expected in next few months. In some patients there
may be increased risk of venous and arterial thrombosis of
large and small vessels, especially pulmonary vessels and
can manifest also as disseminated intravascular coagulation,
multiorgan failure, deep vein thrombosis, and pulmonary
embolism. Such patients may be benefited from corticosteroids and anticoagulant treatments. Severely ill patients may
suffer from septic shock, cardiomyopathy, and acute kidney
damage and may even require dialysis.
Various national and international agencies are reviewing
the available data and modifying the guidelines for management. One recent study has analyzed the clinical trials registered in Clinical Trial Registry of India till July 11, 2020. Out of
total 203 trials, three are international and rest 200 national.
It was concluded that there is a need for international collaboration to initiate multinational allopathic trials. The availability of a safe and effective vaccine will be an additional
tool to control this pandemic. Once it is available it will be
useful in preventing infection in high-risk cases.10-12
There is a growing realization that the situation is
unlikely to change in the foreseeable future and we have to
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learn to live with the virus by taking precautions to reduce
the spread of infection, providing care for those who are
infected, and minimizing the adverse consequences of this
pandemic on the delivery of other health services including national disease control programs, maternal and child
healthcare and also to clear the backlog of cases in whom
treatments were deferred.2,13 Even as we fight this pandemic,
we must be readying ourselves for future global outbreaks,
as said by Director-General, WHO.1 It is also a time to prepare ourselves for future of health and medical education. It
is challenging time to recall medical students and also prepare them for the new normal in future. Equally challenging
is reopening of schools where parents, teachers, and policy
makers are looking at health experts for guidance.14
In continuation to previous special issue on COVID-19, the
latest updates regarding involvement of different organ systems in this disease and mental health issues of healthcare
workers will be covered in this issue.
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SARS-CoV-2 and the resulting “COVID-19” has escalated into a pandemic and has
resulted in significant morbidity and mortality. Currently, there is no approved antiviral
treatment available. Few antiviral agents are undergoing clinical trials for their safety
and efficacy against COVID-19. With various repurposed drugs under evaluation,
treatment approaches range from search for an effective antiviral, immunomodulation and anticoagulation, use of point-of-care ultrasound to novel ventilatory strategies. Newer agents targeting the inflammatory pathway are also under investigation.
There are more than 1955 ongoing clinical trials of repurposed and novel agents. Here
we review some of the ongoing trials that have published, at least, interim results of
treating patients with COVID-19.

Introduction
SARS-COV-2 and the resulting “COVID-19” has escalated into
a pandemic and threatens the existence of humanity today
like no other modern-day disaster. While COVID-19 has
plunged countries and economies into a struggle for survival,
it also poses a great challenge to clinicians, who are trying to
treat and cure patients while protecting themselves and their
colleagues at the same time.
In the day of evidence-based and personalized medicine,
it is a clinicians’ conundrum to analyze and make sense of
the enormous data available today. The sheer numbers of
COVID-19 patients along with the fact that the world is still
in search of a magic pill, which acts against this disease, has
led to numerous clinical trials and an even more number of
drugs and strategies. Some of these are promising and some
just speculative.
For a clinician, statistically significant results do matter.
However, even major is the patient being treated, who may
constitute the tiniest fraction of the giant “big data.” To a
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clinician, that patient is the whole 100%. This article aims to
review ongoing clinical trials and published data, particularly
focusing on the therapeutic aspects to examine what has
worked for us so far, in what type of patients and in which
combinations, as we spar with COVID-19.

Virology
A member of the family of Coronaviridae viruses,
SARS-CoV-2, an enveloped virus possesses a positive-sense,
single-stranded RNA genome. The family is characterized
by significant genetic variability and high-recombination
rates. Some of these are innocuous and do not cause
life-threatening disease. Some of the variants, however, cause
pandemics–Severe Acute Respiratory Syndrome (SARS-CoV)
in 2003, Middle East respiratory syndrome coronavirus
(MERS-CoV) in 2012 and, now, 2019 novel coronavirus
(SARS-CoV-2) in 2019–2020.1
SARS-CoV-2 is a relatively large virus at 60 to 100 nm
and is spherical in shape. Over a period of time, two major
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subtypes have been identified–a L variant, found to be more
aggressive and contagious and a S variant, presumed to be
less aggressive and contagious.1
Transmission of SARS-CoV-2 has been predominantly
found to be via respiratory droplets (> 5–10 um diameter)
and contact routes. However, recent evidence suggests airborne transmission via respiratory droplet nuclei at least
in certain clinical situations, WHO recommends airborne
precautions for circumstances and settings in which aerosol-generating procedures and support treatment are performed, according to risk assessment.2

Epidemiology
As of May 7, 2020, according to the COVID-19 tracker,
there are 35902 active cases of COVID-19 in India. We have
lost 1783 patients and 15266 patients have been cured or
discharged.3
Epidemiological studies the world over have estimated the
incubation period of COVID-19 to be approximately 4 to 6 days.
The proportion of cases taking at least 14 days to manifest
symptoms has been pegged at 1 to 5% in varying studies.4,5

Clinical Presentation
Although fever is the most consistent symptom in COVID-19,
seen in 85% of cases at least some time during the disease
course, only 45% patients have been found to be febrile on
early presentation. Cough has been seen in 67.7% of patients
and this is associated with sputum production in 33.4% cases.
Other respiratory symptoms such as dyspnea, sore throat,
and nasal congestion present in 18.6%, 13.9%, and 4.8% of
cases, respectively. Body aches, chills, and headache are seen
in 14.8%, 11.4% and 13.6% of the cases, respectively.6
Several case series report gastrointestinal symptoms, with
percentages varying between 2 to 40% of patients. Dysgeusia
and anosmia were noted in up to 53% of the cases in a small
cohort from Italy.7
Neurological symptoms ranging from dizziness and
headache to ischemic or hemorrhagic stroke have been
reported in case series from China and the US. Some cases of
Guillain–Barré syndrome and acute necrotizing encephalopathy have also been reported.7
COVID-19 has been found to be associated with a hypercoagulable state, an increased risk of venous thromboembolism, and pulmonary embolism in a retrospective cohort
study in China. There are various cardiovascular events that
have been associated with COVID-19 and include myocarditis, pericarditis and myocardial injury, resulting in reduced
systolic function, cardiac arrhythmias, heart failure, and
these have at times mimicked acute coronary syndromes.7
With SARS-CoV-2 RNA detected in tears of infected
patients in a Chinese case series, the virus does not spare
even eyes–ocular manifestations including chemosis were
reported in approximately 32% patients.7
In the Indian context, respiratory syndromes in COVID-19
have been classified based on their clinical severity.8
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These include the following:
1. Uncomplicated illness: nonspecific symptoms such as
fever, sore throat, nasal congestion, malaise, headache.
2. Acute respiratory distress syndrome.
3. Sepsis.
4. Septic shock.
5. Mild pneumonia: patients with pneumonia without any
signs of severe pneumonia.
6. Severe pneumonia.

Unmet Medical Need
As of May 7, 2020, there are 3672270 confirmed cases,
254045 deaths due to COVID-19 and 215 countries affected
by COVID-19 in the world.
Although the entire world is trying its best to find a
cure for COVID-19, after more than 4 months of the first
case of COVID-19 in the world, there is no treatment with
confirmed efficacy yet. According to WHO, there are
1955 COVID-19 clinical trials currently registered on the
International Clinical Trials Registry platform.

Treatments Evaluated for COVID-19 Clinical
Trials
Therapies for COVID-19 may be classified as per their targets.
The first set of therapies act on SARS-CoV-2 directly, either
by inhibiting crucial viral enzymes responsible for genome
replication or blocking viral entry to human cells. The second
set is that of drugs that have potential immunomodulatory
effects on the human immune system. This may be in the
form of boosting the immune system, particularly the innate
immune response that primarily acts against viruses or in the
form of toning down the immune response, thereby inhibiting the cascade of inflammation that leads to lung injury.
It is important to note that the drugs currently being
evaluated and consequently used for COVID-19 are mainly
repurposed drugs and await phase III clinical trials for the
treatment of this 4-month-old disease.

Remdesivir

Remdesivir is a monophos phosphoramidate prodrug of adenosine analog remdesivir–triphosphate (RDV-TP). RDV-TP
inhibits RNA-dependent RNA polymerase (RdRps). RDV-TP
competes with adenosine triphosphate for incorporation
into nascent viral RNA chains, and once incorporated into
viral RNA at position I, it terminates RNA synthesis at position I+3. Since RDV-TP causes chain termination 3 additional
nucleotides later, it is thought to evade proofreading by viral
exoribonuclease.
Patients with SARS-CoV-2 infection with time from
symptom onset of less than 12 days, hypoxemia (oxygen
saturation ≤94% at room air or PaO2/FiO2 ratio of ≤ 300),
and a radiologically confirmed pneumonia were included
in a randomized, double-blind, placebo-controlled multicentre trial by Wang et al.
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Patients fulfilling the inclusion criteria were randomly
assigned in a 2:1 ration to receive IV remdesivir (200 mg on
day 1 followed by 100 mg on day 2 to day 10) or same volume
of placebo infusions for 10 days. Concomitant use of corticosteroids, interferon, and lopinavir/ritonavir were allowed in
this trial.
The primary endpoint in this trial was the time to clinical
improvement up to day 28 from the day of randomization.
Using remdesivir was not associated with a difference in
time to clinical improvement (hazard ratio 1·23 [95% CI
0·87–1·75]). Although not statistically significant, findings in
this trial were suggestive of improved outcomes with early
treatment, as patients receiving remdesivir had a numerically faster time to clinical improvement than those receiving
placebo among patients with symptom duration of 10 days
or less (hazard ratio 1·52 [0·95–2·43]).9
Adverse events were reported in 102 (66%) of 155 remdesivir
recipients versus 50 (64%) of 78 placebo recipients.9 The
28-day mortality in the remdesivir group was numerically
lower when it was used within 10 days of symptom onset.
However, remdesivir group patients had numerically higher
mortality with late use of the drug. There was no significant
difference in the overall mortality in the two groups (22 [14%]
died in the remdesivir group vs. 10 (13%) in the placebo group;
difference 1·1% [95% CI–8·1 to 10·3])9
Remdesivir was used in hypoxemic patients (oxygen
saturation of ≤94% at room air or receiving oxygen support)
on compassionate grounds by Grein et al. A 10-day course
of remdesivir was planned with IV administration of
200 mg on day 1, followed by 100 mg daily from day
2 to day 10.10 Of the 61 patients, data for 53 patients could
be analyzed by the investigator (posttreatment data was
not available for seven patients and one experienced a
dosing error).
At the beginning of the study, 30 patients (57%) were
receiving mechanical ventilation and four (8%) were receiving
extracorporeal membrane oxygenation. As many as 17 out of
30 patients (57%) were extubated, and 36 patients (68%) had
an improvement in oxygen support class during a median
follow-up of 18 days.
A total of 25 patients (47%) could be discharged.
Mortality rate in the study was 13% (seven patients); 18%
of patients receiving invasive ventilation (6 of 34) and one
patient from among those not requiring mechanical ventilation died.10
Adverse events during follow-up were reported in a total
of 32 patients (60%). These were more common in patients
who had received invasive mechanical ventilation. The most
common adverse events were increase in hepatic enzymes,
diarrhea, rash, renal impairment, and hypotension. Twelve
patients had serious adverse events including multiple
organ dysfunction syndrome (MODS), septic shock and acute
kidney injury.10
Gilead, a pharmaceutical company, is currently conducting two randomized, open-label, multicentre, phase 3
clinical studies to evaluate the safety and efficacy of two
dosing durations—5 days and 10 days—of remdesivir in
adults diagnosed with COVID-19.
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The investigators announced results of the SIMPLE 1 trial
on April 29, 2020.
Patients included in the study had evidence of pneumonia
and hypoxemia but did not require mechanical ventilation at
the time of study entry.
As per the results revealed by the investigators, 50%
patients in the 5-day treatment group achieved clinical
improvement in 10 days and required 11 days in the 10-day
treatment group.
While more than half of patients in both treatment
groups were discharged from the hospital by day 14 (5-day:
60.0%, n = 120/200 vs.10-day: 52.3% n = 103/197; p = 0.14),
64.5 percent (n = 129/200) of patients in the 5-day treatment
group and 53.8 percent (n = 106/197) of patients in the 10-day
treatment group achieved clinical recovery by this time.11
Published results from this study highlight better
response with early treatment. Across treatment arms, by
day 14, 62 percent of patients treated early(within 10 days of
symptom onset) were able to be discharged from the hospital, compared with 49 percent of patients who were treated
late (beyond 10 days of symptom onset).11
The most common adverse events reported in either
group were nausea (5-day: 10.0%, n = 20/200 vs. 10-day: 8.6%,
n = 17/197) and acute respiratory failure (5-day: 6.0%,
n = 12/200 vs. 10-day: 10.7%, n = 21/197). Grade 3 or higher
liver enzyme (ALT) elevations occurred in 7.3% (n = 28/385)
of patients and 3% (n = 12/397) of patients who discontinued
Remdesivir treatment due to elevated liver enzymes.11

Favipiravir

Favipiravir (FPV) is the prodrug of purine nucleotide favipiravir ribofuranosyl-5′- triphosphate that inhibits RNA polymerase on activation and halts viral replication.
An open-label, nonrandomized, before–after controlled
study was conducted at Shenzen in China from January 30 to
February 14, 2020. Patients included in this study were aged
between 16 to 75 years, had nasopharyngeal swab samples
tested positive for SARS-CoV-2 RNA, and had disease onset
duration of less than 7 days. Patients with more severe disease, as evidenced by any organ system failure, were excluded
from the study.
Eligible patients were included in the FPV arm of the
study. Patients who had initially been treated with antiviral
therapy with lopinavir/ritonavir (LPV/r) from January 24 to
January 30, 2020, served as the control arm.12
The treatment regimen for FPV arm consisted of orally
administered FPV at a dose of 1600 mg twice daily on day 1,
followed by 600 mg twice daily from days 2 to 10.
Patients in the LPV/RTV arm were given oral dose of
LPV 400 mg/RTV 100 mg twice daily. Patients in both arms
received IFN-α1b 60 ug twice daily in aerosolized form.
A background care regimen of supplemental oxygen, oral or
intravenous hydration, electrolyte correction, antipyretics,
analgesics and antiemetic drugs was instituted for both arms
of the study.12
Investigators observed a shorter viral clearance time for
the FPV arm (median [interquartile range, IQR], FPV: 4 [2.5–9]
d vs. control:11 [8–13] d, p < 0.001). FPV arm also showed
Annals of the National Academy of Medical Sciences (India) Vol. 3 No. 56/2020
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significant improvement in chest imaging (FPV: 91.43% vs.
control:62.22% [p = 0.004])12

Lopinavir/Ritonavir

Lopinavir/ritonavir (LPV/r) are antiretroviral protease
inhibitors, commonly used in second line antiretroviral
therapy in our country. Preclinical data suggests that these
drugs may have some efficacy against Coronaviruses.
In a report by Young and colleagues about the outcomes of
the first 18 patients infected with SARS-CoV-2 in Singapore,
the authors observed reduction in oxygen requirements
of 3 out of 5 patients treated with LPV/r. Two patients progressed to respiratory failure.13
Cao and colleagues conducted an open-label randomized
trial with 199 patients who were afflicted with COVID-19
pneumonia.14 The patients were randomized to treatment
arm with LPV/r 400/100 mg administered twice daily
(n = 99) and standard care (n = 100). No significant difference was observed in the time to clinical improvement
(LPV/r: 16 [13–17] days vs. standard therapy:16 [15–17]
days), time until discharge (LPV/r: 12 [10–16] days vs. standard therapy:14 [11–16] days), or mortality (LPV/r: 19.2 % vs.
standard therapy: 25.0%; absolute difference–5.8, 95% confidence interval–17.3 to 5.7%) between the two study arms.
There was no difference in reduction of viral loads over time
between the two groups.14
Hung et al have published results of an open-label, randomized, phase 2 trial conducted at six centers in Hong Kong.15
In this trial, patients with SARS-CoV-2 infection with a time
since symptom onset of less than 14 days were randomized
in a 2:1 distribution to receive a 14-day therapy comprising
lopinavir 400 mg and ritonavir 100 mg twice a day, along
with ribavirin 400 mg every 12 hours and three doses of
8 million IU units of interferon β-1b on alternate days. The
control group received only LPV/r combination.15
Of the 127 patients recruited, 86 patients received combination therapy. The group receiving combination therapy had
a significantly shorter median time from start of treatment
to negative nasopharyngeal swab compared with the control
group (7 days [IQR 5–11] vs. 12 days [IQR 8–15]). While there
were no differences in adverse events reported in the two
groups, no patients died during the study. It is pertinent to note
that this benefit was not demonstrated in late treatment.15,16
There are published case reports from Korea and China
comprising a total of six patients that describe decreased
viral load and clinical improvement after LPV/r initiation.
However, it is rather difficult to interpret these data due to
heterogeneity and lack of comparator treatments.17

Chloroquine and Hydroxychloroquine

Chloroquine is an antimalarial drug that has been on
investigators’ radar for its potential use against SARSCoV-2. It has been shown to inhibit viral protein glycosylation, virus assembly, new virus particle transport,
and virus release. Other proposed mechanisms of action
also involve ACE2 cellular receptor inhibition, inhibiting
fusion of the virus by acidification at the surface of the cell
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membrane, and immunomodulation via cytokine pathway.
Hydroxychloroquine (HCQ) has a similar mechanism of
action.
Initial experience with HCQ published by Gautret and colleagues has been in discussion over the past few weeks. As
many as 36 COVID-19 patients were divided into two groups.
HCQ group had 20 patients and received hydroxychloroquine
200 mg orally every 8 hours. There were 16 patients in the
control group.18
The investigators observed that hydroxychloroquine
(14/20, 70%) was superior to control (2/16, 12.5%; p = 0.001)
in eradicating SARS-CoV-2 from the nasopharynx.
Of the 20 patients in HCQ group, six patients had
received azithromycin to prevent bacterial super infection.
Investigators demonstrated numerically superior viral eradication in the combination subgroup when compared with
HCQ-only subgroup ([6/6, 100%] vs. (8/14, 57%]). Although
authors in this study concluded that azithromycin reinforced
action of HCQ in viral load reduction, it is pertinent to note
that both these drugs cause QTc prolongation.18

Ivermectin

Ivermectin, an antiparasitic agent used commonly in our
country, can dissociate the preformed IMP α/β1 heterodimer
that is responsible for the nuclear transport of nuclear protein cargo. Investigators have demonstrated approximately
5000-fold reduction in viral RNA at 48 hours with a single
addition of Ivermectin to Vero-hSLAM cells 2 hours postinfection with SARS-CoV-2.19,20

Anticoagulation

COVID-19 has presented as a hypercoagulable state in some
studies. Indeed, investigators have found evidence suggesting that the cause of severe hypoxemia in this disease could
be microthrombi in the pulmonary circulation. There are
several reports of patients presenting with symptoms resembling those of acute coronary syndrome.
Tang et al retrospectively analyzed data of 449 patients
with severe COVID-19. Of these, 99 had received heparin
(mainly low-molecular weight heparin) for at least 7 days.
Although no difference was found in 28-day mortality of
heparin users and nonusers (30.3% vs. 29.7%, p = 0.910), the
28-day mortality of heparin users was lower than nonusers
in patients with sepsis-induced coagulopathy (SIC) score ≥4
(40.0% vs. 64.2%, p = 0.029), or D-dimer > 6-fold of upper limit
of normal (32.8% vs. 52.4%, p = 0.017).21
Paranjpe et al analyzed the association between in-hospital anticoagulation administration and mortality among
patients hospitalized with COVID-19. The researchers
adjusted for age, sex, ethnicity, history of hypertension,
heart failure, atrial fibrillation and type 2 diabetes; anticoagulation use prior to hospitalization; and admission date.
In addition, duration of anticoagulation treatment was
used as a covariate, and intubation was treated as a time-
dependent variable.
Of 2,773 hospitalized COVID-19 patients, 786 (28%)
received systemic anticoagulation during their hospital stay.
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The median length of stay was 5 days, while the median time
from admission to anticoagulation initiation was 2 days, and
the median anticoagulation treatment was 3 days. Among
patients who received anticoagulation, in-hospital mortality
was 22.5% with a median survival of 21 days, compared with
22.8% and a median survival of 14 days among patients who
did not receive anticoagulation.22
Twenty-four patients (3%) who received anticoagulation
had bleeding events, compared with 38 patients (1.9%) who
did not receive anticoagulation. Bleeding events were more
common among patients who were intubated (7.5%) versus
nonintubated patients (1.35%).22

Table 1 Phenotypes of pneumonia25
L-pneumonia

H-pneumonia

Elastance

Low
The lung
compliance is
nearly normal

High
There is decrease in
gas volume due to
increased pulmonary
edema

VentilationPerfusion ratio

Low
Loss of hypoxic
vasoconstriction
results in
dysregulation of
perfusion. The
pulmonary artery
pressures are
normal

High
Perfusion of
nonaerated (increase
in edema) dependent region of the
lungs

Lung weight

Moderate
increase in lung
weight
Subpleural and
perifissural
ground glass
opacities seen on
CT scan of the
chest

High
Determined by
quantitative analysis
on CT scan

Recruitability

Low
As the
nonaerated lung
tissue is low

High
Due to increased
amount of
nonaerated lung
tissue

IL-6 Pathway Blockers

IL-6 is an important proinflammatory cytokine and in
patients with COVID-19, IL-6 levels are significantly elevated
and associated with adverse clinical outcomes. However,
although based on sound logic, more results are necessary
before either tocilizumab or sarilumab, currently used to
treat rheumatoid arthritis, are considered standard of care
for patients of COVID-19 with evidence of a cytokine storm.23

Convalescent Plasma

While the world awaits effective and safe vaccination against
COVID-19, convalescent plasma from donors who have recovered from COVID-19 may be the most promising when used
as prophylaxis or when administered shortly after symptom
onset (within 14 days).
There have been three case series from China using
convalescent plasma to treat COVID-19 (a total of 19 patients).
Some seriously ill patients in China who received convalescent
plasma therapy resulted in improved oxygenation and
reduced inflammation and viral load. In this pilot study,
nine patients received 1 dose of 200 mL convalescent plasma
with neutralizing antibody titers of >1:640. The median time
from onset of illness to convalescent plasma transfusion was
16.5 days. Within 3 days, the patients showed improved
clinical symptoms along with increase of oxyhemoglobin
saturation. Lymphocyte counts increased from 0.65 × 109/L
to 0.76 × 109/mL and C-reactive protein decreased from
55.98 mg/L versus 18.13 mg/L. The neutralizing antibody in
recipients increased in all patients and the viral load was undetectable in seven of the nine patients who had been previously
afflicted with viremia.24

Ventilatory Support Strategies
The pathophysiology of COVID-19 pneumonia and respiratory failure in this disease has been a topic of discussion. It
is important to understand the basic mechanism by which
the virus hits humans to provide correct treatment strategies
(►Table 1).
Patients with type L CARDS (COVID-19 patient with acute
respiratory distress syndrome [ARDS]) have good lung compliance and can tolerate larger tidal volumes (7–8 mL/kg
ideal body weight) than those customarily prescribed for
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ARDS without worsening the risk of ventilator-induced lung
injury (VILI).
Larger tidal volumes may help avoid reabsorption atelectasis and hypercapnia due to hypoventilation with lower
tidal volumes.26
Ventilation perfusion mismatch, resulting from disrupted
vasoregulation due to endothelial damage causing failure
of hypoxic vasoconstriction in pulmonary vascular system, results in hypoxemia in the early stage of the disease.
Therefore, in these early situations, increasing the fractional
inspired oxygen concentration and initiating noninvasive
ventilator support may improve clinical outcomes.26
High-flow nasal oxygen (HFNO) can achieve a flow rate of
up to 60 L/min. HFNO reduces dead space and decreases the
work of breathing and breathing frequency. It is associated
with decreased mortality in hypoxemic respiratory failure. It
is associated with decreased risk of progression to intubation
and ICU admission.
The positive end-expiratory pressure (PEEP) should be
reduced to 8–10 cm H2O, given that the recruitability is
low and the risk of hemodynamic failure increases at higher
levels. An early intubation may avert the transition to Type H
phenotype.
Type H patients should be treated as severe ARDS, including higher PEEP, if compatible with hemodynamics, prone
positioning and extracorporeal support.26
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Point-of-Care Ultrasound

Point of care ultrasound (POCUS) has taken rapid strides in
patient management in this pandemic. A simple 12-point
ultrasound examination can provide a wealth of information with regard to these patients. The absence of A profile,
presence of B lines, and effect of changed ventilator settings
on the distribution of B lines, all contribute to important
feedback and early intervention, further improving clinical
outcomes.27

Future Perspectives
It is pertinent to note that in about 4 months of fighting
COVID-19, we already have approximately 1955 registered
clinical trials and a plethora of drugs and vaccines under
evaluation. COVID-19 has hit humanity hard, and as we
mourn the world citizens whom we lost to this deadly
disease, we also are in a race against time to find that magic
bullet that will finally take down this disease.
Apart from clinical trials, it will be worth considering oral
antivirals under a conditional access program for the country
as was done for drug-resistant tuberculosis.
Results from WHO’s SOLIDARITY trial, comprising remdesivir; lopinavir/ritonavir; lopinavir/ritonavir with interferon β-1a and chloroquine or hydroxychloroquine shall be
important to guide future therapy.28
The WHO has brought out a coordinated Global Research
Roadmap in March 2020 to focus on actions that can save lives.
The timeline for implementation of selected research actions
aimed at identification of prioritized potential combinations by
April 2020. Data on safety and efficacy of combination therapies
(randomized controlled trials) is expected to be available by July
2020. Listed interventions currently being evaluated range from
next generation sequencing (NGS) diagnostics in COVID-19
hosts with proposed genome analysis, T cell receptor repertoire
and SARS-CoV-2 viral composition analysis to effectiveness of
personal protection gear in long-term use.29
Interestingly, convalescent plasma therapy, used widely in
the pre antibiotic era, is being touted as a potential answer to
treatment of COVID-19.16
The varied clinical manifestations of COVID-19 have
brought into focus the pathophysiology of the disease and
host–pathogen interactions, as study of vascular compartments and hypercoagulability during COVID-19 infection are
currently being studied.
IL-1 inhibition has benefited patients with sepsis who
had features of transaminitis and coagulopathy. Patients
hospitalized with COVID-19 have been found to develop a
hyperinflammatory syndrome in the convalescent period
after defervescence of fever which can be prevented by the
use of IL-1 and IL-6 inhibitors.16
It is important to note that early institution of therapy has
shown better outcomes in many clinical trials. This was one
of the major strategies that allowed us to gain control over
the influenza pandemic. It may prove vitally important in
COVID-19 as well.
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Rapid progression of COVID-19 in the community has
probably been through the asymptomatic group of patients.
Universal masking to address the Achilles heel—asymptomatic
carriers—as proposed by Gandhi et al may be the only way
forward as we yearn to return to normalcy.30
As for any viral ailment, development and implementation of
vaccination through the national program will be an important
public health measure.
COVID-19 has challenged the whole world like never
before. We hope that we defeat this disease at the earliest
using our collective wisdom and efforts.
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SARS-CoV-2 belongs to genus Betacoronavirus subgenus Sarbecovirus of the family
Coronaviridae, which originated as a global public health problem. The disease caused is
termed as Coronavirus Disease (COVID-19). The virus spread in more than 213 countries
and territories all over the world and disease was declared as a pandemic. SARS-CoV-2
is an enveloped positive-sense single- stranded ribonucleic acid (ssRNA) virus. Severe
infection and high-mortality are seen in patients with comorbid conditions like diabetes, hypertension, cancer, old age, malnutrition, children, and pregnancy. In India,
strategy for testing of COVID-19 has been framed and revised over the course of time
by the Indian Council of Medical Research (ICMR), Department of Health Research
(DHR), Ministry of Health and Family Welfare (MOHFW), Government of India. ICMR
has created a network of viral research and diagnostic laboratories (VRDLs) all over the
country, and COVID-19 testing has also been undertaken by ICMR. AIIMS Jodhpur is a
regional level VRDL, mentoring 38 government and private laboratories for molecular diagnosis of COVID-19 in the states of Rajasthan and Gujarat. Currently, real-time
reverse transcription polymerase chain reaction (rRT-PCR) assay is used all over the
country for diagnosis of COVID-19. It uses the TaqMan fluorogenic probe-based chemistry and 5′- nuclease activity of Taq DNA polymerase. It targets specific genes like the
RdRp gene, HKU-Orf1ab gene, E gene, and N gene. Apart from rRT-PCR, other isothermal
nucleic acid test (NAT)-like transcription-mediated amplification (TMA), loop-mediated
isothermal amplification (LAMP), etc. are emerging diagnostic tools to detect COVID-19.
Cepheid Xpert Xpress SARS- CoV-2 test and Truenat betaCoV are point-of-care molecular assays which gives results in less than 1 hour, and helps to provide rapid and accurate
results. Automated molecular assays like Cobas SARS-CoV-2 and Multiplex NAAT BioFire
Respiratory Panel 2.1 (RP2.1) are newer techniques to curb the disease. Sherlock CRISPR
SARS-CoV-2 kit is a highly specific and sensitive assay developed to diagnose COVID19. rRT-PCR has been combined with techniques like bead hybridization, digital droplet
PCR, microarray, etc. for improving the correct diagnosis. Recent molecular assays are
the future pillars for containment of COVID-19 outbreaks all over the world.

Introduction
Coronaviruses (CoVs) belong to the family Coronaviridae, isolated from various species of birds, snakes, bats, and other
DOI https://doi.org/
10.1055/s-0040-1713836
ISSN 0379-038X.

mammals. They include four genera–Alphacoronavirus,
Betacoronavirus, Gammacoronavirus, and Deltacoronavirus.
The endemic CoVs causing the human infection are
HCoV-229E and HCoV-NL63 in genus Alphacoronavirus;
©2020 National Academy of
Medical Sciences (India)

Molecular Diagnosis of COVID-19
and HCoV-OC43 & HCoV-HKU1 in the A-lineage (subgenus Embecovirus) of genus Betacoronavirus.1,2 In 2002,
a Betacoronavirus in lineage B (subgenus Sarbecovirus),
originating in bats, spread from civets to humans in the
Guangdong province of southern China, caused severe respiratory disease, which was given the name Severe Acute
Respiratory Syndrome-related CoV (SARS-CoV).3 In 2012, a
Betacoronavirus in lineage C (subgenus Merbecovirus) spread
from camels to humans in Saudi Arabia, causing a similar
clinical syndrome as SARS, which was given the name Middle
East Respiratory Syndrome-related CoV(MERS-CoV).4
On December 31, 2019, a cluster of cases of pneumonia
of unknown causes were reported in Wuhan city of China.
The novel Betacoronavirus was identified and named as
SARS-CoV-2 by the International Committee of Taxonomy of
Viruses (ICTV). As per the classification of infectious diseases,
the World Health Organization (WHO) named the disease
Coronavirus Infectious Disease 2019 (COVID-19). On January
30, 2020, WHO declared it a public health emergency of
international concern. Subsequently, COVID-19 has spread
over the world across 213 countries and territories. The most
affected nations are the USA, Russia, Spain, Brazil, UK, Italy,
France, Germany, Turkey, Iran, and India. On March 11, 2020,
WHO declared COVID-19 as a global pandemic.5
SARS-CoV-2 is an enveloped, positive-sense, singlestranded ribonucleic acid (ssRNA) virus with a diameter
of 50 to 200 nm which comprises four structural proteins,
i.e., spike protein (SP), envelope protein (EP), membrane
protein (MP), and nucleocapsid protein (NP). It has a crownlike appearance, which is a characteristic of CoVs. The
genome encodes 27 proteins including an RNA-dependent
RNA polymerase (RdRp).2 SARS-CoV-2 has approximately
79% genome homology with the SARS-CoV and approximately 88% sequence identity with the bat CoV, but only
approximately 50% homology with the MERS-CoV, and is taxonomically related to the subgenus Sarbecovirus.1,2 Genome
changes resulting from recombination, gene exchange, gene
insertion, or deletion are frequent among CoVs.6
Infection is acquired either by inhalation of respiratory
droplets or through contact with surfaces contaminated by
them. After an incubation period of 2 to 5 days, the patient
develops varying degrees of symptoms, ranging from fever,
headache, fatigue and myalgia to sore throat, cough and shortness of breath. All ages and sex are susceptible. Severe infection and high-mortality are seen in patients with comorbid
conditions like diabetes, hypertension, cancer, lung disease,
cardiovascular disease, immunosuppressive drugs, old age
and children7 leading to complications like acute lung injury,
acute respiratory distress syndrome (ARDS), shock, and acute
kidney injury.8,9

COVID-19 Testing Strategy in India
In India, a strategy for “whom to test” for COVID-19 has been
prescribed by the Indian Council of Medical Research (ICMR),
Department of Health Research (DHR), Ministry of Health
and Family Welfare (MOHFW), Government of India. The

Priyadarshi et al.

strategy, which has been timely revised on frequent intervals, with the latest revision on May 18, 2020 (version 5),
includes testing of:
1. All symptomatic (influenza-like illness [ILI] symptoms,
i.e., acute respiratory infection with fever and cough)
individuals with a history of international travel in the last
14 days.
2. All symptomatic (ILI symptoms) contacts of laboratoryconfirmed cases.
3. All symptomatic (ILI symptoms) healthcare workers/
frontline workers involved in containment and mitigation
of COVID-19.
4. All patients of severe acute respiratory infection (SARI),
that is, acute respiratory infection with fever and cough,
requiring hospitalization.
5. Asymptomatic direct and high-risk contacts of a confirmed case to be tested once between day 5 and day 10 of
coming into contact.
6. All symptomatic ILI within hotspots/containment zones,
and among returnees and migrants within 7 days of illness.
7. All hospitalized patients who develop ILI symptoms.
8. Pregnant women residing in clusters/containment areas or
large migration gatherings/evacuee centers from hotspot
districts, presenting in labor or likely to deliver in the next
5 days, should be tested even if asymptomatic.
No emergency procedure (including deliveries) should
be delayed for lack of test.10 However, the Infectious Disease
Society of America (IDSA) advised that SARS-COV-2 RNA
testing should also be performed in asymptomatic persons undergoing major time-sensitive surgeries or aerosolgenerating procedures, or who are immunocompromised, or
before the immunosuppressive procedure.11

Preparedness of Molecular Laboratory for
COVID-19
As of May 19, 2020, 391 Government laboratories and
164 Private laboratories are assigned for testing. Real-time
reverse transcriptase polymerase chain reaction (rRT-PCR),
TrueNat test, and CBNAAT test for COVID-19 are being conducted in 431, 77 and 47 laboratories, respectively. AIIMS
Jodhpur also has a regional-level viral research and diagnostic laboratory (R-VRDL), mentoring 38 government and private laboratories for diagnosis of COVID-19 in the states of
Rajasthan and Gujarat.12
COVID-19 testing laboratories should have a designated
area for sample collection of suspected patients, and dedicated rooms for RNA extraction, reagents preparation and
performing rRT-PCR. The laboratory should have a minimum
BSL-II facility equipped with Class II A2 biosafety cabinets,
laminar flow cabinets, RT-PCR machine, cold centrifuge,
vortex mixer, freezer of–80°C, − 20°C and 4°C, and provision
for data recording and keeping. The consumables required for
sample collection are viral transport media (VTM), dacron
or polyester swab sticks, etc., along with reagents and consumables for extraction of RNA (e.g., RNA extraction kit) and
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nucleic acid amplification test (NAAT) (e.g., rRT-PCR kit). The
strict precautions for biomedical waste (BMW) disposal have
to be followed as per MOHFW/Central Pollution Control Board
(CPCB) guidelines for COVID-19 BMW management.13,14
Molecular diagnosis of COVID-19: Appropriate specimen
collection with prompt and accurate testing of patients,
meeting the suspected case definition for COVID-19, is a priority for clinical management and outbreak control.15

Choice of Molecular Test for Detection of
SARS-CoV-2
The diagnosis of SARS-CoV2 started with random amplification deep sequencing molecular methods such as next-generation sequencing (NGS).16 Routine confirmation of cases of
COVID-19 is based on the detection of unique sequences of
viral RNA by NAAT. The most widely used NAAT is rRT-PCR
followed by isothermal amplification methods.17 A major
advantage of rRT-PCR assay is that amplification and analysis are done simultaneously in a closed system to minimize
product contamination. Viral cultures are not recommended
for routine diagnosis.16 Rapid point-of-care tests comprising
antigen and antibody detection methods are still unsatisfactory and are used only for epidemiological studies.17

Choice of Specimen, Transportation, and
Storage of Specimen for COVID-19 Testing
The most preferred specimens are as follows:
1. Upper respiratory tract (URT) specimens: nasopharyngeal
swab (NPS), oropharyngeal swab (OPS), nasal midturbinate swab, anterior nares (nasal swab), nasopharyngeal
wash/aspirate, or nasal wash/aspirate in ambulatory
patients.
2. Lower respiratory specimens: sputum (if produced) and/
or endotracheal aspirate or bronchoalveolar lavage (BAL)
in patients with more severe respiratory disease,15,18 and
if PCR is negative on URT sample inpatient of high-index
of suspicion.11
Few studies have shown that SARS-CoV-2 RNA was
detected by rRT-PCR in 93% of BAL, 72% of sputum, but only
in 32% of OPS, which was significantly lower than that in NPS
(63%).19 Hence, NPS are preferred over OPS or collected along
with OPS in the same VTM tube.18 Samples should be collected by Dacron or polyester flocked swabs and transported
in VTM containing antifungal and antibiotic supplements in
ice packs or maintaining the cold chain. If any delay is anticipated while transportation, specimen should be stored at 2
to 8°C if ≤5 days and at–20°C to–80°C if stored for a longer
duration.15,18
Processing of Sample: Clinical samples/swabs collected in
VTM are processed and viral RNA is extracted and purified
either by manually using various authorized RNA extraction
kits or by fully automated closed systems. This is followed by
target amplification and detection by various methods.
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Nucleic Acid Extraction
Commercially available nucleic acid extraction kits can be
used to extract RNA of SARS-CoV-2. The kit contains a lysis
buffer, which is composed of a guanidinium-based inactivating agent as well as a nondenaturing detergent, that lyses
the envelope of an RNA virus and inactivates RNases. It is followed by washing with wash buffer and extracting or eluting
of the virus containing nucleic acids.
RNA extraction kits commercially available for COVID-19
are as follows:
1. Manual nucleic acid extraction kits–
a. QIAamp viral RNAMiniKits—Spin column-based.
b. MGI easy nucleic acid extraction kit—Magnetic beadbased.
c. Maverick magnetic bead-based nucleic acid extraction
kit—Magnetic bead-based.
d. TRUPCR COVID-19 viral RNA extraction kit—Spin
column-based.
2. Automated nucleic acid extraction methods, for example,
Qiagen Automated RNA extraction by QIACUBE—micro
spin-based technology.

Real-time RT-PCR for COVID-19
ICMR and WHO recommend rRT-PCR as the molecular test of
choice for COVID-19 diagnosis. The real-time assay uses the
TaqMan fluorogenic probe-based chemistry which, in turn,
employs the 5′-nuclease activity of Taq DNA polymerase and
enables the detection of a specific PCR product as it accumulates during PCR cycles. To perform the assay, the viral
RNA is extracted and added to a master mix. The master mix
contains nuclease-free water, forward and reverse primers, fl
uorophore-quencher probe, and reaction mix (consisting of
reverse transcriptase, polymerase, magnesium, nucleotides,
and additives). The master mix and extracted RNA are loaded
into a PCR thermocycler, and the recommended cycling temperature conditions are set to run the assay. During rRT-PCR,
the fluorophore-quencher probe is cleaved, generating a
fluorescent signal. The fluorescent signal is detected by the
thermocycler, and the amplification progress is recorded in
real-time.
Several RT-PCR protocols for detection of SARS-CoV-2 RNA
have been advocated by the WHO and ICMR20

Target Selection for Molecular Assays
The most commonly used target genes for diagnosis, which
have conserved sequences are as follows:
1.
2.
3.
4.

RdRp gene.
Open reading frames ORF1a and ORF1b (HKU-Orf1abgene).
E gene (envelope protein gene).
N gene (nucleocapsid protein gene).

Other target genes are S gene (spike glycoprotein), transmembrane (M), helicase (Hel), and hemagglutinin-esterase
(HE) gene.15,16
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To avoid potential cross-reaction with other endemic coronaviruses as well as potential effects of genetic drift of SARSCoV-2, especially as the virus evolves within new populations,
at least two molecular targets should be included in the
assay: a broad range of SARS-like Coronaviruses (subgenus
Sarbecovirus), inclusive of SARS-CoV-2 (e.g., E gene), along
with a specific target for SARS-CoV-2 (e.g., RdRp gene).16,21

Quality Control Assay and Interpretation of
rRT-PCR Result
The PCR procedure should include appropriate negative template control (NTC) (one for extraction procedure and one
for PCR run), positive template control (PTC), and internal
extraction control (IEC)/human housekeeping gene target
control (e.g., RNaseP), which should be first validated in each
run. NTC should show no fluorescence growth curves crossing the threshold line. IEC should exhibit reaction curves that
cross the threshold line at or before 35 cycles, which denotes
the presence of sufficient RNA from human tissue and thus
an acceptable quality sample. PTC should produce a positive
result between 20 and 35 cycles.17,20
Failure to detect RNase P in any of the clinical samples
may indicate:
a) Absence of sufficient human cellular material in the
sample to enable detection, that is, unacceptable/poor
quality sample.
b) Improper extraction of nucleic acid from clinical materials.
c) Carryover of PCR inhibitors from clinical specimens.
d) Improper assay set up and execution.
e) Reagent or equipment malfunction.
If all these criteria are met, then the test sample is interpreted
for the sigmoid reaction curve and cycle threshold (Ct) value
between 20 and 35 cycles.17,20

Biosafety Practices in the Laboratory
Processing of clinical/respiratory specimens for molecular
testing should be done in a BSL-2 or equivalent facilities.
Appropriate disinfectants (e.g., hypochlorite [bleach], alcohol, hydrogen peroxide, quaternary ammonium compounds,
and phenolic compounds) should be used for the recommended contact time at the correct dilution. Appropriate
personal protective equipment (PPE) should be worn by all
laboratory personnel handling these specimens.22

Isothermal Nucleic Acid Amplification-based
Methods
These techniques are conducted at a single temperature
and do not need specialized laboratory equipment. These
techniques include recombinase polymerase amplification,
transcription-mediated amplification (TMA), nucleic acid
sequence-based amplification (NASBA), strand displacement
amplification (SDA), helicase-dependent amplification (HDA),
and loop-mediated isothermal amplification (LAMP)23,24

Priyadarshi et al.

LAMP-based Methods
LAMP is a novel isothermal nucleic acid test (NAT). RT-LAMP
uses four to six primers to bind to six distinct regions on the
target genome. Among the four primers, two are inner primers (forward and reverse) and two are outer primers. LAMP
is highly specific. Amplified DNA can be detected as the turbidity due to precipitation of magnesium pyrophosphate, as
color (addition of a pH-sensitive dye), or as fluorescence (due
to the use of a fluorescent dye that binds to double-stranded
DNA).23,24 Several LAMP-based CoV detection methods are
used in the clinical diagnosis of COVID-19.25-28

Commercial Molecular Assay Kits
Various NAAT kits have been granted in vitro diagnostic
emergency use authorization (EUA) by the US Food and Drugs
Administration (FDA),29 WHO30 and ICMR31 and Foundation
for Innovative New Diagnostics (FIND)32 as enlisted in
►Tables 1–4.

Emerging Molecular Techniques for
COVID-19
1. Detection of COVID-19 using CRISPR/Cas12a

A CRISPR/Cas12a-based rapid nucleic acid detection assay
with a naked eye readout, CRISPR/Cas12a-NER includes
Cas12a protein, SARS-CoV-2 specific CRISPR RNAs (crRNAs),
and a single-stranded DNA (ssDNA) reporter. It can detect
as few as 10 copies of the virus gene in 45 minutes. It gives
comparable results as qPCR assay, and it is a simple and reliable on-site diagnostic method suitable for a local hospital
or community testing. Reverse transcript recombinase-aided
amplification (RT-RAA) is used to obtain enough DNA for
Cas12a-mediated detection. The RT-RAA will amplify the
target gene fragment in 30 minutes at 39°C, followed by a
CRISPR/Cas12a reaction at 37°C for 15 minutes. SARS-CoV-2
genome is detected by targeting a total of 14 crRNAs,
designed on four domains of the orf1a, orf1b, N, and E genes.
To enable onsite diagnosis, an ssDNA reporter labeled with
a quenched green fluorescent molecule is used which is
cleaved by Cas12a; when there is nucleic acid of SARS-CoV-2,
it results in green fluorescence under 485 nm light.33,34

2. Sherlock CRISPR SARS-CoV-2 Kit

Specific high-sensitivity enzymatic reporter unlocking
(SHERLOCK) allows multiplexed, portable, and ultrasensitive detection of RNA or DNA from clinically relevant
samples with recombinase-mediated polymerase preamplification of DNA or RNA and subsequent Cas13- or
Cas12-mediated detection via fluorescence and colorimetric readouts that provide results in < 1 hour with
a setup time of less than 15 minutes. The SARS-CoV-2
nucleic acid is first extracted, isolated, and purified. The
purified nucleic acid is then subjected to RT-LAMP where
targeted SARS-CoV-2 genomic RNA is reverse transcribed
to DNA, and this DNA is amplified by a strand, displacing
DNA polymerase. In a second step, the amplified DNA is
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Table 1 EUA by US FDA tests, based on manual rRT-PCR (as on May 21, 2020)
Tests based on manual rRT-PCR (all qualitative)
S. no

Company name

Kit name

Target genes

Special
remarks

1.

BGI Genomics Co. Ltd.

Real-time fluorescent RT-PCR kit for detecting SARS-CoV-2
https://www.fda.gov/media/136472/download

ORF1ab gene, human
β–actin (IC)

EUA by
WHOa and
ICMR too

2.

PerkinElmer, Inc.

PerkinElmer new Coronavirus nucleic acid detection kit
https://www.fda.gov/media/136410/download

ORF1ab and N genes

EUA by
WHOa too

3.

Primerdesign Ltd.

Primerdesign Ltd COVID-19 genesig real-time PCR assay
https://www.fda.gov/media/136309/download

4.

Thermo Fisher
Scientific, Inc.

TaqPath COVID-19 combo kit
https://www.fda.gov/media/136112/download

Orf-1ab gene, N gene,
S MS2 phage (IC)

5.

InBios International,
Inc.

Smart Detect SARS-CoV-2 rRT-PCR Kit
https://www.fda.gov/media/136786/download

Orf1ab gene, E gene,
Ngene RNase P (IC)

6.

SansureBioTech Inc.

Novel Coronavirus (2019-nCoV) nucleic acid diagnostic
kit (PCR-Fluorescence Probing)
https://www.fda.gov/media/137651/download

Orf1ab gene, N gene
RNase P (IC)

EUA by
WHOb
(under
process)
too

7.

Fast Track Diagnostics

FTD SARS-CoV-2
https://www.fda.gov/media/137690/download

ORF1ab gene Ngene
Equine arteritis virus (IC)

8.

SD Biosensor, Inc.

STANDARD M nCoV real-time detection kit
https://www.fda.gov/media/137302/download

ORF1ab gene, RdRp gene,
E gene pseudovirus containing RNA target (IC)

9.

Altona Diagnostics
GmbH

RealStar SARS-CoV02 RT-PCR kits U.S.
https://www.fda.gov/media/137252/download

E gene S gene
artificial RNA template (IC)

10.

Seegene, Inc.

Allplex 2019-nCoV assay
https://www.fda.gov/media/137178/download

RdRp gene, E gene, N gene
MS2 phage (IC)

11.

OSANG Healthcare

GeneFinder COVID-19 Plus RealAmp Kit
https://www.fda.gov/media/137116/download

RdRp gene, E gene, N gene
RNaseP (IC)

12.

CDC

CDC 2019-novel Coronavirus (2019-nCoV) real-time
RT-PCR
diagnostic panel (reiussed 03/15/2020)
https://www.fda.gov/media/134922/download

Two primer sets (N1 and
N2) for N gene RNaseP (IC)

13.

Wadsworth Center,
NYSDOH

New York SARS-CoV-2 real-time reverse transcriptase
(RT)-PCR diagnostic panel (reissued 03/10/2020)
https://www.fda.gov/media/135847/download

Ngene RNaseP (IC)

14.

Laboratory Corporation
of America

COVID-19 RT-PCR test (reissued April 20, 2020)
https://www.fda.gov/media/136151/download

RNaseP (IC)

15.

Quest Diagnostics
Infectious Disease, Inc.

Quest SARS-CoV-2 rRT-PCR
https://www.fda.gov/media/136231/download

nucleocapsid gene
(N1 & N3)

16.

Quidel Corp

Lyra SARS-CoV-2 assay
https://www.fda.gov/media/136820/download

nonstructural Polyprotein
(pp1ab)
MS2 phage (IC)

17.

Avellino Laboratory
USA, Inc.

AvellinoCoV2 test
https://www.fda.gov/media/136453/download

N gene RNaseP (IC)

18.

Ipsum Diagnostics, LLC

COV-19 IDx assay
https://www.fda.gov/media/136621/download

N gene RNase P (IC)

19.

ScienCell Research
Laboratories

ScienCell SARS-CoV-2 Coronavirus real-time RT-PCR
(RT- qPCR) detection kit
https://www.fda.gov/media/136691/download

N gene (N1, N2) RNase
P (IC)

20.

Gnomegen LLC

Gnomegen COVID-19 RT-digital PCR detection kit
https://www.fda.gov/media/136738/download

N gene RNase P (IC)

21.

DiaCarta, Inc.

QuantiVirus SARS-CoV-2 test kit
https://www.fda.gov/media/136806/download

Orf1ab gene, E gene,
N gene RNaseP(IC)

22.

Becton, Dickinson &
Company

BD SARS-CoV-2 reagents for BD MAX System
https://www.fda.gov/media/136816/download

N gene (N1, N2)
RNaseP (IC)

23.

Maccura Biotechnology
(USA) LLC

SARS-CoV-2 fluorescent PCR Kit
https://www.fda.gov/media/137026/download

Orf1ab gene, E gene,
N gene MS2 phage (IC)

EUA by
ICMR too

(Continued)
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Table 1 (Continued)
Tests based on manual rRT-PCR (all qualitative)
S. no

Company name

Kit name

Target genes

24.

KorvaLabs Inc.

Curative-Korva SARS-Cov-2 assay
https://www.fda.gov/media/137089/download

N gene (N1, N2)
RNaseP (IC)

25.

GenoSensor, LLC

GS COVID-19 RT-PCR kit
https://www.fda.gov/media/137093/download

Orf1ab gene, E gene,
N gene GUSB gene (IC)

26.

Fosun Pharma USA Inc.

Fosun COVID-19 RT-PCR detection kit
https://www.fda.gov/media/137120/download

Orf1ab gene, E gene,
N gene Lentivirus (IC)

27.

Trax Management
Services Inc

PhoenixDx 2019-CoV
https://www.fda.gov/media/137153/download

RdRp gene and E gene
RNaseP (IC)

28.

SEASUN BIOMATERIALS

U-TOP COVID-19 detection kit
https://www.fda.gov/media/137425/download

Orf1ab gene, N gene
RNaseP (IC)

29.

LabGenomics Co., Ltd.

LabGun COVID-19 RT-PCR kit
https://www.fda.gov/media/137483/download

RdRp gene and E gene
MS2 phage (IC)

30.

BioMérieux SA

SARS-COV-2 R-GENE
https://www.fda.gov/media/137742/download

RdRp gene, N gene and
E gene

31.

OPTI Medical Systems,
Inc.

OPTI SARS-CoV-2 RT PCR test
https://www.fda.gov/media/137739/download

N gene (N1, N2) RNase
P (IC)

32.

RutgersClinical
Genomics
Laboratory

Rutgers Clinical Genomics Laboratory TaqPath
SARS-CoV-2-assay
https://www.fda.gov/media/136875/download

Orf1ab gene, S gene,
N gene MS2 Phage (IC)

33.

Zymo Research
Corporation

Quick SARS-CoV-2rRT-PCR kit
https://www.fda.gov/media/137780/download

N gene RNaseP (IC)

34.

1drop Inc.

One copy COVID-19 qPCR multikit
https://www.fda.gov/media/137935/download

RdRp gene and E gene
human GAPDH mRNA (IC)

35.

Applied DNA Sciences,
Inc

LineaCOVID-19 assay kit https://www.fda.gov/
media/138059/download

S gene RNase P (IC)

36.

GeneMatrix, Inc.

NeoPlex COVID-19 detection kit
https://www.fda.gov/media/138101/download

RNase P (IC)

37.

Assurance Scientific
Laboratories

Assurance SARS-CoV-2 panel
https://www.fda.gov/media/138154/download

N gene (N1, N2)
RNase P (IC)

38.

Fulgent Therapeutics,
LLC

Fulgent COVID-19 by RT-PCR test
https://www.fda.gov/media/138150/download

N gene (N1, N2) RNase
P (IC)

39.

Quidel Corporation

Lyra direct SARS-CoV-2 assay
https://www.fda.gov/media/138179/download

Nonstructural Polyprotein
(pp1ab) gene MS2 Phage
(IC)

Special
remarks

EUA for
saliva too

EUA by
ICMR too

Abbreviations: EUA, emergency use authorization; FDA, Food and Drug Administration; rRT-PCR, real-time reverse transcription polymerase
chain reaction, IC- Internal Control.
a
WHO emergency use listing for in vitro diagnostics (IVDs) detecting SARS-CoV-2 nucleic acid (last update: May 21, 2020).
b
SARS-CoV-2 nucleic acid tests: progress of the active applications in the emergency use listing assessment pipeline
(last update: May 21, 2020).

transcribed to activate the collateral cleavage activity of a
CRISPR complex programmed to the target RNA sequence.
This collateral activity results in cleavage of nucleic acid
reporters, resulting in a fluorescent readout detected by a
plate reader.23,24,29,35

Point-of-care Molecular Assays
1. Cepheid Xpert Xpress SARS-CoV-2 Test

The Xpert 94 Xpress SARS-CoV-2 test (Cepheid) uses the
GeneXpert Dx System which performs automated specimen processing, RNA extraction, rRT-PCR of SARS-CoV-2
RNA, and amplicon detection in a single cartridge. The

test detects nucleocapsid gene (N2) and envelope gene (E)
(EUA version) with additional RdRp genes (research used
only [RUO] version], and results are generated in approximately 45 minutes. Using E gene, N gene, sample processing control (SPC), and probe check control, the results are
interpreted as the positive, presumptive, or negative. The
limit of detection of the Xpert test was 0.01 plaque-forming units (PFU)/mL. Compared with standard of care (SOC)
NAATs, the positive agreement of the Xpert test was 99.5%
and the negative agreement was 95.8%. ICMR recommends
using Cepheid Xpert Xpress SARS CoV-2 for diagnosis of
COVID-19. Currently, 47 CBNAAT laboratories are working
all over India for COVID-19 diagnosis.21,29
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Table 2 EUA by US FDA tests, based on automated rRT-PCR (as on May 21, 2020)
Tests based on automated rRT-PCR (all qualitative)
S.NO.

Company name

Kit name

Test principle

Target gene

Remarks

1.

Roche Molecular
Systems, Inc.
(RMS)

cobas
SARS-CoV-2

rRT-PCR using fully automated Cobas
6800/8800 Systems https://www.fda.gov/
media/136049/download

orf1gene and
E-gene

EUA by
WHOa too

2.

Abbott
Molecular

Abbott RealTime
SARS- CoV-2
assay

rRT-PCR using Abbott m2000 System consisting
of sample preparation unit (Abbott m2000sp) and
amplification and detection unit (Abbottm2000rt)
https://www.fda.gov/media/136258/download

RdRp gene,
N gene

EUA by
WHOa too

3.

DiaSorin
Molecular LLC

Simplexa COVID19 Direct

rRT-PCR using direct amplification disc and fluorescent probes https://www.fda.gov/media/136286/
download

Orf1ab gene,
S gene

EUA by WHOb
(under
process) too

4.

BioFire
Diagnostics, LLC

BioFire Respiratory
Panel 2.1 (RP2.1)

Nested multiplex rRT-PCR in the closed cartridge
system
https://www.fda.gov/media/137580/download

5.

BioFireDefense,
LLC

BioFire COVID-19
Test

Nested multiplex rRT-PCR using a fully automated
cartridge-based system
https://www.fda.gov/media/136356/download

RNA transcript
from yeast Schizo
saccharomyces
pombe (IC)

6.

Luminex
Corporation

ARIES SARS-CoV-2
Assay

rRT-PCR in the closed cassette system
https://www.fda.gov/media/136693/download

orf1ab gene, N
gene and E gene

7.

Hologic, Inc.

Panther Fusion
SARS- CoV-2 Assay

rRT-PCR using a fully automated cartridge-based
system https://www.fda.gov/media/136156/
download

ORF1ab gene
Region 1
and 2

8.

Becton,
Dickinson &
Company (BD)

BioGX SARS-CoV-2
Reagents for BD
MAX System

rRT-PCR using closed system (multiplexed
detection of N1 and RNase P & N2 and
RNase P) https://www.fda.gov/media/136650/
download

N1 and N2 gene
RNaseP (IC)

9.

NeuMoDx
Molecular, Inc.

NeuMoDx
SARS-CoV-2
Assay

Fully automated sample preparation (nucleic acid
extraction and purification) followed by rRT-PCR
https://www.fda.gov/media/136565/download

Nonstructural
protein 2 (Nsp2)
gene and N gene
MS2phage (IC)

10.

QIAGEN GmbH

QIAstat-Dx
Respiratory
SARS-CoV-2 Panel

Nested multiplex rRT-PCR in the closed
cartridge system https://www.fda.gov/
media/136571/download

Orf1b gene, RdRp
gene, E gene MS2
phage (IC)

11,

Abbott
Molecular Inc

Alinity m
SARS-CoV-2 assay

Fully automated sample preparation (nucleic acid
extraction and purification) followed by rRT-PCR
https://www.fda.gov/media/137979/download

RdRp gene, N
gene

Tests based on automated rRT-PCR with special techniques (all qualitative)
1.

GenMark
Diagnostics, Inc.

ePlex SARS-CoV-2
Test

rRT-PCR using automated cartridge based on
electrowetting and eSensor technology (based on
competitive DNA hybridization and
electrochemical detection) https://www.fda.gov/
media/136282/download

2.

Bio-Rad
Laboratories, Inc.

Bio-Rad
SARS-CoV-2
ddPCR Test

Digital droplet rRT-PCR https://www.fda.gov/
media/137579/download

N gene RNaseP
(IC)

3.

Co-Diagnostics,
Inc.

Logix Smart
Coronavirus
Disease 2019
(COVID-19) Kit

rRT-PCR and detection using CoPrimer technology
[labeled forward CoPrimer acts as both forward
primer and probe]
https://www.fda.gov/media/136687/download

RNaseP (IC)

4.

Rheonix, Inc.

Rheonix COVID-19
MDx Assay

rRT-PCR followed by microarray https://www.fda.
gov/media/137489/download

N gene RNaseP
(IC)

5.

Luminex
Molecular
Diagnostics, Inc.

NxTAGCoV
Extended Panel
Assay

bead rRT-PCR followed by bead hybridization
https://www.fda.gov/media/136500/download

orf1ab gene,
N gene and E gene
MS2 phage (IC)

6.

Mesa Biotech
Inc.

Accula
SARS-Cov-2 Test

Visual detection by fully automated cassette
system by rRT-PCR https://www.fda.gov/
media/136355/download

RNA phage (IC)

Abbreviations: EUA, emergency use authorization; FDA, Food and Drug Administration; rRT-PCR, real-time reverse transcription polymerase
chain reaction, IC- Internal Contro.
a
WHO emergency use listing for in vitro diagnostics (IVDs) detecting SARS-CoV-2 nucleic acid (last update: May 21, 2020).
b
SARS-CoV-2 Nucleic acid tests: progress of the active applications in the emergency use listing assessment pipeline (last update: May 21, 2020).
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Table 3 EUA by US FDA: Tests based on isothermal nucleic acid amplification (all qualitative) (as on May 21, 2020)
1.

Sherlock
BioSciences, Inc.

Sherlock
CRISPR
SARS-CoV-2 Kit

RT-LAMP followed by transcription of amplified DNA to activate a CRISPR complex https://www.fda.gov/media/137746/
download

ORF1ab gene,
N gene RNase
P (IC)

2.

Abbott
Diagnostics
Scarborough, Inc.

ID NOW
COVID-19

Automated isothermal nucleic acid amplification technology
https://www.fda.gov/media/136525/download

3.

Hologic, Inc

Aptima
SARS- CoV-2
assay

Automated, and combines the technologies of target capture, transcription-mediated amplification, and dual kinetic
assay
https://www.fda.gov/media/138096/download

ORF1ab gene

4.

AtilaBioSyst ems,
Inc.

iAMPCOVID19 DetectionKit

rRT isothermal amplification test based on a proprietary
isothermal amplification technology termed OMEGA
amplification

N gene and
ORF- 1ab gene
human
Gapdhgene
(IC)

1.

Cepheid

Xpert Xpress
SARS-CoV-2
test

https://www.fda.gov/media/136314/download

2.

Mesa Biotech Inc.

Accula
SARS- Cov-2
Test

Visual detection by fully automated cassette system by
rRT-PCR
https://www.fda.gov/media/136355/download

3.

Abbott
Diagnostics
Scarborough,
Inc.

ID NOW
COVID-19

Automated isothermal nucleic acid amplification technology
https://www.fda.gov/media/136525/download

4.

Meril Diagnostics
Pvt

Meril COVID-19
One-step RTPCR Kit

5.

Molbio
Diagnostics Pvt
Ltd

TrueNAT
SARS CoV-2

Can be
used in
patient
care
settings

(A) Molecular tests that can be used in patient care settings
EUA by
US FDA,
WHO,a and
ICMR
RNA phage
(IC)

EUA by US
FDA
EUA by
USFDA

Approved
by DCGI
AND FIND

Abbreviations: EUA, emergency use authorization; DCGI, Drug Controller General of India; FDA, Food and Drug Administration; FIND, Foundation for
Innovative New Diagnostics; IC, Internal Control; ICMR, Indian Council for Medical Research; RT-LAMP, reverse transcriptase loop-mediated amplification; rRT-PCR, real-time reverse transcription polymerase chain reaction; WHO, World Health Organization.
a
WHO emergency use listing for in vitro diagnostics (IVDs) detecting SARS-CoV-2 nucleic acid (last update: May21, 2020).

2. Truenat betaCoV

It is a microchip-based rRT-PCR test. As of April 14, 2020,
ICMR has validated and recommended Truenat β CoV test
on Truelab workstation for COVID-19 screening. All positive samples need to be reconfirmed by a separate confirmatory assay for SARS-CoV-2. Throat/nasal swabs will be
collected in the VTM used for COVID-19 detection.31

4. Accula SARS-Cov-2 Test

It is a qualitative, visual detection of nucleic acid from the
SARS-CoV-2, using the Accula Dock and Silaris Dock. Test
cassette automates NAT, including lysis of the virus, reverse
transcriptase of viral RNA to cDNA, nucleic acid amplification, and detection of the SARS- CoV-2 targeted sequences.
The test results then are interpreted by the visualization of
blue test lines on the detection strip in the test cassette.29

3. ID NOW COVID-19 Test

It is an automated assay based on isothermal NAT for
the qualitative detection of SARS- CoV-2 RNA. It consists
of sample receiver and test base which is inserted into
the ID NOW Instrument, and the sample is added to the
sample receiver where it is transferred via the transfer
cartridge to the test base, initiating target amplification.
Heating, mixing and detection are provided by the ID NOW
Instrument.29

5. ePlex SARS-CoV-2Test

When used with the ePlex instrument, it automates all
aspects of NAT including extraction, amplification, and
detection, combining electrowetting and GenMark’s eSensor technology in a single-use cartridge. eSensor technology
is based on the principles of competitive DNA hybridization and electrochemical detection. Electrowetting,
or digital microfluidics, uses electrical fields to directly
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Table 4 Molecular assays approved by ICMR (as on May 21, 2020)
Molecular assays approved by ICMR (as on May 21, 2020)
Manual NAT
1.

3B BlackBio Biotech India Ltd

TRUPCR SARS-CoV-2 RT qPCR Kit

2.

Mylab Discovery Solutions Pvt Ltd

PathoDetect CoVID-19 Detection Kit

3.

Meril Diagnostics Pvt

Meril COVID-19 One-step RT-PCR kit

4.

Molbio Diagnostics Pvt Ltd

TrueNAT SARS CoV-2

5.

Cepheid

Xpert Xpress SARS-CoV-2 test

6.

BGI Genomics Co. Ltd

Real-time fluorescent RT-PCR kit for detecting SARS-CoV-2

7.

SD Biosensor, Inc.

Standard M nCoV real-time detection kit

8.

altona Diagnostics GmbH

RealStar SARS-CoV02 RT-PCR kits U.S.

9.

Seegene, Inc

Allplex 2019-nCoV assay

10.

Roche Diagnostics, Switzerland

Light Mix Modular SARS-CoV-2 (COVID-19) RdRp

Automated laboratory-based, near-POC NAT, or POC NAT

Approved by
ICMR, DCGI, AND FIND
(https://www. finddx.
org/covid- 19/pipeline/;
updated May 9, 2020]

EUA by US FDA, WHO
and ICMR
EUA by US FDA and
ICMR

Others
11.

Huwel Lifesciences

QuantiplusCoV detection kit ver 2.0

12.

ABI (Applied biosystems)

TaqMan 2019-nCoV Control Kit v1

13.

Medsource Ozone Biomedicals

COVID-19 RT-PCR kit

14.

ADT Biotech SdnBhd, Malaysia

LyteStar 2019 nCoV RT-PCR kit 1.0

15.

Cosara Diagnostics

SARAGENE Coronavirus (2019 NCV) Test kit

16.

Labcare Diagnostics

Accucare COVID One-step RT-PCR kit

17.

POCT services Pvt Ltd

Q-line Molecular Coronavirus (COVID-19) RT-PCR kit

18.

Helini Biomolecules, Chennai, India

Helini Coronavirus [COVID 19] real-time PCR kit

19.

Biogenomics (India)

BIO COVID ID/ COVID-19 qualitative PCR detection kit v. 2

20.

GCC Biotech, West Bengal, India

DiAGSure nCov-19 detection assay

21.

Accelerate Technologies Pte.ltd (DxD
Hub), Singapore

A*STAR FORTITUDE KIT 2.0

22.

Daan Gene Co. Ltd., China

Daan Gene Co. Ltd

23.

Genome Diagnostics Pvt. Ltd., New
Delhi, India

GenosensnCOV 2019 real-time PCR kit

24.

JN Medsys Pte Ltd, Singapore

Protect COVID-19 RT-qPCR kit

25.

Kogene Biotech, Seoul, Korea

Power Check 2019 nCoV real-time PCR kit

26.

Indian Institute of Technology, Delhi,
India

COVID-19 probe-free real-time PCR diagnostic kit

27.

LabGenomics, South Korea

LabGun real-time PCR kit

28.

OSANG Health Care, South Korea

Gene Finder COVID-19

EUA by ICMR

Abbreviations: EUA, emergency use authorization; DCGI, Drug Controller General of India; FDA, Food and Drug Administration; FIND, Foundation for
Innovative New Diagnostics; IC, Internal Control; ICMR, Indian Council for Medical Research; rRT-PCR, real-time reverse transcription polymerase chain
reaction; WHO, World Health Organization.

manipulate discrete droplets on the surface of a hydrophobically coated printed circuit board (PCB). RT-PCR step
generates ds-cDNA. Exonuclease digestion creates ss-DNA
in preparation for eSensor detection. The amplified targets
DNA, and hybridizes to its complementary capture probe
and ferrocene-labeled signal probe to form a hybridization complex. Target-specific capture probes are bound
to the gold-plated electrodes in the eSensor microarray.
The presence of each target is determined by voltammetry
which generates specific electrical signals from the ferrocene-labeled signal probe.29
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Automated Molecular Assays for COVID-19
1. Cobas SARS-CoV-2

Cobas SARS-CoV-2 is an rRT-PCR assay used for the qualitative
detection of SARS-CoV-2 RNA in NPS and OPS samples by
using Cobas 6800/8800 Systems.
It has fully automated sample preparation (nucleic acid
extraction and purification) using magnetic glass particles,
followed by PCR amplification and detection. The cobas
6800/8800 systems consist of a sample supply module,
transfer module, processing module, and analytic module. It

Molecular Diagnosis of COVID-19
targets ORF1/a and E-gene. WHO approved Cobas SARS-CoV-2
assay for diagnosis of COVID-19.29
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v1.7 software, QuantaSoft Analysis Pro v1.0 software, or
other authorized software to determine the presence of
SARS-CoV-2.29

2. BioFire Respiratory Panel 2.1 (RP2.1)

It is a fully automated, multiplexed NAAT intended for
simultaneous qualitative detection and differentiation
of nucleic acids from multiple respiratory viral and
bacterial organisms, including nucleic acid from the
SARS-CoV-2 virus. It is used with the FilmArray 2.0 and the
FilmArrayTorch Systems. It is based on nested multiplex
PCR in a single-use cartridge.29

Emerging rRT-PCR Detection Methods
1. NxTAGCoV Extended Panel Assay

The SARS-CoV-2 nucleic acid is first extracted, isolated, and
purified, using authorized extraction methods. The purified nucleic acid is then added to preplated, lyophilized
bead reagents (LBRs) and mixed to resuspend the reaction
reagents. The reaction is amplified via RT-PCR and the reaction product undergoes bead hybridization within the sealed
reaction well. The hybridized, tagged beads are then sorted
and read on the MAGPIX instrument, or other authorized
instruments, and the generated signals analyzed using the
NxTAGCoV extended panel assay file for SYNCT software or
other authorized software.29

2. Rheonix COVID-19 MDx Assay

It is used with the Rheonix Encompass MDx workstation. It
is fully automated using reverse transcriptase PCR assays in
a single-use cartridge detected using microarray technology.
The target gene is amplified in the presence of biotin-tagged
primers and the resulting amplicons denatured and flowed
over the low-density array of capture probes, which are contained within the CARD cartridge. Following incubation with
streptavidin-conjugated horseradish peroxidase and substrate, color-precipitated spots are detected and analyzed via
the onboard image capture system.29

3. SARS-CoV-2 ddPCR Test

It is an RT droplet digital PCR (ddPCR) test. The SARS-CoV-2
nucleic acid is first extracted, isolated, and purified. Using
the one-step RT-ddPCR advanced kit for probes, the purified
nucleic acid and mastermix RT-ddPCR mixtures are fractionated into up to 20,000 nanoliter-sized droplets in the
form of a water-in-oil emulsion in the automated droplet
generator or other authorized instrument. The emulsions
are then thermocycled to achieve reverse transcription to
generate cDNA, followed by target amplification plus probe
hydrolysis in each droplet. After PCR, the fluorescence intensity of each droplet is measured in two channels (FAM and
HEX) in the droplet reader or other authorized instrument.
The fluorescence data are then analyzed by QuantaSoft

4. Simplexa COVID-19 Direct

It enables the direct amplification of SARS-CoV-2 RNA from
NPS. The product is used with the LIAISON MDX (with
LIAISON MDX Studio Software), the direct amplification disc,
and fluorescent probes29

Test of Cure and Test of Infectivity
NPS and OPS are not sufficient for either test of cure or test
of infectivity.36 The optimal method for the test of cure most
likely will be two consecutive negative real-time RT-PCR
tests from rectal swabs; this suggestion is based on the fact
that SARS-CoV-1 has been cultured from stool during the
2002–2003 SARS outbreak37-39 and SARS-CoV-2 has been
cultured from stool during the COVID-19 outbreak40 Thus,
a rectal swab that is positive by real-time PCR testing suggests that this patient may be shedding viable SARS-CoV-2
in their stools thereby remain infectious.19,37-41 A study on
20 serial COVID-19 patients indicated that the infectious
virus was not isolated from stool samples despite highvirus RNA concentration.42 Hence, preferably two consecutive negative real-time RT-PCR tests from both NPS +/–OPS
along with rectal swab should be considered as a reliable
test of cure and infectivity. However, the utility of any NAAT
as a test of cure should be looked with caution, as NAAT
cannot differentiate between live or nonviable and dead
viral particles.

Problems in Molecular Assays
Several factors could lead to a negative result in an infected
individual, including:
1. Poor quality of the specimen, containing little patient
material.
2. Specimens collected late or very early in the infection.
3. The specimen not handled and shipped appropriately.
4. Technical reasons inherent in the test, for example, virus
mutation or PCR inhibition.17,21
Low-viral loads or high-Ct values can be explained by a
variety of mechanisms including inefficient specimen collection, sampling too early or too late in the course of infection,
or low-levels of viral shedding overall.21

Conclusion
COVID-19 has emerged as a global catastrophe affecting a large
group of population in a small duration of time. Accurate diagnosis of people infected with COVID-19 is essential to curb the

Annals of the National Academy of Medical Sciences (India) Vol. 3 No. 56/2020

135

136

Molecular Diagnosis of COVID-19

Priyadarshi et al.

disease spread. However, the current RT-PCR based diagnostic assays are labor-intensive, time-consuming and costly. So
there is a need to develop point-of-care or near point-of-care
molecular assays as well as affordable automated diagnostic
assay platforms. This development would help in accurate and
early diagnosis of infected cases to curb the further spread of
this disease to large population and community.
Conflict of Interest
None declared.
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Across the globe, computed tomography is the most widely used imaging modality
mentioned in the published literature on the recent COVID-19 pandemic. However,
in terms of availability, ease of use, and sanitization of the equipment; chest
radiograph is a much more feasible option. However, interpretation of radiographs
needs expertise to achieve appropriate diagnostic accuracy. This article will discuss
its current role in diagnosis and severity assessment, as well as a systematic approach
toward interpretation.

Introduction
The recent COVID-19 pandemic has initiated many practice-changing trends in modern medicine. On the imaging
front, this disease has been extensively evaluated using computed tomography (CT) scans and less frequently, using chest
radiographs. In this article, we shall discuss the role of chest
X-ray (CXR) in the current COVID-19 pandemic, and provide
detailed reporting about it in a systematic manner.

CT Scan versus CXR
While the superior diagnostic accuracy of CT in the detection and quantification of changes in lung parenchymal
pathology is not debatable, there are numerous advantages of using CXR in the setting of the current pandemic.
The obvious advantages of CXR includes its low-cost
and availability. Also, portable units can be deployed in
COVID-19 wards, intensive care units (ICUs) and COVID
screening areas within the emergency rooms (ERs). Even
more important in the context of the highly contagious
organism is the fact that sanitization/disinfection procedures for portable X-ray units is far less cumbersome
than those for CT scanners. Hence, the use of X-rays is
associated with less risk of cross-infection compared
with CT scans. 1 As the number of patients affected by
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this pandemic grows, use of CXR as the primary imaging
tool, with CT as a problem solving tool, seems an effective
strategy.
For these reasons, while in the initial weeks of the pandemic in mainland China, the emphasis of imaging in
COVID-19 pneumonia was on the use of CT scans, there
has been an increasing reliance on CXRs across the world
recently.2,3 Current evidence (based on published literature)
on use of CXR in COVID pneumonia is listed in ►Table 1.

Role of CXR
The role of CXR in various scenarios is as follows:

COVID-19 Positive Patient (RT-PCR Positive)
•• A dedicated portable CXR unit should be placed in the
COVID ward/ICU and bedside CXRs performed.
•• Personal protection of radiographers and sanitization of
equipment should be performed as per society/institutional guidelines/standard operating protocols (SOPs)2,3
•• Asymptomatic RT-PCR positive patients need not get CXR
done.
•• In symptomatic patients, periodic CXRs should be performed based on patient's clinical status. Daily CXRs are
not warranted.

©2020 National Academy of
Medical Sciences (India)
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Table 1 Published case series on CXR in COVID-19 pneumonia
Author

Place of
origin

Duration of
study

Study population

Sample size

CXR findings

CT comparison,
if any

Wong et al5

Hong
Kong

JanuaryMarch 2020

COVID-19 positive
(by RT-PCR) patients
admitted across four
hospitals

64 patients (26
men, mean age
56.19 years)

Sensitivity 69%
(compared
with 91% of
initial RT-PCR)
Consolidation
> GGO bilateral,
peripheral, basal
CXR severity
peaked 10–12 D
after symptom
onset

Not all (28/64)
CXR and CT
imaging findings
similar

Yoon et al6

South
Korea

January–
February 9,
2020

COVID-19 confirmed 9 patients
(by RT-PCR) cases
(median age,
from three hospitals 54 years; 4 men)
in Seoul, South Korea

33.3% showed
parenchymal
abnormality in
CXR lower lobe
predominant

Yes, in all similar
findings

peripheral
distribution
Consolidation
> GGO
Chen et al7

Wuhan,
China

Ng et al8

Lomoro et al9

January 1–
January 20,
2020

COVID-19 confirmed
(by RT- PCR) cases
in Wuhan Jinyintan
Hospital

99 patients
(average age
55·5 years [SD]
13·1); 67 men
and 32 women

CXR abnormality
Yes, in all bilateral
in all 74 (75%):
consolidation
bilateral pneumo- > GGO
nia, 14 (14%): multiple mottling and
GGO, one (1%):
pneumothorax.
ARDS in 17 (17%)

Shenzhen –
and Hong
Kong

COVID-19 confirmed
cases in Shenzhen
and Hong Kong

21 patients
(mean age
56 years)

CXR done in five.
Yes, detection
CXR abnormality
of GGO superior
in 60% patients.
on CT
Peripheral consolidation commonest

Italy

Laboratoryconfirmed COVID-19
cases hospitalized
in Valduce Hospital
(Como, Italy)

58 patients (36
men, 22 women;
age range,
18–98 years)

CXR done
in 32/58.
Consolidation
was commonest
finding (47%)
> hazy increased
opacity (37.5%)
Bilateral distribution, lower lobe
predominance

February
15–March
15, 2020

Yes, done in
42/58
Multifocal GGO
with consolidation
> GGO without
consolidation
> crazy paving
pattern

Abbreviations: ARDS, acute respiratory distress syndrome; CXR, chest X-ray; GGO, ground glass opacity; SD, standard deviation.

COVID-19 Suspects

CXRs are advocated in all patients presenting with SARI
(severe acute respiratory infection). In influenza-like illness
(ILI), decision can be made on case-to-case basis.
CXR should be performed if any two of the following are
present4:
••
••
••
••
••

Fever (without any apparent nonrespiratory cause).
Shortness of breath.
Immunocompromised host.
Hypoxia (room air SpO2 < or equal to 94%).
Respiratory rate >/= 20/ minute.

CXR Findings
Radiographic Patterns

Based on published literature5-10 and institutional experience, we have observed the following CXR patterns in
COVID-19 pneumonia. Several radiographic patterns of
COVID pneumonia have been described, several of which are
considered classical signs of the infection.

Pattern 1: Peripheral Airspace Opacities

This is a classical pattern of COVID-19 pneumonia, wherein
airspace opacities are distributed along the periphery of the
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lung (►Fig. 1A). These opacities do not necessarily show a
lower lobe predominance; in our experience, although there
is, in fact, a relative sparing of the lung apices and costophrenic (CP) angles. This appearance is very similar to the
“reverse batwing” appearance seen in chronic eosinophilic
pneumonia or organizing pneumonia.

Pattern 2: Bilateral Lower Zones Consolidation/Ground
Glass Opacity

This is the most frequently reported pattern (►Fig. 1B)
in COVID-19 pneumonia.6,8,10 Compared with CT, ground
glass opacity (GGO) can be difficult to appreciate on CXR,
and hence the importance of viewing the CXR in optimal
conditions. If superimposed septal thickening develops, GGO
becomes easier to detect on CXR.

(►Fig. 1D). This appearance is frequently encountered in
viral pneumonia; unlike unilobar consolidation, which is
more frequent in bacterial community-acquired pneumonia
(CAP). The presence of areas of breakdown suggests a bacterial etiology.

Pattern 5: Large Nodule or “Mass-Like” Opacities
(Ball Pattern)

Large nodules/localized rounded consolidation has been
reported as an uncommon/rare finding in a single case.11
We have, however, encountered this pattern in several
COVID-19 pneumonia patients, which we refer to as
“ball-pattern” (►Fig. 1E). These lesions do not always
show a lower lobe predilection. The large nodule may be
a solitary lesion or be present in conjunction with other
patterns.

Pattern 3: Peribronchial Consolidation

Another pattern which has been reported on CT and observed
by the authors on CXR is the peribronchial distribution of
consolidation (►Fig. 1C), wherein dominant findings are
present in the lower or midzones on both sides

Pattern 4: Multifocal Airspace Opacities/Consolidation/
GGO

This appearance is similar to pattern 2, except that the
opacities do not show the bilateral, lower lobe distribution

Pattern 6: Diffuse Mid- and Lower Zones
Consolidation/Airspace Opacities

This pattern is seen in more severe forms of the disease,
and corresponds to a clinical picture of acute respiratory
distress syndrome (ARDS) (►Fig. 1F). Once these changes
develop, the appearance is nonspecific and etiology has to
be surmised on the current pandemic background, as this
pattern can be seen with several inflammatory/infectious/
multisystem processes.

Fig. 1 (A-F). CXR patterns of COVID-19 pneumonia. (A) Pattern 1: Peripheral reverse bat-wing (arrows) (B) Pattern 2: Lower and midzones
GGO/consolidation (asterisk) (C) Pattern 3: Peribronchial consolidation (arrows) (D Pattern 4: Multifocal nonspecific distribution (E) Pattern 5:
Nodular/ mass-like (asterisk) (F) Pattern 6: ARDS. ARDS, acute respiratory distress syndrome; CXR, chest X-ray.
Annals of the National Academy of Medical Sciences (India) Vol. 3 No. 56/2020
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Pattern 7: Uncommon/Rare Patterns

Some additional rare lung changes include cavitation, and
upper and middle lobe partial collapse, which is likely due
to mucus plugs.
It should also be kept in mind that in a given patient more
than one pattern can coexist.

Complications
Infrequent complications include pleural effusion, pneumothorax, pneumomediastinum, and subcutaneous
emphysema. Air leaks are rare, as cavitation is rarely
encountered in COVID-19 pneumonia12, and are more
likely to be seen as a complication of barotrauma following
ventilation.

Bhalla et al.

an additional formal radiology report should always be
sought and consulted.

CXR Scoring System
Recently, CXR is being used more frequently than CT to monitor
the “day-to day” progression of the pulmonary involvement
of SARS-CoV-2. This was first emphasized in an Italian study16
and its role emphasized in the setting of a rising number of
SARS CoV-2 cases and resultant ICU admissions. If CXR is to
be used as a tool for monitoring disease progression, it is
important to express the extent of involvement quantitatively.
To the best of our knowledge, only two CXR scoring systems

CXR Reporting
The labeling of a CXR in four different categories (normal,
classic/ probable, indeterminate, or non-COVID) should be
adopted to convey a risk-stratified imaging information to
the physician. Although there is no evidence on CXR for the
categorization, this can be adopted as an extrapolation of
CT-based risk stratification systems available with various
society guidelines. In our institute, we adopt the following
criteria (adapted from reference13):
Normal: CXR normal; COVID-19 not excluded.
Classic/probable COVID-19: Lower lobe predominant and
peripheral predominant; multiple, bilateral, areas of GGOs
(►Fig. 2).
Indeterminate: Does not fit into classic/non-COVID pattern (►Fig. 3).
Non-COVID pattern: Pneumothorax, lobar consolidation,
pleural effusion, and pulmonary edema (►Fig. 4).

Fig. 2 Definite COVID-19 pneumonia on CXR. Typical peripheral
bilateral consolidation. CXR, chest X-ray.

Sensitivity OF CXR
The reported sensitivity of CXR in diagnosis of COVID-19
ranges from 33.3 to 69% (►Table 1). This sensitivity is
lower than that of CT scans (up to 98%),14,15 and that of
initial RT-PCR. It has, however, been shown that CXR may
be abnormal in some patients (reported in 9% cases by
Wong et al5), even when initial RT-PCR is negative. Hence,
in view of the various advantages of CXR listed earlier, it is
likely to be a useful tool during the pandemic.
A critical point while reporting the CXR is that it should
be viewed in optimal viewing conditions, preferably on
a picture archiving and communication system (PACS)
with appropriate monitor by a qualified radiologist.
Interpretation of the same in suboptimal conditions or
by non-expert personnel will result in missing of subtle
findings and misinterpretation and hence lower diagnostic
accuracy. Also, non-COVID diagnosis should not be labeled
as COVID-19 related due to the pandemic. It is hence
suggested that understandably the CXR will be interpreted
in the ER by the treating physician; however, subsequently

Fig. 3 Indeterminate for COVID-19 pneumonia on CXR. Bilateral
perihilar consolidation and GGO, with lamellar pleural effusion and
fissural thickening (arrow) on right side. CXR, chest X-ray; GGO,
ground glass opacity.
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have been described for COVID-19 pneumonia in English
literature so far, and we are employing a third scoring system
at our institute, which is under validation.
The first scoring system employed by a S. Korea6 based
group considers the entire lung together, and it is mainly
based in the expected pattern of progression of the pneumonia (►Table 2). In the second scoring system employed and
validated by Italian investigators,16 each lung was divided
into three zones, with the maximum score for each zone

being 3 and the total score being 18. The description within
the zones was based predominantly on the pattern within
the zone, whether interstitial, alveolar or combined, with
alveolar opacities representing more severe disease.
In the scoring system employed at our institute,
the lungs are divided into three zones each (similar to
Borghes et al), but the score is based on the percentage
of lung involved within the zone rather than the pattern
(►Figs. 5 and 6). The maximum score for each zone is 4 and

Fig. 4 (A-C) Examples of non-COVID patterns on CXR. (A) Left lower lobe collapse (asterisk) with bilateral pleural effusion (E) (B) Loculated
pneumothorax (arrows), pneumomediastinum (asterisk), subcutaneous emphysema (block arrow) (C) Bilateral mid- and lower zones
consolidation (asterisk) with pleural effusion (E).

Table 2 Radiographic scoring systems in COVID-19 pneumonia
Author

Scoring system

Based on

Validated

Yoon et al6

5-point scale
1: normal
2: patchy atelectasis and/or hyperinflation and/or bronchial wall thickening
3: focal alveolar consolidation involving
no more than one segment or one lobe
4: multifocal consolidation
5: diffuse alveolar consolidation

Score by Taylor et al in
201517
On hospitalized patients
with acute respiratory
infections

No

Borghesi et al16

Both lungs divided in three zones each
(upper, middle, lower). Each zone is given
a separate score 0–3 (max score: 18)
0: normal
1: interstitial infiltrates

No prior study

Yes
Validated with outcome of 100
admitted SARS-CoV-2 patients16
The CXR scoring interobserver
agreement was very

2: Mixed interstitial and alveolar infiltrates (predominantly interstitial) 3:
Mixed interstitial and alveolar infiltrates
(predominantly alveolar)
Our institute

Each lung divided in to three zones.
Within each zone, a score 0–4 is given.
(max score: 24)
0: normal
1: 1–25% of area involved
2: up to 50% of area involved 3: up to
75% of area involved 4: >75% of area
involved

Abbreviation: CXR, chest X-ray.
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good (kw, 0.82; 95% CI, 0.79–0.86).
CXR score was significantly higher in
patients who died than those discharged from the hospital (p  ≤ 0.002)
No prior study

Under validation

Role of Chest Radiographs during COVID-19 Pandemic
hence the total score is 24. This score is currently under
validation at our institute.

CXR and Disease Monitoring
Worsening of radiographic changes are generally concordant with clinical imaging. The peak CXR changes have been

Bhalla et al.

reported between day 10 to 12(from infection onset). While
some studies have shown that radiological and virological
recovery parallel each other,5 discordant timelines have been
demonstrated by others.14

Structured Reporting
The authors propose the use of a structured reporting format
while reporting CXR in suspected/proven COVID-19 cases.
Whereas CO-RADS, a standardized reporting tool in CT of
COVID-19 patients,18 is already in use, similar tools in CXR are
not widely used. Various societies have proposed structured
reporting templates for CXR.4,13 ►Fig. 7 describes the structured reporting format used at our institute which was proposed by Indian College of Radiology and Imaging.4

Conclusion
Hence, CXR is a valuable tool in better management of
patients during the COVID-19 pandemic. Despite its lower
sensitivity compared with CT scans, its myriad inherent
advantages make it indispensable. Further addition of chest

Fig. 5 Severity score employed by the authors (4). Each zone is
given a score of 0 to 4 depending on area of involvement 0: normal.
1: 1–25% of area involved. 2: up to 50% of area involved 3: up to 75%
of area involved 4: > 75% of area involved maximum score: 24 (6 × 4).

Fig. 6 CXR severity score: Examples: (A) Mild disease: severity score
5/24 (B) Severe disease: severity score 19/24. CXR, chest X-ray.

Fig. 7 Structured reporting format suggested by the authors. 4
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ultrasound to the CXR in ICU settings will immensely reduce
the need for CT scans.
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The COVID-19 pandemic has been an enigma to all. Contrary to the initial perception
that the novel coronavirus spares most kids, evidence has been emerging that children including neonates and infants are also infected. The clinical presentation in the
pediatric age group has been reported as often atypical. Given the fact that children
could be carriers of this deadly virus and hence act as spreaders, the need to recognize
pediatric COVID-19 seems imminent.

The year 2019 ended on a threatening note as a cluster of
cases of pneumonia attributed to a novel coronavirus strain
(nCOV strain) was reported from Wuhan, Hubei province in
China, to the World Health Organization (WHO). The mystery
illness soon spread with a logarithmic rise in number of
cases, and the first death was reported on January 11, 2020,
from China. By the end of January 2020, the WHO had
declared the mystery illness as a public health emergency of
international concern (PHEIC) and by February 11, 2020, the
illness was designated as “COVID-19.” By March 10, 2020, the
illness had spread to 114 countries, causing 118,950 cases
of COVID-19 and 4296 deaths. WHO, although belatedly,
declared COVID-19 as a global pandemic on March 11, 2020.
While the children were not a face of this pandemic, it
was soon evident that COVID-19 was ruthless, for it spared
no age-group, sex, race, or region. The pediatric cases were
fewer, accounting for approximately 1 to 5% of diagnosed
COVID-19 cases. Approximately, 90% of cases in children
were diagnosed as asymptomatic, mild, or moderate disease.
The first pediatric case of severe acute respiratory syndrome
(SARS)-CoV-2 infection was reported in Shenzen, China, on
January 20, 2020.
In a large study from China, epidemiological characteristics of 2143 pediatric cases with suspected/confirmed
COVID-19, between 16 January 2020 and 8 February 2020,
were analyzed.1 Of these, 731 (34.1%) were laboratory-confirmed COVID-19 cases with a median age of 7 years (interquartile range: 2–13 years) and nearly 57% of these were
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boys. COVID-19 in children appeared to affect all pediatric
ages with no gender difference, although infants appeared
more vulnerable to severe disease. The proportion of severe
and critical cases was 10.6%, 7.3%, 4.2%, 4.1% and 3% for
the age-groups < 1 year, 1 to 5, 6 to 10, 11 to 15, and 16 to
18 years. Overall, only 5.6% of children had severe infection
with 13% of them developing multiorgan dysfunction syndrome (MODS)/SARS and 0.2% mortality.
A study from the United States analyzed the data
from 2572 COVID-19 cases in children aged < 18 years
with a median age of 11 years, which were reported till
April 2, 2020.2 The pediatric cases accounted for 1.7% of the
total cases and 57% of these were seen in boys. The proportion of cases was 15%, 11%, 15%, 27% and 32% for the agegroups < 1 year, 1 to 4, 5 to 9, 10 to 14, and 15 to 17 years.
Like the study from China, this study also attributed the
source of infection to a COVID-19 patient in the household
or community, or due to travel to an affected area, suggesting human-to-human transmission. The symptoms
in COVID-19 affected children were milder. As much as
73% of affected pediatric cases reported fever, cough or
shortness of breath against 93% seen in adults aged 18 to
64 years. Again, 56%, 54%, and 13% of COVID-19 cases in
children reported fever, cough and shortness of breath,
respectively, against 71%, 80% and 43% seen in their adult
counterparts. As much as 5.7% of pediatric cases needed
hospitalization against 10% in adults; 62% of infants, however, needed hospitalization.2
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The manifestations of COVID-19 in children is emerging
as a cause of worry, for this group may be mostly asymptomatic and hence responsible for spreading the disease among
the adults, prompting the parents to caution theirs kids with
a warning “No hugs or kisses for granny,” a statement which
may leave the kids baffled and emotionally disturbed. Other
clinical presentations of COVID-19 in children include sore
throat, running nose, loss of smell and taste, myalgias, bone
pains, abdominal pain and diarrhea, all of which are also
seen in adults. A pooled analysis revealed that an overall
percentage of COVID-19 presenting as diarrhea was 10.4%.3
However, presentation of COVID-19 with gastrointestinal disturbances in children (more common in children compared
with adults) can be perplexing for treating doctors, especially
in tropical countries, where diarrhea due to bacterial pathogens is certainly more common; thereby, posing a diagnostic dilemma as to when and whom to test for COVID-19. The
possibility of fecal oral transmission of COVID-19 has suggested the need for a rapid and effective modification of the
current screening and diagnostic algorithms. Recently, “Covid
Toes,” a mimicker of frostbites, has been hailed as a new
potential symptom observed in kids across a few European
countries.4 Another unusual presentation can be with dermatitis or conjunctivitis.5 In Italy, pediatric COVID-19 had
an uncanny resemblance to Kawasaki disease.6 A few infants
with COVID-19 presenting with neurological symptoms like
axial hypotonia, drowsiness and moaning have also been
reported.7
The lesser prevalence of COVID-19 in children has been
attributed to lesser opportunities for exposure due to home
confinement with strict implementation of closure of educational institutions and recreational parks as a part of
global containment strategies adopted across countries.
Additionally, overprotection given by parents in the crisis
times decreased the exposure in this cohort. It is also being
debated that lesser prevalence of COVID-19 amongst Asians
is due to the protective effect of routine BCG vaccination, as
it has been shown to alter cell-mediated immunity in myriad
ways. However, this presumption needs to be validated. Other
theories which gained reason were differences in immune
responses in children due to a developing immune system,
leading to a lesser cytokine storm, lesser ACE-2 receptors in
lungs, fewer comorbidities in children, and healthier respiratory tracts in children, all of which could possibly render
COVID-19 in children as less severe.
Laboratory findings of COVID-19 in children also include
an elevated procalcitonin (not so common in adults).
Radiographic findings of COVID pneumonia in children also
appear to be milder and less specific. CT changes observed
in infected children include unilateral or bilateral multiple
patchy, nodular, or speckled ground glass opacities, consolidation with surrounding halo sign, and/or infiltrating shadows in the middle and outer zone of the lung or under the
pleura.8,9
Treatment of COVID-19 in children mainly depends on
experience from adult counterparts due to limited data
drawn from pediatric cases. There is no specific drug treatment for COVID-19; symptomatic and supportive treatment
Annals of the National Academy of Medical Sciences (India) Vol. 3 No. 56/2020

including oxygenation, and maintenance of fluid and electrolyte balance, so as to avoid aggravating the pulmonary
edema, are the mainstay of therapy. A few studies have
reported success with the use of IV glucocorticoids, antiviral
drugs (like ribavirin, oseltamivir and interferon), IV immunoglobulin, and systemic antibiotics to treat the coexistent
suspected bacterial infections.10,11 For newborns with severe
acute respiratory distress syndrome (ARDS), surfactant therapy, inhaled nitric oxide, high-frequency oscillatory ventilation and extracorporeal membrane lung may be useful.
COVID-19 neonates should be placed in negative pressure
rooms or in rooms in which room exhaust is filtered through
high-efficiency particulate air (HEPA) filters.
Currently, no evidence exists that COVID-19 can be
transmitted transplacentally from infected mother to newborn, although the possibility of acquiring the infection
from infected parturient mothers remains.12,13 Therefore, it
may be suggested that mothers may breastfeed once their
infection has been cured while wearing appropriate mask
and maintaining respiratory and hand hygiene. In India, the
youngest COVID-19 case was reported on April 1, 2020, from
Kasturba Hospital, Mumbai, where a 6-day-old male neonate
was detected with this contagion.14 The infection seemed
to have been acquired postnatally as the room allocated to
the mother for delivery in a hospital in Chembur had previously been housing another COVID- 19 positive patient; both
the mother and baby were detected to be infected with the
deadly virus.
Relatively fewer cases of infants confirmed to have
COVID-19 have been reported; those who are infected
have experienced mild illness.15 Rarely, deaths have also
been reported among infants with COVID-19 infection. On
March 29, 2020, the first infant who had tested positive
for COVID-19 died in USA16 and subsequently deaths were
reported amongst the pediatric age group from other countries as well. Belgium and UK reported their first casualties
in a 12-year-old girl and 13-year-old boy, respectively, due
to COVID-19. In India, the first COVID-19 child death was a
14 month-old-boy from Jamnagar, Gujarat, who succumbed
to multiorgan dysfunction on April 8, 2020.17 Subsequently,
three more infant deaths were reported from Kozhikode,18
Chandigarh19 and New Delhi20 till April 26, 2020; three of
these children had an underlying heart disease. ►Table 1
depicts the of infant COVID-19 deaths in India.
Apart from the direct impact on the systemic health, several other ill effects of COVID-19 have come to the fore. The
scenario where parents test positive, but kids are negative
is bound to haunt the parents because who will care for the
kids if the parents get quarantined. With no government
mechanisms in place and kin reluctant to offer help, parents
would have no option but to keep the kids with them and
risk them with the contagion. Due to the social distancing
measures that many countries have implemented, schools
have been suspended nationwide in 188 countries, causing
disruptions to daily routines of children and adolescents.21
Children with special education needs, such as those with
autism spectrum disorder, are at risk for severe depression
and self-harm. Alternate teaching strategies through online
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Table 1 Profile of infant COVID-19 deaths in India
Age/sex

Place and date of death

Clinical presentation

Treatment

14 mo/male

Jamnagar, Gujarat
April 8, 2020

Multiorgan dysfunction Child also
had an underlying congenital heart
disease (ASD) Infection was acquired
from a relative who was positive for
COVID-19

Hydroxychloroquine
Azithromycin Steroids
Tocilizumab and Lopinavir
Supportive care

45 d/male

Kalawati Saran Children’s Hospital,
New Delhi
April 18, 2020

Severe acute respiratory infection

Supportive care

4 mo/female

Kozhikode Medical College, Kerala
April 22, 2020

Fever, cough, fast breathing and
seizure
Child also had an underlying
congenital heart disease (ASD)

Ventilation and supportive care

6 mo/female

Post-graduate Institute of Medical
Education and Research (PGIMER),
Chandigarh
April 23, 2020

History of underlying heart disease
History of 36-day stay in a hospital
in Ludhiana, following which she was
shifted to PGIMER, Chandigarh

Ventilation and supportive care

Abbreviation: ASD, atrial septal defect.

platforms have led to an unprecedented increase in screen
time for children, exposing them to possible consequences
like obesity and cyber bullying.
The ongoing COVID-19 pandemic is bound to have lasting effects on people and their nutrition, especially for
children and elderly. School closures in several developing
countries also mean a lack of access to the resources like
mid-day meals, increasing the risk of malnutrition. In the
face of the pandemic, routine healthcare and services have
been impacted. Children with chronic disorders like blood
disorders, cancers, HIV, diabetes and renal/hepatic diseases
have been left in the lurch, having to fend for themselves.
The routine immunization activities have taken a hit. The
UNICEF has anticipated that more than 117 million children
across 37 countries could also miss out on measles vaccine
because of the pandemic, endangering the gains acquired by
sustained immunization campaigns.22
It is pertinent to note that the data from children with
COVID-19 definitely underestimates the prevalence of the
disease severity because at the time of publication, details
like hospitalization status, presence of comorbidities and
outcomes were missing for several cases. Moreover, as the
prevalence of asymptomatic carriers is much higher in this
group, there is underestimation of the true prevalence of
COVID-19 in children who could be the “silent spreaders” of
this disease. The real picture of COVID-19 may emerge over
the coming months with systematic surveillance as well as
improved diagnostic and treatment algorithms.
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Eye care professionals are susceptible to contract COVID-19 infection due to the
presence of the virus in tears and conjunctival secretions and, also, partly due to
the proximity required during ophthalmic examination. Although infrequent, ocular
features include conjunctivitis (predominant), chemosis, follicles, itching, dry eye,
and tearing. In this article, we have outlined salient safety recommendations at
outpatient, inpatient and operation theater level for both patients as well as health
care workers. Some of them being, creation of special triage areas at ophthalmology
clinic for the screening of patients, things to be avoided at each level, procedures to
manage appointments, examination room modifications, operation theater protocols,
a suggestion for prioritizing cases, and finally airflow and hospital staff management.
These suggestions, along with local hospital-specific modifications, will help us to go a
long way in the battle against COVID-19.

Introduction

Ocular Manifestations of COVID-19

The world is facing an unprecedented challenge due to the
Coronavirus crisis. In lines with other medical specialties, ophthalmic care has also undergone substantial modifications to
tackle the Coronavirus disease (COVID-19) pandemic.1 In this
brief review, we will be enumerating various changes which
are imperative to be undertaken in these times and beyond.
One of the initial alarms over COVID-19 was raised by a
Chinese ophthalmologist, Li Wenliang, MD, who died after
acquiring the virus from his own asymptomatic glaucoma
clinic patient.2,3 Since the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) is found in tears and conjunctival secretions (as evaluated by reverse transcriptase polymerase chain reaction [RT-PCR] in studies), ophthalmologists
and optometrists, especially those on the frontlines, triaging
patients may be susceptible to contract the infection; also,
this is partly due to the close proximity the ophthalmic evaluation generally requires.4

Ophthalmic manifestations of COVID-19, although seen
infrequently, should not be overlooked, and a high-index of
suspicion should always be maintained as the occurrence
of ocular transmission cannot be ignored.5 The majority of
symptoms and signs include conjunctivitis/conjunctival congestion or hyperemia, follicles on the palpebral conjunctiva,
increased tearing, photophobia, and preauricular lymphadenopathy. Nine out of 1099 patients (0.8%)from 30 states in
China had conjunctival congestion.6As much as 31.6% of 38
Coronavirus patients in Hubei, China, reported conjunctival
hyperemia, chemosis and epiphora as the main symptoms.7
However, only 16.7% of those affected had Coronavirus
detected from both conjunctival and nasopharyngeal swabs.7
In the study by Xia et al, one patient had conjunctivitis and
was also the only one to demonstrate Coronavirus in conjunctival swab by RT-PCR.8 Another patient showed bilateral
follicular conjunctivitis 13 days after the onset of the viral
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illness and had positive RT-PCR from the conjunctiva, which
remained positive till 17 days from the onset of the illness.9
A typical clinical presentations of the novel Coronavirus can
occur, as was seen in five patients with nonresolving conjunctivitis, which was the only manifestation of the disease
without any fever, cough or malaise.10 In one case report,
keratoconjunctivitis (subepithelial infiltrates with overlying epithelial defects) was the first clinical presentation in a
COVID-19 patient.11 Another 27-year-old patient presented
with unilateral lid edema and conjunctival hyperemia which
turned out to be COVID-19 with the manifestation of severe
breathlessness later.12 A 63-year-old man had pseudomembranous and hemorrhagic conjunctivitis associated with
COVID-19 pneumonia which started as late as the 17th day
of disease onset.13
Although ocular symptoms have relatively low-prevalence
among COVID-19-infected patients, they have been shown to
be associated with the disease severity amongst COVID-19
positive patients.14

Triage Protocols for Outpatient Department
Health care services are overwhelmed by this novel disease
due to its extraordinary incidence of transmission, elevated
susceptibility of the common man, advanced morbidity and
mortality as compared with the influenza virus. Despite
nationwide lockdowns, it has been difficult to contain this
virus.10 So proper triage, as well as the screening of patients,
is essential.
Entry points of the ophthalmology department (►Fig. 1A)
building need to be minimized, so that efficient monitoring
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of these points can be done with the limited resources.
The entrance door should be kept open to avoid touching
the knobs (►Fig. 1C). The health care worker guarding the
entrance should ask each patient about their travel history
in the past 2 weeks(keeping in mind the incubation period
of 1–14 days),15 history of contact with a COVID-19 positive
patient or suspect, history of travel from a hotspot,16 history
of symptoms like fever, malaise, cough, breathlessness and
diarrhea, and lack of smell/taste. Fever should be assessed
using noncontact thermal scanners. No attendants or children should be allowed accompanying the patient. Provision
of taking throat swabs of suspected patients should be
installed at the entrance (►Fig. 1B). RT-PCR results are usually obtained after 8 to 10 hours. In suspected cases requiring
emergency surgery, for example, penetrating eye injuries,
facilities of GeneXpert system can be employed which gives
test results in approximately 2 hours. Only one attendant
may be allowed for dependent individuals. A mask should
be provided to the patient if he or she is not already wearing one. After hand sterilization using hand sanitizers, the
patient should be allowed entry in the building. A COVID-19
declaration and consent form17 should be signed by the
patient using no-touch protocols.18 The health care worker
should avoid touching the patient’s documents and papers.
The magazines and newspaper stands should be temporarily
removed as they are potential fomites.
Social distancing of at least 1 to 1.5 m should be maintained in queues, and chairs should be blocked alternatively
using bright-colored or contrast-colored tape (►Fig. 1D).
Appointments should be staggered by approximately
15 minutes, and it should be conveyed to the patients using

Fig. 1 (A) Single entry point of the ophthalmology department with thermal scanning and hand sanitizing of patients; (B) Provision of taking
throat swabs of suspected patients installed with the facility of exchange of gloves after every patient; (C) Entrance door kept open to avoid
touching the knobs; (D) Alternate chairs blocked with tape to maintain social distancing.
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short messaging service (SMS) or electronic mail (e-mail).
Repeat appointments should be spaced out over 2 to 4 weeks
if possible. Teleophthalmology and teleconsultations should
be encouraged.12 Card or online payment should be preferred. Noncontact cash handling should be done using
prongs. “Aarogya Setu app” (an application developed by
the Government of India for tracking contacts of COVID-19
patient) installation, as mandated by the Government of
India, should be checked. Lifts should be sanitized, and plastic
cling film can be applied over the control buttons for the purpose of easy sanitization. Awareness posters should be put
all around and at the entrance of the hospital (►Fig. 2A–E).19
For air conditioning, windows/split air conditioners
should be preferred with temperature and humidity settings
as per norms. Central air conditioning supplying air through
air handling units should be advised to run on maximum
fresh air possible, and other standard recommendations
should be followed. Exhaust fans should be installed to avoid
recirculation of the air and create negative pressure, and their
air should be ideally high-efficiency particulate air (HEPA)filtered.20 Windows, if present, should be kept open. Breath
shields made of plastic or old discarded X-rays should be
fixed to slit lamps (►Fig. 3B) and indirect ophthalmoscopes.
Cotton buds should be used for lid eversions. Refractions
and pupillary dilatations for fundus evaluation should be
avoided. Near vision charts, Amsler grids, and keyboards
should be kept covered with plastic cling films to ensure easy
sanitization. Noncontact air-puff tonometry should not be
done since it is an aerosol-generating procedure.16,17 Contact
applanation tonometers can be used for recording intraocular pressures after which the tonometer tip can be washed
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with soap and water for at least 20 seconds and then airdried before using on the next patient. Since Coronavirus is
present in tears,21 and 30% of affected individuals are asymptomatic,22 eye protection in the form of goggles or face shields
along with filtering face-piece (FFP)-1/FFP-2 mask and gloves
are imperative for all eye care providers (►Fig. 3A). For examining a suspected or confirmed COVID-19 patient, full personal protective equipment (PPE) like N-95 mask, face shield,
goggles, gloves, gowns, and shoe covers are required. Patients
examined on the slit lamp must also mandatorily wear 3-ply
face masks (►Fig. 3C).

Operation Theater Protocols
In Wuhan, the most common emergency ophthalmic procedures included trabeculectomies/cataract surgeries for intraocular pressure control, emergency pars plana vitrectomies,
suture removals, and treatment of preterm infants for retinopathy of prematurity. Ocular trauma was far less common
because of people remaining mostly indoors.23
In the operation theater, donning and doffing should be
done using sterile precautions. All staff should be trained to
don, doff and in the disposal of PPE including masks (level 2
or 3 FFP, depending on the aerosol-generating risk level), eye
goggles, long-sleeved waterproof gloves, gowns, caps, and
shoe covers in dealing with suspected/confirmed COVID19 cases.24 For all other cases, it should be as per norms.
A supervisor should be earmarked to help the eye care professionals and nursing staff carry out these procedures efficiently. Separate shortest routes must exist for suspected/
infected COVID-19 individuals. The COVID-19 operating area

Fig. 2 (A–E) Awareness posters fixed at the entrance of the Advanced Eye Centre, Post Graduate Institute of Medical Education and Research,
Chandigarh, India, in the English and Hindi languages along with rotational displays on the television screen.
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Fig. 3 (A) Eye care provider wearing a mask and protective goggles for examining patients on the slit lamp; (B) Breath shields made of clear
plastic or old discarded X-rays fixed at the slit lamp; (C) Patients examined on the slit lamp mandatorily wearing a 3-ply facemask.

should be kept separate and preferably near the entrance of
the theater complex. Operation theater doors must be kept
closed after the entry of the patient, and the eye care personnel involved must leave only after the procedure is over. All
clinical records should be kept outside the operating room.13
Negative pressure should be maintained in the operation
theaters.25 A minimum of 12 exchanges of air/hour should
be mandatory in the operation theaters to decrease the viral
load.20 After every patient, cleaning of the operating room,
table, microscope and machines should be done. A minimal
number of residents and staff should be allowed when the
surgery is going on. Refractive surgeries should be avoided,
especially involving microkeratome use and laser ablation,
as they lead to aerosol generation. Phacoemulsification is
also an aerosol-generating procedure and should be avoided
except in cases of children in the amblyogenic period with
unilateral cataract or adults with lens-related glaucoma
or uveitis which requires immediate lens extraction or in
cases of traumatic cataract.17 Nasal endoscopy should also
be avoided as it may promote sneezing, which is aerosolgenerating.26 Intravitreal injections should be given on a
treat-and-extend basis, and Amsler charts and smartphone
apps should be used for monitoring decline in vision.27

Staff Management
Biometric system of attendance should be suspended, and
manual marking of attendance can be done. Staff should
best staggered and called in 33 to 50% of total strength.
Nursing and sanitation staff should be allowed to attend
duty in nonformal clothes rather than uniforms to enable
daily washing of clothes. Rings/bangles and watches use
is to be discouraged. Hand-bag usage should also be discouraged. Loose-fitting, long-length garments should
be avoided and well-fitted clothes should be preferred.
Annals of the National Academy of Medical Sciences (India) Vol. 3 No. 56/2020

Hand hygiene etiquette should be strictly followed
using povidone–iodine, combination of chlorhexidine
and cetrimide or alcohol-based rubs.19 Staggered mealtimes should be adopted, and distanced seating at canteen’s needs to be followed. The health care workers’
interaction with patients or colleagues should be kept
to a minimum.27 Disinfection of all surfaces and instruments should be performed using 70% isopropyl alcohol,
freshly prepared 1% sodium hypochlorite/1% bacillocid.17
There should be a mindful utilization of financial and
human resources. Preservation of human and material
resources are of paramount importance for the health
care sector in the current scenario. Stressors related to the
physical, mental and social well-being of ophthalmologists
and other eye care staff from the patients, as well as personal safety concerns, should be addressed promptly. The
morale of the staff should be kept high, and heightened
vigilance is utmost in these testing times and beyond.

Conclusion
The ophthalmologist may be the first point of contact to
evaluate COVID-19 patients, considering conjunctivitis as the
initial clinical presentation. Stringent safety practices should
be pursued, and triaging should be done for the most vulnerable patients, so that the best possible care can be provided
to them with the utmost safety of the eye care professionals.
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The last Influenza pandemic of 1918 happened before the advent of modern medicine.
We have come a long way since then. But the COVID-19 pandemic has still caught us
unprepared on many fronts. The review focuses on the management of critically ill
COVID-19 patients and the various treatment modalities being employed to counter
this incompletely understood disease.

syndrome
►►adult

Introduction
The world is in the grips of the severe acute respiratory syndrome coronavirus 2 (SARS-CoV2) pandemic. What started
as an innocuous viral infection in China in December 2019,
has quickly traveled around the world and infected almost
all countries on the planet. At the time of writing, there are
almost 5 million cases and over 300,000 death attributed to
coronavirus disease 2019 (COVID-19).1
A large majority of COVID-19 infections are mild and do
not require hospitalization. The spectrum of presentations
ranges from mild acute respiratory infection to severe
acute respiratory tract infections with sepsis and multiple organ system failure. About 5% of infections require
intensive care management.2 The case fatality ratio ranges
between 4 and 16%.3 Most common presenting features are
fever, cough, malaise, and breathlessness. The COVID-19
patients may sometimes present with neurological manifestations such as headache, hypogeusia/anosmia, acute
cerebrovascular events, seizure, and ataxia.4 Older patients
have been observed to have hypoxemia without displaying
clinical signs of respiratory distress, a condition described
as “happy hypoxemia.”5 Hypertension, diabetes, and preexisting kidney disease are overrepresented in the disease
cohort, and obesity has been observed to be an independent risk factor of disease severity (►Table 1).6-9
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Patients requiring intensive care management have
respiratory failure secondary to COVID-19 viral pneumonia. Viral pneumonia often progresses to acute respiratory
distress syndrome, and the disease course may be complicated by myocarditis, acute kidney injury, secondary infections, and sepsis/septic shock.10-13
The absence of any proven treatment complicates the
issue. The literature abounds with novel experimental therapies and old drugs being repurposed to treat COVID-19. The
purpose of this review is to summarize the existent therapies
which might be useful in management of COVID-19 patients
in the intensive care unit (ICU).

Management of Respiratory Failure
COVID-19 typically presents with respiratory tract illness of
varying degrees which may or may not be associated with
fever. The clinical progression is observed to be biphasic. The
first phase is characterized by fever, cough, and other constitutional symptoms and is accompanied by radiological worsening during the first week. This is associated with rapid viral
replication. By second week, symptoms begin to resolve in
most patients. A small subset of patients continues to worsen
with radiological and clinical deterioration, with the onset of
respiratory failure.
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Table 1 All India Institute Of Medical Sciences New Delhi
coronavirus disease data (unpublished)
Total number of patients

173

Hypertension

48 (27%)

Chronic Kidney disease
On maintenance hemodialysis

37 (21%)
12 (6.9%)

Diabetes mellitus

23 (13.2%)

The management of respiratory failure in COVID-19
patients are governed by well-established clinical practices
with a few important caveats.

Oxygen Therapy and Mechanical Ventilation

Increasing the oxygen concentration of inhaled air is one
of the basic pillars of respiratory failure management. This
can be done in several ways. Hypoxic patients are started on
oxygen therapy with face masks to target an oxygen saturation (SpO2) of greater than 90%. For patients requiring lowflow supplementation, nasal cannula is appropriate. Higher
flows may be administered using a simple face mask, venturi
device, or nonrebreather mask. One must be vary of the aerosol generating capacity of various therapeutic or diagnostic
techniques used commonly in the intensive care unit. Risk of
aerosolization increases with the use of higher flows.

Awake Prone Positioning

When oxygenation does not improve with increasing FiO2,
patients are made to lie prone. Proning during invasive
mechanical ventilation is advocated for acute respiratory distress syndrome (ARDS) and is almost the standard of care.
Prone positioning during severe ARDS improved oxygenation and demonstrated a mortality benefit.14 Awake proning works on the same principles and a small, single center
study has demonstrated improved oxygenation in COVID-19
patients.15 Patient selection is important. Patients—who can
communicate and cooperate, change position independently,
and have no anticipated difficult airway issues—can be given
a trial of awake proning. Patients who require an FiO2 of more
than 30% should be given a trial of this technique. Patients
with a P:F ratio of less than 100 do not seem to benefit from
awake prone positioning.16
Thus, any patient with an FiO2 requirement greater
than 30% and a P:F ratio greater than 100 who can cooperate is a good candidate for awake proning. The procedure
should be explained to the patient beforehand. Pillows
may be required for comfortable positioning, especially
below the chest. Adequate length of circuit tubing should
be ensured.
After proning, the patient’s saturation should be closely
observed to ensure that there is no decrease. If there is no
decrease, prone positioning should be maximized as much as
possible, preferably for at least 2 hours. If the patient is cooperative, cyclic position change as described in ►Fig. 1 can be
done. Oxygen saturation should be monitored after every position change and oxygen therapy titrated down as tolerated.

Fig. 1 Awake prone positioning protocol.

If the patient desaturates, looks tired or in distress, or is
unable to tolerate position; he or she should be made supine
and care escalated as required.

Noninvasive Ventilation and High-Flow Nasal Cannula

If awake proning does not result in improvement in oxygenation and the patient deteriorates, the patient may be put on
either high-flow nasal cannula (HFNC) or noninvasive ventilation (NIV). It is important to understand that both modalities lead to increased aerosolization, consequently increased
risk to health care workers, and lead to delay in intubation,
which may increase mortality. A school of thought advocates not using these modalities at all in COVID-19 patients.
But this viewpoint must be balanced by the availability of
resources, both material and human. Intubating all deteriorating patients might be feasible in a setting with adequate
resources, but this is not possible in a resource poor scenario.
Following, it will result in an undue strain on ventilator
demand in case of a surge.
At our institution, HFNC and NIV are important steps on
the management ladder, though we prefer NIV over HFNC.
The ERS/ATS guidelines recommend the use of NIV as a preventive strategy for avoiding intubation in hypoxemic acute
respiratory failure.17,18 NIV and HFNC may be an option for
mild to moderate ARDS (PaO2/FiO2 > 100).
Helmet NIV has better acceptance than NIV by facemask.
Using a helmet with double limb circuit and a good seal
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at the neck-helmet interface is a safe option in the COVID
setting.18,19 The use of a “helmet continuous positive airway
pressure (CPAP) bundle” has been suggested to improve
patient comfort and compliance with the helmet.20 We start
CPAP with the lowest effective pressures (5 to 10 cm of H2O).
For HFNC, we start with low-flow rates (20 L/min) and titrate
according to the patient’s requirement. This strategy allows
us to mitigate the risk of aerosolization. HFNC or NIV can
also be combined with awake proning resulting in improved
oxygenation.
Early application of HFNC or NIV in a patient of moderate ARDS in prone position resulted in avoidance of intubation and improvement in oxygenation.16 Presumably, these
findings can be extrapolated to COVID-19 respiratory failure
as well. One of the drawbacks of using noninvasive modes of
ventilation in pursuit of avoidance of intubation is the higher
level of vigilance required on part of the health care personnel.
Thus, patients on such modalities must be monitored closely
with frequent blood gas analysis (every 2–3 hours) to ensure
safety. A low threshold for intubation should be maintained.

Invasive Ventilation

Most COVID-19 patients with severe ARDS will ultimately
need invasive mechanical ventilation. Timing of intubation is
important. If the patient is on NIV/HFNC, it is imperative that
he/she is monitored closely for clinical and/or biochemical
deterioration and intubation is not delayed as it is known to
increase mortality. Intubation is known to have the highest
risk of transmission due to aerosol generation.21 It is important that certain pertinent points are kept in mind before performing intubation (►Table 2).22
“Aerosol boxes” have been devised to prevent aerosol
dissemination during endotracheal intubation.23 In our
experience, such boxes hinder arm movement and may
actually delay intubation. We prefer to use a supranormal
dose of succinylcholine or rocuronium, and propofol as
part of a Rapid sequence intubation technique and intubate using the precautions mentioned previously.
The primary aim of ventilation strategy in a COVID-19
patient is avoidance of ventilator induced lung injury. That
means using a low tidal volume ventilation (LTVV) strategy
as described by the ARDS network.24 We use tidal volumes
6 mL/kg predicted body weight which targets a Pplat <30 cm
of H2O with the prescribed positive end-expiratory pressure
(PEEP). As is the practice in ARDS, ventilation is adjusted to
keep driving pressure (DP = Pplat − PEEP) less than 15 cm of H2O.
The mode of ventilation used varies, but a volume limited
assist control mode is the most used mode. This mode provides
a consistent tidal volume and is less prone to breath-to-breath
changes in the respiratory system compliance, which might lead
to unstable volumes being delivered. In the case of pressure limited modes, changes in compliance can lead to breath to breath
variability in delivered tidal volume. Delivery of LTVV requires
deep sedation, and the higher than normal rates can lead to generation of auto-PEEP. Ventilator dyssynchrony is common and
may occur in up to 25% of ventilated patients25,26 and includes
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Table 2 Important issues to remember during intubation
Things to keep in mind

•• An intubation checklist should be followed to avoid
confusion
•• The most qualified individual (e.g., anesthesiologist)
should perform the intubation to decrease the number of
attempts
•• If possible, the intubation should be performed in an airborne infection isolation room
•• Minimum number of personnel should be in the room
during the procedure
•• Personnel involved in intubation should be properly donned
with personnel protective equipment which includes a fit
tested N-95 mask, eye protection, cap, gown shoe covers,
and gloves
•• Preoxygenation should be performed using a 100% nonrebreather masks. Bag mask ventilation should be avoided to
prevent aerosol generation. If the need for assisting ventilation is unavoidable, the mask should be replaced with a
supraglottic device
•• An heat and moisture exchangers filter should be placed
between the mask/supraglottic device and circuit
•• Rapid sequence induction should be planned to decrease
the apneic duration and to ensure complete paralysis at the
time of intubation
•• Video laryngoscope should be used to perform the intubation. This improves first pass success and allows distancing
between the patient and the physician

double triggering, ineffective triggering and flow dyssynchrony.
Various maneuvers and changes to the ventilatory settings can
be performed to address these problems.
If these maneuvers fail to rectify dyssynchrony, the ventilatory modes can be changed. There are various options such
as pressure-regulated volume control (PRVC), pressure support, airway pressure release ventilation (APRV), volume-targeted pressure-controlled ventilation (e.g., VC plus), and
neurally adjusted ventilatory assist (NAVA) mode. We will
briefly describe PRVC and APRV modes.

Pressure-Regulated Volume Control
In PRVC, the tidal volume is set and the inspiratory pressure
changes to attain the target tidal volume. The inspiratory
pressure supplied depends on the pressure required to attain
the tidal volume during the previous breath. This is a time
cycled mode of ventilation. Thus, the duration of inspiration
depends on the respiratory rate and the I:E ratio.

Airway Pressure Release Ventilation
During APRV, a high continuous positive airway pressure
(P high) is delivered for a long duration (T high) and then falls
to a lower pressure (P low) for a shorter duration (T low). The
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transition from P high to P low deflates the lung and inflates
the lung when P low transitions to P high. The long duration
at P high increases alveolar recruitment.27,28 Driving pressure
is the difference between P high and P low, and tidal volume
is related to the driving pressure and the compliance. APRV
has been shown to decrease days on ventilator, days in the
ICU, sedation, and muscle relaxant requirement, but it had no
effect on the mortality.29
Prone positioning has a proven benefit in ARDS and
maybe especially beneficial in COVID-19 ARDS given the
greater propensity of peripheral and dorsal areas of the lungs
to be affected.30 It is the logical next step when LTVV fails to
improve the oxygenation. In our practice, we prone patients
for a minimum of 14 hours a day. Contraindications and
complications remain the same as for any other ARDS case.
Care should be taken to avoid venting of circuit to air which
can be prevented by clamping it during disconnections. The
PROSEVA trial demonstrated that the benefit from proning
was accrued when it was done early rather than late.14
The decision to stop proning a patient must be individualized. PaO2/FiO2 >150 on a FiO2 <0.6 and PEEP <10 cm of H2O
for at least 4 hours after the last prone session makes for a
good candidate for ceasing prone positioning.
Neuromuscular blockade is not used routinely because of
concerns for critical illness polyneuromyopathy. It should be
used when there is refractory hypoxemia or patient ventilator dyssynchrony.

Extracorporeal Membrane Oxygenation

Veno-venous-ECMO (VV-ECMO) is reserved for the most
severe form of ARDS, and maybe suitable for patients who
have failed standard low-volume tidal ventilation strategies
and/or who have failed or cannot undergo prone ventilation
and high PEEP strategies. Few centers perform ECMO on a regular basis, especially so in medium- to low-income countries
and it is a resource intensive procedure. A cohort study of
ECMO database of patients with H1N1-related ARDS showed
that hospital mortality rate was 23.7% for ECMO-referred
patients versus 52.5% for non-ECMO referred patients.31
Retrospective data from ECMO usage in patients with middle eastern respiratory syndrome (MERS) also demonstrated
benefit.32 On the flipside, experience from China has so far
not demonstrated conclusive benefit from the use of ECMO
in COVID-19 patients.33 In low-resource settings, thought
should be given to the dilemma of providing an advanced and
expensive, yet unproven therapy to a few patients versus routine care to many patients. We do not provide ECMO as a routine therapy for COVID-19 ARDS patients at our institution.

Fluid Management

We prefer to use a conservative fluid management strategy
as is advised for any ARDS patient unless the patient has sepsis or volume depletion secondary to gastrointestinal losses,
fever, etc.34 Management of COVID positive patients who
have septic shock is similar to patients having septic shock
due to other causes. In the recovering COVID-19 patient on
the ventilator, we prefer to keep them “dry” on the day before
planned extubation. In our experience, this facilitates the
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weaning process. Colloids like starches and gelatin or hypotonic crystalloids are no longer recommended for use in the
intensive care unit. If a colloid has to be used when patients
require substantial amounts of crystalloid, albumin can be
used.

Antibiotics

All our patients receive empirical broad-spectrum antibiotic coverage as it is common to have superimposed bacterial infection, especially in the presence of comorbidities.
The specific antibiotic coverage can be tailored according to
the local infectious disease epidemiology.35 In the presence
of local seasonal influenza, a neuraminidase inhibitor (e.g.,
Oseltamivir) may be added.

Thromboprophylaxis

Routine thromboprophylaxis is warranted in all patients
receiving mechanical ventilation in the absence of any contraindications.36 This recommendation is valid for COVID-19
patients as well. Anecdotal evidence and local guidelines at
various hospitals across the world suggests that physicians
consider COVID-19 patients to be at a higher risk of venous
thromboembolism.37 This is reflected in the adoption of an
intermediate intensity (i.e., administering the usual daily low
molecular weight heparin (LMWH) dose twice daily) or even
a therapeutic intensity dosing strategy.
We prefer to administer the standard prophylactic once
daily dosing of LMWH and instituting therapeutic LMWH
dosing if there is evidence of any venous thrombosis or signs
of cytokine storm syndrome. Care should be taken to consider the patient’s renal function while selecting the agent
and the dose, and to individualize anticoagulation.
If the patient is on warfarin at admission (mechanical
heart valves, atrial fibrillation, etc.), it should be continued.
In case of any contraindications to pharmacological prophylaxis, mechanical thromboprophylaxis should be used.

Supportive Therapies
At the time of writing this review, there has been no therapeutic agent approved for use in COVID-19 patients. There
has been interest in several potential agents and trials are
ongoing.

Corticosteroids

Usage of systemic corticosteroids in MERS resulted in
increased viral shedding, delayed viral clearance, and
increased days on ventilator and mortality.38-41 The World
Health Organization, the Society for Critical Care Medicine,
and the Infectious Disease Society of America recommend
against the routine use of systemic corticosteroids in all
COVID-19 positive patients.34,35,42 If the patient has underlying chronic obstructive pulmonary disease or asthma, in
septic shock, or has severe ARDS; corticosteroids should be
used.34 Corticosteroids may also be used in severe COVID-19
with cytokine release syndrome (CRS). We administer methylprednisolone 2 mg/kg/day for 5 days as mandated by government guidelines.43
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Hydroxychloroquine/Chloroquine

Hydroxychloroquine was developed and subsequently
approved for the treatment of malaria in 1955 while chloroquine was developed in the 1930s. The mechanism of
action is believed to be accumulation within lysosomes
and alteration of the internal pH. Both hydroxychloroquine
(HCQS) and chloroquine inhibit SARS-CoV2 in vitro, but
there is limited and good quality clinical data which show
a clear benefit. The U.S. Food and Drug Administration
(FDA) has issued an emergency use authorization while
most clinical societies discourage use outside of a clinical
trial.
The most concerning side effect of HCQS is QT prolongation and should be avoided in patients having QTc prolongation at baseline, or on other drugs causing conduction
abnormalities.
We administer hydroxychloroquine 400 mg every
12 hours on the first day, followed by 400 mg daily for 5 days.
A recent observational study has allayed fears to some
extent about the side effects of hydroxychloroquine usage in
COVID-19 patients.44 But in the absence of robust data, it is
not recommended to use HCQS in all COVID-19 patients.
Azithromycin, a macrolide antibiotic has known immunomodulatory properties.45 When combined with HCQS, it is
thought to have a synergistic action on viral activity. Caution
should be exercised when combining both drugs as azithromycin also causes QT prolongation.

Interleukin-6 Antagonists

Drugs such as tocilizumab, sarilumab, and siltuximab are
interleukin (IL)-6 antagonists. Tocilizumab has been approved
as a therapy for CRS related to CAR-T cell therapy. Since CRS
is a common feature of severe COVID-19 infections (presence
of persistent fevers, elevated IL-6 and other cytokines, and
elevated ferritin, D-dimer, and other inflammatory markers),
it follows that tocilizumab and other IL-6 antagonists have
a role to play. Indeed, case reports and observational studies have described the use of tocilizumab in severe COVID19 patients. The U.S. FDA has recently approved a phase III
trial for tocilizumab usage in COVID-19 and multiple RCTs are
ongoing to answer questions about its efficacy.

Ivermectin

Ivermectin is an FDA-approved and broad spectrum antiparasitic agent that has been shown to have antiviral activity against a broad range of viruses, including SARS-CoV2
in vitro.46 Indeed, a case has been made for the synergistic
action of hydroxychloroquine and ivermectin in COVID-19
infections.47 More robust clinical data are still awaited before
use in COVID-19 can be recommended.

Remdesivir

Remdesivir is a nucleotide analog that has in vitro activity
against SARS-CoV2.48 The U.S. FDA granted emergency use
authorization for remdesivir for children and adults with
severe COVID-19 but is not available in India yet. There are
ongoing trials to ascertain its efficacy in treating COVID-19
with the current evidence inconclusive. Preliminary results
Annals of the National Academy of Medical Sciences (India) Vol. 3 No. 56/2020

demonstrate a probable efficacy in treating COVID-19 infections, but the target patient subset is unclear.
Remdesivir is not recommended in patients with alanine
aminotransferase (ALT) levels more than five times the upper
limit of normal. The drug should be discontinued if these ALT
levels are breached. The drug should not be given in patients
with an estimated glomerular filtration rate <30 mL/min
per 1.73 m2.

Lopinavir–Ritonavir

It is a combined protease inhibitor, primarily used for HIV,
which has in vitro activity against SARS-CoV.49 It appears to
have minimal activity against SARS-CoV2.
Cao et al reported no significant difference in time to clinical improvement, reduction in viral load, or 28-day mortality with lopinavir–ritonavir compared with standard care in
patients with severe COVID-19.
The use of lopinavir-ritonavir outside the context of a clinical trial is not recommended.

Convalescent Plasma

Convalescent plasma is plasma prepared from a patient who
has recovered from an illness. It is essentially a way to transfer passive immunity to a sick patient. A systematic review to
assess the effectiveness of this therapy in severe acute respiratory illness of viral etiology concluded that convalescent
plasma was effective in reducing mortality.50
Whether a recovered patient can donate plasma is dependent on several factors such as consent for the procedure,
blood type matching, antibody titers, and absence of transmissible infections.
Ideally, convalescent plasma should be administered in
the early stages of the disease when the viral inoculum is
low. Possibility of adverse effects such as volume overload,
transfusion reactions, antibody dependent enhancement of
infections, etc. should also be considered.

Plasmapheresis

While targeting the infectious agent, that is, the virus is
inarguably important, mitigation of the excessive host
response is also a therapeutic target. The host response is
made up of a complex interplay between excessive cytokine
release, endothelial dysfunction, and hypercoagulability.51,52
Plasmapheresis or therapeutic plasma exchange (TPE) acts
on multiple levels of the inflammatory cascade to mitigate
the exaggerated immune response.53
Although just a single center and retrospective study, this
study showed a mortality benefit when TPE was used versus standard care in the subset where pneumonia was the
source of sepsis.54 Similarly, Ma et al reported their encouraging experience of using TPE in patients with severe COVID-19
infections with cytokine storm.55
Plasmapheresis seems to be a promising option in
COVID-19 and awaits more robust data.

Blood Purification Devices

Several blood purification devices are available on the
market that can remove both endogenous and exogenous
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inflammatory mediators. The three most well known of these
devices are Oxiris, Toraymyxin, and Cytosorb. All three have
varying efficacy and adsorption capacity for the removal of
cytokines and inflammatory mediators.56
The usage of such devices requires specialized equipment
and expensive consumables and have unproven efficacy in
the management of COVID-19. Their routine usage cannot be
recommended at this time.

Conclusion
The present review describes in brief the current therapeutic
landscape for COVID-19.
Unfortunately, there is no one agent which can be said
to be a “silver bullet” against COVID-19. While the basics of
management of respiratory failure remain the same, we are
still lacking any specific therapies. Ongoing research on various agents and modalities will shed more light on the treatment of this pandemic.
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Coronavirus disease 2019 (COVID-19) pandemic has become a global health emergency in a short span of time. Novel kind of the disease, highly infectious nature, rapid
progress with serious medical complications and risk of death, and absence of effective
treatment and vaccine have all added to a community fear. Need for social distancing,
social isolation, and quarantine in contacts further contributes to the fear and also
creates a stigma. Declaration of lockdown in many parts of the world to prevent spread
of illness has been associated with socioeconomic consequences with great loss to
the world economy as well unemployment in a large section of the population. All
these factors impose a high risk of mental health problems like anxiety, fear, worries,
sleep disturbances, depression, etc. in the general population, and also worsening of
the existing symptoms in persons with existing mental illness. The impact of the pandemic on mental health is likely to be long lasting, and a great challenge to the mental health professionals and the policy makers. This paper discusses various strategies
to effectively manage the mental health issues in the light of limited availability of
mental health resources and restricted access to health services due to lockdown in
low-resource settings.

Introduction
On March 11, 2020, the World Health Organization (WHO)
declared the novel coronavirus disease 2019 (COVID-19)
outbreak a global pandemic. It began as a cluster of cases
of pneumonia in Wuhan, Hubei Province, China and started
spreading alarmingly all over the world. By May 14, 2020,
over 4,218,212 confirmed cases with 290,242 deaths across
216 countries had been reported.1 The numbers in India
stood at 78,003 cases with 2,549 deaths till the same date.2
This rapidly spreading public health emergency has affected
health, safety, and well-being of all at individual as well as
community level. Novel nature of the virus, its rapid spread
with high infectivity, lack of effective treatment, and unpredictable prognosis with restricted health infrastructure have
led the local governments to impose nationwide lockdowns
by many countries including India as a measure to prevent the chain of transmission. The lockdown resulted into
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restriction of movements, limited availability of health services, shutting down of educational institutions and public
transport along with ban on social gatherings. Agricultural
and industrial sectors have been severely affected by the
COVID-19 pandemic. This socioeconomic disruption has
come with significant impact on the livelihoods of large
strata of population, as there is high risk of unemployment
and financial loss. Fear of illness, social isolation, and fear
and misinformation spreading through social media along
with uncertainty about the future have potential of adversely
affecting the mental health of the population. Various studies have already demonstrated impact of infectious disease
outbreak on mental health in the recent years.3,4 The persons
affected by the economic shutdown, persons with COVID-19
and their contacts, especially those being kept in quarantine
and healthcare workers (HCWs) are at high risk of developing
mental health issues. Though at present the primary focus
is on physical health, neglecting mental health may have
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deleterious effects in form of increase in anxiety and depressive symptoms, increased use of psychoactive substances,
sleep disturbances, and so on. In fact, there have also been
a few reports of suicidal attempts and completed suicides in
persons being under quarantine or admitted with COVID-19
infection. Thus, the mental health professionals (MHPs) face
several challenges in this background, and there is a need to
evolve well-planned strategies to meet this challenge.
This paper discusses various strategies at individual as
well as the community level to meet the mental health challenges being faced in background of the COVID-19 pandemic.

Challenges for Mental Health during
Coronavirus Disease 2019 Pandemic
COVID-19 has been spreading alarmingly across the globe
with fatalities increasing day by day. Restrictions imposed
through lockdown leading to financial instability have created a sense of panic in the general population. Social isolation, fear of contracting illness, unpredictability of disease
with high morbidity and mortality, fear of unemployment,
and sense of loss of control are among many factors contributing to the rise of mental health problems. Though it is early
to study impact of COVID-19 systematically, mental health
issues like anxiety, worries about self and family getting the
infection, depression, sleep disturbance, symptoms of posttraumatic stress disorder, multiple pains, and feeling stressed
have been reported in recent studies.5,6 People with preexisting mental illness are more likely to react to such stressful situations, leading to relapse or worsening of preexisting
mental health condition. Lockdown, lack of public transport
services, and limited access to health services have made difficult for people with mental disorders in maintaining their
regular follow-up with the mental health services. Persons
with chronic or severe physical illnesses are also facing similar issues leading to worsening of their illness and worries.
Individuals infected by COVID-19 who are under isolation or
treatment or those who have been quarantined may develop
severe anxiety, worries, depression and stress reactions.
Quarantine and isolation have also been reported to be associated with stigma and discrimination.7
There are also vulnerable groups like the elderly, pregnant ladies, children, migrant workers, unemployed people,
and individuals with existing severe medical or psychiatric
illnesses, who would need extra care. The HCWs are also
at high risk of contracting disease particularly those who
are involved in diagnosing or treating known or suspected
COVID-19 patients. Fear of contracting illness and infecting
loved ones along with threat to life, increased work hours,
lack of adequate protective equipment, fear of discrimination or violence in society, and lack of effective treatment are
important stressors for HCWs.8 This may result into feelings
of loneliness and helplessness, physical and mental fatigue,
and depression or anxiety symptoms. Thus COVID-19 is a
major challenge to mental health. The MHPs need to develop
well-planned strategies at delivering mental health services
to the affected population as well as strengthening stress
coping abilities of the community to deal with the stress of
Annals of the National Academy of Medical Sciences (India) Vol. 3 No. 56/2020

social isolation and economic crisis in the background of the
lockdown. There is also a strong need to tackle the stigma
and discrimination being faced by the persons infected by
COVID-19 and their contacts even following recovery. The
MHPs can also play an important role in managing stigma in
the community.

Strategies for Developing Mental Health
Care Services during Coronavirus Disease
2019 Pandemic
COVID-19 pandemic is fast turning into a global mental
health crisis and major international agencies have launched
wide-ranging efforts to raise awareness about its mental
health implications. WHO has been instrumental in highlighting specific mental health issues and assisting countries
in formulating their response.9 On May 13, 2020, the United
Nations (UN) Secretary General emphasized mental health
as essential component of COVID-19 response and launched
its first policy brief on “COVID-19 and the need for action
on mental health.”10 UN has urged the governments, the civil
society, and the health authorities to collaborate and urgently
address the mental health dimension of the pandemic. The
policy document recommends three immediate actions for
this purpose: (1) a whole-of-society approach for mental
health promotion and protection, (2) widespread availability of emergency mental health and psychosocial support,
and (3) building mental health services for the future to
support recovery from the pandemic. Academic institutions
and health and social-sector organizations across the world
have become active in conducting research and disseminating useful information focusing on strategies to cushion the
enormous psychological impact of the COVID-19. Various
national governments including the Government of India
have also been taking steps for integrating mental health
and psychosocial support as part of management plan for
the pandemic. There is no single prescribed policy for this
unprecedented event in modern history, and the strategies would evolve gradually with the progress of the global
pandemic. MHPs and policy makers need to join forces to
develop a comprehensive and multidimensional response
plan. Building capacity for promotive, preventive and curative aspects of mental health care for society at large with
focus on vulnerable groups is need of the hour. The strategies
would include raising community awareness about the problem, expanding mental health services, emotional support
for the quarantined persons, and supporting and sensitizing
the health professionals.

Raising Community Awareness

Effective public health communication is a crucial step
in controlling the escalation of overwhelming anxiety
and panic. Basic knowledge about the modes of disease
transmission and preventive measure should be made
available to the public. Mass media including print, audiovisual, and social media are useful in dissemination of such
information and educating the population. MHPs can be
involved in developing and delivering such public health
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messages.11 Factually, accurate information in a simple,
concise and comprehensible language coming from reliable sources (political leadership, health professionals,
popular personalities, etc.) plays an important role in
conveying the message.1 Equally important is countering
the spread of misinformation and rumors by rapidly identifying malicious content, debunking myths, disseminating alerts, and counterarguments. Fear and anxiety due
to COVID-19 infection can be addressed by unambiguous
public messages from health authorities clearly describing prevention approaches, pathognomonic symptoms
of COVID-19 infection, self-monitoring, and methods to
swiftly access testing and medical help. In addition to the
information about physical risks, public should also be
educated about common psychological responses in such
a situation and informed about methods of coping with
stay at home restrictions (lockdown).12 Sharing experiences of individuals, who have recovered from COVID-19
infection, can also help to alleviate anxiety in community.
Positive mental health and stress reduction strategies are
useful in building resilience among individuals to tide over
period of crisis. Basic advice includes sleep hygiene, activity scheduling, exercising, maintaining social connections,
relaxation techniques, avoiding substance use and limiting
time watching news and on social media.12
Social adversities like financial strain, loss of employment and educational opportunities, social isolation, and
related issues secondary to the pandemic that threaten to
trigger psychological distress also need to be addressed by
raising awareness about the available alternatives for help,
which may include welfare measures from the government
and pragmatic financial advice. Options of work from home,
distance learning using media, virtual classes from the educational institutions, and also virtually connecting with family members and friends are some other alternatives which
can help in reducing distress and anxieties in the lockdown
atmosphere. Another subject for community awareness programs is reduction of stigma associated with the infection
and against those at higher risk of getting infected.7,9,13 Stigma
reduction requires spreading the true facts, engagement of
social influencers, amplifying the voices of people with lived
experience of COVID-19 infection, honoring frontline care
providers and promoting ethical journalism.14 Along with
health information targeting the general population, specific
advice and information support should be made available for
the particularly vulnerable groups including children, elderly,
people with COVID-19 infection, quarantined individuals,
HCWs, people with preexisting mental disorders and those
facing severe psychosocial adversities (e.g., migrants, unemployed and those facing domestic violence). Both national
and international agencies like the WHO, ministry of health
and family welfare, health care institutions, and professional
societies are regularly publishing relevant public information about how to tackle various psychosocial issues arising
out of the pandemic. Such information is available both in
print as well as digital media in various local languages and
needs to be further disseminated so as to reach all strata of
the population.
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Expanding Mental Health Services

COVID-19 pandemic has brought the issue of public mental
health to the center of debate and offered a unique challenge
for policymakers, academicians and clinicians globally. A
major spike in psychological adversities and mental disorders is expected among general population and more so in
the high-risk groups. In addition to lack of adequate human
resource and infrastructure, risk of spread of infection has
significantly disrupted the routine inpatient, outpatient, and
community mental health services. Mental health systems
across the world are quickly adapting to the situation by initiating and scaling up digital models of psychiatric assessments
and consultations.15 Various audio-visual communication
platforms and models are being used globally and evaluated
for their effectiveness during the pandemic. On March 25,
2020, the board of governors of the Medical Council of India
announced “Telemedicine Practice Guidelines” providing a
legal framework enabling medical practitioners to practice
telemedicine in the country.16 Subsequently, the All India
Institute of Medical Sciences (AIIMS), New Delhi, started its
telemedicine service for the follow-up patients. As a part of
this service, the Department of Psychiatry, AIIMS, New Delhi,
has also started telemedicine services. Given the uncertainty
regarding the duration of pandemic, further innovative and
sustainable models of telepsychiatry and telepsychotherapy
services need to be developed and evaluated. Mobile application technology has also been used in past for many psychiatric disorders and has served as tools for health information,
self-help, symptom monitoring, lifestyle modification, delivering psychotherapy and medication management.15 Many
such apps are available on Internet and their use has been
advocated during the pandemic. MHPs can recommend
appropriate apps to patients which can become an integral
part of treatment in future. Adopting digital psychiatry and
scaling-up will require investment of resources, collaboration with IT professionals, training of clinicians and quality improvement based on experience.15 Legal, ethical, and
patient safety issues also need to be addressed while implementing such models.
It needs to be pointed out here that telemedicine can benefit mainly in routine consultations, that is, managing patients
with low-risk and mild-to-moderate symptoms. Patients
with severe symptoms or with comorbid physical health
issues will require in person outpatient visits and may even
need inpatient admission. It is therefore advisable that strict
screening of patients, physical distancing, and infection control protocols are established for emergency, inpatient, and
outpatient psychiatric settings. Further precautions would
be needed in procedures like repetitive transmagnetic stimulation, electroconvulsive therapy which will pose higher
risk to the treatment team and require extra precautions
and personal protective equipments (PPEs). MHPs will need
to be educated and trained in appropriate use of PPEs and
self-monitoring of symptoms. Psychiatrists will also need to
understand potential interactions of psychotropic medication
with COVID-19 illness and its treatment, and prepare guidelines for the treatment of mental health problems in COVID
positive patients. Since hospital inpatient units often become
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hotbeds of infection, it will be advisable to avoid inpatient
admissions as much as possible and keep these reserved
only for patients with life-threatening risk. The limitations
placed on the hospital-based psychiatry system lay emphasis
on development of community mental health. Reduction in
inpatient admissions will require enhanced support for such
patients in the community by creation of crisis intervention
and home treatment teams as an alternative. Mental health
workforce will need to be rapidly expanded to meet the rising demand, which can be done by increasing investment in
community mental health. The National and District Mental
Health Programs would need to be further strengthened to
meet the challenge. As recommended by the UN and the
WHO, mental health services would need to be integrated
with COVID-19 response teams to improve access to a whole
array of psychological and psychiatric services.10

Support for the Quarantined Patients

MHPs have another important role in COVID-19 units
and quarantine centers. COVID-19 positive and suspected
patients display a range of stress reactions which may interfere with their medical management.7 MHPs need to sensitize COVID-19 frontline HCWs about these issues and train
them in communication skills to allay patient’s anxiety, using
screening tools for mental health problems, providing basic
psychosocial support/counseling to patients and referring
to a psychiatrist when needed.17 Health authorities should
be proactive in their approach to address the mental health
needs of patients and suspects to avoid untoward incidents.
Quarantine centers and COVID-19 wards need to be equipped
with patient education material about COVID-19 and mental health literature about managing stress and uncertainty.
Structured daily routine, basic amenities, physical exercise,
recreation facilities and encouraging virtual connectedness with family helps people cope with the quarantine.7,17
Various information technology-based models of providing
mental health support to this population are currently being
tested across the globe. Initial reports are encouraging and
further research is needed to consolidate the findings and
build sustainable models.

Supporting and Sensitizing Health Professionals

A large proportion of country’s health care work force including doctors, nurses and paramedical staff are involved in provision of COVID-19 related services. They are experiencing
significant psychological distress due to multiple factors
and need to be sensitized and supported about need of caring for their own mental health. Studies are being done at
national and international level to identify HCWs’ needs, and
to evaluate various psychological interventions to support
them during this period. Health system leaders and hospital
administrators need to understand the needs of the HCWs
and create a positive work environment.18 These systemic
interventions include adequate provision of PPEs, training
in infection control, supervision and clinical protocols, adequate rest and sleep time, freedom of expression, motivation
and boosting morale, opportunities to contact family members and availability of psychological help.17,18 MHPs have a
Annals of the National Academy of Medical Sciences (India) Vol. 3 No. 56/2020

key role in coordinating with COVID-19 response teams to
screen HCWs for mental health problems, addressing their
specific concerns, providing psychological support, teaching coping and self-care skills, problem-solving, ventilation
and reassurance depending on the context of consultation.17
Dedicated confidential mental health helplines for health
professionals providing access to both clinical psychologists
and psychiatrists need to be made available.

Conclusion
COVID-19 pandemic is spreading alarmingly and has affected
health, well-being and financial stability of the general population all over the world with significant impact on mental
health. There is a need to raise awareness about its mental
health implications and make strategies to manage the mental health issues. Effective public health communication in
simple, concise, and comprehensible language coming from
reliable sources may help to alleviate panic and anxiety in
public. Mental health issues in persons being quarantined
and in COVID-19 patients need to be taken care of. HCWs
also face lot of stress while caring for the COVID-19 patient
and need emotional support. IT-based technologies can be of
great help in delivery of the mental health care. There is a
need to strengthen the mental health system in view of various challenges and demand posed by COVID-19 pandemic
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Novel coronavirus disease 2019 (COVID-19) has emerged as a threat to the human
population worldwide. Old age and presence of comorbidities are risk factors for
severe complications of the disease, as many of these patients are not able to mount
effective or have an aberrant antiviral response. Patients with chronic kidney disease
are at high risk of COVID-19 and its complications, especially those with end-stage
renal disease (ESRD). Patients have repeated exposure to crowding in dialysis units,
and face the uncertainties of health care system sustainability during periods of
increasing demand and scarce supply. Acute kidney injury (AKI) is a notable complication in patients with COVID-19 with an incidence of up to 25% in specific populations. Patients with AKI have a higher mortality rate. The etiology and pathogenesis
of AKI in COVID-19 are multifactorial. Direct viral invasion and cytopathic effects on
renal tubular cells and indirect factors like hypovolemia, rhabdomyolysis, renal vein
congestion, and hypercoagulable state play a role in causing AKI in these patients.
Renal replacement therapy in the form of continuous renal replacement therapy is
most widely used worldwide mostly due to hemodynamic instability of critically sick
patients with COVID-19. Anticoagulation therapy is critical as most COVID-19 patients
have increased clotting tendency and extracorporeal circuit thrombosis is common.
ESRD patients in China had mild-to-moderate symptoms commonly. However, the
data from Spain and Italy report a higher mortality rate in ESRD patients than the general population. Strict screening and uniform adherence to infection control practices
have led to a decreased risk of cross-infection among other patients and dialysis personnel in dialysis units. The association between nephrology and COVID-19 is unique
and focus on further research on kidney pathology along with the strengthening of
existing dialysis facilities are needed.

Introduction
The infection caused by severe acute respiratory distress
syndrome coronavirus 2 (SARS- CoV-2), also called the coronavirus disease 2019 (COVID-19), is closely linked to the
kidneys, both in terms of commonly affecting the kidneys
and having an increased prevalence and severity in patients
with chronic kidney diseases (CKDs).1,2 Unlike the previous
pandemics caused by respiratory viruses, the SARS-CoV-2
virus affects multiple organ systems apart from severe
respiratory involvement and spreads quickly among healthy
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asymptomatic individuals. The presence of comorbidities
namely hypertension, diabetes mellitus, CKD, and immunosuppressed state namely cancer and organ transplant
recipients have clearly emerged to be the risk factors for
life-threatening COVID-19.3,4

Pathogenesis of Coronavirus Disease 2019
Related Kidney Disease
SARS-CoV-2 can affect the kidneys both directly and indirectly. Kidney involvement can be in the form of acute
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kidney injury (AKI), proteinuria, and hematuria.2 AKI is typically seen in severe COVID-19 disease owing to multiple
mechanisms.5 Direct viral (SARS-CoV-2) invasion in kidneys,
specifically the renal tubular epithelium and podocytes, was
demonstrated in a postmortem study in Chinese patients
with severe COVID-19 pneumonia.6 Virus-like particles were
shown ultrastructurally and SARS-CoV-2 nucleoprotein by
indirect immunofluorescence using an antibody.6 Direct viral
infection could be associated with AKI and proteinuria in
these patients as it correlates with histopathological findings
of tubular injury in the form of loss of brush border and vacuolation in the proximal tubular epithelial cells along with
podocyte vacuolation with occasional detachment. In another
preprint study in medRxiv,7 virus-like particles in the tubular
epithelium—in addition to a direct cytopathic effect—were
shown to initiate macrophage and complement deposition
which cause tubular injury. However, lack of demonstration
of SARS-CoV-2 RNA and lack of inclusion of patients with AKI
who had less severe symptoms of COVID-19, make a case for
further indagating to understand kidney injury in COVID-19.
Indirect causes of AKI due to hypoxic or toxin mediated acute
tubular injury are often common in patients with severe
COVID-19.5 Cytokine release syndrome (cytokine storm),
driven predominantly by interleukin (IL)-6, is one among the
various culprits.5 Systemic endothelial injury, increased vascular permeability, intravascular hypovolemia, and therefore
renal tubular injury are the harbinger to the cytokine storm.
Cytokine release syndrome is also frequently associated
with cardiomyopathy which results in renal tubular injury
by similar mechanisms as cardiorenal syndrome type 1.5
Occurrence of rhabdomyolysis in critically sick patients on
mechanical ventilation is also attributed to cause AKI in
COVID-19 disease. Histopathological findings of hemosiderin
granules in tubular epithelium and occasional pigmented
casts in tubular lumen of few patients with elevated creatine
phosphokinase indicate rhabdomyolysis as a contributing
factor for AKI.6 Renal compartment syndrome—secondary to
ventilatory abnormalities or fluid overload from aggressive
fluid resuscitation in patients with severe COVID-19—could
lead to increased renal vein congestion and impaired venous
drainage and therefore AKI.5,8,9 It is also possible that renal
infarction due to hypercoagulable state seen in COVID-1910
could also result in acute tubular or cortical necrosis.11 The
various possible pathogenetic mechanisms of AKI in patients
with COVID-19 are shown in ►Table 1.
The histopathological findings of the kidneys include
acute tubular injury (in various forms) and occasional podocytopathy.6 The vascular (peritubular capillaries and glomerular capillary loops) involvement in the form of aggregation
of red blood cells which are devoid of fibrin or platelet and
are associated with surrounding secondary endothelial
injury.6 The reason for this finding is unclear, and the absence
of a typical thrombus (as seen in thrombotic microangiopathy) and interstitial hemorrhage (as seen in Hantavirus
infection) suggest need for future deliberation on COVID-19
related kidney pathology. Only 3 out of 26 patients had evidence of few segmental fibrin thrombi in the glomerular
capillary loops along with endothelial injury.6 Disseminated
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Table 1 Direct and indirect causes of acute kidney injury in
coronavirus disease 2019
Direct cause
Direct viral invasion (likely) causing cytopathic effects on
renal tubular cells and podocytes
Indirect causes
Hypoxic acute tubular injury
i. Secondary to hypovolemia and decreased perfusion
ii. Cytokine release syndrome
iii. Cardiorenal syndrome type 1
Rhabdomyolysis-mediated acute tubular injury
i. Secondary to hyperventilation related muscle injury
Renal compartment syndrome
i. Secondary to renal vein congestion
ii. Ventilation associated increased abdominal pressure
iii. Aggressive fluid resuscitation
Renal infarction
i. Secondary to hypercoagulable state

intravascular coagulation as manifested by elevated D-dimer
and/or low platelet counts) was seen in a majority, whereas
significant clinical renal dysfunction (elevated serum creatinine >1.2 mg/dL) was not universally present in these
patients despite having pathological evidence of acute tubular injury.6 The high frequency of expression of angiotensin
converting enzyme 2 (ACE2), required for SARS-CoV-2 to
enter host cells, on tubular epithelial cells and podocytes suggest that viral entry in the kidneys is facilitated.6 Although
glomerular abnormalities are not described commonly in the
limited available literature on kidney pathology in COVID-19,
collapsing glomerulopathy was reported recently in an
African-American woman with high-risk APOL1 allele who
developed rapid decline in kidney function in the presence of
COVID-19.12 While direct infection of kidneys was not found,
presence of COVID-19 was hypothesized to be a second hit
for the development of collapsing glomerulopathy in a predisposed individual.12

Acute Kidney Injury in Coronavirus Disease 2019
The incidence of AKI among all patients with proven
COVID-19 varied from 0.53 to 11%2,13-15 in China and 19.1 to
22% in the United States, respectively.16,17 Further, when only
critically sick patients with COVID-19 pneumonia were studied, AKI was documented in 29% in China.18 Notably, AKI is
prevalent in intensive care units (ICUs) caring for critically sick
patients with COVID-19 and is associated with poor patient
survival.2,18 Several investigational therapies are ongoing clinical trials and hopefully will be able to be a potential cure for
patients affected by COVID-19 and its complications such as
AKI. The requirement of renal replacement therapy (RRT) was
reported in 17% of all critically sick patients with COVID-19
in China.18 Further, based on current evidence, the timing and
modality of RRT in these patients is no different from any
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other similar patient in the ICU. However, experts suggest the
use of convection-based dialysis modalities in such patients
for taking care of the “cytokine storm.” Hemoperfusion and
continuous renal replacement therapy (CRRT) using adsorptive filters are proposed to be beneficial for the removal of
large cytokines such as interleukin-6.5 There is no conclusive clinical evidence for choosing one modality such as
CRRT over slow low efficiency dialysis in COVID-19 patients.
Hemodynamic tolerability, resource availability, and local
expertise would guide therapy in most situations outside of
clinical trials. Extracorporeal blood circuit clotting is another
common finding in critically sick COVID-19 patients undergoing RRT due to the hypercoagulable state. Appropriate and
early anticoagulation along with dynamic monitoring are
crucial. Peritoneal dialysis (PD) is beneficial in this regard
specifically. In the absence of hypercatabolic state and difficult ventilation in a patient with COVID-19 requiring RRT,
acute PD has advantages in the form of no requirement of
vascular access and extracorporeal circuit, cardiovascular
stability, minimal requirement for infrastructure and trained
dialysis personnel and to an extent, cost-effectiveness. While
delivering the best therapy is an important concern, being
able to deliver any therapy to all patients is a parallel concern in the current stage of this pandemic. In this regard,
the American Society of Nephrology has recommended
shortening of sessions of CRRT to 10 hours by augmenting
flow rates (40–50 mL/kg/hour), if need be, so as to provide
CRRT to another patient.19 The summary of AKI in various
clinical reports is shown in ►Table 2.

creatinine—were associated with increased risk of in-hospital death.2 Further, elevated baseline creatinine was associated with increased risk of AKI and increased likelihood of
admission to ICU.2 The authors concluded that patients with
kidney abnormalities (in any form) should be aggressively
evaluated further for progressive disease. Patients with CKD
are immunosuppressed and hence at an increased risk of
upper respiratory tract infections. Moreover, CKD patients
often have other comorbidities such as diabetes, hypertension, and cardiovascular diseases which are added risk factors for COVID-19. Patients with diabetic kidney disease
have been shown to have altered expression of ACE2 and
ACE messenger ribonucleic acid as compared with healthy
controls.20 This could predispose such patients to higher
risk of AKI. Despite the link between ACE2 and SARS-CoV-2
infection, there is no evidence to prove that continuing the
use of ACE inhibitor or angiotensin receptor blocker receptor (ARB) in patients with COVID-19 is associated with risk of
acquiring or having severe COVID-19 infection or death.21 The
American college of cardiology22 and the European society
of cardiology23 have given similar statements in this regard
advising patients to continue the use of ACE inhibitor or ARB
during this pandemic.

End-Stage Renal Disease and Coronavirus
Disease 2019
Patients on chronic hemodialysis are at higher risk of both
acquiring and having severe COVID-19 as they are often oldaged, have concomitant comorbidities, and need to gather in
crowded dialysis facilities frequently. Hemodialysis patients
are more prone to bear the brunt of this pandemic as dialysis
units, the life-line for majority of ESRD, are facing an unique
challenge among all other health care systems.24 Hemodialysis
patients in China were shown to have lesser peripheral
blood inflammatory cytokines and milder symptoms of
COVID-19 than other COVID-19 patients in a preprint form
in medRxiv.25 Further, in another study from China, the incidence of COVID-19 among all patients on maintenance hemodialysis was 2.15 and 77% of patients had mild-to-moderate
symptoms, with fever seen in 51%.26 Universal screening

Chronic Kidney Disease and Coronavirus
Disease 2019
Elderly age and presence of chronic comorbidities have
been shown to be associated with increased risk of severe
COVID-19 infection.3,4 Among all chronic comorbidities,
diabetes, and cardiovascular diseases are common and CKD
is described in approximately 1 to 4.7% of patients.2,4,16,18
In a prospective study in admitted Chinese patients with
COVID-19, baseline kidney abnormalities at admission—
in the form of proteinuria or hematuria or elevated serum

Table 2 Incidence of acute kidney injury and use of renal replacement therapy in coronavirus disease 2019 patients in reported
studies
Author (year)

Incidence of AKI

Use of RRT

Risk factors for AKI

Huang et al (2020)

7%

7%

NA

Chen et al (2020)

11%

1%

NA

Cheng et al2 (2020)

5.1%

NA (AKI stage 3 in 2%)

Elevated baseline serum creatinine

Guan et al (2020)

0.5%

0.8%

NA

Wu et al13 (2020)

4.5%

NA

NA

Yang et al (2020)

29%

17%

NA

Richardson et al (2020)

22%

3.2%

Diabetes mellitus

Arentz et al,17 (2020)

19.1%

NA

NA

15

14

3

18

16

Abbreviations: AKI, acute kidney injury; NA, not available; RRT, renal replacement therapy.
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with chest computed tomography (CT) showed lung finding even in asymptomatic patients which constituted 21.4%.
This amplifies the possibility of rapid spread of COVID-19 in
dialysis centers as majority of patients can be asymptomatic
or mildly symptomatic and missed on routine screening.
In such a situation, transmission to health care workers in
dialysis units is another challenge as the working of the unit
depends on their skilled expertise. Reports from Spain and
Italy found high mortality rates (30.5 and 25%, respectively)
in ESRD patients with COVID-19.27,28 Dialysis vintage, lymphopenia, and increased lactate dehydrogenase at admission
were predictors of mortality.27 Of note, three (8.3%) patients
had documented nosocomial transmission.27 While CT-based
screening of all ESRD patients was found to detect asymptomatic ESRD patients, nonspecificity of CT findings in ESRD
patients, nonavailability of CT scan facilities in many centers,
and concerns over wider exposure of a potential patient to
hospital staff while taking up to imaging room are some
of its limitations. Treatment of most of the ESRD patients
with COVID-19 included antivirals (lopinavir/Ritonavir) in
China and antivirals with hydroxychloroquine in Spain and
Italy.26-28 Recommendations by professional societies internationally (America29 and Europe30) and nationally31 have
focused on temperature and symptom screening, and not
radiology based screening, at the entrance of hemodialysis
units. Health care facilities should implement changes to the
functioning of the existing dialysis unit including universal
use of medical grade masks by patients, provision of adequate
personal protective equipment to dialysis staff and educating
them regularly, apart from strict screening, so as to take care
of potential asymptomatic ESRD patients. Moreover, separate area for COVID-19 suspected patients should be made
to quickly isolate such patients. Recommendations on strategies to contain COVID-19 among dialysis centers are available
from professional societies from America,29 Europe,30 China,32
and India.31

Kidney Transplant Recipients and
Coronavirus Disease 2019
Kidney transplant recipients are at heightened risk for severe
COVID-19 due to their immunosuppressed state. Case reports
and series describe severe COVID-1933 and atypical manifestations in transplant recipients.34 In a cohort of 15 transplant
patients hospitalized with COVID-19 in New York,35 clinical
presentation was akin to the general population, and 53% had
a successful recovery. The incidence of AKI was higher (40%)
than the general population (up to 25%). However, another
study comprising of 20 patients from Italy reported a rapid
progression of pneumonia and a mortality rate of 25%.36 The
optimal management of immunosuppression is not known.
However, a reduction in the dose or discontinuation of antimetabolites and sometimes, calcineurin inhibitors are the
current consensus.35,36 Various therapies, namely antivirals,
hydroxychloroquine, interferon-α, and tocilizumab remain
nugatory.35,36 An attempt to reintroduce immunosuppressive
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agents at 2 weeks postdischarge is currently practiced in
New York.35
To conclude, the association between COVID-19 and
nephrology is unique. Future research needs to deliberate on the clinical characteristics and pathological findings of COVID-19 related kidney injury for understanding
the implications of evaluation for kidney involvement in
COVID-19. The current pandemic also exposes the fault lines
in the health care delivery worldwide and holler for the longterm strengthening of the existing dialysis facilities as a priority among health care imperatives.
Conflict of Interest
None declared.
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The enormity of the coronavirus disease-2019 (COVID-19) pandemic has overwhelmed
most health services and has placed health care service providers under unprecedented
stress. The rapidity of spread, uncertain clinical course, and unavailability of effective
treatment make clinical decisions cognitively demanding. Extended work hours inside
uncomfortable protective gears, improper hydration, with conflictual health systems
and patients at work; and social stigma and isolation after it ends, have created an
unending downward spiral of mental health in care providers. Care providers are at
increased risk of developing mental health problems in form of burnout, stress reactions, anxiety, depression, and post trauma stress. Concerted strategies for managing
the mental health of care providers are urgently needed at individual and systems level.
A plethora of strategies, developed from previous experience of crisis management,
need to be made available to care providers through accessible mediums of delivery.
This paper explores the mental health problems encountered by health care personnel
and examines various strategies which need to be implemented to manage them.

Introduction
Coronavirus disease-2019 (COVID-19), caused by the novel
coronavirus (severe acute respiratory syndrome coronavirus-2 [SARS-CoV-2])1 has emerged as the most significant
global health crisis of our times. The outbreak was declared a
Public Health Emergency of International Concern in January
2020, and was subsequently designated as a pandemic in
March 2020.2 In just 144 days since the first reported case
in Wuhan, COVID-19 infected 4,993,470 persons globally
and claimed more than 327,738 lives.3 The World Health
Organization as on May 22, 2020 projected a daily new infection of around 103,211 persons/d with around 4,477 deaths
per day. In India, the first case of COVID-19 was reported on
January 30, 2020 in the state of Kerala. The Ministry of Health
and Family Welfare, Government of India reported a total of
124,462 cases and 3,583 deaths in the country as of May 25,
2020 with the number growing fast.4 A nationwide lockdown
was initiated in the country on March 24, 2020, which was
extended in phases due to rising number of cases, and was
partially lifted after May 31, 2020. With surge in cases and
hospitalizations, health care workers (HCWs) around the
DOI https://doi.org/
10.1055/s-0040-1715285
ISSN 0379-038X.

world have been thrust into the position of frontline personnel in the war of survival. The role of HCWs in such times of
unprecedented crisis is challenging and is fraught with both
physical and mental health consequences.5
The psychological impacts of COVID-19 are many and the
HCWs are not immune to it.6-8 The increase in working hours,
inability to meet family and friends, fear of transmitting the
infection to family members, unfavorable working conditions
in areas with limited resources, overenthusiastic reporting
by media and projecting HCWs as COVID warriors, and paradoxical societal stigma, all contribute to the emergence of
various mental health problems. Over the past few months,
mental health problems faced by HCWs have been increasingly highlighted by health professionals themselves,5 with
an associated upsurge of research communications in scientific journals. There is an urgent need for identification and
management of mental health issues in the HCWs through
support, counselling, and psychotherapeutic strategies as
and when required. This paper discusses about identification
and management of common mental issues faced by HCWs
involved in management of patients with COVID-19.

©2020 National Academy of
Medical Sciences (India)

171

172

COVID-19 Pandemic and the Mental Health of Health Care Workers

Mental Health Issues in Health Care Workers
Global crisis situations are likely to adversely impact a large
section of the general population due to the associated
stress, uncertainty, and fear. Infectious disease outbreaks
in the past including severe acute respiratory syndrome
(SARS) epidemic and H1N1 pandemic were associated with
reports of stress, anxiety, depression, burnout, post-traumatic stress disorder (PTSD), and other mental health
issues in HCWs.7,9,10 Occurrence of mental health problems
in medical staff, including doctors and nurses posted in
COVID duty, has been reported uniformly across developed as well as resource constrained countries.11-15 Mental
health disturbances varying from subthreshold (36.9%),
mild (34.4%), and moderate (22.4%) to severe (6.2%) level
as assessed on the Patient Health Questionnaire have been
reported in the HCWs in Wuhan.16 Another study from
China reported that about half of the HCWs had symptoms
of depression, 30% experienced insomnia, 45% had anxiety,
and more than 70% reported distress due to COVID-19.17
Socio-demographic factors like age, gender, place, and
department of work and psychological factors like poor
social support were associated with depressive and anxiety
symptoms as well as with increased reporting of stress and
insomnia.6 A multinational and multicentric study, which
also had 3 centers from India, reported that though the
rates of depressive and anxiety symptoms were similar to
other studies, 5.3% of the subjects screened positive for
moderate to very severe depression, and 8.7% had moderate to extremely severe anxiety. Headache (32.3%) was
the commonest physical symptoms reported, and physical symptoms experienced in the preceding month were
predictive of subsequent depression, anxiety, or PTSD.11
Another study from Singapore reported of lower scores on
Depression, Anxiety, and Stress Scale and Impact of Events
Scale–Revised in HCWs during the current pandemic as
compared with previous SARS epidemic, citing increased
mental preparedness and stringent infection control
measures after Singapore’s SARS experience as possible
reason.15 The current pandemic is both a challenge as well
as an opportunity for working on not only the development
of clinical expertise but also on psychological preparedness
of the HCWs. Steps need to be taken for timely assessment
of the HCWs so that help can be offered for the mental
health issues that they face.

Stressors Contributing to Psychological
Distress
The emotional distress experienced by HCWs remains multifactorial in causation. Disaster mental health research conducted in the past and present has highlighted various factors
which contribute to nonspecific symptoms of psychological
distress as well as psychiatric disorders in the workforce.
Factors related to work, finances, social support, personal
predilection and resilience often combine to determine the
expression of symptoms.
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Work-Related Stressors

The rapidly changing face of the pandemic is a challenging
task to deal with for clinicians as well as researchers. The
unpredictability of the nature of the virus and its mutations,
variability of the clinical course in patients, and lack of any
curative treatment options make all clinical decisions a judgment call, cognitively stressing decision makers.18 Awareness
about the lack of any definite and effective treatment can
lead to therapeutic nihilism. Multiple and rapidly changing
guidelines have resulted in an information explosion that
clinicians need to assimilate rapidly into clinical practice.
Coupled with the increase in working hours and expansion
of workload due to increasing critically ill patients, clinicians
face the moral dilemma of choosing between knowledge or
service. Non-availability of adequate resources including personal protective equipments (PPEs), ventilators, and crucial
equipments, in even the most resourceful health systems,
force HCWs to take on additional roles of protesters and
whistleblowers.19 Apart from the fear of the possible patient
to HCW infection, workforce shortage and death of coworkers can quickly erode the moral of the whole unit.20 Difficulty
in dealing with patients not willing to opt for quarantine, or
not following prevention protocols and using masks leads
to increased workplace conflicts. Patient anger due to genuine infrastructural shortcomings are often borne by HCWs
as they remain the proximate representative of the system.21
Prolonged work hours and post-duty-quarantine protocols
have ramifications beyond workplace stress. Worry about
family members and inability to fulfil family role obligations
due to work is a source of concern. A survey conducted on
HCWs in China revealed that once the medical staff initiated
their COVID-19 duties, their primary reason of worry was the
fear of transmitting the virus to family members rather than
getting infected themselves.22

Inadequate Social Support

HCWs often need to stay away from their friends and families, due to the fear of transmission to family members. Strict
physical distancing measures, that need to be followed at
work, deprive HCWs of their workplace social and human
interactions that help reducing stress.23 In an already stressful environment, HCWs feel isolated and lonely on work and
off work. The impact of poor social support on mental health
and self-efficacy of HCWs has been highlighted by multiple
authors.24 HCWs have repeatedly reported their physical
health to be poor, with sleep deprivation, headache due to
rebreathing, dehydration due to thermal build-up in PPEs,
and fatigue due to inability to eat in PPEs. Inadequate access
to adequate psychological help has led to aggravation of
mental health issues in HCWs.16

Stigma, Hostility, and Media Response

The lack of adequate awareness and knowledge amongst
general public about the pandemic has led to stigmatizing
attitudes and outright hostility toward the HCWs. Doctors
have been locked up in their houses, asked to vacate their
rented accommodations, physically abused in markets, and
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have been refused cremation in death in India. Media has
highlighted events of mass assault on HCWs during contact
tracing efforts. Globally, HCWs have been pelted with eggs
(Mexico), attacked with bleach (Philippines), spit upon and
harassed (United States and Australia).21
Though various attempts are being made by the
Government, organizations, and media platforms to increase
awareness, the incidents of general public expressing anger
and aggression toward HCWs continue to happen. A constant
media scrutiny, media sensationalism and lack of follow-up
reporting create an environment of permissiveness for violence against HCWs. In contrast, overenthusiastic reporting,
projecting the staff as frontline heroes and saviors, lead to
unnatural patient and societal expectation, pressurizing
HCWs. All these factors have the potential to contribute to
psychological distress.

Inadequate Communication and Associated Guilt

As the patient load has increased, the average time an HCW
spends on a patient has decreased. Use of masks and PPE
make it difficult to have a good and satisfying communication with the patients. Many times, the HCW has to work in
ways which is not pertaining to the usual standards. The staff
also needs to ensure that relatives and friends of patients are
not exposed to the virus which requires following specific
protocols on not allowing family members to meet patients,
and see or collect the body after death. Breaking the bad
news of death may not be properly handled as in usual situations and often information is given to family members
telephonically. HCW may sometimes feel guilty for the same
which can further lead to mental health concerns. The feeling
of guilt can also arise in HCWs who have been quarantined
after exposure or belong to a special population like pregnant
females, who may feel guilty of not being able to help at the
frontline.13

Commonly Encountered Mental
Health Issues
The pandemic has an alarming impact on the mental health
of general public and HCWs Prolonged periods of shouldering the burden have raised concerns about the psychological
impact on the medical personnel involved in providing care.
Some of the common mental health issues encountered are
discussed as below:

Burnout

Burnout has been described as a triad of decreased sense of
accomplishment, depersonalization characterized by lack
of compassion and empathy, and emotional exhaustion.22 It
does not fall under the category of any specific psychiatric
disorder but has a significant impact on the work efficiency
and competency and can further lead to development of psychiatric symptoms and illness. Medical staff experiencing
burnout may opt for quitting their jobs or may not be able to
function adequately. The overall quality of life may get compromised. It is important that burnout be identified early, so
that steps can be taken to manage it.
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Moral Injury

Moral injury is not a psychiatric disorder but a term that has
been borrowed from military. Any action that goes against
one’s moral or ethical values can result in moral injury. The
parallel examples in medical staff in comparison to situations faced by military personnel can be multiple. These
may include choosing between two critically ill patients
who require attention at the same time, following circulated
protocols which one may personally not believe to be based
on one’s clinical experience or making treatment decisions
which do not turn out to be fruitful in terms of saving life
of patients. HCWs who face this problem may be prone to
develop negative emotions and negative cognition. They
may feel guilty or ashamed of either committing or omitting an action and feel stressed. Some HCWs may emerge
stronger after being confronted by challenging situations,
with strengthening of their psychological resilience and selfesteem, often referred to as post traumatic growth.25

Acute Stress Reactions

The HCWs are exposed to various stressors as has been discussed previously in this paper. The stressors can lead to
transient stress reactions which might resolve in a period
varying from few hours to 2 to 3 days. Affective, cognitive,
physical, and autonomic signs of anxiety are common presenting symptoms of acute stress reaction.

Anxiety

HCWs may develop anxiety and fear due to various risk factors including those related to work and lack of adequate
support.20 The anxiety experienced can have cognitive,
behavioral and physical component. Cognitive symptoms
include constant worries, decreased attention, and concentration and fearful anticipation of extreme or worse outcomes.
Physical symptoms include signs of autonomic arousal like
palpitations, dryness of mouth, epigastric discomfort, tremors, headache, or aching muscles, etc. Behavioral component
includes avoidance behavior, irritability and restlessness. The
symptoms of anxiety may arise for the first time during the
times of crisis or there can be an exacerbation of pre-existing
psychiatric condition. Medical HCWs have been reported to
experience an increased prevalence of anxiety, insomnia and
depression.26

Depression

Depressive symptoms are also common in the HCWs
involved in delivering services to COVID-19 patients.8,25,26
There can be an exacerbation of symptoms in those already
suffering from psychiatric disorders. Common symptoms of
depression include disturbed sleep and appetite, low mood,
decreased interest in previously pleasurable activities, poor
attention and concentration and easy fatigability. An inability to help the patient in the crisis may also lead to ideas
of guilt, shame, or self-harm.25 There can also be cognitive
component of feeling helpless, hopeless, and worthless.27
When the symptoms are many and florid and distressing,
interfering in functioning, a diagnosis of depressive episode
Annals of the National Academy of Medical Sciences (India) Vol. 3 No. 56/2020
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can be made. The problem needs to be adequately addressed
by timely pharmacological and psychological interventions.

Substance Use Disorders

Tobacco and alcohol are among the commonly used
psychoactive substances. There can be an increase in difficulties faced by those using or dependent on these substances.
Tobacco use is quite prevalent in HCWs with a recent systematic review and meta-analysis reporting a pooled prevalence of 21%.28 Studies on alcohol use and dependence in
HCWs are limited. Some studies have reported hazardous
or harmful drinking in approximately 4 to 6% of the HCWs.29
With the lockdown in place, restrictions in procurement and
work-related factors like longer duty hours and use of PPE
can act as barriers in the use of these addictive substances.
This can lead to minor withdrawal symptoms like irritability
and restlessness in tobacco users and symptoms like nausea,
vomiting, poor sleep, irritability, craving, fine tremors and
signs of autonomic hyperactivity in those taking alcohol. For
those consuming these substances in a dependent manner,
the withdrawal can be severe resulting in coarse tremors, seizures, and delirium tremens which would require emergency
management.

Post-Traumatic Stress Disorder

Besides the commonly encountered mental health issues,
there is a possibility of development of PTSD later in those
involved in COVID-19 duties. The projections come from
past experiences with SARS and Middle East respiratory syndrome (MERS) outbreak.9 Based on previous research, some
researchers expect that with increasing deaths and other risk
factors leading to psychological trauma, the rates of PTSD
may rise above 10% in the current pandemic.9,11,30 Moral
injury in the form of a perceived inability to help the patient
may also contribute to the development of PTSD.

Other Psychiatric Symptoms

A higher prevalence of insomnia, anxiety, depression,
somatization and obsessive-compulsive symptoms has been
reported in medical health workers as compared with nonmedical health workers in a study from China. The authors
also reported that those who had risk of coming in contact with COVID-19 positive patients had a greater risk of
developing obsessive compulsive symptoms. Presence of a
comorbid organic disease was a risk factor associated with
insomnia, depression, and obsessive-compulsive symptoms
in nonmedical health workers.26

Managing Mental Health Issues
HCWs caring for patients with COVID-19 experience significant psychological distress and mental health issues which
need to be addressed.31 There is a growing need to prepare
the HCWs for the mental health crisis and build up their
resilience. The mental health problems can be dealt both at
an individual level as well as at the level of team leaders and
organization.
Annals of the National Academy of Medical Sciences (India) Vol. 3 No. 56/2020
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Management at Individual Level

At an individual level, HCWs can involve themselves in various activities that help in promoting their mental health.
Some general guiding principles include maintaining a regular routine, adequate sleep and regular food intake. A schedule of regular physical exercise, deep breathing exercises,
meditation, yoga, or religious activities depending on individual preferences can help the individual HCW in decreasing levels of distress and burnout. One needs to stay in touch
with family and friends through phone or social networking
platforms and discuss and share one’s worries and feelings
with them including talking about things which one finds
pleasurable, other than work.32
Messages to the HCWs, as outlined below, are helpful.
•• Ensure that the loved ones are fine by talking to them
rather than overthinking about the situation.
•• Take pride in the work you are doing and try to rationalize
your fears about getting infected and the risk of transmitting infection to your family members.
•• Avoid using negative coping strategies like use of tobacco,
alcohol and other drugs.
•• Take breaks in between from COVID-19 news and rely only
on authentic sources.
•• Everyone in the battle with the pandemic experiences
these problems and one is not alone. But at the same time,
be aware of your condition and if the distress is interfering
with your social and occupational functioning, do not hesitate in seeking expert opinion and help.

Management at the Level of Team Leaders

The team leaders have a challenging role to play when handling crisis situations. But looking at the positive aspect of
this, they emerge stronger and more confident after they
have adequately handled the situation. The leaders need to
be open for a bidirectional conversation with health care
personnel working under their leadership.10 They need to
empower their staff and be humble and provide them accurate information. Leaders can encourage staff to share their
concerns and fears with them, so that both can work collectively to explore possible solutions. Adequate training of staff
and matching them to the roles based on their work experience is essential. Equally essential is staff rotation from high
stress to low stress jobs.31 They can ensure that early support is provided, and confidentiality is maintained. If there
is need for expert help or detailed assessment, the HCWs can
be referred to mental health experts for the same. Ensure
that information of available help options is available with
the staff. The HCWs should be given adequate breaks from
the COVID-19 duties.
Availability of support from family and colleagues, validating and appreciating the contributions made by staff, and
providing a supportive environment are likely to have positive impact on the mental health of HCW.33 System of buddies
as in armed forces can be helpful. A buddy can be a colleague,
senior, or any other staff who may be expected to provide
support, monitor stress and maintain confidentiality.34 It is
also essential that the team leader uses this opportunity to
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learn and create a meaningful narrative after the crisis is
over, so that the resilience is built up. Aftercare also needs
to be ensured by continuing monitoring of staff for emerging
new symptoms or the continuing symptoms.

Management at Organizational Level

Organizations need to ensure that work-related stressors are
adequately managed like ensuring availability of PPE, providing transport and resolving accommodation difficulties faced
by staff, equitable distribution of resources, and being available to address the concerns of staff and boost their morale.
The organizations can hold meetings with team leaders to
stay updated about the concerns of staff. Focus should not
only be on providing help for mental health problems as they
emerge, but also on preventing their occurrence.

2
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Specialized Psychological Support

If the mental health issues do not resolve on their own and
the complaints are more pervasive and persistent and lead to
disturbed functioning or compromised quality of life, special
intervention should be provided. This includes referral to a
mental health professional, conducting a detailed assessment
and tailoring the treatment, if required, to the needs of the
individual. Common indications requiring referral include
risk of harm to self or others, onset of psychotic symptoms,
and excessive consumption of substance of abuse. Nicotine
replacement therapy can be offered for tobacco dependence.
Pharmacotherapy and psychotherapy can be offered to the
affected person, depending on the needs and preference.

Conclusion
As we continue our battle with COVID-19, we need to focus
on the mental health of our HCWs who are working at the
forefront. Mental health problems are expected to arise, and
adequate support needs to be provided to combat it. The role
of mental health professionals in this fight is both crucial
and challenging as they cater to the increasing psychological
support needs of HCWs with limited resources in terms of
trained staff available throughout the country. A concerted
effort for service provision at both individual and organizational level needs to be achieved quickly. Utilization of technology infrastructure to create accessible and flexible service
delivery, and a plethora of strategies need to be utilized to
provide the greatest benefit to the largest possible numbers.35
The focus should be on mental health promotion and prevention as well as early identification and management of these
mental health issues.
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Coronavirus disease 2019 (COVID-19) is a viral illness caused by severe acute respiratory
syndrome coronavirus-2 (SARS-CoV-2) which has taken the form of a pandemic. It mainly
presents as fever, cough, shortness of breath involving respiratory system but neurological manifestations are increasingly being recognized worldwide and even virus RNA was
demonstrated to be present in cerebrospinal fluid of a patient. SARS-CoV-2 involves both
central nervous system and peripheral nervous system. Virus can enter the neural tissue
from hematological route or through retrograde transport from nerve endings. Physicians
especially neurologists should be aware regarding neurological manifestations as patient can
present with these conditions in emergency. We therefore reviewed the neurological diseases
or complications associated with COIVID-19 in available literature.

Introduction

Materials and Methods

The Coronavirus disease 2019 (COVID-19), a viral illness
first noticed in Wuhan, China, has taken the form of pandemic.1 The International Virus Classification Commission
has named this novel Coronavirus as severe acute respiratory syndrome Coronavirus-2 (SARS-CoV-2). It is a positive-sense single-stranded RNA virus having a 88 to 96%
similarity of genetic sequence to the bat Coronavirus;
therefore, SARS-CoV-2 is postulated to have originated from
bats. Two other epidemics caused by the Coronavirus are
severe acute respiratory syndrome (SARS), with around
10% mortality rate, and MERS (Middle East respiratory
syndrome) with 37% mortality.2 But compared with them,
SARS-CoV-2 is highly transmissible probably because of
higher affinity to angiotensin-converting enzyme-2 (ACE-2)
receptor, using which the virus gains entry into the host.3
The most common symptoms of COVID-19 pertaining to
the respiratory system include fever, cough, shortness of
breath and acute respiratory distress syndrome (ARDS), but
other systems’ involvement is being increasingly recognized
as cases are rising. It can involve neurological, renal, cardiac, and circulatory systems. Neurological involvement is
seen in 8 to 36% percent of patients in different studies.4-6
Neurological manifestations were reported to be more in
severe COVID-19 disease as compared with patients with
mild disease.4 We present a descriptive review of neurological complications of COVID-19.

We searched PubMed for relevant literature using keywords
“Coronavirus,” “COVID-19,” “manifestations,” “neurological,”
“anosmia” and “ophthalmoparesis.” We selected articles only
in the English language and included case reports, letters
to editor, review articles, and neurological images. We also
focused on articles in which the mechanism of neurological
insult was also described.

DOI https://doi.org/
10.1055/s-0040-1714153
ISSN 0379-038X.

Pathogenesis of Neurological Involvement in
COVID-19
The exact pathogenesis of COVID-19 is yet to be established.
Studies on SARS-related Coronavirus (SARS-CoV) are extrapolated because of the similarity between the two viruses.
SARS-CoV-2 uses ACE-2 receptor as a host cell receptor.
ACE-2 is expressed in brain tissue, although less as compared
with small intestine and lungs.7 After gaining entry into the
body, the virus replicates intracellularly, evades host immune
response, and leads to cascade of events, causing increased
proinflammatory cytokines IFN-γ, IFN- α, IL-6, IL-12, IL-18,
IL-33, TNF- α and chemokines (CXCL9, CCl2, CCL3, CCL5, etc.).
Increased proinflammatory cytokines may lead the immune
system to attack its own body, causing systemic inflammatory response, ARDS and multiple organ failure.2 Once the
virus gains entry into the host body, neurological involvement can occur in the following ways (►Fig. 1).
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Fig. 1 Mechanism of neurological manifestations in COVID-19: 1. Direct viral invasion via retrograde transport through nerves. 2. Hematogenous
dissemination through circulatory system. 3. Secondary to hypoxia, shock, and other systemic complications.

I. Direct invasion of central nervous system (CNS) by virus.
II. Aberrant immune response.
III. Secondary to systemic complications such as hypoxia or
shock.
I. Direct invasion by virus into CNS: SARS-CoV-2 can enter
the CNS by two routes–following a neural pathway or
through body fluids (lymph, blood). The virus may enter
into a nerve terminal, multiply, and be retrogradely transported to a cell body of neurons, for example, hyposmia in
SARS-CoV-2. The virus first infects the olfactory epithelium and then can be transported into the CNS along the
olfactory nerve. Evidence of such direct invasion into CNS
comes from studies on other Coronaviruses. Netland et al
demonstrated that, SARS-CoV after inoculation through
intranasal route in mice that are transgenic for SARS-CoV
receptor (human angiotensin-converting enzyme-2), viral
antigen was present in olfactory bulb specimens after
60 to 66 hours and subsequently involved piriform and
infralimbic cortex, basal ganglia and midbrain without
demonstrating viral antigen in intestine or lung tissue, suggesting direct spread from olfactory epithelium and olfactory nerve to brain tissue.8 A similar study by Dube et al
Annals of the National Academy of Medical Sciences (India) Vol. 3 No. 56/2020

in mice inoculated with human Coronavirus (HCOV-OC43)
demonstrated spread from olfactory neuroepithelium to
brain.9 Furthermore, the virus can gain direct entry into
brain via the hematogenous route. After gaining entry
through lungs or intestine. the virus particles can directly
enter the blood stream or infect local lymph nodes, that
is, hilar and mesenteric lymph nodes, and eventually into
the blood circulation through lymphatics.3 The virus then
infects endothelial cells of the blood–brain barrier (BBB)
and subsequently spreads across the CNS. The BBB can
also be disrupted by a cytokine storm followed by CNS
invasion.10
II. Aberrant immune response: As pointed above, SARSCoV-2 infection triggers aberrant immune response
which can lead to CNS manifestations due to immune
mechanisms targeting CNS or peripheral nervous system (PNS),11 for example, Guillain–Barre Syndrome
(GBS) or cranial neuropathies in SARS-CoV-2.
III. Secondary to systemic involvement: SARS-CoV-2 can
cause multiple organ failure and CNS involvement can be
secondary to systemic involvement, for example, hypoxic
encephalopathy, uremic encephalopathy, intracranial

COVID-19 and Neurological Manifestations
bleed or thrombosis due to disseminated intravascular
coagulopathy (DIC).

Neurological Involvement in COVID-19
Neurological involvement could mean CNS or PNS involvement (►Table 1).
A. Central nervous system manifestations: CNS manifestations can be divided into meningeal involvement, brain
parenchymal (focal or diffuse) involvement, vascular
involvement, spinal cord manifestations, and other nonspecific CNS involvement.
A.1. Meningeal involvement: Meningeal involvement
causes headache, meningitis or meningoencephalitis (meningeal and brain parenchymal involvement). Headache
incidence reported in literature ranges from 8 to 13.6%.4,5,12
Headache is nonspecific and its pathophysiology has not
been described in these studies. Although one case report
described a COVID-19 patient who presented with meningoencephalitis had headache and SARS-CoV-2 RNA was
detected in his CSF.13 This points toward the possibility that
headache can be due to meningeal involvement or inflammation due to virus spread, leading to a mild form of aseptic meningitis. Two cases of meningoencephalitis have been
reported due to COVID-19, one each from Japan and Wuhan
(China).13,14
A.2. Brain parenchymal involvement (focal or diffuse): Brain parenchymal involvement due to COVID-19
documented to date presented differently as encephalitis
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(meningoencephalitis), seizures, ataxia, and acute hemorrhagic necrotizing encephalopathy. Seizures can occur secondary to meningoencephalitis. The reported incidence of
seizures in COVID-19 is 0.5% in a study of 214 patients from
Wuhan.4 In the same study, ataxia was seen in 0.5% patients,
although the mechanism for seizure and ataxia was not discussed. Acute hemorrhagic necrotizing encephalopathy has
been reported in a female patient of COVID-19 in her late
fifties. The mechanism postulated is an intracranial cytokine
storm, leading to BBB disruption.15 Helms et al reported a
study from France where out of 64 patients admitted with
ARDS due to COVID-19, 69% had agitation on discontinuing
neuromuscular blockade, 67% patients were having diffuse
corticospinal signs, and 33% patients were having poor executive functions at discharge. Brain MRI of 13 patients was
done for unexplained encephalopathy in this study, and
it showed leptomeningeal enhancement in 8 patients and
subclinical infarct in two patients; also, 11 patients were
having bilateral frontotemporal hypoperfusion in perfusion
studies.16
A.3. Vascular involvement: Acute cerebrovascular disease in the form of ischemic stroke or hemorrhagic stroke
and cortical venous thrombosis has been reported in
COVID-19 patients.17 Mao et al reported stroke in six patients
(2.8%) out of 214 hospitalized COVID-19 patients in Wuhan,
with five suffering an ischemic stroke and one suffering
a hemorrhagic stroke. Stroke was even more with severe
COVID-19 illness, according to the study.4 Cortical venous
thrombosis has also been reported in COVID-19 patients.17

Table 1 Neurological complications of COVID-19
1

CNS involvement

Meningeal involvement

Headache
Meningitis
Meningoencephalitis

Brain parenchymal involvement
(focal or diffuse)

Encephalitis
Seizures/epilepsy
Ataxia
Acute necrotizing encephalopathy

Vascular involvement

Ischemic stroke
Hemorrhagic stroke
Cerebral venous thrombosis

2

PNS involvement

Spinal cord

Transverse myelitis

Secondary to systemic
complications

Encephalopathy Headache Dizziness

Cranial neuropathies

Hyposmia/anosmia
Hypogeusia/Ageusia
Chemesthesis Loss/impairment
Ophthalmoparesis
Vision loss

Peripheral nerves

GBS and variants (MFS)

Skeletal muscle

Myalgia/raised creatine kinase

Abbreviation: PNS, peripheral nervous system.
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The mechanism of stroke is not well-elucidated in
COVID-19 but extrapolating findings from other organs can
provide explanations. Autopsy studies demonstrated deep
venous thrombosis in lower limbs, and pulmonary thromboembolism and microthrombi in small lung arteries and within
the prostate.18 Endothelitis was seen in kidney and small
intestine vessels on electron microscopy.19 Coagulopathy in
COVID-19 is combination of DIC and thrombotic microangiopathy with thrombocytopenia, elevated D-dimer, and prolonged prothrombin time along with endothelial dysfunction.
Thrombocytopenia in COVID-19 is not as severe as sepsis but
D-dimer is more profoundly elevated. Proinflammatory cytokines may have to play a role in increasing the coagulability
of blood as well as in endothelial dysfunction.20 Direct viral
invasion into endothelium also causes endothelial dysfunction. Similar mechanisms in brain can lead to ischemic as
well as hemorrhagic stroke.
A.4. Spinal cord: Transverse myelitis has been reported in
one COVID-19 patient.
A 66-year-old SARS-CoV-2 positive male developed acute
transverse myelitis on the 7th day of illness, which was
reported from Wuhan, China. He improved with IV immunoglobulin. It was attributed to inflammation due to a cytokine
storm.21
A.5. Nonspecific/secondary to systemic involvement:
Headache, nausea, vomiting, dizziness, encephalopathy,
and delirium have been reported. Dizziness is a nonspecific
symptom present in 8 to 16% patients with COVID-19 in two
studies.4,6 However, dizziness was not further explored in
these studies nor was the mechanism of dizziness elucidated.
Nausea and vomiting also have been observed in COVID-19
patients, which can be attributed either to gastrointestinal
involvement or area postrema/chemoreceptor trigger zone
CTZ involvement in brain. Encephalopathy can be secondary
to hypoxia, uremia or other systemic complications and not
specific for CNS involvement. Delirium also can be multifactorial in COVID-19 patients.
B. PNS manifestations: PNS manifestations reported to date
are in the form of cranial neuropathies, peripheral nerve
involvement in the form of GBS and variants, and skeletal
muscle involvement.
B.1. Cranial neuropathies: Among cranial neuropathies,
hyposmia and hypogeusia are common. Oral chemesthesis
loss, ophthalmoparesis, and polyneuritis cranialis have also
been documented. Olfactory dysfunction and taste dysfunction are being increasingly recognized as early symptoms
of COVID-19. Incidence of olfactory dysfunction reported
from different studies ranges between 5.1 to 85.6% and taste
dysfunction incidence ranges between 5.6 to 88%.4,22 In fact,
olfactory dysfunction was the first symptom in 11.8 to 26.6%.
Olfactory dysfunction documented in studies are anosmia, hyposmia, parosmia, and phantosmia in descending
order, according to the number of cases.22 Oral chemesthesis
impairment has also been described with COVID-19.
Chemesthesis means to sense and detect chemical environment around us in daily life. This sensation is different from taste and olfaction, for example, spices evoking
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sensations like tingling, cooling or burning, and menthol
from mint, producing a cooling sensation. Parma et al
reported 46% rating reduction for chemesthesis accompanied by either taste or smell loss in 4039 participants.23
This suggests that SARS-CoV-2 affects all three chemosensory modalities–taste, olfaction and chemesthesis.
Multiple hypotheses have been postulated for taste and
olfactory dysfunction. 1) Local inflammatory response:
SARS-CoV-2 triggers a local inflammation, causing rhinitis or stomatitis which can cause dysfunction of olfactory epithelium and taste receptors. 2) Local immune
response: virus triggers a local immune response, leading
to antibody formation against components of olfactory and
gustatory tissues. 3) Cytopathic effect: SARS-CoV-2 virus
interacts with ACE-2 receptors over olfactory and gustatory cells and causes dysfunction of these modalities due
to the neurocytopathic effect. 4) Altered neurotransmission in olfactory and gustatory pathways, affecting serotonin and dopamine pathways. 5) Central involvement of
olfactory bulb and other brain structures can lead to taste
and olfactory sense dysfunction.24 The exact mechanism
causing chemesthesis impairment is not known but similar mechanisms may be operational. Vision involvement
was present in 1.4% patients out of 214 patients in a study
from Wuhan, China.4 However, the type of visual involvement is not described further. Two patients were reported,
one each from Madrid, Spain, and USA with ophthalmoparesis in COVID-19 patients due to bilateral abducens nerve
palsy in one patient and unilateral right abducens nerve
palsy in the other patient, respectively. MRI showed optic
nerve sheath enhancement and posterior tenon capsule
enhancement in the second patient.11,25
B.2. Peripheral nerve involvement: GBS in patients
with COVID-19 have been reported from Italy, China and
Iran.26-28 Five patients of COVID-19 developed GBS after 5
to 10 days of illness. Three patients had an axonal variant of GBS, and two patients had a demyelinating variant.
They were treated with IV immunoglobulin for GBS. GBS
variants were also associated with COVID-19. Miller Fisher
Syndrome (MFS) was reported in two patients, one each
from Italy and USA.9,22 GD1b antibody was positive in the
patient from Italy and both were treated with IV immunoglobulin. Aberrant immune response was the proposed
mechanism described in these studies pertaining to the
development of GBS and MFS. COVID-19 patients in critical care can also develop critical illness-associated neuropathy or myopathy although they are not directly related to
COVID-19 infection.
B.3. Skeletal muscle involvement: Myalgia is a common complaint in COVID-19 patients ranging from 14.9 to
44%, although some studies have taken myalgia and fatigue
together in their analysis.4,6 Skeletal muscle involvement in
the form of myalgia and raised creatine kinase more than
200 U/L was found in 10.7% patients out of 214 patients in
Wuhan by Mao et al.4 Proposed mechanism for muscle injury
is a direct effect of COVID-19 virus on muscle or proinflammatory cytokines, causing skeletal muscle injury.
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Management of Neurological Complications
of COVID-19
Along with standard management of COVID-19, neurological
complications may need separate treatment, according to
the type of neurological involvement. Minor symptoms
such as headache, dizziness and myalgia can be managed
symptomatically. Meningitis or meningoencephalitis needs
ruling out other causes of similar presentation and empirical
treatment with antibiotics and antivirals till etiology is
established. Antiepileptics should be given for seizures,
according to institutional protocol. Patients presenting
as acute ischemic stroke also can be managed as per
international/regional acute stroke guidelines. But one should
be cautious as coagulopathy and other systemic involvement
like uremia, ARDS may be coexisting and may alter the
outcome. For complications arising out of aberrant immune
response like GBS, MFS, acute necrotizing encephalopathy,
intravenous immunoglobulins are treatment of choice. For
isolated cranial neuropathies only follow-up may be needed
as they tend to resolve spontaneously or steroids or IVIg can
be given after individualizing each patient.

Future Research
Our understanding of COVID-19 is still incomplete and
presently the world is busy in dealing with the catastrophe
caused by the virus. As the cases are on rise and an increasing
amount of research is ongoing, we can see more of neurological manifestations and understand the underlying pathophysiology in a better way. Further research is needed to
determine the exact pathway of entry of the virus in the CNS,
and potential therapeutic agents which can target the virus
before it invades body tissues, activating a cascade of events
and leading to a cytokine storm.

Conclusion
Neurological complications are increasingly being recognized in COVID-19, and these manifestations can be the first
presenting features in emergency. Neurologists are required
to have a high-index of suspicion in such cases to identify and
manage the patient.
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Novel coronavirus disease 2019 (COVID-19) caused by severe acute respiratory syndrome-coronavirus-2 (SARS-CoV-2) has affected the lives of people across the globe,
and Obstetricians are studying its effect on pregnancy and newborns. The pandemic
resulted in major decisions taken by leaders in many countries, including strict policies
as laying down of compulsory lockdown, curfews in high-risk places, and shut down of
many services. This was done to promote physical distancing, thereby preventing community spread of the virus and for the preparedness of the health care facilities to deal
with the pandemic. In the current scenario, the pregnant women who want to seek
antenatal care are unable to visit the clinician and health center due to lockdown or
for fear of contracting an infection. Reduced antenatal visits might lead to missing out
some high-risk factors in due course of pregnancy and has the potential to adversely
affect the health of women and newborn. Some key issues like optimizing antenatal and intranatal care with the prevailing situation, the effect of COVID-19 infection
on fetus and newborn are addressed here. We searched PubMed (National Library of
Medicine) and Embase (Elsevier) databases from January till July 2020, using a combination of the following keywords: “COVID-19,” “SARS-CoV-2,” and “pregnancy.”
Studies were selected if they met the following criteria: clinical studies, studies reporting original data, studies reporting SARS-CoV-2 infected women who were pregnant
or had delivered. Here, we are providing the consensus made from the available literature. There is not much effect of COVID-19 infection on mother and fetus. The vertical
transmission of the virus is also not yet proven. The timing and mode of delivery are
not affected by the COVID-19 infection to the mother. Obstetric treatment should not
be delayed for the COVID-19 testing or report. There are only a few studies reported
for the management of pregnant women during pregnancy, based on which some
principles formulated. However, more extensive studies are required to validate these
principles. This review briefly describes the precautions needed to take during antenatal care.

Introduction
Novel coronavirus disease 2019 (COVID-19) first reported
from Wuhan city of Hubei province, in China toward the end
of the year 2019. It spreads rapidly to the nearby regions and
soon engulfed many countries over a very short period of
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time. The outbreak was declared as public health emergency
by the World Health Organization (WHO) in January 2020
and later global pandemic in March 2020 due to the highly
infectious nature of the disease and the mortality related
to it. The new coronavirus disease received an official name
of COVID-19 in February 2020 by WHO.1,2 The pandemic
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resulted in major decisions taken by many countries, including strict policies as laying down of compulsory lockdown,
curfews in high-risk places, and shut down of many services.
The etiological agent of severe acute respiratory
syndrome–coronavirus-2 (SARS-CoV-2) is a single-stranded,
nonsegmented, RNA enveloped virus belonging to the family coronaviridae and order nidovirales. These viruses also
include SARS-CoV and Middle East respiratory syndromecoronavirus (MERS-CoV).3,4 Since this is a new strain of coronavirus not seen previously in humans, very little is known
about COVID-19 disease at present, particularly its effect
on pregnant women and infants. The previous two related
viruses (SARS and MERS) were associated with higher infectivity, severity, and mortality in pregnant women.5 Being a
new virus, only a few studies related to coronavirus with
pregnancy are there, and literature is evolving as new pieces
of evidence are coming forward. Here, we provide a brief
review of the clinical picture, pregnancy and fetal outcome,
and vertical transmission of COVID-19 infection in pregnant
women. We searched the literature on PubMed (National
Library of Medicine) and Embase (Elsevier) databases from
January till July 2020, using a combination of the following
keywords: “COVID-19,” “SARS-CoV-2,” and “coronavirus” in
pregnancy. Studies were selected if they met the following
criteria: clinical studies, studies reporting original data, and
studies reporting SARS-CoV-2 infected women who were
pregnant or had delivered.
Prevention and treatment of COVID-19 infection among
pregnant women and the likely risk of vertical transmission is
a matter of major concern. Effective preventive and curative
strategies are required practices to deal with this global pandemic. Long-term follow-up studies are needed to generate
more evidence in this regard to direct the clinical practice.6,7

Does the Rate of Pregnancy Complications
Increase due to COVID-19 Infection?
Previous studies showed a higher incidence of maternal
adverse events like miscarriage, preterm labor, fetal growth
restriction, and admission to the intensive care unit with SARS
infection.8,9 But this anticipated increased risk is not seen in
pregnant women with COVID-19 disease till now. Limited
adverse events like abortion or stillbirth were reported with
COVID-19, but it is not sure that these outcomes are directly
related to maternal infection.6,7 The frequency of spontaneous abortions does not appear to be increased10,11; likewise,
the rate of spontaneous preterm delivery expected to be
similar to noninfected mothers.10 The results from various
studies did not indicate any increased risk of perinatal complications in infected women, including the occurrence of
severe preeclampsia, premature rupture of the membrane,
fetal distress, meconium-stained amniotic fluid, premature
delivery, neonatal asphyxia, and postpartum hemorrhage.10-13
Knight et al, in their study in the United Kingdom reported
that more than half of women underwent cesarean delivery but majority done for obstetric indications rather than
maternal compromise due to SARS-CoV-2 infection.14 In
another study, there was an increase in iatrogenic preterm
Annals of the National Academy of Medical Sciences (India) Vol. 3 No. 56/2020

births and cesarean delivery rates to relieve respiratory distress by gravid uterus in SARS-CoV-2 infected mother.10
There are concerns regarding the psychosocial wellbeing of
pregnant women and their families during the pandemic.

The Course of COVID-19 Disease during Pregnancy

Pregnant women are not more susceptible to COVID-19 infection than the general population.9,10 The disease presents
with mild-to-moderate flu-like symptoms in the majority of
women, and the clinical picture is almost similar in pregnant,
as well as nonpregnant women. The rate of hospitalization in
pregnant women is around 5%, which is equivalent to that in
nonpregnant one.10-14 The disease severity is more in immunocompromised females, and those having renal or cardiac
disease, diabetes, or chronic illness.6 A recent systematic
review shows that almost 75% of women presented in the
third trimester.10 Less than one-fifth of women were asymptomatic, while most had a fever, cough, dyspnea, anosmia,
and nonspecific complaints, including fatigue, myalgia, and
headache. Obesity and comorbidities like diabetes, chronic
hypertension in pregnant women are high-risk factors for the
requirement of critical care, as in the general population.10,13
Intensive care required in almost approximately 7% cases.10
A case fatality rate for U.K. pregnant women hospitalized with
COVID-19 of 1.2% (95% confidence interval [CI]: 0.4–2.7%)
and a SARS-CoV-2-associated maternal mortality rate of 5.6
(95% CI: 1.8–13.1) per 100,000 maternities were reported.14,15

Vertical Transmission

The virus transmits from humans to humans mainly through
droplets, aerosols, and fomites. Vertical transmission of the
virus from pregnant women to fetuses is still controversial.
Most of the large studies have shown swabs from the vagina,
placental membranes, umbilical cord, amniotic fluid samples, cord blood, and breast milk samples were negative for
Reverse transcription polymerase chain reaction (RT-PCR)
for coronavirus infection.10-12 These studies have shown viral
infection of the neonates during close contact with the mother
or other hospital persons. However, few studies have raised
the issue of possible vertical or intrauterine transmission
of the disease due to positive SARS-CoV-2 in amniotic fluid
and neonatal throat swab.16-18 Researchers have proposed
two possible mechanisms for vertical transmission. One is
through angiotensin-converting enzyme 2 (ACE2), which has
been indicated recently as the putative surface receptor of
sensitive cells for SARS-CoV-2; this receptor is expressed in
the human placenta. Another way of transmission is damage
in the placental barrier in severe maternal hypoxia due to
SARS-CoV-2 infection.19 Prospective, more objective studies
are needed to prove transmission in the womb in the future.

Effect on the Fetus

Till now, there is no documented adverse effect on fetus
in terms of growth restriction, congenital malformations,
congenital infection, or fetal death. The reason for this may
be fewer women presenting with laboratory-confirmed
COVID-19 in the first and second trimesters; most cases
were in advanced gestation. There are no studies on cognitive
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abnormalities and neurodevelopment in neonates born to
infected mothers; this requires both short- and long-term
follow-up of infected mothers and babies.

Antenatal Care

There are specific issues during pregnancy, such as the
timing of prenatal visits and screening tests in uninfected
women and, in infected women, potential complications,
mode of delivery, and care in the postnatal period. Pregnant
women should continue visiting their consulting physician
or maternity center if they do not belong to the hot-spot area
or containment zones.20-22 Pregnant patients having a history of contact with a person with confirmed, probable, or
suspected COVID-19 should self-isolate at home for 14 days
and monitored for symptoms. Testing to be done if women
become symptomatic.20

Timing of Prenatal Visits

There are guidelines in various countries to modify traditional protocols for prenatal visits. The American College
of Obstetricians and Gynecologists (ACOG), the Society
for Maternal-Fetal Medicine (SMFM), and Royal College
of Obstetricians and Gynaecologists (RCOG) have issued
guidance regarding prenatal care during the COVID-19
pandemic.20,23,24 These modifications include telemedicine
consultation, reducing the number of hospital visits, and
clubbing the antenatal tests in the same visit to minimize
maternal contact with others. Most low-risk women should
pay four to five visits in person to the consulting physician.
The first visit planned at around 11 to 13 weeks of gestation,
where women is checked thoroughly. She should be screened
for any high-risk factor (preexisting comorbidities) at this
visit and offered screening for aneuploidies by a combined
test; further routine antenatal tests and counseling regarding nutrition done on the same visit. The second visit can
be planned between 18 and 20 weeks of gestation when a
detailed anomaly scan is done.
Further, women can consult on telemedicine, and later
visits should be planned around 28 to 32 weeks to check fetal
growth and maternal wellbeing. One visit may be planned
near term at 36 to 37 weeks of gestation. On each visit,
detailed history and clinical examination performed by the
obstetrician and sonography ordered in cases of fetal growth
disorders or maternal diabetes. The visits can be more frequent in high-risk women depending on the condition.

Precautions during Antenatal Visits

Most women attending maternity services are healthy and
advised to maintain stringent social distancing.20,21 Besides
following physical distancing, they should also wear a face
mask while attending the clinic and in public places, and follow hygienic measures such as hand washing for a minimum
of 20 seconds with an alcohol-based sanitizer. Women having
flu-like symptoms should ideally inform the health facility
telephonically and alert the hospital staff to take necessary
measures. Health care workers should examine any women
coming for antenatal checkup having suspicion or confirmation of COVID-19 after wearing full personal protective
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equipment (PPE), and the minimum persons should examine the patient in isolation facility. Staff should adhere to PPE
guidelines and make every effort to observe social distancing measures at work, even when not in direct contact with
patients. This includes handwashing, eating in designated
areas, and maintaining a distance of 2 m between colleagues,
where practical.21-23 Women who are self-isolating should
defer antenatal visits for 14 days.20 Any women coming to a
health care facility for pregnancy-related problems with or
without symptoms of COVID-19 should receive immediate
care, and care should not be delayed for SARS-CoV-2 testing.24

Whom to Test for COVID-19

The administrative agencies have made the testing policy,
and followed as per national or regional guidelines. The availability of resources for testing and personnel should be taken
into account whenever national policies formulated. All pregnant women need not be tested for the same. Symptomatic
women or women with influenza-like illness or having travel
history in the last 14 days, close contact with a positive person, having severe acute respiratory illness should be tested
for COVID-19. This test is offered to women admitted to the
hospital with one of the following:
•• Clinical/radiological evidence of pneumonia.
•• Acute respiratory distress syndrome (ARDS).
•• Fever ≥37.8°C.
AND at least one of following: acute, persistent cough,
hoarseness, nasal discharge/congestion, shortness of breath,
sore throat, wheezing, or sneezing.
Furthermore, it is recommended that women with an isolated fever should be investigated and treated according to
the unit protocol. Investigations include sending a full blood
count. If lymphopenia is identified on the complete blood
count, testing for COVID-19 should also be offered.25,26

Diagnosis of COVID-19

Testing for COVID-19 infection is done as per regional guidelines. RT-PCR and Ig (immunoglobulin)-M antibody testing
are done for diagnosis of COVID-19 infection. Throat swabs
and nasopharyngeal swabs are taken from the suspected
patients and tested for RT-PCR; blood samples also tested for
antibodies. Tests should be done by the Centre for Disease
Control and Prevention (CDC) recommended Kit following
WHO guidelines for qRT-PCR.25,26 Sensitivity depends on the
following factors: the specific RT-PCR assay, the type of specimen obtained (nasopharyngeal specimens have higher sensitivity than oropharyngeal or nasal specimens), the quality
of the sample, and the duration of illness at the time of testing. Chest X-ray and computed tomography (CT) scan should
not be withheld in pregnant women if indicated clinically for
management and done using abdominal shielding.

Management of COVID-19-Positive Women during
Pregnancy

Women with mild COVID symptoms without any obstetric
problems can be managed at home with due instructions
to reach the hospital in case of need. Moderate-to-severely
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symptomatic patients should be managed as an inpatient. A
woman with moderate or severe COVID-19 symptoms who
happens to be pregnant but with no immediate pregnancy
issue should be cared for by the same multidisciplinary team
as a nonpregnant woman with additional input from the
maternity team. These women should be admitted to the
isolation facility and not in the delivery area.
Pulse rate, temperature, blood pressure, oxygen saturation, and respiratory rate must be monitored in these women
frequently. Cardiotocography (CTG) should monitor the fetal
heart rate in the third trimester. Supportive care is recommended in the form of rest, restricted intravenous (IV) fluid
management, oxygen supplementation by mask, and nutritional care. Antipyretics (paracetamol is preferred) and antibiotics for suspected bacterial infection may also be given.
Hydroxychloroquine (HCQ) and chloroquine were initially
used for moderate-to-severe symptoms, but later studies suggested no benefit from the administration of both of these
drugs.27,28 Furthermore, maternal side effects in the form of
abnormal heart rhythms and QT interval prolongation in
electrocardiography are concerning. Many antiviral drugs are
being evaluated for the treatment of COVID-19. Some of these
agents are clinically available as a combination of lopinavir-ritonavir and newer drug, like remdesivir, for use in severely ill
patients.29 The patient should be monitored closely for any sign
of deterioration and should be shifted to intensive care unit
(ICU) or on a ventilator if the patient fails to maintain oxygen
saturation. For most women with COVID-19 and nonsevere illness who have no medical/obstetric indications for the prompt
delivery, termination of pregnancy is not indicated. Severely ill
patients between 32 to 34 weeks of gestation (or beyond) with
COVID-19 pneumonia may benefit from early delivery.24,30
These patients in ICU should be considered for thromboprophylaxis with low molecular weight heparin (LMWH).31

Care during Labor

The onset of labor should be appropriately confirmed as
per the standard of care in all women attending the delivery suite. Women who are suspect or confirmed cases of
COVID-19 should be monitored in isolation room carefully
for observations, including temperature, respiratory rate
and oxygen saturation, uterine contractions, and progress of
labor.20 Fetal monitoring should be done by electronic fetal
monitoring (EFM) using CTG.30 Efforts made to minimize
the number of staff members entering the room, and units
should develop a local policy specifying essential personnel for emergency scenarios. Asymptomatic birth partners
asked to wash their hands frequently. If symptomatic, birth
partners should remain in self-isolation at home for 2 weeks
and not attend the unit. The neonatal team should be given
sufficient notice at the time of birth, to allow them time to
wear PPE before entering the delivery room/theater.22,23 Some
people were using early cord clamping to minimize the time
of exposure in COVID-19-positive women but delayed cord
clamping still recommended following birth, provided there
are no other contraindications. The baby can be cleaned and
dried as usual, while the cord is still intact.20,23
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Mode of Delivery

There is currently no evidence to favor vaginal or cesarean
delivery in SARS-CoV-2 infected women. Therefore, it should
be discussed with the patient, taking into consideration her
preferences, and any obstetric indications for intervention.
The presence of COVID-19 should not influence the mode of
delivery unless the woman’s respiratory condition demands
urgent intervention for birth. The cesarean section usually
reserved for obstetric indications. However, it may be considered to expedite delivery in critically ill patients in maternal
and fetal interest. Delivery should be conducted with PPE and
all precautions by health care workers.22 Women admitted for
delivery with confirmed COVID-19 should be given thromboprophylaxis with LMWH unless contraindicated.20,30,31 It
is given as injection enoxaparin 40 mg subcutaneously once
daily until 2 weeks after delivery.

Breastfeeding

Breastfeeding is continued irrespective of COVID-19 status
of mother as benefits of breastmilk outweigh the risk due
to COVID-19. Breast milk is a passive source of antibodies
and has other protective factors. Most breastmilk samples in
studies done till now had come negative for this virus, which
suggests that this virus is not transmitted through milk.7,10 It
is recommended that a mother who is a confirmed or suspected case of COVID-19 should take all precautions to avoid
spreading the infection to the infant. She should follow breast
and hand hygiene and wear a face mask while breastfeeding.
COVID-19 positive mothers who want to breastfeed may feed
expressed breast milk using proper breast and hand hygiene
or directly breastfeed their infants wearing a mask while
practicing proper breast and hand hygiene.22,32
There is no consensus for breast feeding; the WHO recommends breastfeeding initiation within an hour of birth
and routine newborn care32; while current AAP (American
Academy of Pediatrics) guidelines recommends rooming-in and to continue breast feeding, the previous guidance recommended physical separation from their infant
when space allows, unless they choose despite being
counseled on risk.33 Temporary separation of suspected
or known COVID-19 positive mothers from a newborn is
advocated to reduce the risk of mother-baby transmission.
Still, it may also have adverse consequences, such as not
rooming-in and avoiding skin-to-skin contact, that can
be stressful for mothers, disrupt breastfeeding, and have
negative effects on newborn feeding and bonding. WHO
has opined that mothers who have suspected, probable,
or confirmed COVID-19 virus infection should be enabled
to remain together with their infants and practice skinto-skin contact.32 The CDC advises determining whether
to separate a mother with known or suspected COVID-19
and her infant on a case-to-case basis, using shared decision making between the mother and the clinical team.34
Because of the paucity of data, separation of infants may
seem the safest approach, but one must weigh the potential benefits of isolation against the real costs, for both
women and infants, of losing postpartum contact.

COVID-19 and Pregnancy
Psychosocial Impact

COVID-19 outbreak has resulted in increased anxiety among
pregnant women because of concerns regarding the wellbeing of an unborn child, and aggravated by quarantine policy,
physical distancing, home isolation, remote consultation
with a health care professional, and inability to obtain the
expected level of support and care in the antenatal and postpartum period. Uncertainties regarding the effect on fetal
health, miscarriage, and preterm labor have added to psychological stress. This stress has an adverse impact on mental
health, leading to fear, anger, and confusion.35 It might take
time to have enough evidence that pregnant women are at
high risk for depression, anxiety, and posttraumatic disorder
in this pandemic.36 Hence, all women should be appropriately counseled both in the antenatal and postnatal period
about the wellbeing of their baby, and they should be given
tender loving care. It is prudent to recommend continued
support from the family and health care provider, physically
or by phone in the postpartum period.

Conclusion
COVID-19 pandemic has posed a great challenge for health
care workers, as well as for pregnant women. Although the
course of pregnancy is not much affected by COVID-19 disease itself, complications may arise in the presence of comorbidities. The absence of timely care and caution can lead to
adverse events. Both the expecting mother and care provider
should be vigilant, and the routine obstetric management
should not be delayed due to testing or reports of COVID-19
infection. Generally, the management of labor is not altered
in women giving birth during the COVID-19 pandemic or
in women with confirmed or suspected COVID-19 disease.
COVID-19 is not an indication to modify the route of delivery. Mother to child transmission is not proven yet but may
occur. As the pandemic is still progressively involving many
continents and people across the globe, we may have further
data and clarifications in the near future on aspects not yet
answered.
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