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COVID-19 is the most devastating pandemic since the 1918 influenza
pandemic that has hit the globe. Caused by the novel coronavirus SARS-CoV-2 virus
originating from China, it spread rapidly across the world daiming many lives. With no
vaccine to protect against and no antibiotics to treat the disease, we have been left with
the only option of adopting various control measures limited to interventions such as
isolation, quarantine, personal hygiene, use of disinfectants, limitations of public
gatherings and other social distancing measures to retard the spread of the infection.
Large parts of the world had been forced to lockdown in order to slow down the spread
of the pandemic. The economic loss inflicted by the lockdowns across the world is
unprecedented.

Despite being highly vulnerable through constant exposure to the viral infection,
the medical fraternity was more than busy combating the deluge of patients infected by
the coronavirus. Both developed and developing world had come under immense
pressure in providing not only the equipment required for the treatment of patients but
also to supply the basic gear required for medical professionals to protect themselves
from the infection. In the early days of the pandemic, the country was critically
dependent on imported test kits, of questionable reliability, at a great expense. In this
backdrop researchers in the Department of Atomic Energy developed a test kit with
highly promising results. Radiation technology has been harnessed to develop protocols
for sanitizing Personal Protection Equipment {PPEs} for their re-use. Plasma technologies
developed for radioactive decontamination were tweaked to produce cost effective
solution in the fight against COVID. Technologies developed for Nuclear waste
management have been adopted to make high quality masks. These are just few
examples of our scientists moulding their knowledge and technical expertise acquired
over the years to innovate and improvise within their own domains and contribute to
the current emergency as well as to various measures that are needed to adapt to the
New Normal. Several solutions have been developed for maintaining hygiene and
implementing social distancing measures. This bulletin is a compendium (compilation)
of various products and technologies born out of the timely efforts of our scientists in
the fight against COVID-19. This is indeed a tribute to their scientific spiritand temper.

Driector
Bhabha Atomic Research Centre




DAE TECHNOLOGY BULLETIN

IN THIS ISSUL

Chairman’s Message
Foreword by Director BARC
Public Health Measures in DAE for COVID Pandemic
Chlorophyllin for Treatment of COVID-19
Plasmas - in Fight Against COVID-19
Portable Plasma Sterilizer
Plasma Sterilizer
Cold Plasma for Sterilisation
Plasma Pyrolysis for Disposal of Bio-Medical Waste
Plasma for Environment Friendly Disposal of COVID Waste
Hydrogen Peroxide from Tap Water Using Plasma
Electronics & IT Applications
loT Based COVID BEEP
Al Model for Arogya Setu Safe Zone Detection
Deep CXR System for Chest X-ray Analysis
Voice Based Screening for COVID-19
Development of Mechanical Ventilator
Video Conference Application
Quad Copter for Surveillance
Masks and PPEs
High Quality Face Masks from Indigenous HEPA Filters
Evaluating Efficacy of Face Masks
Capture of Virus by Self-Assembled Carbon Nanotube Based Filters
Heat Sterilization of Masks
Radiation Sterilization of PPEs
Metal Nanoparticle Generator for Coating PPEs
Quality Assessment of PPE Fabrics
Development of Powered Air Purifying Respirator
Diagnosis of COVID
COVID-19 Testing at NCBS (in collaboration with inStem)
Development of RT-PCR Based kit for COVID-19
Serological Survey to Assess Prevalence of COVID-19in Mumbai
A Novel Method of Pooled Testing for COVID-19
ACTREC-SARS-CoV-2 kit
RNA Virus Detector
Infectious Pathogen Detector
Testing of COVID-19 Samples
CRISPR-Cas Based COVID-19 Detection
ARapid Detection Kit for COVID-19

w

10

14














































Serological Survey to Assess Prevalence of COVID-19 in Mumbai

Tata Institute of Fundamental Research (TIFR), in a joint
venture with Translational Health Science and Technology
Institute (THSTI, Faridabad), University of Chicago, Duke
University, ATE Chandra Foundation (Mumbai), Kasturba
Hospital (Mumbai) and IDFC Institute (Mumbai), under
the aegis of the NITI Aayog, has undertaken a serological
survey of 10,000 randomly selected asymptomatic
residents of Mumbai in the age group above 12 years
(both in slum and non-slum areas). The blood samples
were tested to check for possible COVID-19 infection /
immunity. This study will not only help in understanding
the extent to which the population in Mumbai has already
been exposed to COVID-19 infection but also enables to
predict the future spread of the infection so that the local
authorities can formulate appropriate public health
policiesin the region.

In partnership with BMC, the survey began in F-North
(Matunga), M-West (Chembur) and R-North (Dahisar)
wards, selected on the basis of the number of COVID
cases. F-North is among the wards with the higher case

load, M-West closer to the average and R-North represents
a ward with a lower case load. The blood samples were
tested in Kasturba Molecular Diagnostics lab, Mumbai
and THSTI, Faridabad for presence of Immunoglobulin G
antibodies.

Teams of members from Ministry of Health and NGOs with
the help of local counsellors collected blood samples
along with basic demographic information including
contact history and comorbidities from the selected
households volunteered to participate in the survey.

Preliminary results indicated that the slum areas with
antibodies detected in about 57% of the population are
closer to herd immunity. Improved estimates of
asymptomatic infections, and repeated measurements
will help estimate the trajectory of the epidemic and its
progress towards herd immunity. The results of this survey
will be valuable in determining how future surveillance
should be conducted in this and other locations in India. In
further phases, the sample size will be increased and the
study will be extended to other cities across India. Testing
in communities of different densities will also help in
determining the riskin other similarly dense areas.
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A Novel Method of
Pooled Testing for
COVID-19

Currently, primary method for
COVID-19 detection is the RT-PCR test
using nasal swabs. The throughput
and capacity for such testing is
severely limited. Since COVID-19 can
be transmitted from asymptomatic
carriers, these testing bottlenecks
have left states with the dilemma of
either risking a free spread of the
virus, or imposing severe lockdown
and physical distancing measures
with heavy economic costs. There is
an urgent need to find economical
and scalable ways to test more
people. It has been shown that
pooling of samples from different
individuals is a cost-effective way to
test for the presence of virus. Simple
pooling involves pooling samples of
N individuals, and re-testing each
individual sample if the pool tests
positive. The ICMR recommended
pooled sampling using pool sizes of 5
in areas with low prevalence less than
2% or for community screening or
surveillance in asymptomatic
individuals in areas with prevalence of
2t05%.

In combinatorial tapestry pooling,
individual samples are mixed into

pools in various combinations. Using
computerized algorithms.
Depending on which pools test
positive, it is possible for the
algorithm to predict which of the
individual sample is positive, without
second-round individual testing

The Tata Memorial Hospital, in
collaboration with the National
Centre for Biological Sciences (NCBS)
and the Indian Institute of
Technology Bombay (lIT-B) s
currently conducting a study to
validate the combinatorial tapestry
pooling technique. If found to be
valid, combinatorial tapestry pooling
could replace individual testing
especially in screening asymptomatic
populations, thereby improving the
access to testing while decreasing the
costs.

ACTREC-SARS-CoV-2 kit

ACTREC developed a rapid and
accurate one-step multiplex TagMan
probe-based real-time RT-PCR assay,
alongwith a novel COVID gPCR
Analyzer tool with graphic user
interphase to analyze the raw gRT-
PCR data at a cost of under $3 per
reaction and turnaround time of less
than 2h. The assay could detect to a
limit of 1.5 copies of SARS-CoV-2
transcripts based on experiments

performed by spiking total human
RNA with in vitro synthesized viral
transcripts. The assay was further
evaluated by performing 166
validations for the SARS-CoV-2
Nucleocapsid genes and human
RNase P as an internal control
reference gene with dilutions ranging
from 1-100 ng for human RNA on a
cohort of 26 clinical samples. 5 of 26
patients were confirmed to be
infected with SARS-CoV-2, while 21
tested negative, consistent with the
standards. The accuracy of the assay
was found to be 100% sensitive and
100% specific based on the 26
clinical samples that need to be
further verified using a large number
of clinical samples in an unbiased
manner to enable in-house SARS-
CoV-2 testing across laboratories.

Based on the evaluation performed
by National Institute of Virology,
(ICMR), this kit is 75% sensitive and
100% specific based on 160 odd
samples tested by them. We are
working to further improve the
sensitivity.

RNA Virus Detector

Several non-invasive Raman
spectroscopy-based assays have been
reported for rapid and sensitive
detection of pathogens. We
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developed a novel statistical model
for the detection of RNA viruses in
saliva, based on an unbiased
selection of a set of 65 Raman
spectral features that mostly attribute
to the RNA moieties, with a
prediction accuracy of 91.6% (92.5 %
sensitivity and 88.8 % specificity).
Furthermore, to minimize variability
and automate the downstream
analysis of the Raman spectra, we
developed a GUI (Graphic User
Interface) based analytical tool 'RNA
Virus Detector (RVD)'. Overall, this
conceptual framework has a
potential application in managing
the COVID-19 pandemic.

Infectious Pathogen
Detector

We developed a computational
approach to study the dynamics of
variability in infectious pathogens
with application to COVID-19
pandemic. The magnitude of the
number of variables in NGS datasets
presents formidable computational
challenges limiting its application in
public health laboratories engaged in
studying epidemic outbreaks. The
Infectious Pathogen Detector (IPD)
works on the principle of
computational subtraction, followed
by quantification and analysis of
pathogen traces in the NGS data. It
aligns and quantifies heterogenous
datasets such as short- and long-
read data. The pipeline integrates
read quality assessment, pathogen
burden normalization and genome
coverage calculation. The confident
reads are further used for pathogen
assembly and pathogen genome
variant analysis. Also, IPD quantifies
pathogen burden from the samples
in the same run. The complete
pipeline, including the graphical user
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interface (GUI), is developed in
python. Using IPD, 1275 SARS-CoV-2
sequenced samples were analysed
and 717 human transcriptomes
along with validation of the detected
pathogen using orthologous
techniques. We also extend the SARS-
CoV-2 genomic analyses integrating
mutational dynamics of variability in
infectious pathogens. IPD predicts
the occurrence and mutational
dynamics of variability among
infectious pathogens with a potential
for direct utility in the COVID-19
pandemic to help automate the NGS
based pathogen analysis in
responding to public health threats,
in an efficacious manner.

Testing of COVID-19
Samples

DAE is participating for testing of
COVID-19 samples wherein ACTREC
and BARC are acting as 'Hub' and
'Spoke' respectively. In this effort,
ACTREC is collecting samples, doing
the RNA extraction while RT-PCR
analysis is being carried out by BSG,
BARC as per ICMR guidelines. The
daily analysis report is being
submitted to ACTREC for national
reporting. Till date we have
performed five batches of RT-PCR
analysis on 96 clinical samples.

CRISPR-Cas Based
COVID-19 Detection

In addition to RT-PCR tests, a quicker
and simpler method for CRISPR-Cas-
based detection of SARS-CoV-2 has
been standardized. The method is
relatively faster compared to the
standard RT-PCR method. For
preliminary testing surrogate viral
RNA were generated. Testing with
surrogate positive and negative
samples showed high level of

specificity. The sensitivity and
reproducibility of this technique is
currently being established in order
to develop it into a point of care
diagnostic method. As per the initial
findings, the technique could detect
the positive samples as positive and
negatives as negative.

A Rapid Detection Kit for
COVID-19

Detection of COVID-19, is generally, a
PCR based detection technology
which includes real-time quantitative
polymerase chain reaction (RT-qPCR)
and high-throughput sequencing for
COVID-19 diagnosis. The major
drawback of this method is its
dependence on an expensive qPCR
instrument and high cost due to
involvement of reverse-transcriptase
enzyme and other consumables. On
the other hand, few serological
methods and kits have been
developed where presence of IgM
and IgG antibodies are detected in
the infected person.

WSCD is attempting to develop a
second type kit which can immobilize
monoclonal antibodies and
specifically detect the particular
antigen of SARS-CoV-2 virus (like
pregnancy test kit). Thus, it doesn't
need a humoral response to produce
antibodies. Still, it needs enough
antigen in the form of virus, which
can easily be collected from nasal
swab, or saliva (a more non-invasive
method). We believe this type of kit
can be useful ata much early stage, as
nasal passage and upper respiratory
tract are the first tissues to get the
infection and further the propagation
of the virus. This kit may be able to
detect virus carriers who do not show
symptoms of the disease.
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