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Monthly Summary for the month of June 2020 
 

1. NASI office became fully operational with 100% staff strength, from 1st 
June 2020, maintaining all the safety measures as per guidelines issued 
by the GoI to combat COVID-19; also a brief report on the activities 
organised by NASI during the lockdown period, was uploaded on its 
website, starting with the domain - http://nasi.nic.in/NASI-
Report%20on%20March%202020%20Activities-merged.pdf; and onward. 
 

2. Several Scientific Articles written/communicated by the NASI 
Fellows/Members during this period, were distributed among the 
Fellows/Other Institutions, for the dissemination of 
information/knowledge on the pandemic COVID-19 (please see a few 
articles attached herewith as Annex. 1 a, b, c, d & e). 

 

3. World Environment Day (WED-2020) was celebrated at NASI-HQ, on 5th 
June, with Social/Physical distancing; it was addressed by Prof. Satya 
Deo, G.S., NASI, Prof. U C Srivastava, Emeritus Professor at Prayagraj, 
also telephonically by Prof. Manju Sharma, Past President, NASI and 
many others. Several other Chapters also celebrated the WED-2020 by 
organinsing WEBINARS, attended by thousands of participants from many 
parts of the country. A few clippings/notices/reports are attached as 
Annex. 2 ‘a’, ‘b’ & ‘c’).  

 

4. NASI Delhi Chapter collaborated/organised „WEBINARS/Online 
Workshops‟, in joint collaboration with several institutions for the 
UG/PG students and researchers, with kind cooperation/support of its 
Fellows/Members. The topic of the Webinar (please see the brief 
programme, as Annex. 3) held on June 15-17, 2020 was “Century of 
Quantum Mechanics and Still Going Strong” and the eminent speakers 
were Prof. Parimal H Vyas, Hon‟ble Vice Chancellor, MSUB, Baroda, Prof. 
S. Lokanathan, Former Professor of Rajasthan University, Prof. Ajoy 
Ghatak, Former Professor, IIT Delhi, and others. They spoke on Birth of 
Modern Physics, Evolution of Quantum Theory, Uncertainty Principle, 
etc. A series of INTERNATIONAL WEBINARS has also been started from 
June 24, 2020 on different topics of Physical Sciences, covering wide 
areas of Physics and Chemistry, involving the scientists from different 
countries (please see Annex. 4). 
 

5. International Yoga Day, was celebrated by performing „Yoga at home‟ on 
a theme - "Yoga at Home and Yoga with Family."  

 

Several other NASI Chapters also organized online scientific activities. 

http://nasi.nic.in/NASI-Report%20on%20March%202020%20Activities-merged.pdf
http://nasi.nic.in/NASI-Report%20on%20March%202020%20Activities-merged.pdf
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Background & objectives: Bats are considered to be a natural reservoir for many viruses, of which some 
are potential human pathogens. In India, an association of Pteropus medius bats with the Nipah virus 
was reported in the past. It is suspected that the recently emerged severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) also has its association with bats. To assess the presence of CoVs in bats, 
we performed identification and characterization of bat CoV (BtCoV) in P. medius and Rousettus species 
from representative States in India, collected during 2018 and 2019.
Methods: Representative rectal swab (RS) and throat swab specimens of Pteropus and Rousettus spp. bats 
were screened for CoVs using a pan-CoV reverse transcription-polymerase chain reaction (RT-PCR) 
targeting the RNA-dependent RNA polymerase (RdRp) gene. A single-step RT-PCR was performed on 
the RNA extracted from the bat specimens. Next-generation sequencing (NGS) was performed on a 
few representative bat specimens that were tested positive. Phylogenetic analysis was carried out on 
the partial sequences of RdRp gene sequences retrieved from both the bat species and complete viral 
genomes recovered from Rousettus spp.
Results:  Bat samples from the seven States were screened, and the RS specimens of eight Rousettus 
spp. and 21 Pteropus spp. were found positive for CoV RdRp gene. Among these, by Sanger sequencing, 
partial RdRp sequences could be retrieved from three Rousettus and eight Pteropus bat specimens. 
Phylogenetic analysis of the partial RdRp region demonstrated distinct subclustering of the BtCoV 
sequences retrieved from these Rousettus and Pteropus spp. bats. NGS led to the recovery of four 
sequences covering approximately 94.3 per cent of the whole genome of the BtCoVs from Rousettus bats. 
Three BtCoV sequences had 93.69 per cent identity to CoV BtRt-BetaCoV/GX2018. The fourth BtCoV 
sequence was 96.8 per cent identical to Bat CoV HKU9-1.
Interpretation & conclusions: This study was a step towards understanding the CoV circulation in Indian 
bats. Detection of potentially pathogenic CoVs in Indian bats stresses the need for enhanced screening 
for novel viruses in them. One Health approach with collaborative activities by the animal health and 
human health sectors in these surveillance activities shall be of use to public health. This would help in 
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A large number of emerging infectious diseases are 
known to be zoonotic in origin. In the last two decades, 
many viruses have been identified from bat species1. 
Bats have been recognized as the natural reservoirs 
of a variety of pathogenic viruses such as Rabies, 
Hendra, Marburg, Nipah and Ebola virus2. Bats are 
known to harbour coronaviruses (CoVs) and serve as 
their reservoirs. Alpha-CoV (α-CoVs) and beta-CoV 
(β-CoVs) have been detected in bats in Asia, Europe, 
Africa, North and South America and Australasia3. In 
the last two decades, bat CoVs (BtCoVs) garnered 
considerable attention as potential human pathogens4,5. 

Severe acute respiratory syndrome (SARS)-CoV-2 
causing the current pandemic [CoV disease 2019 
(COVID-19)] is also a member of the same genus and 
found to be similar to bat-derived CoV strain RATG136. 
SARS-CoV-2 is reported to be 96 per cent identical 
to BtCoV at the whole genome level, and related 
viruses were identified in the previously sampled bat 
population in China7. 

CoVs are enveloped, single-stranded, positive-
sense RNA viruses with a comparatively large 
genome size of 26 to 32 kb, classified under the family 
Coronaviridae in the order Nidovirales8. According 
to the International Committee on Taxonomy of 
Viruses (ICTV), they are classified into four genera, 
namely, α-CoV, β-CoV, γ-CoV and δ-CoV)9. β-CoVs 
are further classified into four different lineages 
[lineage A (L_A), lineage B (L_B), lineage C (L_C) 
and lineage D (L_D)]10. Most of the human CoVs 
are either zoonotic in origin or circulate in animals11. 
CoVs can cause a wide range of infections, including 
respiratory tract infections, gastroenteritis, hepatitis 
and encephalomyelitis in their respective hosts. It is 
believed that many of the currently circulating α-CoVs 
and β-CoVs of mammals have evolutionary links to 
CoVs from bats1.

India has a diverse population of bats; around 
117 species of bats have been recorded, with around 
100 subspecies coming under 39 genera belonging 
to eight families (Pteropodidae, Rhinolophidae, 
Hipposideridae, Megadermatidae, Rhinopomatidae, 

Emballonuridae, Molossidae and Vespertilionidae)12. 
The Indian Council of Medical Research-National 
Institute of Virology (ICMR-NIV) at Pune, India, has 
detected several viruses in bats, including the Nipah 
virus in Pteropus medius, Malsoor virus, Tioman virus 
and a novel adenovirus in Rousettus leschenaultia13-15. 
Nipah viral RNA antibodies could be detected in 
Pteropus bats from many States of India, and the 
possible link of transmission from bats could be 
established during the Nipah outbreak which occurred 
in Kerala in 2018 and 201916,17. The use of conventional 
polymerase chain reaction/reverse transcription-
polymerase chain reaction (PCR/RT-PCR), as well as 
metagenomics and next-generation sequencing (NGS) 
technologies, has led to the discovery of many novel 
viruses in bats. The identification of new CoVs in bats 
in several neighbouring Asian countries such as China3, 
Sri Lanka18 and Singapore19,20 and the growing threats 
of novel CoV diseases such as COVID-19 led us to 
investigate Pteropus and Rousettus bats commonly 
found in India, for identification and characterization 
of BtCoVs. 

Material & Methods

This study was approved by the Institutional 
Animal Ethics Committee (IAEC) of ICMR-NIV, 
Pune (IAEC/2019/MEZ/04). Permissions were also 
obtained from the Principal Chief Conservators of 
Forests (PCCF)/wildlife wardens of different States/
Union Territories (UT) (Kerala, Karnataka, Tamil 
Nadu, Himachal Pradesh, Punjab, Gujarat, Odisha, 
Telangana, Chandigarh and Puducherry).

Study sites and sample collection: Upon obtaining 
permission from the respective State authorities, bat-
roosting sites in each State/UT were identified with the 
help of the forest officials. Bats were trapped using mist 
nets and were chemically restrained using isoflurane 
anaesthesia. Throat swabs (TS) and rectal swabs (RSs) 
were collected in virus transport medium (VTM) and 
were transported to ICMR-NIV, Pune, on dry ice. The 
specimens were collected from Pteropus spp. bats from 
Kerala, Karnataka, Chandigarh, Gujarat, Himachal 
Pradesh, Odisha, Puducherry, Punjab, Tamil Nadu 

the development of diagnostic assays for novel viruses with outbreak potential and be useful in disease 
interventions. Proactive surveillance remains crucial for identifying the emerging novel viruses with 
epidemic potential and measures for risk mitigation.

Key words Bats - coronavirus - India - next-generation sequencing - phylogenetic - reverse transcription-polymerase chain reaction



 YADAV et al: PRESENCE OF BAT CORONAVIRUS IN INDIA 3

and Telangana and Rousettus spp. bats from Kerala, 
Karnataka, Chandigarh, Gujarat, Odisha, Punjab and 
Telangana States during 2018-2019. These bats were 
monitored and released after recovery. Twelve bats 
that died during the trapping process were transported 
to ICMR-NIV on dry ice. Necropsy of these bats 
was carried out in the Biosafety Level 4 (BSL-4) 
containment facility, and tissue specimens (intestine 
and kidney) collected were tested. 

Detection of bat coronavirus using RT-PCR: RNA was 
extracted from the bat specimens using the MagMAX 
pathogen RNA/DNA isolation kit (Invitrogen, USA). 
RT-PCR was performed using Superscript III one-step 
RT-PCR (Invitrogen, USA) with Platinum High-Fidelity 
Taq polymerase (Invitrogen, USA) using the published 
BtCoV-specific primers targeting the conserved region 
of RNA-dependent RNA polymerase (RdRp) gene21. 
The amplicon of 440 bp was separated on 1.5 per cent 
agarose gel and visualized under VersaDoc MP 4000 
ultraviolet transilluminator (Bio-Rad, USA).

Sequencing of the positive coronavirus specimens

Sanger sequencing of bat coronavirus: The RT-PCR 
products were separated on 1.5 per cent agarose gel, 
and 440 bp bands were excised. The excised gels were 
extracted and purified using a QIAQuick gel extraction 
kit (Qiagen, Hilden, Germany). The purified products 
were quantified, and chain-terminated PCR reactions 
were performed using pathogen-specific forward and 
reverse primers21 with the BigDye Terminator 3.1 
sequencing kit (Applied Biosystems, USA). BigDye 
reactions were purified using the DyeEx 2.0 spin kit 
(Qiagen, Germany). The purified chain-terminated 
reactions were sequenced using the ABI PRISM® 3100 
Automated DNA Sequencer (Thermo Fisher Scientific, 
USA). The sequence data generated were assembled 
using the Sequencer 5.1 software (Accelrys Inc., USA).

Next-generation sequencing (NGS) of bat coronavirus: 
Selected bat specimens were used for RNA extraction22,23. 
RNA libraries were prepared and quantified by Qubit® 
2.0 Fluorometer (Invitrogen, USA). NEB NextrRNA 
depletion kit (New England Biolabs, USA) was used 
to remove host ribosomal RNA and re-quantified using 
Qubit® 2.0 Fluorometer (Invitrogen, USA). In brief, 
the RNA library preparation involved fragmentation, 
adenylation, adapter ligation and amplification. The 
amplified libraries were quantified using KAPA 
Library Quantification Kit (KapaBiosystems, Roche, 
Switzerland) as per the manufacturer’s protocol and 

further loaded onto the Illumina Miniseq NGS platform 
(Illumina, USA)22,23.

The FASTQ files generated after the completion 
of the run were analyzed using CLC Genomics 
Workbench software version 11 (CLC, Qiagen, 
Germany). De novo assembly programme was used to 
assemble contiguous sequences (contigs). The contigs 
generated were analyzed using BLAST (https://blast.
ncbi.nlm.nih.gov/Blast.cgi) to identify matching 
sequences. The closest matching sequence from 
GenBank (https://www.ncbi.nlm.nih.gov/genbank/) 
was used for reference mapping.

Phylogenetic analysis of partial and complete genome 
sequences of bat coronavirus: The CoV sequences 
retrieved from RS specimens of Rousettus spp. bats 
(n=4) were aligned with whole-genome sequences 
from GenBank using the create alignment function of 
the CLC genomics workbench (https://digitalinsights.
qiagen.com). Partial RdRp gene sequences (~419 bp) 
retrieved by Sanger sequencing, for both the bat species 
specimens (genomic location: 14,701-15,120) were 
used to construct a phylogenetic tree along with the 
available RdRp sequences in GenBank. Phylogenetic 
analysis was carried out using the neighbour-joining 
method available in MEGA v7 software24 using the 
Kimura 2-parameter nucleotide (nt) substitution model 
with 1000 bootstrap replicates. The nt divergence for 
the open reading frame (ORF) 1a polyprotein (ORF 1a), 
ORF 1b polyprotein (ORF 1b), spike protein (S), 
nucleocapsid phospoprotein (N), envelope protein (E) 
and membrane glycoprotein (M) genes was estimated 
using the Kimura 2-parameter model as implemented 
in the MEGA software. The sequences retrieved in 
the current study, along with those downloaded from 
GenBank, were grouped into the genus.

The viruses from the β-CoV genus were further 
grouped into lineages, L_A, L_B, L_C and L_D, 
to estimate the evolutionary divergence over the 
respective gene sequence pairs between groups using 
the MEGA software24. The distance was estimated 
using a Kimura 2-parameter model with uniform rates 
among the sites. The bootstrap of 500 replicates was 
used to estimate the variation in the model.

Results

The TS and RS specimens for 78 Rousettus 
spp. bats were collected in VTM from seven States 
(Kerala, Karnataka, Chandigarh, Gujarat, Odisha, 
Punjab and Telangana). The TS and RS specimens of 

AQ1
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screened and found to be negative (Table I). A total of 
25 bats from both the species were found positive.

Sequencing of the positive coronavirus specimens

Sanger sequencing of bat coronavirus: Using the 
Sanger sequencing protocol, partial RdRp sequences of 
BtCoV were retrieved from two (out of four amplicons) 
specimens of Rousettus spp. One of the sequences 
(MCL-19-bat-588/2) showed close identity to BtCoV 
HKU9-5-2 (AN): HM211099.1; sequence identity 
(SI): 99.2 per cent, whereas the second RdRp sequence 
(MCL-20-bat-76/10) had an SI of 98.8 per cent with 
BtCoV HKU9-1 (AN: EF065513.1), both from China.

Sanger’s sequencing protocol led to retrieval of eight 
partial RdRp sequences which belonged to Pteropus 
spp. These bats were collected from Kerala (n=5) and 
Tamil Nadu (n=3) states. One of the three partial RdRp 
sequences from Tamil Nadu had 97.93 per cent SI with 
BtCoV/B55951/Pte_lyl/CB2-THA (AN: MG256459.1, 
Thailand). The other two sequences had a minimum 
of 99.48 per cent SI with the CoV PREDICT_CoV-17/
PB072 (AN: KX284942.1, Nepal). One of the five partial 
RdRp sequences from Kerala had 98.88 per cent SI with 
BtCoV/B55951/Pte_lyl/CB2-THA (AN: MG256459.1, 
Thailand). The remaining four partial RdRp sequences 
had >97 per cent SI with CoV PREDICT_CoV-17/
PB072 (AN: KX284942.1, Nepal).

Next-generation sequencing (NGS) of bat coronavirus: 
NGS was performed on 10 specimens [4 RS, 2 kidney 

508 Pteropus spp. bats were also collected in VTM 
from 10 States/UTs in India (Kerala, Karnataka, 
Chandigarh, Gujarat, Himachal Pradesh, Odisha, 
Puducherry, Punjab, Tamil Nadu and Telangana). 
During the trapping process, 12 (8 Rousettus and 
4 Pteropus spp.) bats died. Organ specimens (intestine 
and kidney) were collected from these bats (TS and RS 
specimens of these 12 bats were included in the total 
number of samples).

Detection of bat coronavirus using RdRp gene RT-
PCR: Four of the 78 RS of Rousettus spp. bats 
screened for the BtCoV were found positive. All 
the positive RS samples belonged to Kerala State. 
Intestinal specimens of two bats were also found to be 
positive for the BtCoV. One bat (MCL-19-Bat-606), 
from Kerala, was tested positive in both the intestinal 
specimen and the RS. The second bat (MCL-20-
Bat-76), from Karnataka, was tested positive only in 
the intestinal specimen. Altogether, five Rousettus spp. 
bats were positive for the BtCoV. All TS specimens 
from Rousettus spp. were found negative for BtCoV 
(Table I).

Twenty one of the 508 RSs from Pteropus 
spp. bats screened were tested positive for the 
BtCoV (Table I). These positive bats belonged to 
Kerala (n=12), Himachal Pradesh (n=2), Puducherry 
(n=6) and Tamil Nadu (n=1). The TS specimens of 
the same bats were tested negative for BtCoV. The 
TS specimens of RS-negative (n=42) bats were also 

Table I. Bat coronavirus positivity in bat specimens screened using RNA-dependent RNA polymerase (RdRp) gene-specific reverse 
transcription-polymerase chain reaction (RT-PCR) in different states
Place of collection Number of positive/number tested for different bat species for BtCoV RdRp gene-specific RT-PCR

Pteropus bats (%) Rousettus bats (%)
Rectal swabs Throat swabs Rectal swabs Throat swabs

Kerala 12/217 (5.53) 0/21 (0.00) 4/42 (9.52) 0/4 (0.00)
Karnataka 0/78 (0.00) NT 0/4 (0.00) 0/4 (0.00)
Chandigarh 0/27 (0.00) NT 0/6 (0.00) 0/6 (0.00)
Gujarat 0/30 (0.00) NT 0/18 (0.00) 0/18 (0.00)
Odisha 0/30 (0.00) NT 0/2 (0.00) 0/2 (0.00)
Punjab 0/14 (0.00) NT 0/2 (0.00) 0/2 (0.00)
Telangana 0/30 (0.00) NT 0/4 (0.00) 0/4 (0.00)
Himachal Pradesh 2/29 (6.89) 0/6 (0.00) NA NA
Puducherry 6/23 (26.09) 0/10 (0.00) NA NA
Tamil Nadu 1/30 (3.33) 0/5 (0.00) NA NA

21/508 (4.13) 0/42 (0.00) 4/78 (5.13) 0/40 (0.00)
NT, not tested; NA, not available; BtCoV, bat coronavirus
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The complete genome sequences of four BtCoV 
obtained from Rousettus spp. specimens were used 
for generating a neighbour-joining tree (Fig. 2). 
These sequences were also clustered within L_D of 
β-CoVs as observed for partial RdRp sequence tree. 
These complete genome sequences were grouped 
into gene pairs to identify the gene with higher 
and lower divergence. The complete genomes of 
the Indian BtCoV sequences were grouped under 
L_D. The evolutionary divergence of ORF 1b was 
<0.54 between the different β-CoV lineages with a 
maximum score of 0.7 between different BtCoV 
sequences used in this study (Table III). E gene 
sequences had larger divergence within the β-CoV 
genus ranging from 2.18 to 0.94. Lineages L_A and 
L_C had the maximum divergence of 2.18, whereas 
the L_B and L_C were the least (0.94). N gene 
has an overall higher divergence amongst different 
lineages (ranging: 2.08-0.75). Overall, evolutionary 
divergence for the sequences of each gene pair 
demonstrated that S, N, E and M genes from the α- 
and δ-CoV highly diverged across the different genus. 
In contrast, the ORF 1b was less divergent across the 
genera (Table III).

Discussion

As per the available information, the BtCoV 
causing human infection belongs to α- and β-CoV 
genera of the Coronaviridae family. β-CoV genus 
has five strains known to infect humans25. The 
two human-infecting strains (NL63 and 229E) 
from α-CoV genus which cause mild-to-moderate 
respiratory infections are believed to have originated 
in bats25. Two members of the β-CoV genus (HCoV-
OC43 and HCoV-HKU1) are known to cause the 
common cold and lower respiratory tract infections26. 
The other three are now shown to be pathogenic to 
humans (SARS-CoV-1, MERS-CoV and SARS-
CoV-2). The SARS-CoV-1 and SARS-CoV-2 belong 
to L_B and MERS CoV belongs to L_C of β-CoV 
genus27.

and 4 intestinal tissue) of the five Rousettus bats to 
retrieve the complete genome of the BtCoV. Kidney 
and intestine tissues of the bats from Karnataka State 
(MCL-20-Bat-76) and RS along with intestine tissue of 
bats from Kerala State (MCL-19-Bat-606) were used 
for sequencing and analysis.

Two different viruses were retrieved based on the 
BLAST analysis of the sequences from the kidney 
and intestine tissues of the bats from Karnataka. 
Kidney specimen of MCL-20-Bat-76 had an SI of 94 
per cent and query coverage (QC) of 94 per cent with 
CoV BtRt-BetaCoV/GX2018 (AN: MK211379.1), 
whereas the intestine tissue of the MCL-20-Bat-76 
had an SI of 96.8 and 95 per cent QC with the BtCoV 
HKU9-1 (AN: EF065513.1). The sequences from 
RS and intestine tissue of the MCL-19-Bat-606 from 
Kerala, had 93.69 and 93.99 per cent SI to CoV BtRt-
BetaCoV/GX2018 (AN: MK211379.1), respectively, 
with 100 per cent QC. Further, 99.8 per cent of the CoV 
BtRt-BetaCoV/GX2018 sequences were retrieved 
from the intestine specimen of the MCL-19-Bat-606. 
The details of the genome recovered reads mapped 
and the percentage of reads mapped are summarized 
in Table II.

Phylogenetic analysis of partial and complete genome 
sequences of bat coronavirus: A neighbour-joining 
tree was generated using the partial RdRp region 
sequences derived from Pteropus and Rousettus spp. 
bat specimens. It was observed that all the BtCoV 
sequences wereclustered within the L_D sequences of 
beta CoVs. A distinct subclustering of the sequences 
retrieved from Pteropus and Rousettus spp.  bats is 
shown in Fig. 1. The sequences in the light pink colour 
are retrieved from the Pteropus spp., whereas those 
in the dark pink region belong to Rousettus spp. The 
sequence divergence of 0.35 was observed between 
Pteropus spp. and Rousettus spp., which was obtained 
by averaging over all the sequence pairs between the 
two species, determining those to be distinct sequences 
to each species.

Table II. Details of the genome recovered reads mapped and the percentage of reads mapped from the Rousettus bat samples
Sample details Sample type Virus retrieved Relevant 

reads
Percentage 

of reads
Percentage of 

genome recovered
MCL-20-Bat-76 Kidney Coronavirus BtRt-BetaCoV/GX2018 1632 0.015 94.39

Intestine BtCoV HKU9-1 4499 0.056 95.75
MCL-19-Bat-606 Rectal swab Coronavirus BtRt-BetaCoV/GX2018 13,973 0.114 99.53

Intestine Coronavirus BtRt-BetaCoV/GX2018 10,214,492 93.476 99.87
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The phylogenetic analysis for the partial RdRp 
region revealed the presence of distinct BtCoVs in 
both the bats. The genomic sequences retrieved from 
the Indian sequences form a distinct cluster. The three 
CoV_BtRtBetaCoV/GX2018 sequences retrieved 
from the Indian Rousettus bats were 5.8-6.7 per cent 
different from the reference sequence, which was 
retrieved from Rhinolophus affinis. The two CoV_
BtRtBetaCoV/GX2018 sequences retrieved from 
different bats were 1.2 per cent different from each 
other. The effect of host influence on the nt usage of 
the virus cannot be denied; however, it needs to be 
explored further in detail.

Bats are reservoirs for viruses with human 
pathogenic potential28,29, and are known to harbour a 
broad range of CoVs1. The global distribution of bats, 
along with the different types of cell receptors present 
within them, favours virus replication, and is a possible 
link to their intraspecies transmission. The interspecies 
spill-over of a BtCoV to humans is thought to occur 

through an intermediate host, in which the virus 
replicates through yet completely unidentified routes. 
In India, regions of the Western Ghats, particularly 
in Kerala, are reported to have habitat for diverse 
bat populations. The reports of pathogenic human 
viruses from bat specimens demand enhanced methods 
to monitor human exposure to various bat species. 
Investigations in unexplored regions/States should be 
focused on gaining further insights into CoV diversity 
within Indian bat populations.

Earlier, we had reported the presence of 
pathogenic viruses such as the Nipah virus in 
Pteropus bats in India16. In the present scenario of 
changing demography and ecological manipulations, 
it is challenging to have checks on the encounters 
of bats with other animals and humans. Therefore, 
active and continuous surveillance remains crucial 
for outbreak alerts for bat-associated viral agents 
with epidemic potential, which would be helpful in 
timely interventions.

Fig. 1. Neighbour-joining tree for the RNA-dependent RNA polymerase (RdRp)-partial sequence (genomic location: 14,701-15,120) generated 
from Sanger sequencing. The tree was constructed using the RdRp sequence available in the GenBank sequences. Kimura 2-parameter model 
was used as the substitution model to generate the tree. A bootstrap replication of 1000 cycles was performed to generate the tree to assess 
the statistical robustness.
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Although CoVs in the subfamily Coronavirinae do 
not usually produce clinical symptoms in their natural 
hosts (bats), accidental transmission of these viruses 
to humans and other animals may result in respiratory, 
enteric, hepatic or neurologic diseases of variable 
severity. It is still not understood as to why only certain 
CoVs can infect people. 

There is a need of proactive surveillance of zoonotic 
infections in bats. Detection and identifications of 
such aetiological agents will provide leads for the 
development of diagnostic along with preparedness 
and readiness to deal with such emergent viruses 
thereby quickly containing them. The detection 
and identification of such viruses from bats also 
recommends cross-sectional antibody surveys (human 
and domestic animals) in localities where the viruses 
have been detected. Similarly, if epidemiological 
situation demands, evidence-based surveillance should 
also be conducted. There is a need of developing 
strong mechanisms for working jointly with various 
stakeholders such as wildlife, poultries, animal 
husbandry and human health departments.

In conclusion, our study showed detection of 
pathogenic CoVs in two species of Indian bats. 
Continuous active surveillance is required to identify 
the emerging novel viruses with the epidemic 
potential.
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World Health Organization (WHO) declared COVID-
19 as a pandemic disease on 11 March 2020. Compari-
son of genome sequences from diverse locations allows 
us to identify the genetic diversity among viruses 
which would help in ascertaining viral virulence, dis-
ease pathogenicity, origin and spread of the SARS-
CoV-2 between countries. The aim of this study is to 
determine the genetic diversity among Indian SARS-
CoV-2 isolates. Initial examination of the phylogenetic 
data of SARS-CoV-2 genomes (n = 3123) from differ-
ent continents deposited at GISAID (Global Initiative 
on Sharing All Influenza Data) revealed multiple 
origin for Indian isolates. An in-depth analysis of 558 
viral genomes derived from samples representing 
countries from USA, Europe, China, East Asia, South 
Asia, Oceania, Middle East regions and India revealed 
that most Indian samples are divided into two clus-
ters. A1 sub-cluster showed more similarity to Ocean-
ia and Kuwait samples, while A2 sub-cluster grouped 
with South Asian samples. In contrast, cluster B 
grouped with countries from Europe, Middle East and 
South Asia. Viral clade analysis of Indian samples re-
vealed a high occurrence of G clade (D614G in spike 
protein; 37%), which is a European clade, followed by 
I clade (V378I in ORF1ab; 12%), which is an Oceania 
clade with samples having Iran connections. While A1 
cluster is enriched with I clade, the cluster B is en-
riched with G clade type. Thus our study identifies 
that the Indian SARS-CoV-2 viruses are enriched with 
G and I clades in addition to 50% samples with  
unknown genetic variations. The potential origin to be 
countries mainly from Europe, Middle East Oceania 
and South Asia regions, which strongly imply the 
spread of virus through most travelled countries. The 
study also emphasizes the importance of pathogen  
genomics through phylogenetic analysis to discover vi-
ral genetic diversity and understand the viral trans-
mission dynamics with eventual grasp on viral 
virulence and disease pathogenesis.  

 

Keywords: COVID-19, genetic diversity, pandemic, 

SAR-CoV-2, severe acute respiratory syndrome. 

A novel corona virus (SARS-CoV-2) causes acute respir-

atory disease (Coronavirus disease 2019; COVID-19), 

which was initially found in China but now it is spread all 

over the world1. The total number of COVID-19 cases  

diagnosed so far exceeds 4.1 million worldwide as on 11 

May 2020 with the number almost reaching 68,000 in  

India2,3. SARS-CoV-2 is an enveloped, non-segmented 

positive-sense RNA virus with a large genome of approx-

imately 30 kb in length1. 

 A total of 17,878 viral isolates have been sequenced 

and deposited online as on 11 May 2020 (ref. 4). Genome 

sequence analysis of viral genome between countries 

would help to understand the origin and also the severity 

of the disease process itself. The sequence information 

for 173 Indian viral isolates is available in the Global  

Initiative on Sharing All Influenza Data (GISAID) data-

base4–6. In this study, we carried out systematic analysis 

of genome sequences of Indian SARS-CoV-2 isolates and 

inferred the possible source of origin and important  

genetic variants of Indian viruses.  

Samples and methods 

Sample collection 

We have collected 173 genome sequences from Indian 

clinical samples deposited at GISAID as on 8 May 2020 

(ref. 4). In addition, we also collected another 421 repre-

sentative genome sequences of samples from USA (75), 

Europe (80), China (75), East Asia (64), South Asia (41), 

Oceania (75) and Middle East (11). Among Indian viral 

isolates, seven viral genome sequences that belong to 

passaged virus through cell lines (Vero CCL81 isolate 

P1) and one sequence with incomplete genome were ex-

cluded in this study. The viral sequences having complete 

and high coverage (n = 137) were alone selected for phy-

logeny analysis. However, for viral clade analysis, an  

additional set of 28 Indian viral genomes with low cover-

age was also used. Genome accession and sample data  

information can be found in ‘SupplymentaryData.xlsx’. 

Phylogenetic tree analysis 

A total of 558 complete genomes were taken for align-

ment using MAFFT version 7.402 at CIPRES Science 
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Figure 1. A modified view of phylogenetic analysis (rectangular view) of genome sequences of SARAS-CoV-2 (n = 3123) taken from 
https://www.gisaid.org/epiflu-applications/next-hcov-19-app/. The list of countries from where samples were used is given with their colour code.  

 

Gateway7. Phylogenetic analysis by maximum likelihood 

(ML) method was carried out using IQ tree version 1.6.12 

(ref. 8). TIM + F + R2 having lowest BIC score 

(109220.216) was selected as best substitution model out 

of 279 substitution model fitted. Analysis was carried out 

with 103 ultrafast bootstrap replicates. The tree file ob-

tained was visualized using Figtree version 1.4.4 (ref. 9). 

Viral clade analysis 

A reference Wuhan isolate and all the other viral genome 

sequences (n = 586) were obtained and used for this anal-

ysis. Individual genes namely ORF1ab, S, ORF3 and 

ORF8 were extracted from the whole genome. The genes 

were aligned using CLUSTAL Omega algorithm10 and 

translated to amino acid sequences. The aligned protein 

coding genes was visualized in BioEdit version 7.2.5  

(ref. 11). 

Results and discussion 

To identify the origin of Indian isolates of SAR-CoV-2 

virus, we examined the phylogenetic data from GISAID4. 

The phylogenetic data from 3123 samples, which includ-

ed 4 Indian isolates, available at GISAID website were 

analysed (Figure 1; Supplementary Figure 1). It is of our 

interest to note that there are two major clusters – 

Asian cluster is represented by purple and related colours, 

while the European cluster is represented by greenish yel-

low. The Indian samples, represented by the arrows 

(black and white) clustered with both Asian and Europe-

an clusters. While the Indian samples with black arrows 

were isolated during January 2020, the other two samples 

with white arrows were isolated during March 2020 

(more details later).  

 Further to precisely map the origin of Indian SARS-

CoV-2 isolates, we carried out an independent phyloge-

netic analysis using a selected set of samples representing 

most regions and countries where the COVID-19 infec-

tion rate is high. The samples which were collected earli-

est during this pandemic in each of the countries were 

only considered. The set consisted of 558 samples as de-

tailed earlier. The analysis shows interesting features 

about the possible source of origin of Indian SARS-CoV-

2 samples (Figure 2; Supplementary Figure 2). In particu-

lar, the Indian samples are located away from China/East 

Asian samples and are divided between two clusters, A 

and B. While the sub-cluster A1 consists of mostly Oceania/ 

Kuwait samples besides a large number of Indian samples 

(n = 19), the A2 sub-cluster is enriched with South Asian 

samples along with Indian samples (n = 53). The cluster 

B consists mostly of European and few numbers of Mid-

dle East/South Asian samples besides a large number of 

https://www.currentscience.ac.in/Volumes/118/11/1786-suppl.pdf
https://www.currentscience.ac.in/Volumes/118/11/1786-suppl.pdf
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Figure 2. Maximum likelihood (ML) phylogenetic tree was constructed using whole genome sequences obtained from 558 individual SARS-Cov-
2 viral isolates. The branch was tipped according to strains with respective country. The nodes represent bootstrap values. T he taxa were coloured 
according to different countries. The colour code for different regions/countries is given.  

 

Indian samples (n = 57). The analysis revealed that most 

Indian SARS-CoV-2 viruses (129 out of 137) show more 

similarity to that of specific countries. In cluster A, Indi-

an samples show more similarity to the viruses found in 

Oceania, Kuwait and South Asian samples, while in the 

cluster B, Indian samples show more similarity to mainly 

European and few numbers of Middle East/South Asian 

samples. These results indicate that majority of Indian 

SARS-CoV-2 viruses have originated from Europe, Mid-

dle East, South Asia and Oceania regions. The remaining 

Indian isolates (n = 8) have grouped with other clusters 

which contained most samples from China and East Asia. 

This indicates that these viruses might have been intro-

duced by Indian travellers from China and its neighbour-

ing countries as they show close resemblance to ancestral 

Chinese virus. Indeed, a recent study reported that two  

viruses (EPI_ISL_413522 and EPI_ISL_413523) from 

this group were isolated from patients who travelled from 

Wuhan, China5. A similar correlation for the remaining 

six samples could not be made as their travel information 

is not available.  

 Given the fact that the date of sample collection proba-

bly coincides with the time of disease occurrence, the col-

lection dates of different Indian samples provide some 

hint at the origin and spread of virus. The first two Indian 

viral isolates (EPI_ISL_413522 and EPI_ISL_413523) 

that were collected during January 2020 from patients 

who travelled from Wuhan, China showed more similarity 

with China/East Asia viral isolates. This conclusion is 

well supported by the fact that the initial outbreak of 

SARS-CoV-2 virus in Wuhan happened during December 

2019 (ref. 12). A large majority of Indian viral isolates 

(n = 129), which were collected during March/April 

2020, show more similarity with samples from Europe, 
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Middle East, South Asia and Oceania regions. The delay 

in the occurrence of majority of Indian COVID-19 cases 

probably indicates the time taken for the virus to spread 

from China to other countries from where the Indian  

travellers would have contracted the virus.  

 It is interesting to note that two samples (EPI_ISL_ 

420551 and EPI_ISL_420555), that are seen with Euro-

pean cluster in Figure 1, grouped with the cluster B, are 

enriched with European and few numbers of Middle East/ 

South Asian samples according to Figure 2. Similarly, 

other two samples (EPI-ISL_413522 and EPI_ISL_ 

413523) (collected from patients who had travel history 

from Wuhan, China) that grouped with samples from 

China were also identified to be associated with the major 

Asian cluster in Figure 1. Thus, the results of our inde-

pendent phylogenetic analysis (according to Figure 2) 

match with that of analysis done by GISAID.  

 According to specific variations in different viral pro-

teins compared to Chinese ancestral SARS-CoV-2 virus, 

GISAID identified three clades of SARS-CoV-2 namely, 

G, V and S clades4,13. G clade is characterized by D614G 

(A23403G) in S protein and largely encompasses  

sequences from Europe. V clade is characterized by 

G251V (G26144T) in ORF3 and mostly includes Asian 

and European sequences. S clade is characterized by the 

presence of L84S (C8782T) in ORF8 and mostly com-

prises sequences from North America. Recently, a new 

clade of SARS-CoV-2 carrying V378I (G1397A) in 

ORF1ab has been linked to travellers returning from Iran to 

Australia14. We then studied the genomes of Indian 

SARS-CoV-2 viruses to find out the association between 

Indian samples and different clades. The sample set 

(n = 558) which was used for phylogenetic analysis and 

an additional set of Indian samples with low coverage 

(n = 28) was subjected to clade analysis which revealed 

several interesting facts (Supplementary Figures 3 and 4). 

The samples from China failed to classify with any of the 

clades except a significant proportion of S clade which 

signifies the ancestral nature of Chinese viruses. While 

most groups had significant proportion of unclassified 

samples, East Asia and South Asia samples were found to 

split among G, V and S clades. Oceania samples were 

represented in all clades with a significant high propor-

tion of I and S clades. In contrast to these groups, Euro-

pean samples showed rather a very high proportion of G 

clade type and USA samples showed a high proportion of 

S clade type. While 50% of Indian samples do not belong 

to any of the clades, a significant enrichment in G clade 

(35.15%) and I clade (12.12%) is seen (Figure 2; Sup-

plementary Figures 3 and 4). The unclassified Indian 

samples do not appear to be more similar to Chinese  

ancestral viruses as they are grouped in A and B clusters 

(according to Figure 2) and found separated from ances-

tral samples. It is interesting to note that all I clade  

Indian samples are part of A1 cluster (according to Figure 

2) and all G clade Indian samples are part of B cluster 

(according to Figure 2) (Supplementary Figure 2). Fur-

ther studies are needed to identify the specific genetic 

variation(s) unique to this unclassified Indian samples. 

We conclude from this analysis that there is a higher  

occurrence of G clade (35.15%) and I clade (12.12%) 

among Indian samples. The type of unique variations 

specific to the remaining 50% of Indian samples is yet to 

be identified.  

 We have also analysed the type of viral clades in dif-

ferent states of India (Supplementary Table 1; Supple-

mentary Figure 5). This analysis was limited by fewer 

numbers of viral sequences available for many states. 

Considering mainly those states where more number of 

viral sequences are available, G clade is prevalent in 

many states in particular Delhi, Gujarat, Karnataka, Mad-

hya Pradesh and West Bengal. While a large percentage 

of I clade samples could not be tied to one state, it is  

interesting to note that Kargil and Ladakh samples are en-

riched with I clade. 

 Our finding that Indian SARS-CoV-2 isolates belong to 

specific clades may have important consequences with 

respect to virus transmission rate and virulence; extent of 

the disease severity and various other aspects of disease 

pathogenesis. It has been reported that viruses belonging 

to different clades may differ in their virulence15. For ex-

ample, the G clade viruses carry glycine (G) correspond-

ing to the codon 614 of S protein instead of aspartic acid 

(D) in other clades. Phylogenetic analysis identified that 

D614G mutation is originated from ancestral D residue 

seen in the reference Wuhan virus16. This residue is  

located very close to glycosylation region of the viral 

spike protein encoded by S gene17. It has been proposed 

that mutations in and around glycosylation region may  

alter viral spike protein structure and hence the mem-

brane fusion process resulting in varied pathogenicity and 

transmissibility. Further, the difference in the death rate 

of COVID-19 patients of East Coast versus West Coast of 

USA is implicated to their difference in their G clade sta-

tus15. G clade virus has also been identified to be highly 

transmissible by utilizing multiple mechanisms over its 

ancestral virus18,19. Several other studies also reported 

that mutations in spike protein of other Corona viruses  

alter the virulence20–22. 

 The presence of multiple clades of SARS-CoV-2 

strains in a population may also have serious implications 

in the accuracy of diagnostic tests that are being em-

ployed worldwide. It is not clear whether the diagnostic 

tests based on detection of antibody or quantifying the vi-

ral RNA genome that are in use distinguish these varia-

tions. Hence, it is important to develop diagnostic kits 

based on the type(s) of clades prevalent in an area. In-

deed, it is reported that the serology-based rapid tests are 

ineffective in detecting COVID-19 positive cases in India 

and elsewhere in the world. The variation created by the 

presence of different viral clades in a population also 

needs to be considered seriously in developing vaccines.  

https://www.currentscience.ac.in/Volumes/118/11/1786-suppl.pdf
https://www.currentscience.ac.in/Volumes/118/11/1786-suppl.pdf
https://www.currentscience.ac.in/Volumes/118/11/1786-suppl.pdf
https://www.currentscience.ac.in/Volumes/118/11/1786-suppl.pdf
https://www.currentscience.ac.in/Volumes/118/11/1786-suppl.pdf
https://www.currentscience.ac.in/Volumes/118/11/1786-suppl.pdf
https://www.currentscience.ac.in/Volumes/118/11/1786-suppl.pdf
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Figure 3. Characterization of clade defining genetic markers of 165viral sequences from the Indian isolates included in this study. Clu ster (A1/B) 
shows the Indian samples belonging to the clusters identified by phylogeny analysis. I clade contains V378I marker in the ORF1ab region; G clade 
contains D614G marker in the spike protein (S); V clade contains G251V in ORF3 and S clade contains L84S marker in ORF8 region. NA: not  
applicable; X stands for the samples that do not belong to either A1 or B. Of the analysed Indian samples, 82 of them failed to classify with any of 
the four clades. The data for the remaining 83 samples is shown.  

 

In particular, mutations in the receptor binding domain 

(RBD) of S protein are likely to create structural changes 

thus creating an escape mechanism from antibody recog-

nition23. While the structural alterations created by 

D614G in S protein is not completely understood, it is 

proposed that the location of this change in the RBD 

makes it unlikely to affect critical epitopes to be used for 

vaccine development23. It has been also proposed that  

relaxation models of social distancing should consider the 

presence of one or more types of viral clades15. 

 While this manuscript was under review, a higher  

occurrence of A2a (45.7%) and A3 (37.1%) types of 

SARS-CoV-2 in India was reported24. Upon comparison, 

it appears that A2a and A3 types are the same as G and I 

clades reported in this study. While our study with much 

higher number of viral genomes also reports the high  

occurrence of G clade (35.15%) followed by I clade 

(12.12%), a true picture on the proportion of different vi-

ral types in India will emerge only when more number of 

SARS-CoV-2 genomes are analysed. It is possible that 

the highly transmissible G clade type may become a  

dominant form occupying much large proportion in India 

in the next few months as it was reported in USA18.  

Conclusions 

Collectively, we conclude that the G and I clades repre-

sent a significant proportion of Indian SARS-CoV-2 vi-

ruses based on this limited analysis. The probable source 

of origin of Indian SARS-CoV-2 viruses is countries 

from Europe and Oceania regions besides Middle East 

and South Asian regions. The possible spread of the 

SARS-CoV-2 virus to India through Middle East coun-

tries from Europe and Oceania regions cannot be ruled 

out. Indeed, both A and B clusters contain samples from 

Middle East countries. In addition, these samples appear 

to split between I and G clades (Supplementary Figure 6). 

In the absence of the information related to travel/contact 

history of Indian patients, more inference and definite 

https://www.currentscience.ac.in/Volumes/118/11/1786-suppl.pdf
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conclusions on the possible source of origin could not be 

made at present. Thus our result also indicates that there 

is a close connection between source of virus and the 

countries that are most travelled by Indians. The study al-

so highlights the power of rapid viral genome sequencing 

and public data sharing to improve the detection and 

management of pandemic diseases such as COVID-19. It 

is important to point out that most countries in America, 

Europe, Oceania and East Asia were quick in supporting 

the advanced scientific studies on the virus and disease 

process itself in suitable containment facilities with ap-

propriate ethical clearance towards developing novel 

treatment modalities and preventive vaccines. Needless to 

say that major countries from emerging economies such 

as Brazil and India should also support experimental re-

search on SARS-CoV-2 pathogenesis. 

 Certainly, our analysis has clear limitations, the most 

important one being that we were able to analyse only a 

small number of Indian SARS-CoV-2 genomes while the 

number of COVID-19 cases increased beyond 60,000. 

Further, travel history of the patients and other clinical 

parameters are needed to make the conclusions definite. 

Hence, it is required that more number of Indian isolates 

of SARS-CoV-2 needs to be sequenced. Nevertheless, 

our study highlights the need for large-scale community 

surveillance for SARS-CoV-2 introductions and the 

spread. More importantly, this work underscores the 

power of pathogen genomics to identify epidemiological 

understanding of the virus and the disease.  
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ABSTRACT

The outbreak of COVID-19 Coronavirus, namely SARS-CoV-2, has created a calamitous situation
throughout the world. The cumulative incidence of COVID-19 is rapidly increasing day by day.
Machine Learning (ML) and Cloud Computing can be deployed very effectively to track the disease,
predict growth of the epidemic and design strategies and policy to manage its spread. This study
applies an improved mathematical model to analyse and predict the growth of the epidemic. An
ML-based improved model has been applied to predict the potential threat of COVID-19 in countries
worldwide. We show that using iterative weighting for fitting Generalized Inverse Weibull distribution,
a better fit can be obtained to develop a prediction framework. This can be deployed on a cloud
computing platform for more accurate and real-time prediction of the growth behavior of the epidemic.
A data driven approach with higher accuracy as here can be very useful for a proactive response from
the government and citizens. Finally, we propose a set of research opportunities and setup grounds
for further practical applications. Predicted curves for some of the most affected countries can be
seen at https://collaboration.coraltele.com/covid/.

Keywords COVID-19; Machine Learning; SARS-CoV-2; Coronavirus; Prediction; Cloud Computing

1 Introduction

The novel Coronavirus disease (COVID-19) was first reported on 31 December 2019 in the Wuhan, Hubei Province,
China. It started spreading rapidly across the world [1]. The cumulative incidence of the causitive virus (SARS-CoV-2)
is rapidly increasing and has affected 196 countries and territories with USA, Spain, Italy, U.K. and France being the
most affected [2]. World Health Organization (WHO) has declared the coronavirus outbreak a pandemic, while the virus
continues to spread [3]. As on 4 May 2020, a total of 3,581,884 confirmed positive cases have been reported leading
to 248,558 deaths [2]. The major difference between the pandemic caused by CoV-2 and related viruses, like SARS
and MERS is the ability of CoV-2 to spread rapidly through human contact and leave nearly 20% infected subjects as

0Abbreviations: ML, Machine Learning; SARS-CoV-2; Severe Acute Respiratory Syndrome Coronavirus 2, COVID-19,
Coronavirus disease
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symptom-less carriers [4]. Moreover, various studies reported that the disease caused by CoV-2 is more dangerous for
people with weak immune system. The elderly people and patients with life threatening diseases like cancer, diabetes,
neurological conditions, coronary heart disease and HIV/AIDS are more vulnerable to severe effects of COVID-19 [5].
In the absence of any curative drug, the only solution is to slow down the spread by exercising “social distancing"
to block the chain of spread of the virus. This behavior of CoV-2 requires developing robust mathematical basis for
tracking its spread and automation of the tracking tools for on line dynamic decision making.

There is a need for innovative solutions to develop, manage and analyse big data on the growing network of infected
subjects, patient details, their community movements, and integrate with clinical trials and, pharmaceutical, genomic
and public health data [6]. Multiple sources of data including, text messages, online communications, social media
and web articles can be very helpful in analyzing the growth of infection with community behaviour . Wrapping
this data with ML and Artificial Intelligence (AI), researchers can forecast where and when, the disease is likely to
spread, and notify those regions to match the required arrangements. Travel history of infected subjects can be tracked
automatically, to study epidemiological correlations with the spread of the disease. Some community transmission
based effects have been studied in other works (https://www.cdc.gov/mmwr/volumes/69/wr/mm6915e1.htm).
Infrastructure for the storage and analytics of such huge data for further processing needs to be developed in an efficient
and cost-effective manner. This needs to be organized through utilization of cloud computing and AI solutions [7].
Alibaba developed cloud and AI solutions to help China, fight against coronavirus, predict the peak, size and duration
of the outbreak, which is claimed to have been implemented with 98% accuracy in real world tests in various regions
of China [8]. FDifferent types of pneumonia can be resolved using ML-based CT Image Analytics Solution, which
can be helpful to monitor the patients with COVID-19 [9]. Details can be seen at https://spectrum.ieee.org/
the-human-os/biomedical/imaging/hospitals-deploy-ai-tools-detect-covid19-chest-scans. The
development of vaccine for COVID-19 can also be accelerated by analysing the genome sequences and molecular
docking, deploying various ML and AI techniques [10].

Motivation and Our Contributions: ML [11] can be utilized to handle large data and intelligently predict the
spread of the disease. Cloud computing [12] can be used to rapidly enhance the prediction process using high-speed
computations [7]. Novel energy-efficient edge systems can be used to procure data, in order to bring down power
consumption. In this paper, we present a prediction model deployed using FogBus framework [13] for accurate
prediction of the number of COVID-19 cases, the rise and the fall of the number of cases in near future and the date
when various countries may expect the pandemic to end. We also provide a detailed comparison with a baseline model
and show how catastrophic the effects can be if poorly fitting models are used. We present a prediction scheme based
on the ML model, which can be used in remote cloud nodes for real-time prediction allowing governments and citizens
to respond proactively. Finally, we summarize this work and present various research directions.

Article structure: The rest of the paper is organized as follows: Section 2 presents the prediction model and
performance comparison. Section 3 concludes the work and describes the future research opportunities. Section
4 provides details of open repositories for the dataset, code and results.

2 Prediction Model and Performance Comparison

Machine Learning (ML) and Data Science community are striving hard to improve the forecasts of epidemiological
models and analyze the information flowing over Twitter for the development of management strategies, and the
assessment of impact of policies to curb its spread. Various datasets in this regard have been openly released to the
public. Yet, there is a need to capture, develop and analyse more data as the COVID-19 grows worldwide [14, 15].

The novel coronavirus is leaving a deep socio-economic impact globally. Due to the ease of virus transmission, primarily
through droplets of saliva or discharge from the nose when an infected person coughs or sneezes, countries which are
densely populated need to be on a higher alert [16]. To gain more insight on how COVID-19 is impacting the world
population and to predict the number of COVID-19 cases and dates when the pandemic may be expected to end in
various countries, we propose a Machine Learning model that can be run continuously on Cloud Data Centers (CDCs)
for accurate spread prediction and proactive development of strategic response by the government and citizens.

Dataset: The dataset used in this case study is the Our World in Data by Hannah Ritchie1. The dataset is updated
daily from the World Health Organization (WHO) situation reports2. More details about the dataset are available at:
https://ourworldindata.org/coronavirus-source-data.

1Our World In Data: COVID-19 Dataset; source: https://github.com/owid/covid-19-data/tree/master/public/
data/

2Situation Reports: WHO; source: https://www.who.int/emergencies/diseases/novel-coronavirus-2019/
situation-reports
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Figure 1: Proposed Cloud based AI framework for COVID-19 related analytics.

Cloud framework: The ML models are built to make a good advanced prediction of the number of new cases and
the dates when the pandemic might end. To provide fail-safe computation and quick data analysis, we propose a
framework to deploy these models on cloud datacenters, as shown in Figure 1.In a cloud based environment, the
government hospitals and private health-centers continuously send their positive patient count. Population density,
average and median age, weather conditions, health facilities etc. are also to be integrated for enhancing the accuracy
of the predictions. For this case study, we used three instances of single core Azure B1s virtual machines with 1-GiB
RAM, SSD Storage and 64-bit Microsoft Windows Server 20161. We used the HealthFog [11] framework leveraging
the FogBus [13] for deploying multiple analysis tasks in an ensemble learning fashion to predict various metrics, like
the number of anticipated facilities to manage patients and the hospitals. We analyzed that the cost of tracking patients
on a daily basis, amortized CPU consumption and Cloud execution is 37% and only 1.2 USD per day. As the dataset
size increases, computationally more powerful resources would be needed.

ML model: Many recent works have suggested that the COVID-19 spread follows exponential distribution [17, 18, 19].
As per empirical evaluations and previous datasets on SARS-CoV-1 virus pandemic, many sources have shown that data
corresponding to new cases with time has large number of outliers and may or may not follow a standard distribution like
Gaussian or Exponential [20, 21, 22, 23]. In recent study by Data-Driven Innovation Laboratory, Singapore University
of Technology and Design (SUTD)3, the regression curves were drawn using the Susceptible-Infected-Recovered
model [24] and Gaussian distribution was deployed to estimate the number of cases with time. However, in the
previously reported studies on the earlier version of the virus, namely SARA-CoV-1, the data was reported to follow
Generalized Inverse Weibull (GIW) Distribution [25] better than Gaussian as shown in Figure 2 (details of Robust
Weibull fitting follow in the next section). Detailed comparison for SARS-CoV-2 has been described in the next section.
This fits the following function to the data:

f(x) = k · γ · β · αβ · x−1−β · exp
(
− γ(α

x
)β
)
. (1)

Here, f(x) denotes the number of cases with x, where x > 0 is the time in number of days from the first case, and
α, β, γ > 0, ∈ R are parameters of the model. Now, we can find the appropriate values of the parameters α, β and γ to
minimize the error between the predicted cases (y = f(x)) and the actual cases (ŷ). This can be done using the popular
Machine Learning technique of Levenberg-Marquardt (LM) for curve fitting [26]. However, as various sources have
suggested, in initial stages of COVID-19 the data has many outliers and noise. This makes it hard to accurately predict
the number of cases. Thus, we propose an iterative weighting strategy and call our fitting technique "Robust Fitting". A
diagrammatic representation of the iterative weighting process is shown in Figure 3.

The main idea is as follows. We maintain weights for all data points (i) in every iteration (n, starting from 0) as wni .
First, we fit a curve using the LM technique with weights of all data points as 1, thus w0

i = 1 ∀ i. Second, we find the
weight corresponding to every point for the next iteration (wn+1

i )) as:

1Azure Cloud VMs: https://azure.microsoft.com/en-au/pricing/calculator/
3When Will COVID-19 End, DDI Lab, SUTD: https://ddi.sutd.edu.sg/when-will-covid-19-end
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Figure 2: Fit curves for SARS-CoV-1 pandemic for Hong Kong (SAR), China. Data source: WHO epidemic curves
(https://www.who.int/csr/sars/epicurve/epiindex/en/index4.html)

Figure 3: Iterative weighting technique for robust curve fitting.

wn+1
i =

exp
(
1− dni −tanh(d

n
i )

maxi dni −tanh(dni )

)
∑
i exp

(
1− dni −tanh(dni )

maxi dni −tanh(dni )

) . (2)

Simply, in the above equation, we first take tanhshrink function defined as tanhshrink(x) = x− tanh(x) for the
distances of all points along y axis from the curve (di). This is to have a higher value for points far from the curve and
near 0 value for closer points. This, is then standardized by dividing with max value over all points and subtracted from
1 to get a weight corresponding to each point. This weight is then standardized using softmax function so that sum of
all weights is 1. The curve is fit again using LM method, now with the new weights wn+1

i . The algorithm converges
when the sum total deviation of all weights becomes lower than a threshold value.

Distribution Model Selection: To find the best fitting distribution model for the data corresponding to COVID-19, we
studied the data on daily new confirmed COVID cases. Five sets of global data on daily new COVID-19 cases were
used to fit parameters of different types of distributions. Finally, we identified the best performing 5 distributions. The
results are shown in Table 1. We observe that using the iteratively weighted approach, the Inverse Weibull function fits
the best to the COVID-19 dataset, as compared to the iterative versions of Gaussian, Beta (4-parameter), Fisher-Tippet
(Extreme Value distribution), and Log Normal functions. When applied to the same dataset, Iterative Weibull showed an
average MAPE of 12% lower than non-iteratively weighted Weibull. A step-by-step algorithm for iteratively weighted
curve fitting using the GIW distribution (called "Robust Weibull") is given in Algorithm 1.

Analysis and Interpretation: To compare the proposed "Robust Weibull fitting" model, we use the baseline proposed by
Jianxi Luo from SUTD 3. The comparison metrics include Mean Squared Error (MSE), Mean Absolute Percentage Error
(MAPE) and Coefficient of determination (R2). Table 2 shows the model predictions of the spread of the COVID-19
for every major country for which sufficient data was available and model fits had R2 > 0.5 using the proposed model.
As shown in the table, the proposed model performs significantly better than the baseline.
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Country MSE R2 MAPE
Weibull Gaussian Beta 4 Fisher-Tippet Log Normal Weibull Gaussian Beta 4 Fisher-Tippet Log Normal Weibull Gaussian Beta 4 Fisher-Tippet Log Normal

World 2.41E+07 3.78E+07 2.99E+07 2.89E+07 2.99E+07 0.98 0.97 0.98 0.97 0.97 49.14 49.14 50.39 48.12 46.19
India 6.97E+03 7.09E+03 6.89E+03 6.89E+03 7.00E+03 0.97 0.97 0.98 0.97 0.97 18.33 18.33 18.49 21.69 20.69

United States 8.37E+06 1.11E+07 8.63E+05 9.47E+06 9.78E+06 0.95 0.93 0.94 0.93 0.94 24.33 24.33 40.23 71.64 111.63
United Kingdom 2.00E+05 2.22E+05 2.12E+05 2.02E+05 2.07E+05 0.95 0.95 0.95 0.95 0.95 21.46 21.46 20.43 21.52 17.42

Italy 1.56E+05 3.38E+05 2.10E+05 2.09E+05 2.35E+05 0.96 0.92 0.95 0.95 0.94 14.98 14.98 20.00 19.62 170.63

Table 1: Preliminary Evaluation of different models. We observe that iterative fitting of Inverse Weibull performs
significantly better than iterative fitting of other distributions like Gaussian, Beta (4-parameter), Fisher-Tippet (Extreme
Value distribution), and Log Normal. The lowest value of MSE/MAPE and highest values of R2 among all distributions
are shown in bold.

Algorithm 1 Robust Curve Fitting using Iterative weighting
Require:
x : Input sequence of days from first case
y : Number of cases for each day in x
ε : Threshold parameter
procedure ROBUST CURVE FITTING

w0 ← Unit vector [1]× size(x)
for iteration n from 0, step 1 do

f ← LM(input = x, target = y, weights = wn)
di← |f(xi)− yi| ∀ i

wn+1
i ←

exp
(
1− dni −tanh(dni )

maxi dn
i
−tanh(dn

i
)

)
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i exp
(
1−

dn
i
−tanh(dn

i
)

maxi dn
i
−tanh(dn

i
)

)
if
∑
i |wni − w

n+1
i | < ε then

break
end for

end procedure

As shown in Figure 44, the predictions of the baseline Gaussian model deployed by SUTD are overoptimistic. Following
such models could lead to premature uplifting of the lockdown, causing adverse effect on management of the epidemic.
Having better fit models, as proposed here, could help plan a better strategy, based on more accurate predictions and
future scenarios.

Figure 5 shows the total predicted number of cases for all countries across the globe. Here we have neglected those
countries where the data is insufficient for making predictions, or the number of days for data is less than 30. As shown
in Figure 4 explained in model section, the fit curve can be used to predict the number of cases that will have to be dealt
by the country, assuming the same trend continues. The figure illustrates that the maximum number of total cases will
be in the North America region. The number of cases will also be high in the European continent, Russia and eastern
Asia, including China, the original epicenter of the disease.
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Figure 4: Comparison of predicted dates to reach 97% of the total expected cases by baseline Gaussian and proposed
Robust Weibull models. The predicted end date of the pandemic in the baseline model are over-optimistic.

4Curves and predictions of all countries have been given in Appendix
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Country Predictions of Robust Weibull Model Fit comparison metrics
Total Cases Date of last case 97% cases date MSE (W) MSE (G) R2 (W) R2 (G) MAPE (W) MAPE (G)

United States 1,937,724 11-Feb-22 14-Aug-20 9.32E+06 1.33E+07 0.95 0.92 26.58 1568.56
Russia 529,687 27-Nov-21 26-Sep-20 5.50E+04 5.92E+04 0.99 0.98 24.53 75.91
India 409,418 29-Oct-24 13-Aug-21 8.40E+03 9.11E+03 0.97 0.97 22.38 80.47

United Kingdom 331,124 31-Jul-21 18-Aug-20 2.54E+05 3.19E+05 0.95 0.93 20.14 211.72
Ukraine 254,087 10-Dec-41 18-Jan-31 3.31E+04 3.37E+04 0.53 0.52 1842.80 2079.70

Italy 253,022 7-Mar-21 27-Jun-20 1.52E+05 3.55E+05 0.96 0.91 14.55 1577.95
Spain 236,737 30-Sep-20 20-Apr-20 4.67E+05 6.59E+05 0.93 0.90 3682.04 2917.90

Turkey 234,218 22-Jun-23 30-Dec-20 2.27E+05 1.49E+05 0.92 0.94 30.95 555.87
Germany 181,369 17-Oct-20 2-May-20 3.39E+05 4.50E+05 0.91 0.88 1013.65 582.89
France 147,795 11-Oct-20 29-May-20 3.93E+05 4.14E+05 0.84 0.83 32.36 134.36
Qatar 143,779 1-Oct-22 18-Mar-21 3.71E+03 3.46E+03 0.93 0.93 99.14 90.02

Canada 139,331 7-Dec-21 31-Oct-20 2.12E+04 2.64E+04 0.95 0.94 28.19 210.56
Belarus 135,375 4-Jun-22 2-Feb-21 1.28E+04 1.28E+04 0.83 0.83 1040.39 1101.48

Iran 126,048 12-Mar-21 15-Jul-20 2.11E+05 1.88E+05 0.78 0.80 1847.80 2313.85
China 84,171 6-Jul-20 27-Mar-20 1.40E+06 1.28E+06 0.48 0.53 114.04 202.88

Sweden 68,671 25-Apr-22 15-Feb-21 5.33E+03 5.45E+03 0.91 0.91 20.55 151.04
Belgium 65,257 19-Nov-20 27-Jun-20 3.88E+04 4.10E+04 0.88 0.88 18.76 134.34

Bangladesh 53,127 19-Apr-22 22-Feb-21 1.38E+03 1.60E+03 0.96 0.96 30.89 118.80
Netherlands 53,057 28-Nov-20 2-Jul-20 1.07E+04 1.10E+04 0.94 0.94 16.45 140.98

United Arab Emirates 46,395 18-Jul-21 5-Nov-20 3.30E+03 3.49E+03 0.91 0.90 840.72 947.02
Portugal 37,302 7-Jun-21 12-Sep-20 2.62E+04 3.20E+04 0.75 0.70 41.46 222.40

Indonesia 35,581 19-Sep-21 20-Dec-20 1.24E+03 1.22E+03 0.93 0.93 51.96 124.06
Poland 35,113 22-Nov-22 1-Aug-21 3.08E+03 3.42E+03 0.87 0.86 29.90 110.45

Switzerland 31,407 26-Jul-20 13-May-20 1.14E+04 1.39E+04 0.92 0.90 383.82 476.28
Bahrain 30,258 21-Mar-23 12-Jan-22 1.05E+03 1.04E+03 0.57 0.57 98.32 102.20
Ireland 27,694 6-Sep-20 12-Jun-20 1.17E+04 9.49E+03 0.84 0.87 25.91 21.83

Singapore 24,088 19-Jul-20 28-May-20 1.68E+04 1.69E+04 0.82 0.82 912.31 1018.38
Dominican Republic 22,193 19-Jun-21 29-Apr-20 1.79E+03 1.85E+03 0.81 0.81 304.96 420.08

Romania 22,102 24-Dec-20 10-Aug-20 1.98E+03 2.29E+03 0.91 0.90 16.83 87.83
Algeria 19,188 6-Feb-22 16-May-21 3.59E+02 3.96E+02 0.86 0.85 61.43 147.61
Israel 18,167 3-Aug-20 26-May-20 8.81E+03 1.03E+04 0.80 0.77 37.91 137.87
Japan 17,614 27-Jul-20 29-May-20 1.12E+04 1.08E+04 0.74 0.75 162.70 202.00

Morocco 16,972 24-May-22 2-Aug-21 1.60E+03 1.40E+03 0.69 0.73 188.07 171.78
Serbia 16,426 24-Jan-21 27-Aug-20 2.49E+03 2.36E+03 0.87 0.87 210.28 229.10
Austria 15,781 9-Jun-20 30-Apr-20 4.07E+03 5.33E+03 0.92 0.89 23.08 34.08

Philippines 14,371 24-Nov-20 2-Apr-20 5.08E+03 5.49E+03 0.65 0.62 543.57 698.02
Denmark 13,282 26-Oct-20 17-Jul-20 1.94E+03 1.81E+03 0.81 0.82 18.95 104.47
Moldova 12,818 6-Feb-22 12-Jun-21 8.78E+02 9.57E+02 0.75 0.73 36.51 68.69
Hungary 11,077 19-Jul-22 22-Nov-21 5.85E+02 5.66E+02 0.64 0.65 49.55 71.00

South Korea 10,780 4-May-20 2-Apr-20 3.35E+03 3.88E+03 0.87 0.85 55.81 68.84
Finland 9,158 21-Dec-20 5-Sep-20 9.09E+02 9.11E+02 0.74 0.74 125.43 188.74
Norway 8,534 23-Jul-20 19-Apr-20 1.73E+03 1.79E+03 0.80 0.79 187.65 211.88

Czech Republic 8,528 14-Jul-20 22-May-20 1.34E+03 1.56E+03 0.85 0.83 20.11 59.31
Malaysia 7,080 6-Aug-20 7-Jun-20 4.88E+02 5.73E+02 0.89 0.87 30.30 112.20
Australia 6,797 17-May-20 21-Apr-20 2.54E+03 2.78E+03 0.81 0.79 31.85 36.77

Oman 4,871 4-Sep-20 23-Apr-20 6.01E+02 5.98E+02 0.66 0.66 229.07 232.19
Iraq 4,113 20-Nov-20 20-Apr-20 4.99E+02 5.21E+02 0.47 0.45 299.89 354.05

Luxembourg 3,887 29-May-20 2-May-20 5.15E+02 6.64E+02 0.83 0.79 49.42 127.81
Thailand 3,044 30-May-20 2-Apr-20 8.51E+02 9.01E+02 0.63 0.61 381.04 399.02
Greece 2,944 7-Jul-20 28-Apr-20 3.69E+02 3.67E+02 0.66 0.66 137.87 127.28
Croatia 2,275 15-Jun-20 18-May-20 8.44E+01 1.04E+02 0.88 0.85 20.64 45.14
World 6,734,075 29-Jan-24 11-Oct-20 2.91E+07 4.92E+07 0.98 0.96 47.53 63.36

Table 2: Predictions and error comparisons. Country wise predictions using Robust Weibull model and error
comparison between Robust Weibull and baseline Gaussian Model. We predict the total number of cases that will be
reached, and the last case date i.e. when the model predicts new cases < 1. We also predict the date when the total
number will reach 97% of the total expected cases. Such data is critical to prepare the healthcare services in advance.
The fit comparison metrics (with proposed model as W and baseline model as G) show that Mean Square Error (MSE)
and the Mean Absolute Percentage Error (MAPE) of the proposed model are lower than baseline for most cases. The
coefficient of determination (R2) is higher for the proposed model for most of the countries. The least MSE/MAPE and
highest R2 values among the two models are shown in bold. Data upto 4 May, 2020 was used to create these results.
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Figure 5: Global heat-map for total predicted cases for different countries as on May 4, 2020 (countries with insufficient data for prediction are shown in white)
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Figure 6: Future Research Directions and Open Challenges

3 Conclusions and Future Directions

In this study, we have discussed how improved mathematical modelling, Machine Learning and cloud computing can
help to predict the growth of the epidemic proactively. Further, a case study has been presented which shows the severity
of the spread of CoV-2 in countries worldwide. Using the proposed Robust Weibull model based on iterative weighting,
we show that our model is able to make statistically better predictions than the baseline. The baseline Gaussian model
shows an over-optimistic picture of the COVID-19 scenario. A poorly fitting model could lead to a non optimal decision
making, leading to worsening of public health situation.

We propose the future directions as follows. Firstly, other important parameters like population density, distribution of
age, individual and community movements, level of healthcare facilities available, strain type and virulence of the virus
etc., need to be included in the regression model to further enhance the prediction accuracy. Secondly, models like
ARIMA [27] can be integrated with Weibull function for further time series analysis and predictions. Thirdly, ML can
be utilized to predict the structure and function of various proteins associated with CoV-2 and their interaction with the
host human proteins and cellular environment. The contribution of various socio-economic variables that determine the
vulnerability, spread and progression of the epidemic can be predicted by developing suitable algorithms. AI based
proactive measures can be taken to prevent the spread of the virus to sensitive groups in the society. Real time sensors
can be used, for example in traffic camera or surveillance, which track COVID-19 symptoms based on visual imaging
and tracking Apps, and inform respective hospitals and administrative authorities for punitive action [28]. Tracking
needs to cover all stages from ports of entries to public places and hospitals [29]. The research directions and challenges
are summarized in Figure 6.

4 Software Availability

Our prediction model is available online at https://github.com/shreshthtuli/covid-19-prediction. The
dataset used for this work is the Our World Dataset, available at https://github.com/owid/covid-19-data/
tree/master/public/data/. Few interactive graphs can be seen at https://collaboration.coraltele.com/
covid/.
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Appendix: Real data from WHO with predicted curves of proposed and baseline models

All data uptil 4 May 2020 has been used to generate results.
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Figure 7: New cases for different countries (continued on next page)
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(xviii) Ireland

Figure 7: New cases for different countries (continued on next page)
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Figure 7: New cases for different countries
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Hydroxychloroquine: A relatively obscure antimalarial takes centre 
stage in COVID-19 
 
Govindarajan Padmanaban and Viswanathan Arun Nagaraj 
 

Hydroxychloroquine (HCQ) is an old antimalarial known for its use to treat rheumatoid arthritis. Recently, 
it has been shown to be useful in COVID-19 treatment, although its efficacy is being debated and the data 
from large-scale clinical trials are yet to be available. Overall, it appears that HCQ-Azithromycin-
Remdesevir may be a viable treatment option on a case to case basis. There is also a case to evaluate curcu-
min as an adjunct food supplement to prevent and treat COVID-19. 
 

Spanish Flu was the deadliest virus in-
fection in the 20th century. It emerged in 
March 1918 during the First World War 
and came in three waves infecting 500 
million people worldwide and claiming 
the lives of 20–50 million people. In 21st 
century, we are witnessing a similar pan-
demic affecting almost every country in 
the world. At the time of writing this  
article, COVID-19 virus (SARS-CoV-2) 
has infected close to 2.6 million people, 
killing more than 170,000 people. The 
figures keep changing by the hour. This 
virus emerged in December 2019 from 
Wuhan, China, although one does not re-
ally know whether it incubated in China 
much longer. It has taken the globe by 
storm, and one hopes that with advanced 
medical care and clampdowns, COVID-
19 would be contained sooner than later. 
There have been constant updates 
through print media and TV channels 
(24×7). An unprecedented effort has also 
gone into the development of medical 
equipment, diagnostics, drugs and vac-
cines. At the last count, 115 vaccine tri-
als are underway. In terms of drug 
development, we should think of testing 
every kind of chemical with therapeutic 
potential including antiretrovirals, anti-
cancer drugs, natural molecules, inter-
feron-α /β, combination therapies, etc. 
Plasma from recovered patients and mono-
clonal antibodies against the viral pro-
teins are additional therapeutic options. 
We will confine to the hydroxychloro-
quine (HCQ) story of how a relatively 
obscure antimalarial has taken centre 
stage to treat COVID-19 and provide our 
views on the potential of nutraceuticals 
like curcumin as adjunct therapy for 
COVID-19, as it falls within our area of 
research interest. 

History of chloroquine use 

The story of HCQ (also known as Pla-
quenil) has come full circle. Chloroquine 

(CQ, Aralen) was introduced to treat the 
US army at home and combat areas with 
severe malaria problems during World 
War II in the 1940s. HCQ, considered 
less toxic than chloroquine, was intro-
duced in the mid-1950s. These two drugs 
belong to the class of 4-aminoquinolines 
(Figure 1). The two main Plasmodia spe-
cies causing malaria are Plasmodium fal-
ciparum and Plasmodium vivax. P. 
falciparum is more deadly and accounts 
for 90% of the deaths, especially in Afri-
ca. P. vivax causes morbidity and inca-
pacitation for prolonged periods and is 
reported to become more virulent in re-
cent years. In the 1970s, P. falciparum 
became resistant to chloroquine and ar-
temisinin derivative-based combination 
therapies (ACTs) have become the 
choice to treat malaria patients, although 
CQ is still effective against P. vivax ma-
laria1. 

HCQ and COVID-19 

It was shown that CQ has strong antiviral 
effect against SARS-CoV-1 infected 
primate cells in in vitro cultures2. In a re-
cent study, Chinese authors have shown 
that Remdesevir (a nucleoside analogue) 
and CQ could inhibit SARS-CoV-2 at 
EC90 concentrations of 1.76 and 6.90 μM 
respectively, in vero cell culture3. This is 
followed by another publication from 
Chinese authors, who claimed the fol-

lowing: ‘Chloroquine phosphate, an old 
drug for treatment of malaria, is shown 
to have apparent efficacy and acceptable 
safety against COVID-19 associated 
pneumonia in multicenter clinical trials 
conducted in China. The drug is recom-
mended to be included in the next ver-
sion of the Guidelines for the Prevention, 
Diagnosis, and Treatment of Pneumonia 
Caused by COVID-19 issued by the  
National Health Commission of the 
People’s Republic of China for treatment 
of COVID-19 infection in larger popula-
tions in the future’. The authors indicated 
that the study was performed in 10 hos-
pitals in Wuhan with more than 100  
patients4. In another study with French 
patients, it has been shown that HCQ 
was effective in clearing virus load in 
50% of the patients (7/14 on day 5 post 
therapy), HCQ-Azithromycin was effec-
tive in 100% of the patients (6/6), with 
untreated controls showing clearance in 
18.8% of the patients (3/16)5. Azithro-
mycin is a macrolide antibiotic, known to 
inhibit bacterial protein synthesis. 
 Given this background, CQ/HCQ has 
been added to the treatment protocols in 
some countries including China, South 
Korea, Belgium and India with varying 
levels of conditionality, although large-
scale clinical data from randomized trials 
are not yet available. Reports have indi-
cated that UK has decided to wait for the 
outcome of the trials and Swedish hos-
pitals have abandoned trials on CQ  

 
 

Figure 1. Structures of chloroquine and hydroxychloroquine. 
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because of side effects. In a manuscript 
submitted to the New England Journal of 
Medicine from a study carried out with 
32 patients admitted to the hospital in 
Detroit, HCQ administration was found 
to increase the need for ventilator sup-
port. There were no benefits on mortality, 
lymphopenia orneurtophil–lumphocyte ratio 
improvement. However, no data was 
provided on clearance of viral load6. In  
a very recent study, the same French 
group mentioned earlier (led by Didier 
Raoult), has released data with the fol-
lowing findings: ‘From 3 March to 9 
April 2020, 59,655 specimens from 
38,617 patients were tested for COVID-
19 by PCR. Of the 3,165 positive  
patients placed in the care of our insti-
tute, 1061 previously unpublished pa-
tients met our inclusion criteria. Their 
mean age was 43.6 years old and 492 
were male (46.4%). No cardiac toxicity 
was observed. A good clinical outcome 
and virological cure was obtained in 973 
patients within 10 days (91.7%). Pro-
longed viral carriage at completion of 
treatment was observed in 47 patients 
(4.4%) and was associated to a higher 
viral load at diagnosis (p < 10–2), but vir-
al culture was negative at day 10 and all 
but one were PCR-cleared at day 15. A 
poor outcome was observed for 46 pa-
tients (4.3%); 10 were transferred to in-
tensive care units, 5 patients died 
(0.47%) (74–95 years old) and 31 re-
quired 10 days of hospitalization or 
more. Among this group, 25 patients are 
now cured and 16 are still hospitalized 
(98% of patients cured so far). Poor clin-
ical outcome was significantly associated 
to older age (OR 1.11), initial higher se-
verity (OR 10.05) and low hydroxychlo-
roquine serum concentration. In addition, 
both poor clinical and virological out-
comes were associated to the use of se-
lective beta-blocking agents and 
angiotensin II receptor blockers 
(P < 0.05). Mortality was significantly 
lower in patients who had received >3 
days of HCQ-AZ than in patients treated 
with other regimens both at IHU and in 
all Marseille public hospitals (p < 10–2). 
Interpretation: The HCQ-AZ combina-
tion, when started immediately after di-
agnosis, is a safe and efficient treatment 
for COVID-19, with a mortality rate of 
0.5%, in elderly patients. It avoids wor-
sening and clears virus persistence and 
contagiosity in most cases.’ In another 
recent study, Shangai Jiao Tong Univer-
sity School of Medicine has shown in a 

randomized trial that HCQ limits the  
inflammatory response and hastens allev-
iation of symptoms. Over all, based on 
published and unpublished results, it 
looks HCQ-Azithromycin could be a  
potential treatment option in the clinical 
management of COVID-19 disease. 
 Unfortunately, a potential therapy to 
save lives has become a political hotbed 
with US President claiming it as a ‘Game 
Changer’ and the latest results by the 
French group being released to the 
French President! It is not clear whether 
the drumbeat is just to claim priority or 
there is something deeper in terms of 
Chinese versus US/Europe conspiracy 
theories. 

Mechanism of action of CQ/HCQ 

CQ and HCQ, although generally known 
as antimalarial and antiamoebic drugs, 
have been reported to have a wide range 
of clinically relevant effects. The non-
protonated form of chloroquine can cross 
the endosomal membrane within a cell 
and can get protonated in the acidic 
compartment. The protonated CQ is held 
within the endosome, raising the pH. 
Some viruses, including flaviviruses, re-
troviruses and coronaviruses enter the 
target cells by endocytosis. The acidic 
pH in the endosomal (lysosomal) com-
partment leads to disruption of the viral 

particle with the release of the nucleic 
acid and enzymes necessary for viral rep-
lication (Figure 2). CQ prevents the pH-
dependent entry of the virus and the viral 
replication. CQ was proposed as a thera-
py for SARS virus and some preliminary 
results were obtained using in vitro cul-
tures7. However, CQ did not seem to 
have undergone any clinical trial for 
SARS-CoV-1. Perhaps, SARS did not 
spread like COVID-19 and reports indi-
cate that SARS-CoV infected around 
8000 people with almost 700 deaths. Fur-
ther, these drugs have immunomodulatory 
effects and they can suppress the release 
of inflammatory cytokines (TNF-α and 
IL-6), with a potential to inhibit the in-
flammatory consequences of viral infec-
tions and other chronic diseases. Thus, 
HCQ and CQ have been used in the 
treatment of rheumatoid arthritis, sys-
temic lupus erythematosis and other  
inflammatory diseases, although the  
mechanisms involved are still being ana-
lysed8. 
 In terms of the anti-malarial action of 
CQ, the effects have been understood 
based on the toxicity of free heme to the 
parasite. The equivalent of the endo-
some/lysosome compartment is referred 
to as ‘food vacuole’ in the parasite, in 
which the haemoglobin taken up by the 
parasite from the host red cell is de-
graded to give rise to amino acids and 
heme. While the amino acids are utilized 

 
Figure 2. Steps involved in the entry and assembly of corona and related viruses.
SARS-CoV-2 has a positive stranded RNA genome and is about 30 kb in size. It codes
for many proteins needed for viral replication and viral assembly, including the charac-
teristic spike protein that binds to the ACE-2 receptor of the host and facilitates the
virus entry into the host cell through endocytosis. Figure based on ref. 7. 
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by the parasite for its own protein  
synthesis, free heme is highly toxic to the 
parasite. Therefore, the parasite converts 
free heme into a polymer called hemo-
zoin – a brown pigment that accumulates 
in the parasite. CQ binds to free heme 
and prevents the conversion of free heme 
into hemozoin, leading to the death of 
the parasite9. As an extension of this  
mechanism, an interesting argument has 
been made for the treatment of COVID-
19 with vitamin C in the perspective of 
acute respiratory distress syndrome 
(ARDS). A detailed review records the 
basis for this proposition10. ARDS patients 
have a 30–50% mortality rate. This is 
due to an uncontrolled cascading event 
starting with increased permeability of 
pulmonary capillary endothelial cell and 
leakage of fluid into the pulmonary pa-
renchyma. This is followed by cytokine 
storms marked by acute inflammatory 
responses11. It has been proposed that the 
ARDS seen in critically ill COVID-19 
patients is due to cell-free haemoglobin 
in the lung air space12. Hemolysis leads 
to free heme generation that contains 
iron in ferric (Fe3+) state and this needs 
to be reduced and kept in the ferrous 
(Fe2+) state. Ascorbic acid (not made by 
the human body) is involved in this 
process and is regenerated through a cyc-
lic mechanism involving cytochrome 
b561. It has been suggested that oral  
ascorbic acid can save the lives of criti-
cally ill COVID-19 patients10. 

Safety of CQ/HCQ 

Despite the use of CQ as an anti-malarial 
for decades and HCQ for rheumatoid 
arthritis, it can cause side effects and 
overdose can even be fatal. These drugs 
have common as well as independent 
side effects as described in the medical 
literature13,14. Therefore, these are pre-
scription drugs and self-medication 
needs to be strictly avoided. 

Potential of curcumin as an  
adjunct food supplement to  
prevent and treat COVID-19 

Several studies in our laboratory have 
demonstrated the beneficial effects of 
curcumin from turmeric as an adjunct nu-
traceutical in preventing malaria parasite 
recrudescence and cerebral malaria in the 
animal model along with the antimalarial, 
artemisinin derivative15–17. Preliminary 
studies were initially carried out with 
chloroquine–curcumin combination, but 
detailed studies were performed later on 
with artemisinin derivative, as it is a 
more effective antimalarial in the mouse 
model. Curcumin has immunomodulatory 
effects and has anti-oxidative and anti-
inflammatory properties. Formulations to 
increase the bioavailability of curcumin 
are already available. A clinical trial to 
test the efficacy of curcumin in malaria 
has been approved by DCGI as well. 
Here, we would like to propose the eval-
uation of curcumin as a simple food sup-
plement to prevent as well as treat 
COVID-19 along with approved therapy 
such as HCQ, Azithromycin and Remde-
sevir. Finally, while vaccines and drugs 
would be very useful to prevent and treat 
the infection, a pandemic of this dimen-
sion can only be controlled through pub-
lic health measures such as social 
distancing, quarantine and personal  
hygiene. This has been the experience in 
earlier corona virus infections as well. 
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National Webinar on
“Issues and Solutions for Saving Biodiversity in Himalayan Region”

On the Occasion of World Environment Day-2020 (Theme: Biodiversity)
5 June, 2020 (Friday), Duration: 12.00 noon to 2.00 pm 

Organized Jointly by: Uttarakhand State Council for Science and Technology (UCOST), Dehradun and 
The National Academy of Sciences, India (NASI), Allahabad 

Programme Schedule
S.N. Programme Detail/ Title Duration 

1. Inaugural Session Lightening of Lamp and Presentation of Bouquet to Guests 12.00 noon
to 12.05 pm

2. Welcome Address by Co-Organizing Secretary Dr. Ashutosh Mishra, Senior Scientific Officer UCOST, Dehradun 12.05 pm to
12.10 pm

3. About the Webinar by Organizing Secretary Dr. D.P. Uniyal, Joint Director, UCOST, Dehradun 12.10 pm to
12.15 pm

4. Address by Webinar Chairman; Topic: Issues and Solutions for Saving
Biodiversity in Himalayan Region

Dr. Rajendra Dobhal, Director General UCOST, Dehradun 12.15 pm to
12.35 pm

5. Key Note Address; Topic: Evolution and Biodiversity Dr. A. N. Purohit, Former Vice-Chancellor, HNB Garhwal (Central)
University, Srinagar

12.35 pm to
12.55 pm

6. Invited Lecture; Topic: Biodiversity and Human Health Dr. Mahesh Bhatt (Surgeon, Author, Public Health Consultant)
MD, MMBSHS Trust; President, VIBHA Uttarakhand

12.55 pm to
1.10 pm

7. Invited Lecture; Topic: Reconciling Mountain Biodiversity and Post
Covid - 19 Pandemics: Challenges and Way Forward

Dr. G.S. Rawat, Former Dean, Wild Life Institute of India (WII),
Dehradun

1.10 pm to
1.25 pm

8. Vote of Thanks by Webinar Coordinator Dr. Prashant Singh, Coordinator UCOST, DAV (PG) College,
Dehradun

1.25 pm to
1.30 pm



 

World Environment Day was celebrated on 5th June 2020 at 
Patna Chapter of NASI 

 

 
 

Photo: Plantation by Dr. Pradeep Das, Chairman of Patna Chapter NASI, and also by 
the senior scientists in Rajendra vatika campus of ICMR-Rajendra Memorial Research 
Institute of Medical Sciences, Patna. Scientists, Members of NASI, Research Scholars, 
Technical officers and staff were present on this occasion with the massage to save the 

environment.  
 



                                                                                                                          

Century of Quantum Mechanics 
and Still Going Strong 

 
 

A Webinar Jointly organized by  
 

Applied Physics Department, Faculty of Technology and Engineering  
The Maharaja Sayajirao University of Baroda,  
Indian Physics Association (Baroda Chapter),  

Indian Association of Physics Teachers (IAPT-RC7)  
and Gujarat Science Academy 

in Association with National Academy of Sciences (Delhi Chapter) 
 

Programme 
 

Day 1    15th June 2020    Monday 
 

10:45 am   Setting up of link in Zoom Cloud Webinar 
 

11:00 am    Start of the Session 
              
11:00 am – 11:10 am  Overview of Webinar by Prof. Arun Pratap, Dean, FTE, MSUB. 
 
11:10 am – 11:15 am  Introduction of Hon’ble Vice Chancellor, MSUB  
 
11:15 am – 11:25 am  Address by Prof. Parimal H Vyas, Hon’ble Vice Chancellor, MSUB 
 
11:25 am – 11:30 am   Presidential Address by Prof. Pankaj Joshi, Provost, CHARUSAT. 
 
11:30 am – 11:35 am   Comments by Prof. A K Singhvi, Former President, GSA. 
 
11:35 am – 11:40 am  Introduction of Prof. S Lokanathan by Dr. Madhusudan 
 
11:40 am – 12:10 pm  Birth of Modern Physics 

Prof. S. Lokanathan, Former Professor, Rajasthan University. 
 
12:10 pm – 12:25 pm   Moderated Q & A Session 
 
 
12:25 pm – 12:30 pm  Introduction of Prof. Ajoy Ghatak by Prof. K N Joshipura  
 
12:30 pm – 01:15 pm  Evolution of Quantum Theory 

Prof. Ajoy Ghatak, Former Professor, IIT Delhi. 
 
01:15 pm – 01:30 pm  Moderated Q & A Session 
 
01:30 pm – 01:35 pm  Vote of Thanks and Closing of Day 1 (Dr J N Pandya, MSUB) 
 
 
  



Day 2    16th June 2020    Tuesday 
 

10:45 am   Setting up of link in Zoom Cloud Webinar 
 

11:00 am    Start of the Session 
              
11:00 am – 11:05 am  Introduction of Prof. Pankaj Joshi by Dr. T C Pandya 
 
11:05 am – 11:50 am  Quantum Cosmology 

Prof. Pankaj Joshi, Provost, CHARUSAT. 
 
11:50 am – 12:05 pm   Moderated Q & A Session 
 
 
12:05 pm – 12:10 pm  Introduction of Prof. V N Potbhare by Dr. B S Chakrabarty  
 
12:30 pm – 01:15 pm  Uncertainty Principle 

Prof. V N Potbhare, Former Professor, FTE, MSUB. 
 
01:15 pm – 1:30 pm  Moderated Q & A Session 
 
1:30 pm – 1:35 pm  Vote of Thanks and Closing of Day 2 (Prof. N K Jain, GSA) 
 

Day 3    17th June 2020   Wednesday 
 

10:45 am   Setting up of link in Zoom Cloud Webinar 
 

11:00 am    Start of the Session 
              
11:00 am – 11:15 am  Blessings from Padma Shri Prof. H C Verma 

and Introduction of Dr. Anand Kumar Jha by Prof. H C Verma 
 
11:15 am – 12:00 noon Quantum Entanglement 

Dr. Anand Kumar Jha, Associate Professor, IIT Kanpur. 
 
12:00 noon – 12:15 pm  Moderated Q & A Session 
 
 
12:15 pm – 12:20 pm  Introduction of Prof. Pafulla K Jha by Prof. Arun Pratap 
 
12:30 pm – 01:15 pm Application of Quantum Mechanics and Machine Learning 

Methods to Material Design 
Prof. Pafulla K Jha, Professor, FoS, MSUB. 

 
01:15 pm – 1:30 pm  Moderated Q & A Session 
 
1:30 pm – 1:35 pm  Vote of Thanks and Concluding Remarks of the Webinar  

by Prof. Arun Pratap, Dean, FTE, MSUB. 
 

 



 

Webinar Series by Distinguished Experts, jointly organized by The National 
Academy of Sciences India (NASI)-Delhi Chapter and MHRD-Institution 
Innovation Council Deen Dayal Upadhyaya College (University of Delhi) 

(Started from June 24 2020) 

  registration on 

: https://docs.google.com/forms/d/e/1FAIpQLSeMMpMi2ABiHoZ6p1Sunt

qnLkl-9k2E-dmmOXb5quFUkpDWuw/viewform 

Schedule of the Webinar Series 

 

June 24, 2020 

Professor Katepalli Sreenivasan 

Dean Emeritus of NYU Tandon School of Engineering; 

The Eugene Kleiner Professor for Innovation in Mechanical Engineering; 

Professor of Physics (Faculty of Arts and Science); 

Mathematics (Courant Institute of Mathematical Sciences) 

 

June 25, 2020 @ 10 am Indian Standard Time 

Printed and Flexible Electronics and Devices 

Dr. Jin-Woo Han 

(Recipient of Presidential Early Career Award for Scientists and Engineers 

(PECASE)  

(Recipient of Early Career Awards from the IEEE Electron Devices Society and 

the IEEE Nanotechnology Council) 

Research Scientist, Center for Nanotechnology, NASA Ames Research Center, 

Moffett Field, California, USA 

 

July 03, 2020 

New chemistry and physics in magnetic oxides 

Prof. J. Paul Attfield, FRS FRSE FRSC 

Professor of Materials Science at Extreme Conditions 

School of Chemistry, Centre for Science at Extreme Conditions, 

The University of Edinburgh, Edinburgh 

 

July 10, 2020 @ 01:30 India Standard Time 

Can Future Energy Needs be met Sustainably? 

Professor Sir Chris Llewellyn Smith, FRS, FAPS (USA), Honorary Fellow, IOP 

(UK), Foreign Fellow INSA(India) 

Rudolf Peierls Centre for Theoretical Physics 

Parks Road, Oxford OX1 3PU 

 

 

 

https://docs.google.com/forms/d/e/1FAIpQLSeMMpMi2ABiHoZ6p1SuntqnLkl-9k2E-dmmOXb5quFUkpDWuw/viewform
https://docs.google.com/forms/d/e/1FAIpQLSeMMpMi2ABiHoZ6p1SuntqnLkl-9k2E-dmmOXb5quFUkpDWuw/viewform
https://docs.google.com/forms/d/e/1FAIpQLSeMMpMi2ABiHoZ6p1SuntqnLkl-9k2E-dmmOXb5quFUkpDWuw/viewform


 

 

July 11, 2020 

Professor Philip K. Maini, FRS, FIMA, FRSB, FMedSci, Foreign Fellow INSA 

(India) 

Wolfson Centre for Mathematical Biology 

Mathematical Institute, Andrew Wiles Building, Radcliffe Observatory Quarter 

Woodstock Road, Oxford 

 

July 14, 2020 @ 04:30 pm Indian Standard Time 

The influence of infection on Society before Covid19 

Professor Sir Peter Julius Lachmann, FRS, FRCP, FRCPath, FMedSci, Foreign 

Fellow INSA(India), Fellow,  

Emeritus Sheila Joan Smith Professor of Immunology 

Christ College, University of Cambridge 
 

Last Week of July/August 2020 - Date and Title TBD 

Professor  Eli Yablonovitch, FRS 

The James & Katherine Lau Engineering Chair Professor, Electrical Engineering & 

Computer Sciences Dept., Director of the NSF Center for Energy Efficient 

Electronics Science, E3S Member, Kavli Energy Nano-Sciences Institute at 

Berkeley Senior Faculty Scientist, Lawrence Berkeley National Laboratory 

University of California, Berkeley 
 

Professor Graham R Fleming, FRS 

Professor of Chemistry, University of California Berkeley 

Senior Faculty Scientist, Lawrence Berkeley National Laboratory 

 

Engineering the future of Medicine 

Professor Molly S. Shoichet, FRS 

Tier 1 Canada Research Chair in Tissue Engineering 

Professor of Chemical Engineering & Applied Chemistry and Biomaterials & 

Biomedical Engineering  

Donnelly Centre for Cellular & Biomolecular Research 

University of Toronto,Toronto, Ontario M5S 3E1 Canada 

----------------------------------------------------------------------------------------------------- 

 

Coordinator: 

Dr. Manoj Saxena, MNASc (Member-NASI)  

Associate Professor  

Department of Electronics  

Deen Dayal Upadhyaya College  

University of Delhi  

Dwarka Sector-3, New Delhi-110078  

India  


