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Sir,

The infection of SARS-CoV-2 is characterized 
by respiratory symptoms, which indicates droplet 
transmission. The clinical spectrum of SARS-CoV-2 
infection ranged from asymptomatic, mild infection 
to severe pneumonia with severe acute respiratory 
syndrome or multi-organ failure, which may result 
in a deadly outcome1,2. It was reported in 2002-2003 
SARS outbreak that about 16-73 per cent of patients 
had diarrhoea as one of the symptoms within the first 
week of the infection usually3. RNA of SARS-CoV was 
detected in stool from the fifth day of infection onwards. 
The proportion of positivity from stool specimens for 
viral RNA gradually started increasing and peaked at 
day 11th of the infection. A small proportion of patients 
showed the presence of viral RNA in the faeces even 
after 30 days of illness4. In the present pandemic of 
SARS-CoV-2, gastrointestinal (GI) symptoms have 
been commonly reported among the patients5. The 
presence of angiotensin converting enzyme 2 (ACE2) 
cell receptors in the enterocytes of small intestine 
contributes to the gut infection of SARS-CoV-26. The 
detection of SARS-CoV-2 RNA in the stool remained 
longer after respiratory specimens became negative in 
a group of patients with COVID-197,8. However, the 
reports are scanty and need wider confirmations.

RNA viruses have high mutation rates and undergo 
rapid evolution, due to which their virulence, infectivity 
and transmissibility are enhanced. Monitoring 
changes/mutations in the SARS-CoV-2 genome at 
population level are important for tracing the outbreak 
origin, tracking transmission chains and understanding 
the evolution of virus9. Since the viral RNA is detected 
in the stool even after the respiratory specimens test 
negative, stool specimens provide an opportunity 
to characterize genomic changes/mutations specific 
to that particular patient. This study was aimed to 

sequence the full genome of the SARS-CoV-2 by next 
generation sequencing (NGS) from stool samples of 
both symptomatic and asymptomatic individuals with 
SARS-CoV-2 infection. 

Stool samples were collected from patients, 
positive for SARS-CoV-2 by naso/oropharyngeal 
swab by reverse transcription (RT)-PCR. Written 
informed consent was taken from all the participants. 
This study was a part of an ongoing study approved 
by the Ethics Committee of Indian Council of Medical 
Research (ICMR)-National Institute of Virology 
(NIV, 20-2-2 R), Pune, India and conducted from 
April 2020-2021. The viral RNA was extracted from 
30 per cent (w/v) suspensions of stool specimens using 
QIAmp Viral RNA kits (Qiagen, Hilden, Germany) 
as per the manufacturer’s instructions. All the stool 
specimens were tested for SARS-CoV-2 by real-time 
RT-PCR targeting the genes, E, RNA-dependent 
RNA-polymerase (RdRp), ORF-1b-nsp14 and 
RNaseP (internal control) as per the NIV protocol10. 
A few representative samples with the highest 
threshold cycle (Ct) values were selected for NGS 
analysis. Sequencing of SARS-CoV-2 genome was 
performed using the Ion AmpliSeq platform11. cDNA 
was synthesized with the SuperScript VILO reverse 
transcriptase kit (Invitrogen, Thermo Fisher Scientific, 
MA, USA), and the libraries were prepared according 
to the manufacturer’s instructions (Thermo Fisher 
Scientific, MA, USA). The enriched templates were 
loaded onto an Ion 316 Chip for sequencing on Ion 
PGM machine (Thermo Fisher Scientific, MA, USA). 
Sequence data were compared with the complete 
genome of the SARS-CoV-2 Wuhan-Hu-1 isolate 
(GenBank accession number MN908947.3). The 
entire sequence database was submitted in EpiFlu of 
GISAID (https://www.gisaid.org/epiflu-applications/
submitting-data-to-epiflutm/) global database.
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In this study, (12M, 5F) 17 patients were included. 
All patients were positive for SARS-CoV-2 in the 
stool specimens. All the 17 specimens were processed 
for genome sequencing. According to their clinical 
conditions, three patients were admitted in intensive 
care unit, two were asymptomatic and six were having 
mild symptoms with/without comorbidities. One patient 
had diarrhoea only. RT-PCR from throat/nasal swabs 
was done 3-7 days before stool collection (Table).

NGS was successful in all samples but complete 
only in 12 samples. The coverage for five samples was 
<26,000 bp and these samples were not included in 
the analysis. The final sequence was 29,508  bp long 
with a GC content of 37.98 per cent. All the sequences 
from the samples were compared with the complete 
genome of the Wuhan-Hu-1 isolate of SARS-CoV-2 
using the BLAST tool (https://www.ncbi.nlm.nih.gov/
nuccore/1798174254; GenBank accession number 
MN908947.3) and 99.8 per cent similarity was observed 
with Wuhan-Hu-1 isolate. The phylogenetic tree was 
constructed using MEGA v.6 software12, employing the 
Neighbor-Joining method with “Maximum Composite 
Likelihood” as the substitution model for the analysis 
of these genome sequences (Figure). Our results 
revealed that these sequences belonged to clade GR 
except three with GH clade. All these sequences were 
submitted in Global Initiative on Sharing All Influenza 
Data (GISAID) database (https://www.gisaid.org/
epiflu-applications/submitting-data-to-epiflutm/).

Sequence analysis identified a number of nucleotide 
variants at position 241 (C-T), 3037 (C-T), 23403 (A-G) 
and 14408 (C-T) in all patients and mutations at positions 
313 (C-T), 5700 (C-A), 28881–28882–28883. Many 
silent mutations (241, 3037) and non-synonymous 
mutations (14408, 23403 and 28881–28882–28883) 
were also observed. Among the non-synonymous 
mutations, an already observed mutation at position 
14408, which is located in the viral RdRp gene, a key 
component of the replication/transcription machinery, 
was also noticed. Mutations at 241, 3037, 14408 
and 23403 were observed in all the sequences. The 
non-synonymous mutations were observed in ORF1b, 
ORF3a and ORF8 (nucleocapsid phosphoprotein) 
genes, resulting in the amino acid mutation Q57H 
(glutamine to histidine), P227L (proline to leucine) and 
S194L (serine to leucine), respectively. D614G, one of 
the pre-dominant mutations which is located in the spike 
glycoprotein, was observed in all the 12 genomes. One 
sample (210354) showed mutations at E154K, L452R, 
E484Q, P681R and Q1071H along with D614G (Table).

Detection of SARS-CoV-2 by RT-PCR and 
NGS13-15 from stool specimens has been reported. 
In this study, SARS-CoV-2 was detected in patients 
who were positive by RT-PCR and complete genomes 
were sequenced in 12 stool samples. NGS identified 
the whole-genome sequence of SARS-CoV-2 
from stool specimens from patients with positive 
oropharyngeal RT-PCR. One patient (2001676-4) 
tested positive for SARS-CoV-2 by NGS from 
stool even after 44 days of positive nasopharyngeal 
RT-PCR test. Among the globally sequenced strains 
of SARS-CoV-2, this D614G substitution was not 
common before March 2020, but the frequency for 
this variant increased to over 75 per cent after June16. 
This mutation has been suggested to be associated 
with enhanced transmission in populations with 
lower ACE2 expression17,18. In another sample 
(210354), multiple mutations were observed in 
spike protein which characterized that as lineage 
B.1.617.1.

Findings from our study suggest that SARS-CoV-2 
is constantly detectable and continuously showing 
infectivity in the intestine in spite of the negative 
RT-PCR result from the respiratory pathway. The 
infectivity and transcriptional activity of SARS-CoV-2 
may decrease gradually19. As per the emergence of 
new variants from throat samples20, we also observed 
similar trend from the stool samples (Figure). The 
prolonged existence of SARS-CoV-2 in the stool 
of patients without the involvement of gut as well 
as in recovered patients emphasizes a potential for 
faecal-oral transmission. This observation suggests 
that the virus may stay for a longer time period in the 
gut than predicted. Since sequences obtained from 
stool samples represent the last evolved virus within 
a patient, it can be compared with viral genome 
sequences obtained using a respiratory specimen to 
understand the evolution of virus within a patient. 
However, in the present study, since whole-genome 
sequences were not available from respiratory 
specimens, it was not possible to compare both the 
sequences and this aspect needs further explorations. 
For the better understanding of the infectivity of 
SARS-CoV-2 in the human intestine, there is a need 
for the future research. Active and prolonged activity 
of SARS-CoV-2 in the GI tract of COVID-19–positive 
patients, even in the absence of GI-related symptoms 
and after the recovery, reflects the importance of 
long-term surveillance of SARS-CoV-2 and the threat 
of potential faecal-oral transmission. Approaches that 

https://www.ncbi.nlm.nih.gov/nuccore/1798174254
https://www.ncbi.nlm.nih.gov/nuccore/1798174254
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include neutralizing gut SARS-CoV-2 activity and 
modulating gut microbiome should be explored in 
a prospective manner for better treatment of SARS-
CoV-2 infection.
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