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Abstract

Background: SARS-CoV-2 has been detected not
only in respiratory secretions, but also in stool col-
lections, by RT-PCR, thus herein, we sought to
identify faeccal SARS-CoV-2, and its variants, via
next-generation sequencing (NGS).

Methods: Fecal samples from COVID patients were
collected and whole genome analysis was used to
detect and characterize SARS-CoV-2 mutational
variations. Of note, NGS detects genomic RNA se-
quences, not infectious agents.

Results: Study participants underwent testing for
SARS-CoV-2 from fecal samples by whole genome
enrichment NGS (n = 14), and RT-PCR nasopha-
ryngeal swab analysis (n = 12). The concordance of

SARS-CoV-2 detection by enrichment NGS from
stools with RT-PCR nasopharyngeal analysis was
100%. Unique variants were identified in four pa-
tients, with a total of 33 different mutations among
those in which SARS-CoV-2 was detected by whole
genome enrichment NGS.

Conclusion: These results highlight the presence of
SARS-CoV-2 in faeces, that is, the presence of
SARS-CoV-2 particles in the GI tract leads to their
shedding in faeces. Further studies on virus viability
are needed to attest its possible role in fecal-oral
transmission. These findings are exploratory as they
are based on a small sample size.

Keywords: Coronavirus, SARS-CoV-2, COVID-19, NGS, fecal-oral transmission, stools

Introduction

In December 2019, the virus, which would cause a
worldwide pandemic, was first identified in the city
of Wuhan, China. (1) In January 2020, it was impli-
cated in various pneumonia cases, and was rapidly
isolated from a bronchoalveolar lavage sample, an-
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alyzed via next-generation sequencing (NGS), and
identified to be a novel betacoronavirus, (2,3) the
same family of viruses responsible for severe acute
respiratory syndrome (SARS) and middle east res-
piratory syndrome (MERS). (4—6) This new virus,
named the severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2) on February 11, 2020, by
the International Committee on the Taxonomy of
Viruses (ICTV), has now been implicated in over
13.4 million cases worldwide, and over 580,000
deaths. (7,8) Over 138,000 of these deaths have
been in the United States alone.

Early diagnosis of SARS-CoV-2 has been challeng-
ing and may contribute to its high mortality rates.
Due to the similarities between SARS-CoV-2 and
SARS-CoV, a similar diagnostic approach utilizing
real time polymerase chain reaction (RT-PCR) from
nasopharyngeal swabs has been adopted as the
standard of care. (9) Contributing to the spread of
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the disease, has been the viral load being below the
threshold of detection in some individuals. (10) Ad-
ditionally, acquired mutations may assist in its eva-
sion of detection from specifically targeted PCR pri-
mers. (11) Further, samples collected soon after in-
fection, or after symptoms have resolved, have re-
sulted in high false negative rates. Samples col-
lected in these timeframes have been shown to have
false-negative rates as high as 33%. (12) The exact
rate of false positives for SARS-CoV-2 varies de-
pending on many factors, as reviewed in Braunstein
et al., 2021. (13)

Symptoms of SARS-CoV-2 infection cover a broad
range including fever, malaise, body aches, chills,
headaches, cough, and shortness of breath, as well
as gastrointestinal symptoms such as diarrhea, nau-
sea, and vomiting. (14,15) Research from SARS
and MERS has shown that coronaviruses can be pre-
sent in stools of infected patients. Wang et al in
2005 demonstrated that SARS-CoV was not only
present in stool samples collected from patients, but
also in the wastewater of two hospitals. (16) In a re-
view of these data, with inclusion of SARS-CoV-2,
a meta-analysis by Parasa et al. found that 40% of
patients with positive RT-PCR for SARS-CoV-2
from nasopharyngeal swabs or respiratory secre-
tions were also found to be positive from stool sam-
ples. (17) These data were supported by two recent
studies documenting positive SARS-CoV-2 fecal
samples from “recovered” COVID-19 patients with
negative nasopharyngeal swabs. (18,19)

In this study, we sought to 1. Identify the presence
of the SARS-CoV-2 by next-generation sequencing
(NGS) in faecal samples of symptomatic study par-
ticipants positive for SARS-CoV-2 by nasopharyn-
geal sample RT-PCR, in addition to asymptomatic
individuals (with or without prior nasopharyngeal
sample RT-PCR); and 2.To execute whole genome
analysis to characterize SARS-CoV-2 mutational
variations to identify potentially significant nucleo-
tide changes.

Methods
Study participants

Study subjects were recruited from a GI clinic,
where they attended either for regular check-ups or
for treatment of GI symptoms. Inclusion criteria
were no symptoms reported, the presence of GI
symptoms and/or COVID symptoms, and aged 18
yrs. and older. Participants were excluded if
younger than 18 yrs. old and if symptoms were se-
vere enough to require hospitalization. A total of n
= 14 consecutive participants who attended the GI
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clinic underwent testing for SARS-CoV-2 from fe-
cal samples by whole genome enrichment NGS. Of
the 14 study participants, ten were symptomatic.
Participants self-reported their symptoms had been
present for an average of 5 days prior to the GI clinic
Visit.

Stool samples and NGS

Stool samples were collected on the first day of the
GI clinic visit, except for 3 patients who received
treatment prior to stool sample collection. Follow-
ing fecal collection (Zymo Research Shield Fecal
Collection Tubes), RNA was extracted (Qiagen All-
prep Power Viral Kit), reverse transcribed (New
England Biolabs NEBNext 1* and 2™ Strand Syn-
thesis Modules), library prepped (Illumina Nextera
Flex for Enrichment), enriched (Ilumina Respira-
tory Virus Oligo Panel), and sequenced on Illu-
mina’s NextSeq 550 System. Sequences were then
mapped to the SARS-CoV-2 Wuhan-Hu-1
(MN90847.3) complete genome utilizing One Co-
dex’s SARS-CoV-2 bioinformatics analysis pipe-
line. SARS-CoV-2 positive samples were further
analyzed for mutational variants that differed from
the reference genome. Of the 14 study participants,
12 also had their nasopharyngeal swabs tested for
SARS-CoV-2 by RT-PCR.

Results

We evaluated the results from patients that had their
stool samples tested by whole genome enrichment
NGS, and their nasopharyngeal swabs tested by RT-
PCR for the presence of SARS-CoV-2. Of the 14
study participants, ten were symptomatic and tested
positive for SARS-CoV-2 by RT-PCR, two asymp-
tomatic individuals tested negative, and two other
asymptomatic individuals did not undergo RT-PCR
testing (Table 1). Patients 5 and 7, that tested posi-
tive by RT-PCR from nasopharyngeal swabs, were
treated with Hydroxychloroquine (HCQ), Azithro-
mycin, vitamin C, vitamin D, and zinc for 10 days
prior to fecal collection. Similarly, after positive na-
sopharyngeal swab, patient 13 was treated with vit-
amin C, vitamin D, and zinc for 10 days before fecal
collection. The concordance of SARS-CoV-2 detec-
tion by enrichment NGS from stools among positive
non-treated patients tested by RT-PCR nasopharyn-
geal analysis was 100% (7/7), though only applica-
ble to untreated symptomatic positives. Patient 8,
who did not undergo nasopharyngeal analysis,
tested positive for SARS-CoV-2 by NGS. The three
patients (5, 7, 13) that received treatment prior to
providing fecal samples, all tested negative by NGS.
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Asymptomatic patients 2 and 9, who tested negative
by nasopharyngeal swab, were also negative by
NGS, as was asymptomatic patient 14. However,
these results are anecdotal and cannot imply treat-
ment efficacy.

All fecal samples analyzed by enrichment NGS
from positive patients by RT-PCR, achieved 100%
genome coverage of SARS-CoV-2 (though only ap-
plicable to untreated symptomatic positives, n=7),
except for patient 3 which had 45%, and patient 10
which had 93% coverage (Table 2). The total num-
ber of SARS-CoV-2 mapped reads for patients 1, 3,
4,6,8,10, 11, and 12 were 465645, 5984, 131582,
793603, 496852, 5929, 1270734, and 38256 respec-
tively. The mean read depths of SARS-CoV-2 for
patients 1, 3, 4, 6, 8, 10, 11, and 12 were 1129.8x,
31.7x, 318.6x, 1924.6x, 1206.7x, 15.5x, 3075.3x%,
and 92.7x respectively. The read depths at specific
coordinates along the SARS-CoV-2 genome for
each patient are captured in Figure 1.

Following alignment and mapping of SARS-CoV-
2, patient genomes were compared to the Wuhan-
Hu-1 (MN90847.3) SARS-CoV-2 reference ge-
nome via One Codex’s bioinformatics pipeline to
identify mutational variations. This analysis identi-
fied nucleotide variants at positions nt241 (C — T)
and nt23403 (A — G) across all positive patients,
and variants at positions nt3037 (C — T) and
nt25563 (G — T) in seven of the eight patients (Ta-
ble 3). Interestingly, patients 8, 11, and 12 harbored
the same set of variants, as did patients 4 and 6 (who
were kindreds). Unique variants not identified in
any of the other individuals were detected in pa-
tients 1, 3, 6, and 10, with patient 3 harboring the
most distinct SARS-CoV-2 genome with eight
unique variants, followed by patient 1 with seven.
However, Patient 3 had only 45% genome coverage,
thus the number of variants could have been due to
artifact interpretation, including possible false posi-
tives. Collectively, the thirty-three different muta-
tions among the patients in which SARS-CoV-2
was detected by whole genome enrichment NGS,
may suggest the molecular evolution of SARS-
CoV-2, however, these data remain preliminary, as
sequencing limitations were encountered.

Discussion

Coronaviridae is a family of enveloped, single-
stranded, positive-sense RNA viruses. (20,21) The
total length of the genome is 30 Kb, consisting of a
5’-terminal noncoding region, an open reading
frame (ORF) 1a/b-coding region, an S region encod-
ing the spike glycoprotein (S protein), an E region
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encoding the envelope protein (E protein), an M re-
gion encoding the membrane protein (M protein), an
N region encoding the nucleocapsid protein (N pro-
tein), and a -3’-terminal noncoding region. (22-25)
Among them, the poly protein encoded in the
ORF1a/b region of the nonstructural protein can be
cut by 3CLpro and PLpro of the virus to form RNA-
dependent RNA polymerase and helicase, which
guides the replication, transcription, and translation
of the virus genome. The M and E proteins are in-
volved in the formation of the envelope, while the
N protein is involved in assembly. The spike protein
binds to the receptor of the host cell and confers
specificity for viral invasion into susceptible cells.

Once decoded, the SARS-CoV-2 genome was
found to share high sequence identity with the bat
coronavirus, BatCoV RaTG13 (96.2%). (2) Upon
further investigation, it was discovered that SARS-
CoV-2 harbored significant sequence homology
with the viruses responsible for SARS and MERS,
with a notable exception found in the receptor bind-
ing domain (RBD). (26) Shang et al. elucidated the
RBD structure of the human ACE2 receptor (angio-
tensin-converting enzyme 2), (27) demonstrating
that the replacement of several residues within the
protein caused it to have a much more compact hy-
drophobic pocket. This change increased the bind-
ing affinity of SARS-CoV-2 to ACE2 as compared
to SARS-CoV. While this has contributed to its
greater virulence, it also represents a potential ther-
apeutic target (28). This concept was detailed in the
mini-review by Yang and Shen, wherein they pro-
posed that SARS-CoV-2 may be susceptible to the
inhibitory effect of chloroquine (CQ), a lysosomo-
tropic agent, via its accumulation in the acidic orga-
nelles. (29) The therapeutic effect of CQ may be a
result of its ability to neutralize the endosome-lyso-
somal acidic pH and block the protease activity nec-
essary for viral entry. (30) However, the efficacy of
HCQ to prevent and/or treat COVID remains con-
troversial. (31) Adding to the complexity of
COVID-19 treatment and prevention, is that SARS-
CoV-2 appears to be mutating at an alarming rate,
as reported in the Icelandic study which identified
the presence of 291 sequence variants that were not
present in the Global Initiative on Sharing All Influ-
enza Data (GISAID) reference database as of March
22.(11)

SARS-CoV-2 can enter the gut via respiratory drop-
lets and the gastrointestinal (GI) tract, where the vi-
rus infects cells in the gut lining. Once in the GI
tract, the virus uses the angiotensin-converting en-
zyme 2 (ACE2) receptor, which is present on the
surface of enterocytes, to enter and infect them. Tis-
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sues of both the respiratory and the gastrointestinal
(GI) tracts have the highest expression of ACE2,
and therefore a high sensitivity to infection. (32)
One study found that ACE2 expression is indeed
higher in the GI tract compared to the respiratory
tract of humans. (33) Thus, the presence of SARS-
CoV-2 particles in the GI tract leads to their shed-
ding in faeces.

Although previous studies have identified SARS-
CoV-2 in fecal collections by RT-PCR, (34,35) this
is the first, to our knowledge, to report whole ge-
nome sequencing (WGS) of SARS-CoV-2 from
stool samples. Herein, we were able to identify
SARS-CoV-2 in patients that tested positive by na-
sopharyngeal swab RT-PCR analysis and observed
unique genomes in 62.5% of the NGS positive pa-
tients. The overall homology among the genomes
was high (99.97%), with variations identified in the
OREF regions la, 1b, S, 3a, 8, and N. Of particular
interest, was the adenine to guanine change in the S
protein at position nt23403 which converts aspartic
acid to glycine. Although the significance of this
variation is unclear, it warrants further investigation
to understand its effect on spike glycoprotein ACE2
binding and virulence. The conversions of glycine
to arginine (nt28883) and proline to arginine
(nt29364) in the nucleoprotein also necessitate fur-
ther examination. However, viral viability was not
tested, nor confirmed, thus, this study cannot distin-
guish between detection and infectivity. Other limi-
tations include the small sample size, the genome
coverage was inconsistent, and the sampling was
non-longitudinal.

Conclusion

Next generation sequencing identified the SARS-
CoV-2 whole genome sequence in patients with
positive nasopharyngeal RT-PCR and did not detect
it in treated patients, or those with negative RT-
PCR. Further research is needed to confirm these
findings, with larger future studies to include viral
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culture and longitudinal testing.
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Table 1. Symptoms and SARS-CoV-2 testing results

Sample ID | Symptoms Nasopharyngeal |Treated |Fecal Patient
Swab (RT-PCR) (NGS) |Location
Ct<38
Patient 1 febrile, diarrhea, anosmia, O2 sat. <90% |+ no + PA
Patient 3 febrile, diarrhea, O2 sat. <90% + no + CA
Patient 4 febrile, diarrhea, anosmia, O2 sat. <90% |+ no + AZ
Patient 6 febrile, cough, anosmia + no + AZ
Patient 8 none n/a no + CA
Patient 10 febrile, cough, headache + no + GA
Patient 11 febrile, cough, headache + no + GA
Patient 12 febrile, cough + no + GA
Patient 5 febrile, cough + yes - CA
Patient 7 febrile, cough + yes - GA
Patient 13 febrile, cough + yes - GA
Patient 2 none — no — CA
Patient 9 none — no — CA
Patient 14 none n/a no — CA
Table 2. Enrichment NGS metrics
Sample ID Genome Coverage |Number of Variants Mapped Reads Mean Depth
Patient 1 100% 11 465645 1129.8x
Patient 4 100% 9 131582 318.6x
Patient 6 100% 10 793603 1924.6x
Patient 8 100% 10 496852 1206.7
Patient 11 100% 10 1270734 3075.3x
Patient 12 100% 10 38256 92.7x
Patient 10 93% 9 5929 15.6x
Patient 3 45% 11 5984 31.7x
J Indep Med 2026 Vol. 2 No. 1 https://doi.org/10.71189/JIM/2026/VO2NO1 A08 79



Table 3. SARS-CoV-2 genomic positions, variant changes, and frequencies across the positive patient cohort

Region (ORF) |Position | Variant |Patient 1 | Patient 3 | Patient 4 | Patient 6 | Patient § | Patient |Patient |Patient
10 11 12

5’-UTR 241 C—>T |100% 100% 100% 100% 100% 100% 100% 100%
la 833 T—->C |x X X X 100% |x 100% 100%
la 1059 C—o>T |x X 100% 100%  199% 100% 100% 100%
la 1758 C—->T |x X 100% 100% X X X X

la 1973 C—->T |x X X 87% X X X X

la 3037 C—>T |100% |x 100% 100% 100% 100% 100% 100%
la 3078 C—->T |x 89% X X X X X X

la 4866 GoT |75% X X X X X X X

la 6720 C—o>T |93% X X X X X X X

la 8102 G—-T |x 100% X X X X X X

la 9401 T—-C |x X X X X 64% X X

la 9403 T—oA |x X X X X 64% X X

la 10870 |G—T |x X 100% 100% X X X X

la 11123 | G— A |x X 100% 100% X X X X

1b 14408 |C—>T [100% |x 100% 100% 100% |x 100% 100%
1b 14877 |C—>T |x 100% X X X X X X

1b 16616 |C—>T |x X X X 100% |x 100% 100%
1b 16848 |C—>T [100% X X X X X X X

1b 18652 |C—A |x X X X X 83% X X

1b 19989 |T->G |x 100% X X X X X X
Spike 21576 |[T—->G |x 83% X X X X X X
Spike 23264 |G— A |x 75% X X X X X X
Spike 23403 |A—>G |100% 100% 100% 100% 100% 100% 100% 100%
Spike 23603 |[C—>T |82% X X X X X X X

3a 25563 |G—>T |x 100% 100% 100% 100% 100% 100% 100%
3a 25976 |[C—> A |x X X X 100% |x 100% 100%
8 27964 |C—>T |x X X X 100% |x 100% 100%
Nucleoprotein [28881 |G— A |100% |x X X X X X X
Nucleoprotein [28882 |G— A |100% |x X X X X X X
Nucleoprotein [28883 |G—C |100% |x X X X X X X
Nucleoprotein [28997 |C—>T |x 100% |x X X X X X
Nucleoprotein [29019 |A—>T |x 100%  |x X X X X X
Nucleoprotein [29364 |C—> G |x X X X X 85% X X
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Figure 1. Whole genome alignment of SARS-CoV-2 in patients (Pt)
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The x-axis depicts the genomic coordinates as aligned to the MN908947.3 reference genome, and the y-axis
represents the read depth at specific loci.
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