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Abstract

Coronavirus disease (Covid-19) is an
infectious disease which is caused by a virus
named as SARS-COV. This virus belongs to the
Coronavirus family that causes a variety of dis-
eases including head and chest colds, severe
acute respiratory syndrome (SARS), and Mid-
dle East respiratory syndrome (MERS). Metag-
enomics is the study of genetic material that is
recuperated from the environmental samples
directly. By examining and elucidating microbial
genomes in healthy and infected samples, the
metagenomics branch has allowed us to discov-
er the significance of microbial genomes. The
metagenomic approach used in the covid-19 in-
fectious disease will serve as a prominent tool
for explicating the relationship between host-as-
sociated microbial communities and host phe-
notype. European Nucleotide Archive (ENA)
was used to retrieve the metagenome data of
the Gut Microbiome of Covid-19 patients with
the project id PRJDB12349. For metagenomics
analyses, Galaxy server was used identifica-
tion and classification of microbial communities
furhter taxonomic analysis and functional anal-
ysis was also performed. Different tools from
the galaxy like FastQC, MultiQC, Trim Galore,
Megahit, Kraken 2, Convert Kraken, Krona Pie
Chart and HUMANN2 were used for complete
metagenomic analysis. Metagenomic Analysis

shows that there is difference in the percentage
and abundance of bacteria in all the covid-19
patients sample. The fungi that were commonly
present in all the samples were identified as Eu-
rotiales 78-93% and Mycospaerellales 7-20%
and the other fungi that were not common but
were observed are Dipodasceae 10% and
Sordariales 4-6%. Further, the gene abundance
and the families of the samples were also ob-
served. This study highlights the metagenome
of the Covid-19 infectious disease. The metag-
enomic analysis of the gut microbiome of the
Covid-19 patients shows difference in the mi-
crobial community among all the samples.

Keywords: Human Metagenome, Galaxy serv-
er, Gut Microbiome, Krona Pie Chart, COVID-19.

Introduction

As a result of the Coronavirus disease
2019 (COVID-19) caused by the severe acute
respiratory syndrome coronavirus 2 (SARS-
CoV-2) a global pandemic has been unleashed,
with subsequent restrictions on public and pri-
vate life. On March 11, 2020, the World Health
Organization proclaimed Coronavirus disease
2019 (COVID-19) a pandemic (1). This disease
has essentially been elucidated as a respirato-
ry illness, but the growing affirmations suggests
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that the gastrointestinal tract may also be in-
volved (2). Due to this phenomenon, clinical tri-
als have been challenged worldwide, but there
are also distinctive suggestions for research into
the gut microbiome, which is promptly progress-
ing (3). Microorganisms and genes colonizing
the gastrointestinal tract are known collectively
as the gut microbiome, and it is estimated that
there are 100 billion or more microorganisms
(4). In addition to playing an essential role in
the immune system and metabolism, they are
also considered preeminent in the pathogene-
sis of diseases due to their role in the immune
and metabolic pathways (5). A COVID-19 in-
fection has an expansive spectrum of clinical
manifestations, from asymptomatic illness ac-
companied by cough and fever to severe acute
pneumonia with multi-organ failure and acute
respiratory distress syndrome (ARDS). As part
of the cytokine cascade associated with ARDS,
interleukin (IL), granulocyte colony-stimulating
factor (G-CSF), and tumor necrosis factor are
all implicated. A previous look at the patients re-
vealed that intensive care unit (ICU) suffer-
ers with COVID-19, including ARDS, had an
abundance of proinflammatory cytokines, which
includes IL-2, IL-7, IL-10, GCSF, IP10, MCP1,
MIp1A, and TNFa, in comparison to non-
ICU patients. These pro-inflammatory cytokines
have been proclaimed to correspond with dis-
tinct patterns of the gut microbiota (6).

The human body’s greatest immuno-
logical organ is the gastrointestinal tract (GIT)
(7). Recent indications from other respiratory
diseases suggests that the gut microbiota influ-
ences lung immunity and inflammation (8). The
host and the gut bacteria coexist in symbiotic
harmony. It promotes vitamin production, carbo-
hydrate and other undigested food fermentation,
and assists in the supplying colonic epithelial
cells with vital nutrients like short-chain fatty ac-
ids (SCFAs) (9). Moreover, it controls mucosal
permeability and acts as a deterrent for harmful
bacteria(10). More crucially, by modifying the
host’s local and systemic immune responses,
the microbiota plays a crucial role in maintaining

intestinal homeostasis (11). Through whole-ge-
nome sequencing (WGS) approaches, several
SARS-CoV-2 variants have been identified, in-
cluding variants of concern (VOC) Alpha, Beta,
Gamma, Epsilon, and Delta (12).

Currently, booming evidences stipu-
lates that the gut microbiome ecology in patients
with COVID-19 is altered and that gut microflora
configurations are related to immune respons-
es. As a result of SARS-CoV-2 infection, there
is a significant impact on the environment and
dynamics of the human gut microbiome over the
short and long term, which directly affects the
health of the patient (13). The gut environment
that is infected by the active SARS-CoV-2 virus
and affected microbiome may also lead to an
antagonistic environment, which facilitates the
bloom of pathogenic bacteria and fungi, further
limiting the formation and function of the gut mi-
crobiome, thereby crippling the immunity of the
host (14).

The study of genetic material directly
extracted from environmental or clinical sam-
ples using a technique called sequencing is
known as metagenomics (15). In this study, the
genomic composition of an entire organism is
scrutinized, as well as the genomic configura-
tion of each microbe that inhabit within it (16). An
important approach is the notion that microbes
and hosts are mutually dependent and should
be perceived as a community rather than con-
templated to be different entities. All life on earth
depends on microorganisms because they play
an essential role in transforming key elements
of life (e.g. carbon, nitrogen, oxygen, sulphur)
into forms that can be used by living organisms.
Because of the innumerable microbes and their
own gene complements that live inside of them,
mammals are metagenomic (17). When com-
pared to other microbiota members, bacteria are
more numerous and consequently have a great-
er impact on mammal gut health, well-being and
disease. Despite being essential to human and
animal health, the overwhelming majority of the
microbe population that resides within humans
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has not been distinguished or studied crucially
(18). In the field of metagenomics, this opens up
advanced possibilities. Utilizing metagenomics,
bioinformatics analysis is an important step in
the process of discovering and defining novel
microorganisms in the samples of the sufferer
suffering from coronavirus disease (19).

The more reliable approach is labo-
ratory-based surveillance, where a variety of
techniques can be used to find and confirm the
presence of pathogens. When a causal agent
cannot be found, samples in the field of con-
ventional pathogen detection are frequently left
undiagnosed (20). Metagenomics has the ability
to completely redesign this process by detect-
ing the presence of all microorganisms with a
single sequencing technique and without the
requirement for culture, as opposed to utilising
specialised tests to look for a specific pathogen
(21). Metagenomics is relatively new because
microbes have consistently been studied in lab-
oratories rather than within hosts. During the
COVID-19 pandemic, the use of metagenomic
methods has been crucial for effective outbreak
control and traceback. As a result, our latest un-
derstanding of microbes in their natural habitat
is limited. A key goal of metagenomics is the
improved understanding of environmental and
clinical microbes, despite significant barriers
such as the difficulty of making microbes and
their diversity genomically (22). It is anticipated
that improved understanding about the essence
of microbes in the surrounding could have a
great impact on other research-based and tech-
nological areas biotechnology, ecology, medi-
cine etc.

In the early stages of a pandemic, an
unbiased metagenomics approach to virus iden-
tification may be crucial. With the help of metag-
enomic analysis all the microorganisms can be
discovered and recognised that are present in
the gut microbiome samples of the covid-19 pa-
tients through analysis of the genomic data ob-
tained from these samples (23). To find SARS-
CoV-2 mutations and respiratory co-pathogens

possibly causing COVID-19 symptoms, metag-
enomics can be used. It will also provide knowl-
edge and understanding about the species
that are present in the sample of the covid-19
patients as well as it allows to isolate the infor-
mation concerning the functionality and the per-
formance of the microbial communities in their
natural habitat (24). An additional and effective
approach for developing new theories about
how bacteria function is metagenomics. Phylo-
genetic surveys, which frequently only consider
the diversity of one gene, are remarkably more
confined in scope than metagenomics, which
enables access to the functional gene composi-
tion of microbial communities (25).

The metagenomic approach used in
the covid-19 infectious disease will serve as a
prominent tool for explicating the relationship
between host-associated microbial communi-
ties and host phenotype (26).

Materials and Methods
Data collection

| have retrieved the data from some of
the nucleotide sequence databases such as
European Molecular Biology Laboratory(EMBL)
(https://www.ebi.ac.uk/) and European Nucleo-
tide Archive Database (ENA) (https://www.ebi.
ac.uk/ena/browser).

Data analysis

For analysis of data some Galaxy Tools
( https://usegalaxy.org/ , https://usegalaxy.eu/
and https://huttenhower.sph.harvard.edu/gal-
axy/ ) were used such as FastQC, MultiQC, Trim
Galore!, Megahit. For Taxonomic Analysis of the
data tools such as Kraken2, Convert Kraken,
Krona pie Chart were used and for Functional
analysis of the data the tool HUMANN2 was
used.

Retrieval of the metagenomic data

The raw paired-end data was retrieved
from a database known as ENA (European Nu-
cleotide Archive).
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Table 1 Metagenome data of the gut Microbiome of Covid-19 patients retrieved from ENA Data-
base. FastQ files of all the five samples were used for metagenomic analysis.

S.No. | Sample Acces- |Experiment | Run Acces- | Scientific Name FASTQ Files
sion Accession sion

1 SAMDO00408333 | DRX317592 | DRR328588 | Human gut metage- | DRR328588 1.
nome Fastq.gz

2 SAMDO00408413 | DRX317593 | DRR328589 | Human gut metage- | DRR328588_2.
nome Fastq.gz

3 SAMDO00408415 | DRX317594 | DRR328590 | Human gut metage- | DRR328589 1.
nome Fastq.gz

4 SAMDO00408417 | DRX317595 | DRR328591 | Human gut metage- | DRR328589 2.
nome Fastq.gz

5 SAMDO00408419 | DRX317596 | DRR328592 | Human gut metage- | DRR328590 1.
nome Fastq.gz

The instrument model for sequencing
was lllumina Miseq Paired- end Sequencing,
organism: Human gut metagenome (Taxonomy
ID- 408170). The project ID of the metagenomic
samples is PRJDB12349.

Methodology for NGS data analysis
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Figure 1:Workflow of Metagenomic Data Anal-
ysis

Computational softwares and tools are
used for the Metagenomic analysis of the gut
microbiome of the Covid-19 patients. Figure1
shows the structural outline used for the metag-
enomic data analysis for taxonomic and func-
tional analysis.

Pre-processing of metagenomic data
FastQC

Quality control analysis (FastQC) is
performed on Fastq files. Fastq files are taken
from a web-based platform ENA. The main pur-
pose of FastQC is to provide a QC report which
can detect the problems which emerge either in
the starting library materials or in the sequenc-
ers (27). This tool checks the quality of raw
sequence data coming from high throughput
sequencing pipelines in a simple and straight-
forward way. This is achieved by running a set
of standard analyses on one or more raw se-
quence files either in the BAM or fastq format
(28). This is further followed by a report compil-
ing the results and underlining any anomalies
in the library’s operations. It also provides sum-
mary graphs and tables for rapid computation of
data and exports the results in HTML form.

MultiQC
After performing FastQC, MultiQC was
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performed on the samples. MultiQC is a mod-
ular tool that is used to combine the results of
bioinformatics analyses to be viewed in a single
report based on a variety of samples (29). It is
basically an outreach tool that interpret the sum-
mary statistics from results and log files gener-
ated by other computational tools. An HTML
report is generated by multiQC which can be
shared and observed in any of the modernized
web browsers (30). By elongating and exporting
data, MultiQC acts as a central collection point
for analysis pipeline.

TrimGalore

Now Trim Galore is used after MultiQC
for data cleaning. Trim Galore! is a shell script to
imbrute quality and adapter trimming along with
quality control, with some added efficacity to re-
move bigoted methylation positions for RRBS
Sequence files for single-end and paired-end
sequencing (31). If a sequence becomes too
short during trimming, Trim Galore! Can remove
it. If one or both of the reads are shorter than
a set length cut-off for paired-end files, Trim
Galore! removes both sequence pairs. Fastq
files can be produced in standard or gzip com-
pressed format By Trim Galore! (32).

Megahit

Now after data cleaning MEGAHIT is
used as data assembler. Megahit is a brisk and
sustainable anew assembly tool for next gener-
ation sequencing data that assembles large and
complicated metagenomic datasets (33). It is a
high-speed and memory efficient metagenome
assembler. In addition to metagenome assem-
bly MEGAHIT also works on generic single ge-
nome assembly (small or mammalian size) and
single cell assembly (34). To achieve low mem-
ory usage, MEGAHIT uses Succinct de Bruijn
graph.

For taxonomic analysis
Kraken2

After using Megahit, taxonomic anal-
yses are to be done by Kraken 2. Kraken 2

was executed on all the five samples that have
been collected. Kraken 2 is the advanced ver-
sion of Kraken. By using this tool, it is possible
to achieve high fidelity and fast categorization
speeds in taxonomic classification by using ac-
curate k-mer matches (35). By using this classi-
fier, all k-mers within a query sequence are co-
ordinated to the lowest common ancestor of all
genomes that contain the specified k-mer. The
classification accuracy of Kraken 2 is further im-
proved by the use of spaced seeds for stowing
and querying minimizers. Kraken 2 also gives
assistant and support to databases that are not
entrenched on NCBI’'s taxonomy (36).

Convert Kraken

This tool is performed followed by Kraken 2.
Convert Kraken is used separately on all the
outputs of Kraken 2. To convert Kraken metag-
enomic classification results in the form of NC-
Bl's taxonomic representations, convert Kraken
is used (37). This is done by utilizing taxonomic
ID field provided by Kraken 2. The output of this
tool can be instantly envisaged by Krona tool.

Krona pie chart

Now the next step after performing Convert
Kraken is to perform metagenomic profiling.
For this, a tool is required which is known as
Krona Pie Chart. This tool is both an authori-
tative metagenomic envision tool and a display
of the capable HTMLS5 for eminently attainable
bioinformatics visualization (38). Krona is used
to demonstrate zoomable pie charts that are
derived from metagenomic profiling. It authoriz-
es stratified data to be scrutinized by means of
multi-layer pie charts. The associated charts are
self-governing and can be visualized using any
modernized web-browser.

For functional analysis
HUMANnN2

Now for functional analysis of the samples an-
other tool is used that is HUMANN2. This tool
is more perceptive, accurate and effectual than
other existing methods. HUMANNZ2 is a pipe-
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line for proficiently and correctly describing the
presence/absence and affluence of microbial
passages in an association from metagenomic
and meta transcriptomic sequencing data (39).
HUMANRN2 tool generates three files the abun-
dance of gene families, abundance of pathways
and coverage of pathways. This tool also pro-
vides a simple user interface.

Results and Discussion

Quality control analysis of metagenomic
data

The quality control analysis was done
on 4 paired-end Fastq files i.e., Human Gut

Metagenome from the database known as ENA.
The tool FastQC of an open source platform
known as Galaxy was used for quality assess-
ment of data (40). An HTML output file and basic
text is generated by FastQC tool which conceals
the quality control plots which incorporates per
base sequence quality, basic statistics, per base
sequence content, per sequence quality scores,
per base GC content, per sequence GC con-
tent, per base N content, sequence, sequence
duplication levels, overrepresented sequences,
kmer content. After this, MultiQC was executed
on raw FastQC data files to accumulate the out-
comes from the four FastQC done on the four
FastQC raw data.

FastQC: Sequence Counts

FastQC: Per Sequence Quality Scores

FastQC: Sequence Duplication Levels

(@) (b) (©)

FastQC: Per Sequence GC Content

FastQC: Per Base N Content FastQC: Mean Quality Scores

(d)

Figure 2: Quality control plots by MultiQC (a) FastQC: Sequence counts (b) FastQC: Per Se-
quence Quality Scores (c) FastQC: Sequence Duplication Levels (d) FastQC: Per Base N Count

(e) ®

(e) FastQC: Mean Quality Score (f) Per Sequence GC Count

After QC data cleaning and trimming of
the sequences were done and then all the pair
end sequences of the five samples were as-
sembled in 5 single files with the help of MEGA-
HIT. After this Kraken2 was used for Taxonomic
analyses followed by Convert Kraken was used

for converting the metagenomic classification
data in to NCBI's taxonomic representations.
Then the results were amalgamated in the form
of Krona Pie Chart which shows the profuse mi-
croorganisms that were in accordance with all
the samples.
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Community structure visualization

A visualization tool was used for per-
forming visual analysis of community profile.
This tool collectively gives an HTML output.
Krona Pie Chart is basically an interactive tool
for visualizing metagenomic composition within
a web browser (41). Krona Pie charts of all the
five samples are given below respectively.

Figure 5: Krona Visualization of community pro-
file of metagenomic dataset 3

Figure 3: Krona Visualization of community pro-
file of metagenomic dataset 1

\

Figure 6: Krona Visualization of community pro-

Figure 4: Krona Visualization of community pro- file of metagenomic dataset 4
file of metagenomic dataset 2.
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Figure 7: Krona Visualization of community pro-
file of metagenomic dataset 5

Figure 3, 4,5,6 and 7 illustrates the result of
taxonomic community profile outcomes of each
of the five samples i.e., Human Gut Metage-
nome 1, Human Gut Metagenome 2, Human
Gut Metagenome 3, Human Gut Metagenome
4, Human Gut Metagenome 5 which are envis-
aged using Krona Pie Chart tool. The taxonomy
nodes are represented by the nested sectors
organised from the top level of hierarchy to the
outermost level. At the top left, we will find navi-
gation controls, and at the top right you will find

details about the selected nodes. Krona’s web-
site offers an interactive version of this chart.

Figure 3 portrays the Krona Pie Chart for the
sample 1 of Human Gut metagenome. Here, it
can be observed that maximum abundance of
Eurotiales is seen while the lowest abundance
was of Mycospaerellales.

Figure 4 displays the Krona Pie Chart for the
sample 2 of Human Gut Metagenome. Here, it
can be observed more than half of the portion
was taken by Eurotiomycetideae which consists
of Pezizomycotina and the other half portion
was taken by Dothideomycetidae which con-
sists of Saccharomycetales

Figure 5 depicts the Krona Pie Chart for the
sample 3 of Human Gut Metagenome. Here, it
can be observed that the maximum abundance
was found of Eurotiales while the lowest abun-
dance was of Mycospaerellales.

Figure 6 shows the Krona Pie Chart for the
sample 4 of Human Gut Metagenome. Here, it
can be seen that more than half of the portion
belong to Eurotiomycetidae and the other half
portion belong to Sordariomycetidae which is
further divided to Dothideomycetidae.

Figure 7 illustrates the Krona Pie Chart for the
sample 5 of Human Gut Metagenome. As it can
be observed that the maximum abundance was
of Eurotiales which is 83% followed by Myco-
spaerellales which is 13% and the lowest abun-
dance was of Sordariales which is 4%.

Table 2: The percentage composition of fungi present in all the five samples of Gut microbiome of

Covid-19 patients.

SAMPLES | EUROTIALES MYCOSPAERELLALES | DIPODASCACEAE SORDARIALES
1 80% 20% - -
2 80% 10% 10% -
3 93% 7% - -
4 78% 17% - 6%
5 83% 13% - 4%
Table 2 shows the common fungi that are present in all the samples. There are two fungi that were

found in all the five samples they are, Eurotiales and Mycospaerellales. And the other fungi that
were not common in all the samples were Dipodascaceae and Sordariales. Among all the four bac-
teria the highest percentage was of Eurotiales 78-93%.
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Eurotiales which has the maximum
percentage are a Ubiquitous and plentiful fungi
(42). They are considerably large order of As-
comycetes with members repeatedly having ad-
verse impact on human activities. Eurotiales is
widely used in various research fields food, bio-
technology, medical mycology etc. Followed by
Mycospaerellales, one of the largest genera of
plant pathogenic fungi. It can cause a wide vari-
ety of diseases in both humans and plants. The
spores of the molds of these fungi are transmit-
ted by inhalation through various transcutane-
ous routes or by ingestion of spores (43). Some
diseases caused by these fungi are Diabetes
mellitus, Breathing problems, Neutropenia etc.
The family Dipodascaceae includes yeasts in
the order Saccharomycetales (44). The fungi
belonging to this class are economically import-
ant in the food industry. Then Sordariales, is one
of the most diverse taxonomic groups within
the Sordariomycetes (45). These have a broad
range of sustainable diversification. Ascomyce-
tes belonging to the Sordariales order contain
a wide range of potential beneficial secondary
metabolites. These are all the fungi that were
present in the gut of Covid-19 Patients.

Functional data analysis

Using metagenomics data, we can learn
which genes are expressed by the community.
It can be used to recognise the gene families
and their abundance and to look into their con-
tribution to the community using HUMANN2. A
new approach to functional profiling of metao-
mically sequenced microbial communities is

Table 3: Genes Based on their abundance value

HUMANN2. In addition to identifying species in
communities, HUMANN2 aligns reads to local
pangenomes, translates unclassified reads, and
quantifies gene families and their abundance.
For this an output from the Megahit file of all
the samples separately were taken as a input to
HUMANR2. It generated three files- Gene fam-
ilies and their abundance, Pathways and their
Coverage, Pathways and their abundance.

Each gene family in the community has
an abundance value contained in the gene and
family abundance file. Often, protein-coding se-
quences within gene families perform identical
functions because they are evolutionarily re-
lated. It is here that we get the UniRef50 gene
families: sequences of a gene family must have
at least 50% sequence identity.

The pathway abundance file shows the
abundance of each pathway. Using community-
and species-level gene abundances along with
pathway structure, pathway abundance is eval-
uated once for each community and once for
each species. A pathway coverage file gives an
alternative representation of the existence and
absence of pathways in a community, indepen-
dent of their quantitative abundance.

Gene Abundance and their Families

To combine Taxonomic Data with Micro-
bial community functional profiles, and to con-
trol the hindrance constrained by transcribed
search, HUMANN2 is used as a next generation
metagenomic functional profiling approach (46).

SAMPLE | GENE

ABUNDANCE

Sample 1 | UNMAPPED

167.0000000000

UniRef50_A0A023GNY3: Putative secreted protein (Fragment)

20.9425257607

UniRef50_AO0A023GNY3: Putative secreted protein (Fragment)|unclassified

20.9425257607

UniRef50_K7EWA4

2.2865411250

UniRef50_K7EWA4|unclassified

2.2865411250

UniRef50_A0A023FUY2: Putative secreted protein (Fragment)

0.6178137497

UniRef50_A0A023FUY2: Putative secreted protein (Fragment)|unclassified

0.6178137497
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Sample 2 | UNMAPPED 304.0000000000
UniRef50_A0A023GNY3: Putative secreted protein (Fragment) 36.5604914986
UniRef50_AO0A023GNY3: Putative secreted protein (Fragment)|unclassified | 36.5604914986

Sample 3 | UNMAPPED 317.0000000000
UniRef50_A0A023GNY3: Putative secreted protein (Fragment) 28.3144400556
UniRef50_AO0A023GNY3: Putative secreted protein (Fragment)|unclassified | 28.3144400556

Sample 4 | UNMAPPED 340.0000000000
UniRef50_A0A023GNY3: Putative secreted protein (Fragment) 47.4056133915
UniRef50_AO0A023GNY3: Putative secreted protein (Fragment)|unclassified | 47.4056133915
UniRef50_UGL5R8 1.3192612137
UniRef50_UG6L5R8|unclassified 1.3192612137
UniRef50_Q3KSS4: Epstein-Barr nuclear antigen 1 0.6286503941
UniRef50_Q3KSS4: Epstein-Barr nuclear antigen 1|unclassified 0.6286503941
UniRef50_Q1HVF7: Epstein-Barr nuclear antigen 1 0.5591847891
UniRef50_Q1HVF7: Epstein-Barr nuclear antigen 1|unclassified 0.5591847891

Sample 5 | UNMAPPED 577.0000000000
UniRef50_A0A023GNY3: Putative secreted protein (Fragment) 70.0240751151
UniRef50_A0A023GNY3: Putative secreted protein (Fragment)|unclassified | 70.0240751151

Table 3 shows the genes of all the five samples with their abundance value. This table only shows
those genes whose HUMANNZ2 abundance value is 0.5 or above 0.5.

Conclusion

The infection caused by SARS-COV-2
leads to complex pathophysiologic and immu-
nologic responses in the host. In addition to the
phenotypic changes in the host, the gut microbi-
ome is widely transformed in Covid-19. Further-
more, consequent growth of expedient microor-
ganisms corresponding to the Infection caused
by SARS-COV-2 and quiescent gut inflamma-
tion in Covid-19 create further hazards to host
health and well-being and gut flora rejuvenation.
Such enlargements in certain microbial species
and decline in the microbial biome diverseness
in amalgamation with the weakened host im-
munity may obstruct reconstruction of the gut
microflora post Covid-19. Subsequently, the al-
tered gut microbiome bionomics continues even
after the infection is resolved. Overall, the com-
plicated microbiome biological network in a sta-
ble state is considerably weakened in Covid-19
shifting to one predominated by Covid-19 en-
riched microbes.

It is familiar that important factors such as
diet and treatment can substantially affect gut
microflora composition. Due to the excruciating
nature of Covid-19 controlling of these important
factors or including treatment-naive Covid-19
patients seems impractical. Here it was ob-
served that different types of microorganisms
mainly fungi was found in the gut microbiome
of the Covid-19 patients. Different percentage of
the fungi present in all the samples can be ob-
served with the help of taxonomic analysis. The
maximum abundance of the fungi that was seen
in the samples was Eurotiales followed by My-
cospearellales, Dipodasceae and Sordariales.
Further functional analysis was done to identify
the genes and their abundance.
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