J Ayub Med Coll Abbottabad 2026;38(1)

ORIGINAL ARTICLE
GUT BACTERIAL DYSBIOSIS AND ITS CORRELATION WITH COVID-19
PATIENTS

Hafiz Muhammad Ishaq!, Riffat Yasin?, Rabiya Naz’, Rao Zahid Abbas*, Umair Igbal!, Naheed
Bano®, Samar Wafa Kabir®, Imran Ahmad Khan’, Khizer Smiullah®, Muhammad Shahzad’®

'Department of Pathobiology and Biomedical Sciences, Faculty of Veterinary and Animal Sciences, Muhammad Nawaz Shareef
University of Agriculture Multan-Pakistan. Department of Zoology, University of Education Lahore, D.G. Khan Campus-Pakistan
’Department of Life and Health Sciences, Muslim Youth University Islamabad-Pakistan
‘Department of Parasitology, Faculty of Veterinary and Animal Sciences, University of Agriculture Faisalabad-Pakistan.
SDepartment of Zoology Wild Life and Fisheries, Faculty of Veterinary and Animal Sciences, Muhammad Nawaz Shareef University of
Agriculture Multan-Pakistan. *Department of Clinical Sciences, Faculty of Veterinary and Animal Sciences, Muhammad Nawaz Shareef
University of Agriculture Multan-Pakistan. "Department of Pharmacy, Faculty of Veterinary and Animal Sciences, Muhammad Nawaz
Shareef University of Agriculture Multan, Pakistan. *Department of Zoology. Ghazi University, D.G Khan-Pakistan
*Head of Pharmacology, University of Health Sciences Lahore-Pakistan

Background: SARS-CoV-2 causes the contagious COVID-19 disease in humans, manifested with
respiratory signs and symptoms. The gut microbiota is vital to human health and disease. This
research aimed to characterize the composition of intestinal bacteria in COVID-19 patients.
Methods: A total of 20 fecal samples were collected: 10 from patients with COVID-19 and 10 from
healthy controls. PCR-DGGE was employed, targeting the V3 region of the 16S rRNA gene. gPCR
was also done to quantify the important bacteria. HiSeq2500 Illumina-based High-throughput
sequencing was also performed on all samples of two groups. Results: Intestinal microbial diversity
results by PCR-DGGE and High-throughput sequencing illustrated the significant dysbiosis
between the experimental and control subjects. There was a significant raised abundance of phylum
Proteobacteria, while Firmicutes decreased significantly in patients. Family stats showed a
significant increase in the level of Prevotellacea, Enterobacteriaceae, and Bacteriaceae families,
while significantly lower profusion of Ruminococcaceae, Streptococcaceae, Veillonellaceae, and
Lcto bacillaceae was detected in COVID-19 group. Compared to the control, significantly higher
abundant genera Bacteroides, Prevotella-9 and Escherichia-Shigella, and lower abundance of
Lactobacillus, Streptococcus, and Ruminococcus 2 were found in the experimentation group. In
addition, species findings exhibited a significant rise in Prevotella copri, Bacteroides vulgatus, and
Escherichia coli in the COVID-19 group. Conclusion: The results of intestinal microbial dysbiosis
investigations in COVID-19 patients could provide new understandings of probiotic development,
pathogenesis, and COVID-19 treatment.
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INTRODUCTION inflammatory bowel disease (IBD), asthma, and
Graves’ disease.*® However, COVID-19 is a highly

infectious and contagious disease caused by the
SARS-CoV-2 virus. In December 2019, the first case
was reported in Wuhan, China. There was a quick
prevalence of the disease, and it moved worldwide,
consequential in the pandemic of COVID-19.” Bats
are the main SARS-CoV-2 animal reservoir.® SARS-
CoV-2 has five distinguished variants which spread all
over the globe populations: the Gamma variant (the
Brazil variant), the Beta variant (South Africa
variant), the Alpha variant (UK variant), the Omicron
variant (B.1.1.529 and the variant Delta (Indian
variant), which was reached to 57 different states of
the world.” Symptoms of COVID-19 may start from
1-14 days after virus exposure.'® The COVID-19

The intestinal flora in the human gut is considered a
major determinant of health status. It is responsible for
vital functions such as metabolic roles and guarding
the body against numerous deadly diseases.! Many
factors are responsible for the formation and function
of gut microflora, such as age, diet, and different
diseases.? According to the research, the human gut
contains approximately a hundred trillion microbiome,
which helps to carry out the main physiological
functions such as nutrition, metabolism, absorption,
immunity, and homeostasis in the host.> Modification
in the gut microbial composition leads to various
immunosuppressive diseases such as Crohn’ disease,
ulcerative colitis, type II diabetes, viral diarrhoea,
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signs and symptoms vary but include breathing
problems, headache, fever, cough, fatigue and loss
of smell and taste.!' A very high surge of cytokines
is a dangerous and lethal immune system reaction,
resulting in proinflammatory chemokines and
cytokines, which are released in excessive
quantities and rapidly. A storm of cytokines may
result in multiple organ failure and ARDS.'? The S
protein of Coronavirus has been identified as a key
viral determinant in the entry of host cells.!* The
glycoprotein envelope spike exhibits affinity for the
ACE?2 receptor present on the host cell membrane,
thereby establishing attachment.'* The development
and progression of SARS-CoV-2 are determined by
the interaction of the virus with the host immune
system. Virus factors include mutation, viral titer,
virus type, and viral load. Genetics of HLA genes,
nutritional status, neuroendocrine-immune
regulation, gender, age, and physical status are all
immune system factors that affect the host.!> As gut
microbes play a vital role in immune function and
homeostasis of the host. So, the pathogenicity of
COVID-19 has a strong link with the immune status
of the individual.

Furthermore, gut bacteria play a vital role
in production nutrients, vitamins and VFAs. They
also produce bacteriocins to protect the intestinal
lining to prevent pathogens infiltration.!"”
Bacteriocin also has anticancer properties. It also
shows the cytotoxic effect against different human
cancer cell lines like bone cancer, colon cancer, and
breast cancer.'® Up till now, no report has been
published to determine the connection among
different intestinal microbes and COVID-19. The
objective of this study was to analyse and
characterize the makeup of gut bacteria in
individuals of COVID-19. PCR-DGG and the most
advance Illumina based HIseq2500 High through-
put sequencing was used for sensitive
metagenomics research to compare the qualitative
and quantitative intestinal floral diversity and
similarity between healthy controls and patients
with COVID-19. qPCR was also used to determine
the exact copy number of the different bacteria. It
will provide the strong foundation of experimental
work to develop the treatment of COVID-19.
According to the current research, there is a
substantial alterations in the richness of the
intestinal microbial communities between the
COVID-19 and control subjects, with certain gut
bacteria exhibit a significant increase or decrease in
abundance as shown in the scheme 1.

Scheme 1: Dysbiosis of the gut microbiome in
COVID-19 patients.
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The University of Health Sciences Lahore Ethics
Committee approved the study's methodology. Total 20
stool samples were collected (from Sheikh Zayed Hospital
Lahore, Pakistan) in sterilized cups, 10 from COVID-19
patients and 10 samples from control subjects, consisting
of 4 females and 6 males in both groups, with age groups
ranging from 30 to 50 years. Using nasopharyngeal swabs,
real-time reverse transcription polymerase chain reaction
(RT-PCR) detected the viral nucleic acid to diagnose the
COVID-19 patients.'” A questionnaire for each participant
was written down that contains private information on the
matter of gender, age, health, eating patterns and body
weight. The stool samples were handled carefully and
placed in the ice box within 4 hours of faecal reflex. For
the purpose of DNA extraction, the samples were
maintained at the temperature of -80 °C in the laboratory.

The DNA was extracted out using a regular
QIAGEN stool kit (Hilden, Germany). After the faecal
samples thawed, the first phase was bead-beating stage at
5000 rpm for 30 seconds. A Nano Photometer was used to
measure the bacterial DNA concentration. '

Investigation of intestinal bacterial load and
composition was done by using PCR-DGGE
fingerprinting. Extracted DNA was used for amplification,
with universal linkage primers targeting thel6S rRNA
gene’s V3 region, shown in Table 1. Furthermore, 50 pl
PCR reaction concoction contain 200 mM of deoxy
nucleotide triphosphate (ANTP), 20 pmol of two primer,
MgClI2 2.5 mM, 10xbuffer 2.5 mM, Taq 2 U of (Promega)
DNA polymerase and 2 pl (approximately 120 ng) stool
bacterial DNA. PCR Amplification was carried out in
thermo cycler (USA ABI2720) through touchdown PCR
programming. The PCR product was electrophoresed on
an agarose gel and visualised under UV light after being
dipped in ethidium bromide solution."
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Table-1: Primer templates used for both PCR-DGGE and qPCR.

Target bacteria

[ Primer Sequence (5'-3")

PCR-DGGE Primer

341-F CCTACGGGAGGCAGCAG

534-R ATT ACCGCGGCTGCTGG

341FG CGCCCGCCGCGCGCGGCGGCGCGGGGCGGGGGCACGGGGGGCCTACGGG

AGGCAGCAG
Real-Time PCR Primer
Bifidobacterium Bifid F CTC CTGGAAACGGGTGG
(550 bp) BifiR GGTGTTCTTCCCGATATCTACA
Lactobacillus Lact F CTT GTA CAC ACC GCC CGT C
(250 bp) LactR CTC AAA CTIT AAA CAA ATT C
Bacteroides vulgatus(287bp) BV-F GCATCATGAGTCCGCATGTTC
BV-R TCCATACCCGACTTTATTCCTT
Escherichia coli E.coli-F CATTGACGTTACCGCAGAAGAAGC
(287bp) E.coli-R CTCTACGAGACTCAAGCTTGC
Clostridium leptum  (239bp) | C.lep-F GCACAAGCAGTGGAGT
Prevotella C.lep-R CTTCCTCCGTTTTGTCAA
(513bp) Pre-F ACAGTAAACGATGGATGCC
Pre-R GGTCGGGTTGCAGACC
Table-2: Gut microbial similarity and diversity of COVID-19 patients and the healthy group
Diversity Similarity
Groups The number of Bands Shannon Index Intra-similarity Inter-similarity
A B C D

Disease group 13.941.31 3.31+0.27 0.288+0.13
Control group 11.5+£1.88 2.93+0.12 0.173£0.11 0.161+0.12
p. value 0.0019 0.004 / /

Significant modifications in the results, using unpaired t-test, where p<0.05

a. The total number of DGGE bands found in each sample. b. The relative intensities of all DGGE bands were used to determine the Shannon
diversity index (H”) for each sample. ¢. Analysing the relationships between members of the same group by equating their Dice similarity

coefficients through DGGE banding configurations. d. Similarity between DGGE band arrangements in patients with COVID-19 and healthy

controls was calculated using Dice coefficients.

Table-3: The PCR products were subjected to re-amplification and afterwards sequenced. The verification of

band IDs was performed by querying the BLAST repository.
Bacteria  with  Highest % (C)Health; D) Disease | C D
Homology & Phylum Group n=i)‘a’6 Group n=49 % % Gene Bank Number
Bacteroides vulgates (97) Bacteroidetes 3 8 8 16 | NZ JH591188.1
Prevotella copri (96) Bacteroidetes 2 5 6 10 | NZ JNKE01000007.1
Escherichia coli (98) Proteobacteria_| 3 7 8 14 | NZ CP012329.1
Faecalibacterium prausnitzii (96) Firmicutes 4 2 11 4 NZ CZBH01000014.1
Clostridium leptum (91) Firmicutes 4 2 11 4 NZ DS480348.1
Eubacterium eligens (88) Firmicutes 3 2 8 4 KJ598140
Alistipes putredinis (97) Bacteroidetes 2 4 6 8 NZ DS499580.1
Bacteroides uniformis (97) Bacteroidetes 3 5 8 10 | NZ JH724260
Ruminococcus champanellensis Firmicutes 3 2 8 4 NZGG703855.1
Enterobacter aerogenes (92) Proteobacteria_| 2 4 6 8 NZ DS499580.1
Taylorella equigenitalis (92) Proteobacteria | 1 3 3 6 KJ598139
Shigella dysenteriae(98) Proteobacteria_| 2 4 6 8 NC 007606.1
Bacillus sp. (94) Firmicutes 4 1 11 2 NZ LMBY01000086.1

Table-4: Real-time PCR quantification results in different gut bacteria

Bacteria Healthy Subjects Patients p-value
Bifidobacterium (10°) 4.43 £0.95 3.35+0.98 0.011
Bacteroides vulgatus(10”) 6.37+£0.94 7.15+0.81 0.031
Lactobacillus (10%) 4.78+1.66 3.41+1.33 0.028
Clostridium leptum (10°) 3.82+0.91 3.97+0.88 0.366
Escherichia_coli (10°) 5.84+1.09 6.65+0.67 0.030
Prevotella (107 3.54+1.00 4.84+0.87 0.003

Data were given as an approximate logarithm of the copying counts of gene amplicons in 1 g of facces using quantitative polymerase chain
reaction. The statistical significance level (p<0.05) was taken into consideration.

Table-5: The gut floral richness index and diversity were determined by the application of Highthrough-put
experiment, employing a similarity threshold of 97 percent.

Group Observed Species OTUs Shannon Simpson Chaol ACE PD Tree Evenness
Patients 270.04 276.7 4.95 0.908 285.91 284.97 22.88 0.382
Control 235.20 243.4 4.04 0.790 249.51 249.43 20.02 0.311
p. Value 0.016 0.015 0.004 0.017 0.022 0.029 0.023 0.004
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Table-6: The bacterial taxa of the intestines are revealed at the phylum, family, and genus levels by
employing Highthrough-put data.

Taxa [ MeanD | MeanC [ p-value [ Qvalue | %D [ %C
Phylum

Bacteroidetes 0.46993 0.35624 0.09531 0.59408 46.99 35.62
Firmicutes 0.33690 0.57414 0.01327 0.68178 33.69 57.41
Proteobacteria 0.14099 0.06261 0.01194 0.63315 14.10 6.26
Verrucomicrobia 0.00997 0.00098 0.67300 0.96243 1.00 0.10
Tenericutes 0.01037 0.00155 0.32144 0.68118 1.04 0.16
Fusobacteria 0.01051 0.00059 0.53111 0.71220 1.05 0.06
Cyanobacteria 0.00104 0.00010 0.33450 0.76168 0.10 0.01
Acidobacteria 0.00993 0.00001 0.10569 0.94038 0.99 0.00
Actinobacteria 0.00871 0.00309 0.15139 0.76178 0.87 0.31
Synergistetes 0.00103 0.00001 0.27426 0.69438 0.10 0.00
Others 0.06 0.07
Family

Ruminococcaceae 0.10211 0.20512 0.03641 0.74459 10.21 20.51
Bacteroidaceae 0.34432 0.19069 0.00211 0.69533 3443 19.07
Prevotellaceae 0.14185 0.06579 0.00433 0.50320 14.19 6.58
Lachnospiraceae 0.10657 0.14323 0.47521 0.89323 10.66 14.32
Enterobacteriaceae 0.08367 0.02055 0.01025 0.65133 8.37 2.06
Streptococcaceae 0.02524 0.09664 0.03751 0.51437 2.52 9.66
Lctobacillaceae 0.02649 0.07263 0.02342 0.56213 2.65 7.26
Porphyromonadaceae 0.06315 0.08171 0.64235 0.95458 6.31 8.17
Alcaligenaceae 0.06186 0.05753 0.71409 0.89288 6.19 5.75
Veillonellaceae 0.01011 0.03122 0.04317 0.54133 1.01 3.12
Others 3.46 3.49
Genus

Prevotella 9 0.26513 0.13423 0.00361 0.61558 26.51 13.42
Bacteroides 0.23512 0.14232 0.01183 0.71072 23.51 14.23
Escherichia-Shigella 0.11021 0.05775 0.02837 0.54338 11.02 5.77
Ruminococcus 2 0.01712 0.12394 0.00340 0.63280 1.71 12.39
Parasutterella 0.04662 0.01055 0.12677 0.82039 4.66 1.05
Magasphaera 0.07023 0.05653 0.51916 0.87121 7.02 5.65
Lactobacillus 0.00712 0.04255 0.02108 0.54648 0.71 4.26
Streptococcus 0.08419 0.24553 0.00130 0.52153 8.42 24.55
[Eubacterium]coprostanoligenes 0.03523 0.06077 0.07431 0.92243 3.52 6.08
Alistipes 0.04302 0.04121 0.23753 0.81528 4.30 4.12
Others 8.60 8.46

COVID-19 symbolized by D and Control by C letter, (»<0.05)

Table-7: At the species level, Highthrough-put variations in intestinal microbial phylotypes between COVID-
19 (D) and controls (C).

Taxa Mean C Mean D p-value Q value

Escherichia coli 0.017721 0.183562 0.021583 0.066337
Bacteroides vulgatus 0.034213 0.196817 0.003434 0.05812
Prevotella copri 0.002434 0.06738 0.032777 0.064115
Klebsiella_pneumoniae 0.036779 0.003369 0.019990 0.054178
Bacteroides_fragilis; 0.074851 0.006367 0.014780 0.067524
Bacteroides uniformis 0.006969 0.036721 0.024900 0.071356
Ruminococcus_bicirculans; 0.013720 0.001379 0.007975 0.059314
Parabacteroides distasonis 0.003012 0.017884 0.016764 0.057447
Streptococcus_anginosus, 0.016455 0.005119 0.033765 0.119505
Proteobacteria;c___Proteus mirabilis; 0.000506 0.004732 0.032957 0.144855
Bacteroides stercoris; 0.000457 0.004610 0.008991 0.089259
Firmicutes,c_Phascolarctobacterium_faecium; 0.007148 0.003889 0.092377 0.085563
Campylobacter concisus; 0.005857 0.006764 0.182997 0.085563
Proteobacteria;,c_Campylobacter gracilis; 0.010233 0.013774 0.031398 0.067214
[Clostridium] leptum 0.002454 0.003045 0.256673 0.111745
Subdoligranulum sp. 4 3 5442FAA 0.003122 0.002266 0.183898 0.19856
Lactobacillus mucosae 0.000797 1.77E-05 0.024329 0.055142
Lactobacillus casei; 0.000814 2.16E-05 0.017964 0.069238
Bifidobacterium_longum; 0.000880 2.33E-05 0.020969 0.055341
Bacteroides eggerthii 5.50E-05 0.000701 0.19997 0.125641
Dorea formicigenerans 0.000271 0.000635 0.101999 0.083169
Alistipes_shahii; 0.000551 0.000674 0.200899 0.093169
Bifidobacterium kashiwanohense; 0.001243 6.08E-05 0.001349 0.064269
Lactobacillusruminis 0.000112 1.78E-06 0.111548 0.099530
Ruminococcus sp. 16442; 0.000164 1.69E-05 0.033466 0.071263
Veillonella sp. oral taxon 780; 0.000517 0.000114 0.032362 0.062433
Firmicutes,c_Megasphaera_micronuciformis; 3.83E-06 0.001212 0.175663 0.099877

(»<0.05)

21



The denaturation of the gradient gel was performed using
the Universal Mutation Detection System (Bio-Rad, USA)
DCodeTM  through  denaturing  gradient  gel
electrophoresis. The PCR-amplified bacterial DNA from
each sample was loaded onto a polyacrylamide gel at 8%
(W/v) (37.5:1 acrylamide-bis,) in a 1TAE buffer of DGGE
tank with a linear-denature level of 30-65%. The DGGE
gel was electrophoresed at a constant temperature of 60 °C
for 14 hours at a voltage of 90 V. The bacterial diversity in
each faecal specimen was calculated by utilising the
relative intensity of the bands of the DGGE fingerprinting
and the total band numbers. The Syngene (USA) software
programme employed Dice's similarity coefficient to
compute the similarity index. A dendrogram was
generated using an unweighted pair UPGMA (arithmetic
averages) approach.?’

The bacterial diversity in DGGE fingerprints
was analysed using the Shannon-Weaver indicator of
diversity (H?). DGGE clustering profile assessment and
similarity index were carried out using the UPGMA
technique (band-based Dice similarity coefficient). To
estimate, the unweighted pair grouping method used the
arithmetic averages and cluster analysis technique called
UPGMA to compute the dendrograms.?'?

The Shannon-Weaver index of diversity (HY) was

determined by the formula,

Shannon Weaver diversity index (H")
N . .

=_ 2., (PD(InPi)

Bands of DGGE gel were snipped using a
sterilised blade. The gel band was removed and putina 1.5
ml tube with 50 ml sterile water. The mixture was
incubated at 37 °C for 30 minutes. After centrifugation,
similar primers were used to amplify the V3 region of the
16S rRNA gene without GC-clamps. This was
accomplished by adding 8l of DNA water as a template.
ABI 3500xL was applied on the PCR re-amplified product
to evaluate the sequences. BLAST database program were
used to explore the genus and species of bacteria. The
gqPCR quantification was carried out using the Bio-Rad
(USA) CFX96. Total 20 pl PCR reaction blend comprise
of 10ul of 2x SYBR Green (TOYOBO, Japan) 1ul of
primers (5uM, Table 1), 2ul fecal DNA and 6ul H,0.23
Lactobacillus (NWS1), Bifidobacteriaum (CICC 6186),
Clostridium leptum (YIT 6169) E.coli NWS2), Prevotella
(NWS3) and Bacteroides vulgatus (CICC 22938), were
utilized as reference strains. Statistics were calculated
using the mean logarithm of the expected number of copies
of bacterial DNA genetic amplicon present in one gramme
of faeces.

For metagenomic analysis, 20 fecal samples (ten
from patients and ten from controls) were subjected to
[lumina-based Highthrough-put. 16S rRNA gene at
V3+V4 position was amplified by applying the primer
template.: F-515-(GTGCCAGCMGCCGCGGTAA), R-
806- (GGACTACHVGGGTWTCTAAT) in making the
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gene amplicon library.?* The Illumina Hiseq 2500 platform
was utilised for paired-end Highthrough-put sequencing
according to product instructions. The raw data was
screened and put together using the software programs
FLASH? and QIIME?. Clustering of OTUs (Operational
Taxonomic Units) sequences at a 97% confidence level
was performed using the CULTS software.? In addition,
RDP Classifier was utilized to assign taxa-level OUT.?
Diversities such as Simpson Chaol, ACE Good's coverage
and Shannon were analysed using QIIME software
Furthermore, the operational taxonomic unit (OTU) cluster
was created using the QIIME process and afterwards
imported into the MEGAN-4 software, Intestinal
bacterial taxa fluctuations were determined and compared
to the NCBI taxonomic database NCBIL?® UniFrac
distances were determined using QIIME. Variable
differences and similarities were analyzed using Principal
Component Analysis (PCA) and Non-metric Multi-
dimensional Scaling (NMDS). Paired distances depicted
between COVID-19 and control counterparts. Data was
accessible using R software (V. 2.15.3) through statistical
computation of ggplot2 packages and WGCNA packages.
Alpha diversity was calculated using a nonparametric
unpaired t-test (p<0.05) in MS Excel 2013 and GraphPad
Prism 10.

RESULTS

Denaturing gradient gel electrophoresis was used as an
experimental and analytical approach between healthy
individuals and COVID-19 patients, using PCR products
generated with universal primers based on the V3 domain
of the 16S rRNA gene. Fig. 1A shows the samples of
healthy controls (CI1-C5) and COVID-19 (D1-D5)
patients. Similarly, Fig. 1C depicts samples from healthy
controls (C6-C10) and COVID-19 patients (D6-D10). By
using Syngene Software, 139 bands were computed in 10
tracks of COVID-19 subjects with band mean of
(13.9+1.31). An average of (11.5+1.88) bands in 10
tracks of healthy volunteers were also found in total of 115
bands, demonstrating a significant alteration (p<0.0019)
between healthy controls and COVID19. Elevated band
counts among those who have COVID-19 clearly show the
bacterial overgrowth. The Shannon Weaver diversity
index (H") was computed to compare and investigate the
intestinal bacterial diversity between COVID-19 patients
and healthy people. The diversity data shows a significant
(p<0.004) modification between the control and
experimental groups (2.93+0.12 vs. 3.31£0.27). It also
depicts that COVID-19 patients have gut bacterial
overgrowth than healthy controls. Figs 1B and 1D showed
UPGMA tree diagram based on the Dice similarity
coefficient of the two DGGE profiles analysed by Syngene
software. The mean Intra-similarity (coefficient based on
band intensity) index divergence between COVID-19 and
healthy subjects in DGGE gel profile was (0.288+0.13)
and (0.173£0.11), indicating in Table 2. However Inter-




similarity index between COVID-19 and controls was
(0.161+0.12), which showed a lower value between the
groups than within groups. It signifies that COVID-19
patients have altered bacterial configuration than of control
volunteers.
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Figure-1: A. DGGE’s profiling developed between
controls (C1-C5) and COVID-19 (D1-D5). Fig. 1C

also shows bending pattern of control (C6-C10)
and patient groups (D6-D10). The Cluster
estimate analysis was used the UPGMA tool to
compare the healthy volunteer (C1-C5), (C6-C10)
and COVID-19 groups (D1-D5), (D6-D10). It is
shown in Fig. 1B and Fig. 1D.
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In the current experiment, 85 gel bands in total were cut
from the DGGE gel profiling. 36 gel bands from the
healthy subjects were excised from Fig. 1 A (CI1-C15)
and Fig 1C (C1-C10). Similarly, 49 bands from the
patient's group were removed shown in Fig. 1 A (D1-D5)
and Fig. 1C (D6-D10) for quantitative investigation. The
outcomes displayed that the phyla Bacteroidetes,
Proteobacteria and Firmicutes, were prevalent. The
findings of band sequencing of DGGE profiling are
described in Table 3. COVID-19 patients, in contrast to
the control group, had a high prevalence of opportunistic
microorganisms. (Escherichia coli 14% Vs 8%)
(Bacteroides vulgates 16% vs. 8%), (Prevotella copri
10% vs 6%), (Enterobacter aerogenes 8% vs 6%),
(Alistipes putredinis 8% vs 6%), (Bacteroides uniformis
10% vs 8%), ( Taylorella equigenitalis 6% vs. 3%),
(Shigella dysenteriae 8% vs. 6%). However, reduced
percentage level of (Clostridium leptum 4 % vs. 11%)
(Faecalibacterium  prausnitzii 4%  vs.  11%),
(Eubacterium eligens 4% vs. 8%), (Bacillus sp. 2% vs.
11%) (Ruminococcus champanellensis 4% vs. 8%) were
observed in COVID-19 patients’ comparison to controls.
Table-3 displays the percentile taxonomic identification
of the DGGE band profile. NCBI BLAST was used to
evaluate and analyze the sequencing results.
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gPCR quantification was used to reckon the
copy statistics of Prevotella, Bacteroides vulgatus,
Lactobacillus, Clostridium leptum and Bifidobacterium,
control vs patients. The Finding showed that the copy
number of Bifidobacterium was significantly bearish
(4.43£0.95 vs. 3.35+0.98) (p<0.011) in COVID-19 group
compared to control participants. Also, the copy number
of the Lactobacillus genus was significantly lessened
(3.41+1.33 vs. 4.78+1.66) (p<0.028) in the study group.
However, Bacteroides vulgatus numeric was remarkably
augmented (6.37+0.94 vs. 7.15+0.81) (»p<0.031) in the
experimental group. Similarly, E. coli copy computation
was notably bullish (5.84+1.09 vs. 6.65+£0.67) in the
investigation group. In the same way, copy numerals of
Prevotella was statistically raised (3.54£1.00 vs.
4.844+0.87) (p<0.003) in patients. Moreover, Clostridium
leptum calculation showed a non-significant elevation in
patients (3.82+0.91 vs. 3.97+0.88) (»<0.366). All
amplification data are compiled in Table-4.

A total of 1,800,415 sequence reads from the
16S rRNA gene were analyzed for 10 patients with
COVID-19 and 10 healthy subjects. After quality control,
1,496,129 Highthrough-put sequencing amplicons
(control 766,410, diseased 729,719, an average/sample
74,909) were chosen and utilized for current research.
71,548.05 was the average taxon among all samples. All
patient and healthy volunteers’ samples had an average
unique tag of (953.784), whereas unique tags in the study
and control groups were evaluated as (7,993, 11,082,
respectively). In the current investigation. A total of
5,201 OUT were allocated (disease 2,767, control 2,434,
average/sample 260.05). In this study, 19,076 distinct
tags represented the whole gut bacterial flora. OTUs
numbers of COVID-19 and control groups sample-wise,
average and total numbers are shown in Fig 2. The
study used an average 418 (bp) size of the
Highthrough-put sequence after removing the primers.

Number OTUs

269 758 306 305 zpg 27y 33 5 W 77
innsniin

" # Samples Names

Figure-2: depicts the OTUs numbers of COVID-
19 (D) and control groups (C) sample-wise,
average and total numbers.

The richness of microbial diversification was estimated at
97% similarity level. Chaol, ACE, PD Tree, Shannon,
Evenness, Simpson and observed species were used to
estimate alpha diversity variation. The findings illustrated




that COVID-19 patients, compared to healthy subjects, had
considerably more significant levels of alpha diversity
variations (p<0.0041), (p<0.0037), (p<0.029) (»p<0.017),
(p<0.016), (p<0.022), and (p<0.023) respectively. Table-5
contains estimates of the diversity of bacteria in two
groups. Additionally, when individuals with COVID-19
are contrasted with healthy people, the alpha diversity
shows a strong bullish trend, plainly reflecting intestinal
bacterial expansion in the afflicted group. According to
UniFrac tree metrics, the two distant clusters each set of
bacterial DNA samples was dispersed into (Fig. 3)
matched the PCR-DGGE pattern.

The table-5 shows the mean scores for every
group, and the unpaired t-test was calculated to signify the
results (»p<0.05). By applying the formula E = H/In(S),
evenness can be Fig out by using Shannon values. H
represents the Shannon diversity index, whereas S denotes
the total number of DNA sequences within a particular
group.
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Figure-3: A diversity analysis of the samples of
COVID-19 patients and their healthy
counterparts using Highthrough-put sequencing
UniFrac distances based on UPGMA. In taxa
composition, the COVID-19 and healthy control
groups are denoted by the letters D and C.

In the present study, the percentages representing the
amply of each phylum, family, genus, and species range
from 0.5-1%.

Thirteen phyla in all were found in the
Highthrough-put data. In the COVID-19 individuals,
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compared to the healthy volunteers, phylum Bacteroidetes,
Proteobacteria and Actinobacteria significantly raised,
while Firmicutes decreased significantly. Data depicted in
Fig. 3. Table 6, which are presented in percentages, clearly
illustrate the alterations between the phyla of the control
and study groups. In the Highthrough-put data, 83 distinct
families were found; Prevotellacea Enterobacteriaceae
and Bacteroidaceae families were significantly increased
when comparing the research group to healthy volunteers.
As seen in Fig. 4, in the experimental group
Ruminococcaceae, Streptococcaceae, Veillonellaceae,
and Lctobacillaceae richness was lesser than in controls.
The percentage data for the 10 most prevalent families is
in Table 6. Data finding reveals the significant
modification between the diseased and control groups.

One hundred and eighty-eight genera were found
in the distribution of gut bacteria at the genus level using
Highthrough-put  sequencing.  Escherichia-Shigella,
Prevotella-9 and Bacteroides had significantly augmented
levels of genera in COVID-19 than in the control
counterparts. However, Ruminococcus 2, Streptococcus,
and lactobacillus were significantly decreased genera in
the research findings, shown in Fig. 4 and Table 6.
COVID-19 patients show overwhelming variations in the
species data. Table. 7 displays a high affluent of E. coli,
Prevotella copri and Bacteroides vulgatus in individuals
with COVID-19. COVID-19 has a strong effect on
phylum Bacteroidetes, Proteobacteria and Actinobacteria,
Firmicutes, family Veillonellaceae, Prevotellaceae,
Enterobacteriaceae, Bacteroidaceae, Ruminococcaceae,
Streptococcaceae, Veillonellaceae, and Lctobacillaceae,
genera Escherichia-Shigella Prevotella-9 Bacteroides,
Ruminococcus 2, Streptococcus, and lactobacillus Tt also
affects other gut microorganisms, which may alter a
person's state of health. The LDA values histogram, as
seen in Fig. 5D, visually presents the taxonomic
distinctions between COVID patients and control
participants, highlighting the microbial taxa with
noteworthy variations in abundance between the two
groups. The length of the histogram bars indicates the
magnitude and impact of these gut microbial taxa. To
ensure data accuracy, three molecular techniques were
employed: metagenomic Highthrough-put sequencing,
gPCR, and PCR-DGGE. The results obtained from these
techniques are consistent and mutually support the findings
of the gut microbial data, reinforcing their reliability. The
beta diversity was assessed to counter the microbial
variation in the research and healthy groups. OTU
(number-based principal component analysis) PCA and
(Non-metric dimensional scaling) NMDS and were carried
out, and the results demonstrate the modification in the
configuration of gut bacteria in the COVID-19 group, as in
Fig. 5A and Fig. 5B.
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created using fecal microbial DNA samples by applying Highthrough-put sequencing. (B). Identify the gut
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DISCUSSION

Microflora in the gut has a pivotal role in carrying out
the usual physiological functions of the body. Diseases
like inflammatory bowel disease, inflammatory bowel
disease, colitis, Crohn’s disease malnutrition, obesity
and type II diabetes disrupt gut microbiome which
leads to the immunosuppression. Recently, it has been
documented that alteration in the population of
microbiome will lead to the emergence of different
forms of cancer which includes intestine, breast and
lung cancer. In proposed study, we assessed the
connection among gut microbiome and COVID-19
patients.

The DGGE gel profile was elucidated by the
identification of the DNA sequencing of prominent
bands. The diversity of intestinal microbial
communities of COVID-19 patients was evaluated
through PCR-DGGE DNA banding identities. Gut
bacterial data was also analysed using Highthrough-
put sequencing and gPCR. PCR-DGGE, Highthrough-
put sequencing, and qPCR experimentations validated
the study results. While computation of the o—diversity
like Evenness Shannon, ACE, Simpson, Chaol, and
observed species, exhibited a significant raise in
COVID-19 patients.?® Statistically, the intra-groups
microbial similarity index of the DGGE profile
analysis was significantly greater in COVID-19
patients. However, the similarity index of diversity is
lower in intergroup than in intragroup, aligned with
published research.*” So, the augmented abundance of
intestinal flora witnessed remarkable overgrowth in
COVID-19 patients to healthy individuals. However,
these raised results with interpersonal linkage are in
pact with preceding reports of vagina, dermal, and
intestinal flora.’!'? These findings illustrates the
overgrowth of microbes in the patient's intestine.
Thus, the above diversity results illuminate a
significant divergence of intestinal microbial
composition between COVID-19 and control subjects.
The data computation represents the significant
modification of qualitative and quantitative
parameters between experimental and normal groups.
As a result, due to COVID-19, patients have
significant gut microbial dysbiosis.

Phylum-level investigations unveiled a
significantly greater trend of Bacteroidetes while
Firmicutes in low presence in COVID-19 patients
than controls, compatible to publish literature of
vitamin D deficiency, intestinal flora, and chronic
pain.3® The gut ecological meta-analysis reported that
the total quantitative ratio between Bacteroidetes and
Firmicutes had not been observed as a stable feature
between obese to lean individuals.** Some ailments
like type I, II diabetes & irritable bowel syndrome
have increased population of Bacteroidetese.® The
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present research demonstrates a significantly elevated
level of Proteobacteria, parallel to the reported work
of abdominal pain linkage with Proteobacteria in -
cholecystectomy syndrome patients.’® Previous
literature explains the role of Proteobacteria in
different diseases like asthma, I BD, pulmonary
diseases, and metabolic disorders.’” In families results,
Prevotellacea, Enterobacteriaceae and
Bacteroidaceae were significantly elevated in
COVID-19 group versus healthy ones aligning with
reported research.3® Whereas, COVID-19 patients had
significantly lesser levels of Ruminococcaceae,
Streptococcaceae, Veillonellaceae, and
Lctobacillaceae than healthy volunteers, which is
consistent with the studies on II diabetes patients and
gut flora® Veillonellaceae is an advantageous microbe
which is thoroughly linked to Clostridium, T-
regulatory immune cells are assembled by it*.
Genera Ruminococcus_2, Streptococcus, and
Lactobacillus were lower in the study set than in
control.*'*2 According to research on autistic disorders
and gut bacteria, there was a significant rise in the
genera  Escherichia-Shigella  Prevotella 9, and
Bacteroides in research group against the control
ones.* The present study specifies the significantly
excessive dominance of Prevotella genera in COVID-
19 versus healthy controls. Prevotella is known to play
a beneficial role in human metabolism.** Moreover,
Prevotella is a beneficial commensal microbe
concerning plant-based foods and is also associated
with inflammation.*> As compared to their healthy
counterparts, the data indicated that COVID-19
patients had significantly higher levels of Escherichia-
Shigella. 1t usually produces Shiga-toxin, that can
cause , GIT inflammations colitis, thrombocytopenia,
UTI, and septicemia.*® Moreover, higher levels of
Escherichia coli might result in food-borne illnesses,
infections of the urinary tract, and other infections.*’
Furthermore, a significant rise was observed in
Bacteroides vulgatus species, similar results were also
reported in the patient groups of viral diarrhea and gut
microbiome.*® Previous studies have provided the
evidence of a correlation between colon cancer and the
heightened prevalence of Bacteroides vulgatus.' It has
been reported that Prevotella copri has substantial
involvement in inflammatory bowel disease.*
COVID-19 would alter gut physiology,
potentially  altering the intestinal microbial
configuration.  Intestinal  bacterial  disruption
contributes to the illness worsening.® Patients of
COVID-19 exhibit the clinical signs: fever, fatigue,
headache, loss of taste and smell, breathing problems,
and cough.!! Additionally, COVID-19 might change
the bacterial arrangement in the gut, particularly
Phylum Bacteroidetes, Proteobacteria and Firmicutes,
family  Veillonellaceae, ~ Prevotellaceae,  and




Enterobacteriaceae, family Prevotellacea
Enterobacteriaceae and Bacteroidaceae,
Ruminococcaceae, Streptococcaceae,

Veillonellaceae, and  Lctobacillaceae,  genera
Escherichia-Shigella  Prevotella-9,  Bacteroides,
Ruminococcus 2, Streptococcus, and lactobacillus
also have an effect on whole intestinal bacterial
ecology. The present investigations on gut microbial
modifications among COVID-19 patients and healthy
controls are highly intriguing as there has been no
direct link or relationship between COVID-19 patients
and intestinal microbiota. It is further elaborated that
diversified gut bacterial alteration may change the
health status of the individual.®!

In addition, qPCR was also enumerated to
examine the quantitative variation of the gut bacteria
results, which showed a detectable drop in
Bifidobacterium and Lactobacillus genera in patients
with COVID-19, akin to earlier work.>? Lactobacillus
is required for the maintenance of selenium levels in
gut cells. Selenium is widely recognized as a trace
component involved in various physiological
functions, including immune function, anti-oxidant,
aging, and improving nerve cell survival.>* Probiotics
are dietary additives of the Lactobacillus genera. In the
body's physiological processes, it offers health
benefits.’*  Additionally, Lactobacillus is in
lower prevalence in disorders like colorectal cancer.>
Bifidobacterium as a probiotic is used to prevent and
treat gastrointestinal illnesses, like gut infections and
different malignancies.

However, there was a sharp increase in the
abundance of Prevotella copri, E.coli and Bacteroides
vulgatus, and were recorded in the COVID-19 group
compared to the control, comparable to former
studies.">*® The analysis of banding profiles may not
represent the accurately targeting microbial taxa of gut
ecosystem. Statistical investigations based on qPCR,
PCR-DGGE, and Illumina-based High-Throughput
sequencing are appropriate for characterizing and
elucidating the intestinal bacterial ecology. Moreover,
It has been determined that PCR-DGGE may be used
as a semi-quantitative method to monitor the intestinal
bacteria. Banding profile analysis might not give the
accurate depiction of the targeted microbial taxa in the
gut ecology.”? On the other hand, Highthrough-put
sequencing has become the most precise and accurate,
sensitive, and dependable method for studying gut
floral ecology.’! Furthermore, PCR-DGGE can
be utilized as a simple and basic laboratory approach
for estimating gut floral modification because it is less
expensive and takes modicum time.

Limitation of Study

The present study has several limitations. Due to the
pandemic nature of COVID-19, the collection of
faecal samples from infected patients was challenging.
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Consequently, detailed information regarding
participants' dietary habits and prior use of antibiotics
or probiotics, which could potentially influence gut
microbiota composition, was not available. In
addition, the study was conducted with a relatively
small sample size, which may limit the
generalizability of the findings. Therefore, future
studies with large sample size and comprehensive
clinical and dietary histories are needed to extend the
present results.

CONCLUSION

This study reveals the significant dysbiosis in the
intestinal microbiota among individuals with COVID-
19 compared to healthy individuals. A considerable
variation in intestinal bacterial taxonomy composition
are verified as compared to the controls. Some bacteria
either show significant rise or lower abundance in
COVID-19 patients. Moreover, Patients have high
surge of bacterial diversity compared to the healthy
individuals. It indicates the high bacterial proliferation
in individuals with COVID-19 patients. Consequently,
more investigations are required to comprehend the
procedures and mechanism involved in gut bacterial
dysbiosis in the COVID-19 patients.
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