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ARTICLE INFO ABSTRACT

Keywords: Coronavirus disease (COVID-19), a coronavirus-induced illness attributed to severe acute respiratory syndrome
Microbiota coronavirus 2 (SARS-CoV-2) transmission, is thought to have first emerged on November 17, 2019. According to
SARS-CoV-2 World Health Organization (WHO). COVID-19 has been linked to 379,223,560 documented occurrences and

Bacteroides species
Inflammatory cytokines
Lectin ReglII beta

5,693,245 fatalities globally as of 1st Feb 2022. Influenza A virus that has also been discovered diarrhea and
gastrointestinal discomfort was found in the infected person, highlighting the need of monitoring them for gastro
intestinal tract (GIT) symptoms regardless of whether the sickness is respiration related. The majority of the
microbiome in the intestines is Firmicutes and Bacteroidetes, while Bacteroidetes, Proteobacteria, and Firmicutes
are found in the lungs. Although most people overcome SARS-CoV-2 infections, many people continue to have
symptoms months after the original sickness, called Long-COVID or Post COVID. The term “post-COVID-19
symptoms” refers to those that occur with or after COVID-19 and last for more than 12 weeks (long-COVID-19).
The possible understanding of biological components such as inflammatory, immunological, metabolic activity
biomarkers in peripheral blood is needed to evaluate the study. Therefore, this article aims to review the
informative data that supports the idea underlying the disruption mechanisms of the microbiome of the
gastrointestinal tract in the acute COVID-19 or post-COVID-mediated elevation of severity biomarkers.

1. Introduction transmission, is thought to have first emerged on November 17, 2019
[1]. According to W.H.O., COVID-19 has been linked to 379,223,560
COVID-19, a coronavirus-induced illness attributed to SARS-CoV-2 documented occurrences and 5,693,245 fatalities globally as of 1st Feb
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2022. Among them, India has recorded over 32,768,880 documented
occurrences of COVID-19, the second-highest amount of any nation
behind the United States. However, even though India has recorded 438,
560 COVID-19-related deaths, the overall number of fatalities is fewer
than other settings have documented. It has been claimed that there are
several predictors of death among hospitalized patients, including
studies published in South Africa, China, Iran, Brazil, and India. There
have also been multicountry studies conducted and exploring that
growing age, male gender [2], and numerous chronic illnesses (such as
asthma, COPD, diabetes, TB, obesity, CKD, hypertension, or CVD) are
related to an increased risk of mortality [3-8]. These findings are in line
with those from high-income nations and replicated in other countries
[9]. According to several studies, coinfections or super-infections with
bacteria have contributed to fatality in past viral pandemics, including
the 1918 and 2009 influenza pandemics [10,11]. Recent research on
Influenza A virus that has also been discovered diarrhea and gastroin-
testinal discomfort was found in the infected person, highlighting the
need of monitoring them for GIT symptoms regardless of whether the
sickness is respiration related [12]. The majority of the microbiome in
the intestines is Firmicutes and Bacteroidetes, while Bacteroidetes,
Proteobacteria, and Firmicutes are found in the lungs [13]. The
COVID-19 infection was linked with various symptoms, all of which
were related to elevated inflammation on a daily pathological basis
characterized as the “cytokine storm” [14]. According to research, an
increased state of inflammation has been related to a range of unfa-
vorable systemic consequences, notably oxidative stress [15,16], iron
homeostasis dysregulation called ferroptosis [17,18], hypercoagulabil-
ity, and thrombus formation [19]. Several additional clinical features
have been described such as cough, fever, tiredness, and dermatological
along with upper gastrointestinal (GI) symptoms [20,21]. On average,
17.6% of COVID-19 infected individuals suffer from GI symptoms,
which are more frequent in severe cases of infection [22], such as
diarrhea and inflammatory bowel disease (IBD) with colitis [23].
SARS-CoV-2 transmission has pathophysiology that is characterized by
elevated inflammatory cytokine synthesis, which culminates in lung
damage, organ failure, and death [24,25]. Notably, most people recover
from SARS-CoV-2 pathogen-induced infectious disease; many people
appear to have a slew of lingering symptoms months after the acute
illness has resolved, which is called Long-COVID or Post COVID. The
term “post-COVID-19 symptoms” refers to those that occur with or after
COVID-19 and last for more than 12 weeks (long-COVID-19), without an
alternative diagnosis [26-28]. While the molecular cause, or causes, of
Long-COVID remains unknown, the primary hypotheses have focused on
virus-induced autoimmune or cellular malfunction. Nevertheless, with
current evidence that SARS-CoV-2 genetic material and infections are
found in certain patients’ weeks to a month after elimination of respi-
ratory illness, an alternate hypothesis that a latent chronic illness is
perhaps the cause of long-term COVID manifestations has gotten scant
attention. Around 10% of individuals in COVID-19 have long-term
concerns, which are being investigated more closely [29]. It was
recently discovered that more than 73,000 COVID-19 sufferers had been
subjected to a higher dimensional space assessment of their Long-COVID
was shown to have a wide range of symptoms, including myocarditis,
arrhythmia, Nausea or vomiting, mental confusion, kidney failure,
persistent tiredness, joint pain, difficulty in breathing, pulmonary
fibrosis, insomnia, throat pain, red eyes, sweating, headache, fevers,
cough, hair loss, metabolic syndrome, diabetes, ageusia, depressed
mood, anxiety, weight loss, metabolic defect, and gastrointestinal dis-
turbances, among others (Table 1) [30,31]. COVID-19 and long-term
COVID have been linked with elevated interferon-inducible protein
and other cytokines associated with hyperinflammation in the early
stage, followed by immunocompromising and low-grade inflammation.
Many pharmaceutical companies have produced COVID-19 vaccine that
are both safe and effective. Some COVID-19 recipients, however, have
experienced nausea, vomiting, and anorexia unrelated to the coagula-
tion and neurological system, according to reports [32]. Some newer
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Table 1
Exhibits COVID-19’s long-term health consequences with prev-
alence data from study.

Health Consequences Prevalence in %

Fatigue 58
Joint pain 19
Ageusia 23
Headache 44
Cough 19
Dyspnea 24
Depression 12
Weight loss 12
Red eyes 6
Arrythmia 0.4
Renal failure 1
Myocarditis 1
Throat pain 3
Diabetes mellitus 4
Digestive disorders 12
Anxiety 13
Nausea or vomit 16
Sweat 17
Pulmonary fibrosis 5
Intermittent fever 11
Dyspnea 24
Sleep disorder 11
Mental health related 7
Hair loss 25
Metabolic defect 1

medicines are also reported less or ineffective to manage severe cases of
COVID19 and deaths; for example, newer medications including chlo-
roquine, remdesivir, ivermectin, lopinavir/ritonavir, cepharanthine,
baricitinib, and tenofovir disoproxil fumarate. Due to COVID-19 has
only a limited number of available treatment options, it is vital to
consider host cytokine pathways and the microbiotas of COVID-19, to
better understand SARS-CoV-2 responses and aid in developing inno-
vative therapies for the virus. Throughout the early to late stages of
COVID-19, a substantial change in the gut microbiota was seen, with an
increase in bacterial diversity and a reduction in the relative abundance
of beneficial commensals such as Bacteroides. All together the evidence
reinforces the view that a person’s gut microbiota affects the in-
dividual’s vulnerability and the responsiveness to SARS-CoV-2 infection.
Therefore, the possible understanding of biological component such as
biomarkers of inflammatory, immunological, metabolic activity in pe-
ripheral blood is needed to evaluate study. Thus, the goal of this article is
to review the informative data that supports the idea underlying the
disruption mechanisms of the microbiome of the gastrointestinal tract in
the acute COVID-19 or post COVID-mediated elevation of severity
biomarkers.

2. Selection of literature review

The literature study was performed during the last weeks of August
2021, with a primary focus on PubMed and secondary sources such as
Scopus and Google Scholar. The papers were chosen based on their
relevance to the worldwide pandemic caused by acute SARSCoV-2 or
long-term COVID-19 and how it changes gut microbiota and severity
biomarkers mediated consequences. “Long COVID-19”, “gut micro-
biota,” “COVID-19 biomarkers,” “Bacteroide Spp. in acute COVID-19 or
Post COVID-19 manifestations”, and “Mechanism of SARS CoV-2 as-
sault” were some of the keywords utilized in this study. With the works
published in late 2019 to 2021 (when the epidemic sifts into pandemic)
in mind, many scientific publications were uncovered during this first
search. Further, the language filter was applied, choosing only English-
language papers.
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3. Overview of microbiome or microflora mediated immune-
regulatory responses

The majority of bacteria in the intestinal colon (more than 10'* or-
ganisms per gram of wet weight) are anaerobes, with Bacteroides species
accounting for around 25% of the total [33,34]. For example, it stimu-
lates the release of a pro-inflammatory molecule such as TNF-a and
IFN-y regulatory CD4 ™ T cells, B-cell expressions, and generation of both
T-cell dependent and T-cell independent antibodies [35-37]. As out-
lined above, Commensals in the gut flora include Bacteroides species,
typically present in the stomach, the most commonly detected anaerobic
pathogens. They can cause life-threatening conditions such as septi-
cemia, brain and lung infections, as well as intraabdominal abscesses in
the intestinal and other organs [38]. Most natural food is composed of
biopolymers, such as polysaccharides. Bacteroides and other intestinal
bacteria meet a large portion of the host’s daily energy requirements by
digesting glucose in the gut, which produces an excess of volatile fatty
acids that are reabsorbed and utilized by the host as an energy source
[39]. The polysaccharide utilization loci (PUL) are a collection of
physically related genes clustered around pairs of glycan-binding pro-
teins. Bacteroides species have established an ecological benefit over
other bacteria due to their ability to regulate the degradation of a wide
variety of glycans in the intestine [40]. According to one research, all
Bacteroides species exhibit endo-mucinous and sialidase activities on
their cell surfaces, which are believed to be the first phases of O-glycan
degradation. CAZymes that trim capping sugars are always likely to turn
up, demonstrating the breakdown process by microbiome [41]. Several
metabolic modifications have been identified to assist Bacteroides in
surviving the environmental changes of the human gastrointestinal tract
[40]. It is thought that these creatures have a gene that causes the
quantity of oxygen in their stomach to decrease, which allows them and
other anaerobic bacteria to grow quicker than other organisms [42,43].
Bacteroides organisms may cause significant disease due to their ca-
pacity to escape from the gut following gastrointestinal tract rupture or
intestinal surgery. This includes abscess development in various body
locations (e.g., the abdominal region, lungs, pelvic liver brain) and in-
duces bacteremia. However, Bacteroides possess an outer membrane
macrolide efflux protein and have f-lactam derivatives tetracycline
resistance genes [44,45], which allows the commensal bacterium to
survive against antimicrobial agents.

The intestinal mucosa produces a large amount of the bactericidal
lectin RegllIl beta in an inflamed gut. The expression of lectin ReglIII beta
is substantially increased in response to bacterial colonization of the
intestinal and illnesses with pathogenicity, both of which contribute to
the progression of inflammation [46]. Because it binds peptidoglycan
and lipids, lectin ReglII beta can kill different Gram- (-ve) and Gram-
(+ve) bacteria, including commensal and enteropathogenic bacteria in
the gastrointestinal tract. One research found that lectin ReglIII beta did
not protect against gut infection but rather slowed the spread of the
illness [47]. If this is the case, the pathogen may receive its assistance
[48]. It is also believed that excessive lectin RegllII beta expression alters
the composition of intestinal microbiota and contributes to infectious
diarrhea by decreasing the number of Bacteroidetes species [49].
Furthermore, gut environmental variables such as microbiota-derived
compounds affect gut Dbacterial viability, well-known and
well-established.

According to the microbiota’s presence at the locations where vi-
ruses enter their host, they can influence the outcome of infection. For
instance, antibiotic therapy that eliminates mice’s natural flora en-
hances the animals’ vulnerability to the influenza A virus. The method
by which the microbiota protects against the virus appears to be indi-
rect—the microbiota activates the inflammasome [50], which is neces-
sary for influenza defense [51]. Afterward, to prepare for
influenza-specific T-cell responses, inflammasome activation triggers
dendritic cell migration from the lung to the outflow lymph node.
Interestingly, applying lipopolysaccharide (LPS) intranasal or
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intrarectal restores the immune function to influenza in
antibiotic-treated rats [50].

Multiple investigations have been done to evaluate the association
between both the gut microbiota and viruses using germ-free rodents
(sterile mice born and grown in an antibiotic-free setting) and
antimicrobial-treated animals [52]; influences of gut microorganisms on
viral infections might be positive, negative, or nonexistent [53]. Either
the virion itself may be modified to play these functions, or the host’s
immune response can be modulated [54]. An increasing amount of
attention is being paid to the role that Bacteroides spp. (particularly
PSA) play in the immune system’s ability to deal with viral infections. In
the immunomodulatory investigation, mice were pretreated with PSA
and subsequently infected with HSV1 and treated with Acyclovir, the
recommended antiviral drug. PSA-treated mice had a higher survival
rate than controls (pre-treatment with PBS), and there was also a
decrease in brainstem inflammation. The major anti-inflammatory
chemical generated by CD4" and CD8" T cells was IL-10. It appears
that PSA binding to B cells induces these T lymphocytes. There is a
possibility that Bacteroides spp. PSA might provide significant

anti-inflammatory protection against viral infections [55] (Fig. 1).

4. Plausible signaling pathways of SARS CoV-2 attacks mediated
change in microbiota abundance and long-term COVID-19
infection

Low-grade inflammation, defined as a persistent elevation in pro-
inflammatory biologicals IL-1/-6, and TNF-alpha, is at the core of all
significantly high-risk groups for progressive, long-term COVID-19
pathogenesis. As part of the metabolic syndrome, high blood pressure,
overweight, and increased blood sugar increase the risk of diabetes and
CVD. They are also thought to be contributing factors to low-grade
inflammation. It is believed that SARS-CoV-2 causes hypercytokinemia
in metabolic syndrome individuals due to the infiltration of pro-
inflammatory lymphocytes and macrophages into the target organs
(respiratory tract, central nervous system, kidney, and gastrointestinal
tract). According to several research, the inherent and acquired immune
systems of SARS CoV-2 infected patients have undergone significant
alterations. Patients with acute COVID-19 and long-term COVID suffer
from lymphocytopenia and an increase in neutrophils, which seem to be
directly related to the severity of the illness and death [56,57]. As a
result of severe COVID-19 or long-term COVID, the number of circu-
lating T-lymphocytes (CD4+/CD8+), B, and NK cells, along with
monocyte and eosinophil counts, has been shown to drop in patients. At
a later stage, elevated levels of pro-inflammatory mediators
(IL-1/2/6/8/17, TNF-alpha, GM-CSF, G-CSF, IP-10, CCL3, and MCP-1)
were elevated detected in the preponderance of people with acute or
long-term COVID [58]. But even though there is a shortage of direct
evidence to support pro-inflammatory mediators’ involvement in
COVID pathology, serum cytokine and chemotherapy levels correlate, as
do neutrophil-lymphocyte ratios and the severity of the disease and its
associated risks. These things imply that the long-term COVID pathology
is inflammatory [14]. It was also shown that individuals with COVID-19
had an excessive concentration of procalcitonin and hs-CRP in their
blood, two key inflammatory indicators linked with increased mortality
and organ damage risks [59].

SARS-CoV-2 attacks susceptible sites through the spike (S) glyco-
protein, structured as a homotrimer composed of S1 and S2 subunits in
each monomer. The pathogenic mechanism involves attaching to cells,
inducing S rearrangements in the viral envelope, and fusing the viral
particles to the host cellular membranes. In the S1 subunit, the NTD and
RBD interact with ACE2 through a region known as the RBM [60,61].
The contradictory relationship between poor ACE2 expression in the
respiratory system and infection in other organs, believed to result in
extrapulmonary problems, indicates additional receptors such as basigin
(CD147), CD209, neuropilin-1, heparan sulfate, and CD209L/CLEC4M,
may have a role in viral invasion and proliferation [62-67]. According
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to new research published in Nature, transmembrane lectins may pro-
mote the SARS-CoV-2 infection. As a result, SARS-CoV-2 binds to the
intestinal mucosal lectin ReglII beta in an inflamed gastrointestinal
tract. Moreover, lectin RegllII beta expression is significantly elevated in
response to pathogen binding in the gut, resulting in inflammation.
Additionally, the overexpression of lectin ReglII beta seems to have a
detrimental effect on the microbiome’s composition, resulting in
decreased Bacteroidetes spp. Numbers in the gut lumen may play a role
(s) in infectious diarrhea. Despite the unexpectedly modest level of
expression of ACE2 in the presence of interferon, This observation most
likely pertains toward the respiratory to multi-organ damage [68]. ACE2
receptors for SARS CoV-2 are also explored in the intestine, kidneys,
heart, and liver. During a recent autopsy examination of 27 people who
died due to COVID-19 disease, it was shown that SARS-CoV-2 was shown
to be prevalent not just in the lungs but also in the brain and liver,
kidneys, and gastrointestinal tract, indicating that multisystem in-
fections may occur. Furthermore, microbiota alterations mediated by
lectin RegllII beta affect intestinal metabolism. Vitamin B6 metabolism is
the most impacted by the changed metabolic pathways, and lectin RegIII
beta expression significantly lowers luminal vitamin B6 levels [49].
Furthermore, Singh et al. [17] speculation of high-level availability of
intermediate product called “homocysteine,” in COVID-19 infection,
which is recycled by re-methylation (Vit.B12) and trans-sulphuration
(Vit.B6) pathway in the human body may be interrupted due to meta-
bolic aggravation through SARS CoV-2. Certain vitamins have been
shown to affect the mucosal defenses of the gut. Vitamin D stimulates the
synthesis of antimicrobial activity genes such as cathelicidin and
-defensin 2 [69], aiding the body’s natural defense against pathogen
infection during COVID-19 infection. Additionally, vitamin D3 regulates
mucosal defence activities; hence, an excess or deficiency of vitamin D3
alters intestine inflammatory responses.

A study comparing the quantitative serum proteome and metab-
olomic differences between 14 individuals classified as high- or low-risk

based on serum lactate dehydrogenase (LDH) expression. These findings
demonstrate that the COVID-19 patients with increased circulatory LDH
exhibited specific blood coagulation and immunological reactions, such
as the complement cascade mediated platelet degranulation, acute in-
flammatory responses, and several metabolic responses, including
several metabolic responses protein ubiquitination, fat metabolism, and
pyruvate fermentation. Strong attention was given to activating hypoxic
responses in subjects with elevated LDH levels in 40% community [70].
Researchers found that participants with IL-6 levels of 80 pg/ml had a
22-fold higher risk of respiratory failure than those with lower con-
centrations of this cytokine [71]. Numerous indicators of inflammation
and thrombosis (58%) in the population have been identified as pre-
dictors of death in severely sick COVID-19 patients. Lymphopenia in
70% of samples (<1000/mmc) was identified as a distinguishing char-
acteristic and considered to be a possible prognostic indicator [72].
D-dimer and IL-6 levels rose as the illness progressed [73] and higher
mortality [74]. When IL-6 or D-dimer concentrations were raised, the
mortality risk rose 10%. This provides more insight into COVID-19 eti-
ology regarding endothelial-vascular damage and systemic inflamma-
tion [75]. Furthermore, A higher risk of mortality from the COVID-19
illness can also be predicted by several biochemical markers, including
procalcitonin <0-25 ng/mL, hyperferritinemia, LDH >250 U/L, ESR,
and CRP >10 mg/L, are abnormally elevated depending upon age,
severity and comorbid conditions such as chronic liver disease, coronary
heart disease, diabetes(>400U/L), according to published research [17,
72,76-78]. Notably, another meta-analysis study explored the 6
abnormal laboratory markers measured in long-term COVID-19. In 34%
of patients, a chest X-ray/CT was abnormal. D-dimer (20%), NT-proBNP
(11%), CRP (8%, serum ferritin (8%), procalcitonin (4%), and IL-6 (3%)
were all observed to be increased [31].

Many mechanisms, including thrombosis, cause insufficient tissue
perfusion, leading to elevated LDH in COVID-19 infection [79].
Furthermore, SARS CoV-2 infected patients’ blood LDH was a good
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predictor of death [80,81]. Based on 75 clinical features (including
blood marker concentrations), Yan and co-workers [82] developed an
algorithm to predict mortality for 485 individuals with SARS CoV-2
infection. It was revealed that three indicators (blood-borne markers)
could accurately predict a patient’s death in more than 10 days, with an
accuracy rate of more than 90% with elevated lymphocytes, LDH, and
CRP. Simply measuring the blood level of LDH might predict COVID-19
mortality.

Although the LDH has been used as a biomarker of cardiac damage
since the 1960s, it is important to note that aberrant levels can occur
from multiple organ injury, infections, malignancies, MI, sepsis, or
cardio-pulmonary defect mediated reduced oxygenation, and an in-
crease in glycolysis [83]. However, according to the study’s findings,
elevated blood LDH levels were closely connected to a rise in the prev-
alence of organ failures such as acute kidney injury (AKI), ARDS, and
septic shock, among other conditions, through reversible conversion of
pyruvate to lactate, which is the final step of aerobic glycolysis. Notably,
the progression of damage to the organs and death are associated with
raised inflammatory cytokines such as IL-1beta and lactate elevation
[84]. Furthermore, it is also common to measure CRP and lactic acid in
the blood to detect inflammation. It has been observed that CRP and
lactic acid levels are good markers of COVID-19 disease severity and that
a higher CRP represents strongly the size of lung abscesses identified by
CT [59,85,86]. It has been proven that people suffering from COVID-19
have an extremely high amount of the inflammatory cytokine IL-6,
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which increases the production of CRP and lactic acid, too [87].

Additionally, studies have shown that sepsis and circulatory shock
are associated with an increase in lactic acid [88]; as known, serum
lactate levels >4 mmol/L are associated with an increased risk of death
in patients [84]. Albumin becomes less predictive of death when a se-
vere inflammatory condition results in elevated lactic acid levels [89].
Moreover, both septic shock and hemorrhagic shock were associated
with lactate deposition, and pyruvate levels rose during septic shock.
Thus, cells must use glycolysis to produce ATP when OXPHOS is reduced
due to hypoxia [90], showing that the raised lactate level was not due to
anaerobic metabolism [91]. In other words, carbohydrate metabolic
reprogramming of immune cells encourages illness by providing energy
for the synthesis and secretion of pro-inflammatory molecules and
increasing the amount of serum lactate in the circulation. As a result of
lactate accumulation in the mice’s bodies, they gained more weight and
had a larger body fat percentage while having worse glucose tolerance
and insulin sensitivity (Fig. 2).

5. Dysbiosis in long-term COVID-19 and severity biomarkers
focusing towards LDH/lactate

Dysbiosis is produced by enteric pathogen infection, and inflamma-
tion profoundly affects the metabolomic profile. Understanding the
changes in the gut environment produced by infection and inflammation
will enable the development of novel treatment methods to tackle
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infectious pathogens. Recent research has employed NGS to elucidate
the microbial diversity and habitat and the host’s response to infection.
The presence of gut-associated microflora concerning the lungs and an
increase in the pathogenic bacterial community has been linked to worse
outcomes in these immune-compromised individuals [92-94], implying
that the microbiome may play a role in determining the effects of SARS
CoV-2 infection.

COVID-19, HIN1 influenza patients, and healthy controls were
compared for their gut microbiome. In COVID-19 patients, opportunistic
fungal and bacterial pathogens (Aspergillus, Candida, Actinomyces,
Streptococcus, Veillonella, Rothia, and Clostridium) were found to have
displaced beneficial microbes/comments such as Bifidobacterium rom-
boutsia, Proteobacteria, Collinsella, Actinobacteria Blautia, and Bac-
teroides [95-99]. Additional analysis indicated that SARS-CoV-2 assault
altered the microbiota ecological environment of the COVID-19 patient
population. Furthermore, in contrast to both healthy people and sea-
sonal flu patients, COVID-19 patients have a notable uptick in levels of
Lactobacillus, Bifidobacterium, Clostridium, Streptococcus, and a
noticeable decrease in Coprococcus, Roseburia, Parabacteroides, Fae-
calibacterium, Bacteroidetes, and ratios of several other groups of bac-
teria [100]. There was an association between bacterial species and
faecal viral load in SARS-CoV-2 patients during the COVID-19, hospi-
talization, and discharge. One research discovered a negative relation-
ship between SARS-CoV-2 burden in the feces and the presence of
Bacteroides microflora such as B. massiliensis, B. ovatus, B. thetaiotao-
micron, and B. dorei in the gastrointestinal tract [101-103]. Notably,
this 4 spp. of Bacteroides were linked with a decreased expression of
ACE2 in rodents’ large intestines [104]. Severe SARS-CoV-2 morbidity
and death rates are greatest in older individuals and those with chronic
illnesses linked with inflammatory response, such as high blood pres-
sure, adiposity, diabetes, and coronary heart disease [105-107]. In
addition, they have a smaller density of Bacteroides species versus
nutritionally balanced persons, which is also remarkable [108,109].

COVID-19 participants were shown to have a high pro-inflammatory
component IL-18, but not those with seasonal flu. COVID-19 patients
with SARS-CoV-2 RNA had higher fecal IL-18 levels than COVID-19
patients who tested negative [100]. These findings suggest that
changes in the intestinal microbiota’s ecology may be directly related to
the production of inflammatory cytokines in the intestinal lumen caused
by SARS-CoV-2 and, perhaps, to the initiation of a cytokine storm. Apart
from supplying the energy required for immunological systems to pro-
duce inflammatory molecules, aerobic glycolysis can result in a signifi-
cant amount of lactate accumulations, complicating the therapy of
COVID-19 patients.

Intestine hypoxia-inducible factor 2alpha (HIF-2a) has been shown
to positively regulate gut lactate via regulating the expression of the
intestinal Ldha gene in the previous studies. An intestinal HIF-2a defi-
ciency in rodents led to reduced lactate concentration that induces
suppression of Bacteroides spp. growth instead of Ruminococcus torques
population, Moreover, HIF signaling suppresses apoptosis of neutro-
phils, increasing their lifespan in inflamed tissue [110]. Although in
long-term SARS CoV-2, persistent low-grade hypoxia stimulates the
expression of Ldha gene-mediated LDH and maintains lactate levels.
However, the pathogenic attachment with lectin RegIII beta expression
and low-grade inflammation damage the Bacteroides spp. the popula-
tion that leads to decline the growth of microbiome. Recent research
published in cell metabolism revealed that B. vulgatus displayed a
delayed proliferation rate and lesser maximal growth percentage in the
cecal sample from Hif2a mutant mice.

Furthermore, from the same study, lactate boosted the expansion of
B. vulgatus dose-dependently but did not affect the growth of R. torques
at the same dosage. Consistent with this finding, the lactate levels in the
total cecal content, ileum, of Hif2a knockout mice were lower [111].
However, hypoxia responses also occur when lactate is accumulated by
glycolysis. LDH can maintain cellular homeostasis by balancing lactate
secretion via pyruvate fermentation and a series of metabolic control
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[112]. Although Bacteroides spp. do not use lactate as a carbon source;
they can degrade a wide variety of macromolecules (mostly poly-
saccharides), accelerating their replication. The primary data suggest
that lactate may accelerate B. vulgatus growth by increasing poly-
saccharide consumption. However, pathogenic stimulation of bacteri-
cidal lectin ReglII beta lowers the Bacteroides spp.

On the other hand, abundance raises the amount of lactate in the host
cell. If the inflamed gut accumulates carbohydrates and metabolites, this
can also lead to the depletion of commensal bacteria, especially those of
the Bacteroidetes phylum [113]. Considered collectively, our observa-
tion indicates that Bacteroides spp. of microbiota may have a thera-
peutic potential in fighting against SARS-CoV-2 attack by inhibiting host
entrance via ACE2 and optimizing the immunological response of the
hosts (Fig. 3).

6. Gut microbiota diversity with CRP and other severity
biomarkers in long-term COVID-19

Although high CRP levels indicate bacterial infection, they were
determined to be inadequate to prove that viruses cause CRP levels to
rise. SARS CoV-2 and post-COVID infection can result in various ab-
normalities, including changes in CRP and platelet counts resulting from
inflammatory reactions and inhibition of bone marrow progenitors. CRP
levels, in particular, are indicative of the acute phase reaction severity.
Patients with pneumonia typically have significantly elevated CRP
values, and elevated CRP levels have been demonstrated to be a
powerful predictor of illness in general practice. CRP may be utilized as
an inflammatory biomarker, allowing for the tracking of infection pro-
gression or treatment impact, and therefore several research on various
sources of infection and CRP have been done to date. In the ongoing
study, elevated CRP levels were related to a lengthier hospitalization.
High CRP levels may be utilized as a predictor of intensive care unit
admission or the need for mechanical breathing. Additionally, studies
show a distinction between high- and low-risk individuals, which has
significant clinical and therapeutic implications for patient management
decision-making.

According to research, the gut microbiota is also linked to other
unhealthy conditions such as IBD, autoimmune arthritis, atheroscle-
rosis, adiposity, diabetes, inflammatory skin illnesses such as Atopic
dermatitis and psoriasis. In individuals with inflammatory bowel disease
(IBD) and obesity, for example, there is less bacterial diversity and lesser
Bacteroides (Activate CD4 + T cells and reduces inflammation) [114,
115]) and higher Firmicutes [116]. Firmicutes generate butyrate while
Bacteroidetes produce acetate and propionate, according to MacFarlane
& colleagues [117]. In the gastrointestinal tract, butyrate and other
short-chain fatty acids (SCFAs) are considered to have a direct
anti-inflammatory impact [116]. Through the generation of SCFAs ac-
etate, propionate, and butyrate, several studies have demonstrated
gastrointestinal regulatory T cells in limiting local inflammation. These
SCFAs also inhibit neutrophil infiltration into tissues by activating the G
protein-coupled receptor GPR43 on neutrophils, thus mitigating the
inflammatory environment of the gut [118,119].

Additionally, the gut microbiota generates microbial signals neces-
sary for the proper establishment and activation of the host’s immune
system. Clostridial species, and Bacteroides fragilis, can elicit Treg re-
sponses [120-123] and T-cell-dependent and -independent immuno-
globulin A reactions at the local level [120-122]. Additional
antimicrobial peptides and secretory IgA antibodies help maintain the
mucosal barrier [123,124]. However, obese persons have a greater
Bacteroidetes/Firmicutes ratio, resulting in a higher butyrate produc-
tion and a lower generation of propionate and acetate. Furthermore,
obese subjects are more prone to develop COVID-19 infection due to
higher insulin resistance, lower glucose tolerance, high adiposity, and
low-grade inflammation [125].

Moreover, The Firmicutes/Bactroidetes ratio was 0.68 in mild, 0.65
moderates, and 0.58 in severe COVID-19, indicating that reduced
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Bacteroide species are responsible for declining beneficial functions in
severe COVID-19 and long-term COVID patients [126]. Research
revealed that serious COVID-19 participants were more prone to be male
and had higher CRP serum concentrations than mild-to-moderate
COVID-19 patients using Shannon’s index diversity for CRP.

Furthermore, utilizing Shannon’s index diversity, researchers found
a negative connection between the severity of COVID-19 disease and
relative microbiome abundance at the genus level [126]. Furthermore,
dysbiosis due to declined Bacteroides spp. the population was positively
correlated with D-dimer, neutrophils, IL-6, CRP, and LDH in acute and
long-term COVID infection [127].

7. Approaches to rectify the COVID-19 and long COVID mediated
consequences targeting microbiota

Recently, the scientific, health care, and public sectors have been
paying more and more attention to probiotics and prebiotics. Further-
more, the public’s perspective of microbial species has shifted from
disease-causing entities to a more logical view that incorporates
knowledge of microbes’ positive functions in modern health. With these
advancements, the public acceptability of prebiotics and probiotics
started to climb. The sector grew at an anticipated 7%/year, and pre-
biotics grew at 12.7% within the upcoming eight years [128-130].
Probiotics and prebiotics have varied, heterogeneous, and frequently
strain- and compound-specific mechanisms of action. Even though
numerous instances have been presented, further research is needed,
especially in correspondence descriptions of claimed health conse-
quences and long-term influence [131-133]. Probiotic effector com-
pounds are capable of direct interaction inside and activate a multitude
of receptors on the intestinal epithelium, enteroendocrine, immuno-
logical systems, along with vagal afferent fibers. These signalings have

an effect on the integrity of the intestinal barrier and inflammation
(through TLR), as well as systemic consequences via host immunolog-
ical, nervous systems, and hormonal messengers. It is also worth noting
that certain probiotics can break down host compounds, such as bile
salts and inhaled foreign chemicals, using enzymes. Most of these
compounds are strain-specific and thus produce strain-specific effects
[133-135].

Probiotics have been hypothesized to have antiviral action via
inhibiting viral entrance into host cells, secreting antiviral metabolites,
and stimulating innate immunity in host cells [136]. Hosts and micro-
biomes interact via biochemical signaling pathways that are either
incorporated in the cell structure or produced as metabolic products by
probiotics [134]. It has been suggested that some strains of probiotics
might connect to epithelial cells and compete with viruses for binding to
cell receptors, limiting viral penetration into the cells [137]. A probiotic
byproduct can modify the microflora populations via cross-feeding as-
sociations, alterations in the gut environment (— for instance,
decreasing the pH), competition for micronutrients and co-receptors,
and growth inhibition through the generation of strain-specific anti-
bacterial chemicals such as bacteriocins. These microbiota-specific ac-
tivities add to probiotics’ potential to elicit therapeutic outcomes in
conditions characterized by abnormal pathogenic expansion, including
genital and oropharyngeal dysbioses [131]. Improving antiviral immune
responses in the host, including expression of type 1 interferons and
manipulation of inflammatory cytokines, maybe a plausible pathway for
probiotics’ preventive or curative benefits towards viral infections
[138-141]. The innate immune response is critical for viral infection
protection. Type 1 IFNs, particularly IFN- -p and IFN- -a, represent key
elements of the innate immunological mechanism to viral infection.
Type 1 interferons exert their antiviral activity by binding to particular
receptors and activating the JAK/STAT signaling pathways, therefore
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inducing the expression of hundreds of IFN-stimulated genes (ISGs)
[142,143]. I1SGs modify protein function to control all aspects of viral
replication, including destroying viral genetic material and inhibiting
translation [144,145]. As a supplement towards treatment, these anti-
viral probiotics may be an effective way to guard against viral infections.
Prebiotic effects are often mediated by particular microbiota groups
consuming the substrate, boosting their development and metabolic
activity. Additionally, providing nourishment to one or more groups of
bacteria within the microbiome can indirectly impact other microbial
species, promoting development via cross-feeding connections and
limiting growth via pathogenic elimination. The modifications in
microflora composition and metabolite levels caused by prebiotic
administration affect host epithelial, nervous, endocrine, and immune
signaling, thereby reconciling health benefits such as better immune
response, bowel function, satiety, or appetite regulation, bone health,
glucose, and lipid metabolism [146]. Byproducts of prebiotic biotrans-
formation in microbes include the propionate, butyrate, acetate, and
SCFAs, most of which have been demonstrated to communicate with
these host systems and stimulate a range of prebiotic effects (Fig. 4).
The disruption caused by influenza and COVID-19 has imposed
enormous healthcare, social, and economic costs during the previous
decade. When a novel mutant virus appears and an effective vaccine is
developed and tested, there may be a window of opportunity for in-
terventions with low-cost and high preventative medications with
comprehensive immunoregulatory, anti-inflammatory, and antiviral
characteristics. For COVID-19 infection prevention and treatment ap-
proaches, prebiotics and probiotics have been proposed as possible in-
gredients [147-149]. In addition to their ability to alter immunological
responses, probiotics are also renowned for their ability to reduce
inflammation [150], were found to be effective in preventing illnesses in
the past [151], and lowering the likelihood of ventilator-associated
pneumonia [149]. One study demonstrated that adding a multi-strain
probiotic formulation to conventional treatment decreased morbidity
and death in a small cohort of hospitalized COVID-19 patients [152]. As
of now, there is no clinical evidence to support probiotics and prebiotics
as therapy or prophylactic for severe viral infections. However,
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probiotics and prebiotics might be investigated in the future in order to
determine their efficiency and safety as additional therapies.

8. Conclusion

Numerous studies on nutrition and treatments targeting the micro-
biome have extended the disciplines of probiotics and prebiotics and
many other related interventions. Although a gut will likely continue to
be the epicenter of these therapeutics, clinically established applications
in the respiratory system, cardiometabolic system, immunological sys-
tem, oral cavity, skin, neurological system, urogenital tract, and weight-
management fields will likely expand. These findings, along with
increased involvement in large interventional and population-based
research, will provide novel strategies for increasing dietary relevance
and therapeutic efficacy and targeting and customizing these treatment
approaches to individuals’ biology and microbiome. Further data from
prospective trials are required to comprehend the pathophysiology of
COVID-19 illness and identify the long-term COVID-19 symptom.
Symptoms, indicators, and biomarkers of COVID-19 should be known to
clinicians to evaluate, diagnose, and stop long-term COVID-19 inci-
dence, eliminate the danger of chronic consequences, and aid patients in
regaining their pre-COVID-19 health as quickly as possible. A better
understanding of these consequences is required to design innovative,
customized cross-sectoral therapies in long-term COVID-19 centers.
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