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Abstract
COVID-19, which is caused by the RNA virus, SARS-CoV-2, mainly affects the respiratory system and has a
varied clinical presentation. However, several studies have shown that COVID-19 can also affect the
gastrointestinal (GI) system. Patients can experience various GI symptoms, such as vomiting and diarrhea,
and the virus has been detected in the stool samples of patients hospitalized with COVID-19. There have
also been rare reports of COVID-19 presenting with isolated GI symptoms and lack of respiratory symptoms,
and the virus has also been detected for prolonged periods in the fecal samples of COVID-19 patients. Major
alterations in the gut microbiome in the form of depletion of beneficial organisms and an abundance of
pathogenic organisms have been reported in the fecal samples of hospitalized COVID-19 patients. Although
the US FDA has approved several drugs to manage COVID-19, their efficacy remains modest. So, there is a
constant ongoing effort to investigate novel treatment options for COVID-19. Health supplements like
probiotics, prebiotics, postbiotics, and synbiotics have been popularly known for their various health
benefits. In this review, we have summarized the current literature, which shows the potential benefit of
these health supplements to mitigate and/or prevent the clinical presentation of COVID-19.
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Introduction And Background
COVID-19 can affect multiple organs, with the gastrointestinal (GI) system being one of the predominantly
involved extra-pulmonary organ systems [1]. Clinical studies conducted even before the declaration of the
COVID-19 outbreak as a global pandemic revealed the presence of GI symptoms such as diarrhea, nausea,
and vomiting in COVID-19 patients [2,3]. Sometimes, patients present with isolated GI symptoms without
respiratory involvement [4,5]. The virus has also been detected for prolonged periods in the fecal samples of
COVID-19 patients [6,7]. 

Major alterations in the gut microbiome in the form of depletion of beneficial organisms and an abundance
of pathogenic organisms have been reported in the fecal samples of hospitalized COVID-19 patients. At the
phylum level, there was an alteration in two major phyla, Firmicutes and Bacteroidetes. At the family level,
there was an abundance in pathogenic organisms such as Enterococcaceae, Coriobacteriaceae,
Lactobacillaceae, Veillonellaceae, Porphyromonadaceae, and Staphylococcaceae and a decline in dominant
families like Bacteroidaceae, Lachnospiraceae, and Ruminococcaceae, as well as Prevotellaceae and
Clostridiaceae. At the genus level, COVID-19 patients showed an abundance of opportunistic pathogens like
Enterococcus, Staphylococcus, Serratia, and Collinsella, as well as Lactobacillus, Parabacteroides,
Lactococcus, Phascolarctobacterium, Odoribacter, Actinomyces, Methanobrevibacter and Akkermansia. At a
species level, Enterococcus, which is one of the dominant genera in the gut microbiome of COVID-19
patients, was mainly comprised of E. faecium (8.4%), followed by E. hirae (5.5%), E. faecalis (1.8%) and E.
villorum [8].

The above mounting evidence paved the way for researchers to study the relationship between the human
gut and the SARS-CoV-2 antigen in-depth and elucidate ways to mitigate and/or prevent the dire clinical
consequences of COVID-19 infection. Although several medicines (e.g., baricitinib, tocilizumab, and
remdesivir) have been approved by the FDA for the management of COVID-19, their efficacy remains modest
[9]. Several other drugs have failed to show consistent benefit in COVID-19 when studied in large-scale
randomized controlled trials [9]. Hence, there is a huge unmet need for safe and efficacious treatment for
COVID-19. Treatments to increase the number of beneficial gut bacteria to combat the gut microbiome
changes caused by COVID-19 infection can potentially reduce and/or prevent the clinical consequences of
COVID-19. 

Health supplements like probiotics, prebiotics, postbiotics, and synbiotics have been popularly known for
their various health benefits. They are known to exert their actions via immunomodulation, which includes
the production of antimicrobial peptides by intestinal cells [10], differentiation of T-helper cells [11],
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secretion of IgA, promotion of the growth of anti-inflammatory cytokines [12], and activation of splenocytes
and dendritic cells [13]. They also play a beneficial role in metabolic diseases by improving insulin sensitivity
in overweight and obese adults, lowering the risk of type 2 diabetes mellitus (T2DM) and obesity [14-16].

There is mounting evidence to suggest their beneficial role against COVID-19 infection. We searched
PubMed for articles using the key terms: COVID-19, gut microbiome, probiotics, prebiotics, postbiotics, and
synbiotics. The search dates ranged from 2002 through 2023, and the search included clinical trials, meta-
analyses, randomized controlled trials, review articles, and case reports. The NIH reviewed treatment
guidelines for COVID-19, and the expert consensus document from the International Scientific Association
of Probiotics and Prebiotics (ISAPP) was reviewed to obtain the definitions of probiotic, prebiotic,
postbiotic, and synbiotic. In this review, we have summarized all the available literature that points towards
the beneficial role of the above supplements in COVID-19 disease. This has been illustrated in Table 1 and
Figure 1.

Intervention Definition Examples Effects

Probiotics Live microorganisms that confer a benefit to the host [17] Lactobacillus and Bifidobacterium

Lactobacillus releases angiotensin-converting enzyme (ACE)-inhibitory peptides

from fermented milk [18, 19].

Probiotics decrease pro-inflammatory cytokines [20] and enhance recruitment of

anti-inflammatory mediators [21].

Lactobacillus has favorable effect on metabolic syndrome, which is a strong risk

factor for severe COVID-19 infection [22-24].  

Certain probiotics, psychobiotics, can alleviate neurological symptoms of COVID-

19 [25-27].

Prebiotics
Substrates selectively utilized by host microorganisms

conferring a health benefit to the host [28]

Fructans, oligosaccharides, arabinooligosaccharides,

xylooligosaccharides, resistant starch, lactosucrose, lactobionic acid,

galactomannan, psyllium, polyphenols [28-29]

Immune modulation via stimulation of secretion of IgA, prevention of overgrowth of

bacteria, and promoting anti-inflammatory cytokines [12].

Improvement of insulin sensitivity and obesity [14-16]. 

Promote the growth of probiotics in the gut [30-32].

Postbiotics
Inanimate microorganism and/or their components that

confer a benefit to the host [33]

Heat-killed Lactobacillus, peptides secreted by bacteria such as

lactocepins and serpins

Immune modulation by suppressing pro-inflammatory mediators and enhancing

anti-inflammatory mediators in the lung, liver, and plasma [34].  

Interferes with protein S binding to host cell  [35, 36-38].

Mitigates post COVID-19 mood and sleep issues via reduction of pro-inflammatory

signals [27].

Synbiotics

Preparations consisting of live microorganisms and

substrates selectively used by host microorganisms and

confer a benefit to the host [39]

Combination of Bifidobacterium strains and galactooligosaccharides

Modulation of gut microbiome environment to increase beneficial microbes,

Bifidobacterium and Lactobacillus, leading to lower incidence of enteritis and

ventilator-associated pneumonia [40].  

Hastenes formation of SARS-CoV-2 IgG antibody [41].

TABLE 1: Mechanism and effects of supplements on human health.
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FIGURE 1: Schematic diagram illustrating the effects of SARS-CoV-2 on
human lungs and gut.
1. SARS-CoV-2 virus; 2. ACE2 receptor; 3. Epithelium; 4. Transmembrane protease, serine 2 (TMPRSS2)
receptor; 5. Viral RNA release.

Source: Created by the authors.

Review
Probiotic use in COVID-19 
Probiotics are comprised of "live microorganisms which when administered in adequate amounts confer a
health benefit on the host" [17]. Probiotics are involved in host immune function modulation via various
mechanisms, such as stimulating the production of antimicrobial peptides by intestinal Paneth cells [10] and
differentiation of direct T-helper 17 cells in the small intestine [11].

The beneficial effect of a probiotic, Enterococcus faecium NCIMB 10415, has been seen against the
enteropathogenic coronavirus transmissible gastroenteritis virus (TGEV), which causes severe
gastroenteritis in newborn piglets [42]. The use of probiotics (especially Lactobacillus and Bifidobacterium)
in children suffering from common acute upper respiratory tract infections (URTI) was associated with a
significant reduction in the duration of illness episodes per person as well as a significant reduction in
absenteeism from school/daycare, as demonstrated in a meta-analysis [43]. Treatment of mechanically
ventilated patients with probiotics reduced the incidence of ventilator-associated pneumonia (VAP) [44, 45].
Results from human studies indicate that L. rhamnosus GG, L. casei, L. plantarum, L. casei strain Shirota, B.
lactis Bb-12, and B. longum significantly reduced the prevalence of flu-like symptoms, upper respiratory
infections, and antibiotic-associated diarrhea by up to 70% [46-48]. The probiotics L. reuteri ATCC 55730, L.
paracasei, L. casei 431, L. fermentum PCC, and B. infantis 35624 promoted immunomodulatory changes
during URTI and GI infection [49-51]. The above evidence clearly points towards the beneficial effect of
probiotic use in respiratory and GI infections. 

Since the ACE2 receptor is known to be the gateway for entry of SARS-CoV-2, there is tremendous interest
among researchers to elucidate a clinically meaningful role of modulating the receptor activity to serve as a
potential therapeutic target against COVID-19 disease. Various studies have shown that Lactobacillus
strains can release ACE-inhibitory peptides from fermented milk [18,19]. In human subjects with mild
hypertension, administration of casein hydrolysate, a milk protein that contains tripeptides Val-Pro-Pro
(VPP) and Ile-Pro-Pro (IPP), led to improvement in the vascular endothelial dysfunction via inhibition of
ACE [18]. In another study, when probiotic strains (Lactobacillus helveticus KLDS.31 and Lactobacillus casei
KLDS.105) were used to ferment bovine milk, it yielded milk-containing peptides with ACE-inhibitory
activity [19]. When camel sausages were fermented with the novel probiotic Lactococcus lactis KX881782,
there was a higher degree of antihypertensive activity via ACE inhibition [52]. Future studies are awaited to
investigate the effect of probiotics on ACE receptors.

COVID-19 is known to be associated with severe thrombosis and coagulopathy [53], and therefore,
modulating the immune-coagulative response in the host may serve as a potential therapeutic target against
COVID-19. Intranasal administration of the probiotic lactic acid bacteria (LAB) in mice with pneumococcal
infection led to control of inflammation and hemostatic changes [54]. As mentioned above, cytokine storm is
an exaggerated inflammatory response leading to the dreadful acute respiratory distress syndrome (ARDS)
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complication in COVID-19; therefore, preventing the excess cytokine release can serve as a potential
therapeutic target [55]. Pre-clinical data suggests that the use of probiotics against the influenza virus offers
beneficial effects via immune modulation through increased alveolar macrophage cells and decline in pro-
inflammatory cytokines [20], enhanced recruitment of anti-inflammatory mediators like Treg cells and IL-10
[21], and improved lung transcriptional response against the virus [56].

It is well known that metabolic diseases, such as obesity and DM, as well as cardiovascular diseases, are
strong risk factors for severe disease and higher mortality among patients with COVID-19 infection [57-59].
Studies have shown that probiotics have a favorable effect on glucose levels, blood pressure, low-density
lipoprotein (LDL) cholesterol, and BMI [22]. Lactobacillus coryniformis CECT5711 demonstrated an
improvement in endothelial dysfunction and vascular oxidative stress in obese mice that were exposed to a
high-fat diet (HFD). It also reduced mice's basal glycemia and insulin resistance [23]. When hypertensive rats
were administered the probiotic Lactobacillus fermentum CECT5716 or a combination of L.
coryniformis CECT5711 and L. gasseri CECT5714 (LC9) in a 1:1 ratio, there was a reduction in systolic blood
pressure, reversal of the impaired aortic endothelium-dependent relaxation to acetylcholine, and a
reduction in cardiac and renal hypertrophy [24].

Clinical studies that have been conducted to date have indeed shown the benefit of using probiotics as an
adjuvant measure in the management of COVID-19 disease [60-63]. In a randomized, blinded, controlled
clinical trial conducted in Mexico, COVID-19 patients were randomized to a control group (CG) (n = 40) that
received the standard hospital diet and hospital treatment and to an intervention group (IG) (n = 40) that in
addition to the above, received the following intervention; 1) B-complex (10 mg of cyanocobalamin, 100 mg
of thiamin, and 100 mg of pyridoxine) administered intramuscularly every 24 h for the first five days, 2)
Nutritional support system (NSS) powder containing spirulina maxima, few trace elements and vitamins,
and 3) probiotic Saccharomyces boulardii (SB) 500 mg daily for six days orally. When compared to the CG,
patients in the IG had an increased survival rate (82.5% vs 97.5%) and a decreased mortality rate (17.5% vs
2.5%) that was statistically significant p = 0.027 [60]. In a single-center quadruple-blinded RCT, 300
outpatients with symptomatic COVID-19 were prescribed a 30-day course of probiotics Lactiplantibacillus
plantarum and Pediococcus acidilactici. Remission was seen in 53% of the probiotic group compared to 28% in
the placebo group [61].

In an RCT of 100 COVID-19 patients hospitalized with moderate pneumonia (confirmed by computed
tomography and involving an area of no more than 75% of the lung), the use of Bifidobacterium bifidum 1
(5108 KOE) showed an improvement in the well-being and a reduction in the duration of the diarrheal
syndrome [62].

Similarly, in another prospective RCT conducted in Rome, a mixture of three probiotics strains,
Bifidobacterium lactis LA 304, Lactobacillus salivarius LA 302, and Lactobacillus acidophilus LA 201, were
administered to COVID-19 patients with interstitial pneumonia, there was a decline in fecal calprotectin
(35% in probiotic group vs. 16% in control group) and C-reactive protein (72.7% in probiotic group vs. 62% in
control group) [63]. Interestingly, none of the above-mentioned probiotics led to any serious adverse events
in the human and animal study populations.

Following COVID-19 disease, a significant number of patients experience cognitive issues, depression,
anxiety, and memory loss [64]. Research suggests using certain probiotics, also known as psychobiotics, in
sufficient amounts can alleviate neurological symptoms [25-27]. Evidence shows that Lacticaseibacillus
rhamnosus and Lacticaseibacillus casei secretes the neurotransmitter GABA, which exerts an anti-depressive
effect via its action on the GABA A and B receptors. Similarly, GABA secreted by Levilactobacillus brevis
induces sleep. Secretion of serotonin and norepinephrine (NE) by Lactobacillus hevleticus can help improve
cognitive impairments like memory and loss of concentration via modulation of the brain serotonin and NE
system, and HPA axis. Limosilactobacillus reuteri secretes histamines that lower the expression of
proinflammatory cytokines and thereby prevent a decline in hippocampal brain-derived neurotrophic factor
(BDNF), a biomarker of mental health [27].

Prebiotic use in COVID-19
Prebiotic is "a substrate that is selectively utilized by host microorganisms conferring a health benefit" [28].
It commonly includes fructans, oligosaccharides, arabinooligosaccharides, isomaltooligosaccharides,
xylooligosaccharides, resistant starch, lactosucrose, lactobionic acid, galactomannan, psyllium, polyphenols,
and polyunsaturated fatty acids. Prebiotics play a role in immune modulation by stimulating the secretion of
IgA, preventing the overgrowth and translocation of bacteria, and promoting the growth of anti-
inflammatory cytokines [28,29]. A novel polysaccharide WSRP-1b extracted and purified from Kushui rose
waste demonstrated immunomodulatory activity by increasing the production of ROS, nitric oxide (NO), and
cytokines such as IL-6 and enhancing the phagocytic action of macrophages [65]. The US FDA approved the
use of Chinese yam polysaccharide poly (lactic-co-glycolic acid) to develop vaccine delivery systems due to
its demonstrated immune regulation and immune potentiation properties [66].

Prebiotics have been shown to be beneficial in not only improving common GI symptoms like diarrhea and
constipation [67] but also in improving insulin sensitivity [14] in overweight and obese adults, lowering the
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risk of type 2 diabetes mellitus (T2DM) [15, 68], obesity and hyperlipidemia [16, 69]. There is also evidence
showing a lower risk of URTI with the use of galactans and fuctans in infant formula [67]. In a systematic
review of 12 studies with 688 participants, authors found that patients who received supplementation with
prebiotics and probiotics had higher influenza hemagglutination inhibition antibody titers after vaccination.
Although there was high heterogeneity across the studies, the results suggest a method to improve the
vaccine efficacy [70]. There were also no adverse events reported in the individual studies except for one
study in which the adverse events were either insignificant or comparable to the control group. 

Lymphocytopenia was found to be one of the most common findings in COVID-19 patients at the time of
hospital admission [71], and the elevated levels of the proinflammatory cytokines such as IL-6 and IL-8 in
patients with severe disease also correlated with lymphocytopenia [72]. Prebiotics may be of some benefit in
this regard via their positive effect on lymphocytes. This was shown in a mice study wherein there was a
substantial increase in CD8+ counts in the cecum when the dietary sugar beet fiber was fed to mice [73].

Glycan, a prebiotic, is also known to play a role in immune regulation and is one of the key regulators of
antibody effector functions [74]. It is known that both the SARS-CoV-2 antigen and its main target ACE2 are
highly glycosylated [75] and a study analyzing site-specific N-linked glycosylation of SARS S glycoprotein
showed site occupancy by up to 10 different glycans, known as glycoforms [76]. This finding suggests the
potential role of glycan against SARS-CoV-2, although further studies are needed.

Human milk is universally considered the first line of nutrition for newborn infants, and it contains all the
essential nutrients required for the infant, including human milk oligosaccharides (HMO) that possess
various important functions, such as altering the gut microbial composition by promoting the growth of
Bifidobacterium bifidum [77]. HMO also possesses anti-viral activity by mimicking the structure of viral
receptors, thereby blocking viruses' adherence to target cells [78]. At present, HMO activity against SARS-
CoV-2 is not known. However, there is evidence showing that milk produced by COVID-19-positive women
does not represent a significant source of SARS-CoV-2 transmission, which is likely due to the passive
immunity achieved via a robust anti-receptor binding domain (RBD) IgA response [79-81]. Future studies are
warranted to investigate the potential use of extracted milk IgA for therapeutic use against SARS-CoV-2.

Strong clinical evidence shows that prebiotics can promote the growth of certain probiotics like
Lactobacillus and Bifidobacterium in the gut [30-32]. Currently, limited clinical data shows the benefit of
using prebiotics against COVID-19 infection. Nevertheless, as indicated above, substantial indirect evidence
points towards the benefit of prebiotic use to target the various pathophysiological mechanisms involved in
a patient with SARS-CoV-2 infection. The results are promising, and future studies are needed to thoroughly
investigate the impact of prebiotic use on various clinical parameters in COVID-19 disease. 

Postbiotic use in COVID-19
Postbiotic is defined as a "preparation of inanimate microorganisms and/or their components that confers a
health benefit on the host" [33].

Postbiotics have been shown to exert immune-modulating effects in the host, as seen in the ability of heat-
killed Lactobacillus rhamnosus GG to suppress proinflammatory mediators and enhance anti-inflammatory
mediators in multiple organs, such as lung, liver, and plasma [34]. Postbiotics also exert other
immunoregulatory effects, such as activating splenocytes and dendritic cells and producing TNF-a, IL-6, and
IL-10 [13, 82].

Two separate studies were performed on elderly volunteers residing in nursing homes to evaluate the effect
of heat-killed Lactobacillus on immune function [83, 84]. Both study designs were similar in that
participants were randomly assigned to receive either the postbiotic jelly (heat-killed Lactobacillus) or the
placebo jelly, followed by administering the influenza vaccine a few weeks later. Although there was no
significant difference in the immune parameters between the postbiotic-treated group and the placebo
group, there was an improvement in the hemagglutination inhibition (HI) titers against influenza antigens
[83] and improved antibody response to type A/H1N1 influenza vaccine [84]. Both of the above studies did
not report any adverse events in the intervention group.

Protein S, present in the SARS-CoV-2 virus, plays a key role in facilitating the entry of the virus into the host
cell [35]. Hence, interfering with this pathway can prevent host cell infectivity and subsequent disease. A
study showed that the metabolic products of probiotics, namely Plantaricin BN, D, W, and JLA-9, exhibited
activity against the RBP on protein S [85]. Another study showed that glycocin F from Lactococcus lactis and
lactococcine G from L. plantarum showed a high binding affinity towards the SARS-CoV-2 protein S [36]. In an
in-silico experiment, four different probiotic-derived peptides, subtilisin (Bacillus amyloliquefaciens),
curvacin A (Lactobacillus curvatus), sakacin P (Lactobacillus sakei), and lactococcin Gb (Lactococcus lactis),
showed high affinity to bind with protein S or RBD of S1 of SARS-CoV-2 and human ACE2 receptor. The
above findings indicate the additional advantage of using probiotics due to their peptide derivatives to
control the SARS-CoV-2 infection [37].

There is also evidence showing the influence of postbiotics on mental health following COVID-19 disease
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[27]. Some probiotics can produce bioactive molecules or postbiotics that act via separate pathways to confer
a mental health benefit. Lacticaseibacillus paracasei secretes lactocepins that lower the migration of
inflammatory cytokines, which are released during the viral encounter [27]. Bifidobacterium longum secretes
serpins that enter the brain via the neural route and reduce the proinflammatory signals [27]. Lactobacillus
gasseri secretes gassericins that promote sleep and improve the gut microbial composition [27]. EPS secreted
by Lactobacillus kefiranofaciens has immunomodulatory properties that may prevent the hyperactivity of
the HPA axis [27]. These findings suggest the beneficial role of using postbiotics to help mitigate post-
COVID-19 mood and sleep issues, although further studies are awaited to fully elucidate their role in this
aspect.

Synbiotic use in COVID-19
A synbiotic is defined as "a mixture comprising live microorganisms and substrate(s) selectively utilized by
host microorganisms that confers a health benefit on the host" [38].

In an RCT conducted in rural India, when an oral synbiotic mixture containing Lactobacillus plantarum and
fructooligosaccharide was administered to newborn infants, there was a significant reduction in the primary
outcome (combination of sepsis and death) in the intervention arm and a significant reduction in culture-
positive and culture-negative sepsis as well as lower respiratory tract infection [39]. In another RCT,
mechanically ventilated septic patients in the ICU were administered a synbiotic mixture of Bifidobacterium
breve strain Yakult, Lactobacillus casei strain Shirota, and galactooligosaccharides within three days of
admission. When compared to the placebo arm, the treatment arm showed a significantly lower incidence of
enteritis and ventilator-associated pneumonia (VAP) and a significantly higher fecal content of
Bifidobacterium and Lactobacillus [40]. These findings suggest that synbiotics can modulate the gut
microbial environment to exert various beneficial effects on the host, and neither of the above studies
reports any adverse events in the intervention/treatment arm.

There is some evidence showing a beneficial effect of synbiotics in COVID-19 patients. A study conducted in
hospitalized COVID-19 patients in Hong Kong showed that administration of SIM01 synbiotic (a novel
formula of Bifidobacterium strains, galactooligosaccharides, xylooligosaccharide, and resistant dextrin)
hastened the formation of the SARS-CoV-2 IgG antibody and led to a reduction in the nasopharyngeal viral
load and restoration of gut dysbiosis [41]. Mild adverse events (dizziness, tinea infection, and hypertension)
were reported in only three out of 25 patients in the treatment arm.

In a randomized placebo-controlled trial, when hospitalized COVID-19 patients were administered a
synbiotic capsule containing multi-strain probiotics like Lactobacillus rhamnosus, L. helveticus, L. casei,
Bifidobacterium lactis, L. acidophilus, B. breve, L. bulgaricus, B. longum, L. plantarum, B. bifidum, L. gasseri, and
Streptococcus thermophilus (10x9 CFU), and fructooligosaccharides (a prebiotic agent), there was a significant
reduction in serum IL-6 levels and WBC count, suggesting a potential role of synbiotic use as an adjuvant
therapy to modulate the inflammatory responses seen in COVID-19 infection [86]. Henceforth, it is worthy
of recognizing the potential role of using synbiotics as an adjuvant measure in combating severe infectious
diseases, including COVID-19.

Conclusions
There is data to suggest the beneficial role of using health supplements like probiotics, prebiotics,
postbiotics, and synbiotics against COVID-19 disease. Studies conducted in humans and animals have
shown their ability to exert various immuno-modulating actions, such as increasing secretory IgA and ROS
levels (prebiotics), inhibiting protein S action (postbiotics), promoting the production of SCFAs (high fiber
diet), reducing the proinflammatory WBC and IL-6 levels (synbiotics), and blocking ACE2 receptor activity
(probiotics). They have also shown a benefit in improving certain metabolic parameters, such as obesity and
hyperglycemia. There is no recommendation for or against the use of the aforementioned health
supplements in the management of COVID-19 disease. Nevertheless, substantial direct and indirect
evidence shows their benefit by targeting the various pathophysiological mechanisms involved in a patient
with SARS-CoV-2 infection. Worldwide, they have been and/or are being utilized as an adjuvant measure in
the treatment protocol for COVID-19 patients. Future well-designed and larger trials are needed to continue
enhancing our understanding and accumulating stronger evidence before these supplements can be
considered standard of care in COVID-19 disease management.

Additional Information
Disclosures
Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

2023 Antony et al. Cureus 15(10): e46960. DOI 10.7759/cureus.46960 6 of 9

javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)


References
1. Onder G, Rezza G, Brusaferro S: Case-fatality rate and characteristics of patients dying in relation to

COVID-19 in Italy. JAMA. 2020, 323:1775-1776. 10.1001/jama.2020.4683
2. Huang C, Wang Y, Li X, et al.: Clinical features of patients infected with 2019 novel coronavirus in Wuhan,

China. Lancet. 2020, 395:497-506. 10.1016/S0140-6736(20)30183-5
3. Liang W, Feng Z, Rao S, et al.: Diarrhoea may be underestimated: a missing link in 2019 novel coronavirus .

Gut. 2020, 69:1141-1143. 10.1136/gutjnl-2020-320832
4. Kant R, Chandra L, Antony MA, Verma V: Case of COVID-19 presenting with gastrointestinal symptoms .

World J Virol. 2020, 9:1-4. 10.5501/wjv.v9.i1.1
5. Pan L, Mu M, Yang P, et al.: Clinical characteristics of COVID-19 patients with Digestive Symptoms in

Hubei, China: a descriptive, cross-sectional, multicenter study. Am J Gastroenterol. 2020, 115:766-773.
10.14309/ajg.0000000000000620

6. Wu Y, Guo C, Tang L, et al.: Prolonged presence of SARS-CoV-2 viral RNA in faecal samples . Lancet
Gastroenterol Hepatol. 2020, 5:434-435. 10.1016/S2468-1253(20)30083-2

7. Chen Y, Chen L, Deng Q, et al.: The presence of SARS-CoV-2 RNA in the feces of COVID-19 patients . J Med
Virol. 2020, 92:833-840. 10.1002/jmv.25825

8. Gaibani P, D'Amico F, Bartoletti M, et al.: The gut microbiota of critically ill patients with COVID-19 . Front
Cell Infect Microbiol. 2021, 11:670424. 10.3389/fcimb.2021.670424

9. National Institutes of Health. Coronavirus Disease 2019 (COVID-19) Treatment Guidelines . (2023).
Accessed: September 12, 2023: https://covid19treatmentguidelines.nih.gov/.

10. Bevins CL, Salzman NH: Paneth cells, antimicrobial peptides and maintenance of intestinal homeostasis .
Nat Rev Microbiol. 2011, 9:356-368. 10.1038/nrmicro2546

11. Ivanov II, Frutos Rde L, Manel N, et al.: Specific microbiota direct the differentiation of IL-17-producing T-
helper cells in the mucosa of the small intestine. Cell Host Microbe. 2008, 4:337-349.
10.1016/j.chom.2008.09.009

12. Hardy H, Harris J, Lyon E, Beal J, Foey AD: Probiotics, prebiotics and immunomodulation of gut mucosal
defences: homeostasis and immunopathology. Nutrients. 2013, 5:1869-1912. 10.3390/nu5061869

13. Chuang L, Wu KG, Pai C, Hsieh PS, Tsai JJ, Yen JH, Lin MY: Heat-killed cells of lactobacilli skew the immune
response toward T helper 1 polarization in mouse splenocytes and dendritic cell-treated T cells. J Agric Food
Chem. 2007, 55:11080-11086. 10.1021/jf071786o

14. Chambers ES, Byrne CS, Morrison DJ, et al.: Dietary supplementation with inulin-propionate ester or inulin
improves insulin sensitivity in adults with overweight and obesity with distinct effects on the gut
microbiota, plasma metabolome and systemic inflammatory responses: a randomised cross-over trial. Gut.
2019, 68:1430-1438. 10.1136/gutjnl-2019-318424

15. Megur A, Daliri EB, Baltriukienė D, Burokas A: Prebiotics as a tool for the prevention and treatment of
obesity and diabetes: classification and ability to modulate the gut microbiota. Int J Mol Sci. 2022,
23:10.3390/ijms23116097

16. Cerdó T, García-Santos JA, G Bermúdez M, Campoy C: The role of probiotics and prebiotics in the
prevention and treatment of obesity. Nutrients. 2019, 11:10.3390/nu11030635

17. Hill C, Guarner F, Reid G, et al.: Expert consensus document. The International Scientific Association for
Probiotics and Prebiotics consensus statement on the scope and appropriate use of the term probiotic. Nat
Rev Gastroenterol Hepatol. 2014, 11:506-514. 10.1038/nrgastro.2014.66

18. Hirota T, Ohki K, Kawagishi R, Kajimoto Y, Mizuno S, Nakamura Y, Kitakaze M: Casein hydrolysate
containing the antihypertensive tripeptides Val-Pro-Pro and Ile-Pro-Pro improves vascular endothelial
function independent of blood pressure-lowering effects: contribution of the inhibitory action of
angiotensin-converting enzyme. Hypertens Res. 2007, 30:489-496. 10.1291/hypres.30.489

19. Li J, Zhao J, Wang X, et al.: Novel angiotensin-converting enzyme-inhibitory peptides from fermented
bovine milk started by Lactobacillus helveticus KLDS.31 and Lactobacillus casei KLDS.105: purification,
identification, and interaction mechanisms. Front Microbiol. 2019, 10:2643. 10.3389/fmicb.2019.02643

20. Jung YJ, Lee YT, Ngo VL, et al.: Heat-killed Lactobacillus casei confers broad protection against influenza A
virus primary infection and develops heterosubtypic immunity against future secondary infection. Sci Rep.
2017, 7:17360. 10.1038/s41598-017-17487-8

21. Dumas A, Bernard L, Poquet Y, Lugo-Villarino G, Neyrolles O: The role of the lung microbiota and the gut-
lung axis in respiratory infectious diseases. Cell Microbiol. 2018, 20:e12966. 10.1111/cmi.12966

22. Thushara RM, Gangadaran S, Solati Z, Moghadasian MH: Cardiovascular benefits of probiotics: a review of
experimental and clinical studies. Food Funct. 2016, 7:632-642. 10.1039/c5fo01190f

23. Toral M, Gómez-Guzmán M, Jiménez R, et al.: The probiotic Lactobacillus coryniformis CECT5711 reduces
the vascular pro-oxidant and pro-inflammatory status in obese mice. Clin Sci (Lond). 2014, 127:33-45.
10.1042/CS20130339

24. Gómez-Guzmán M, Toral M, Romero M, et al.: Antihypertensive effects of probiotics Lactobacillus strains in
spontaneously hypertensive rats. Mol Nutr Food Res. 2015, 59:2326-2336. 10.1002/mnfr.201500290

25. de Araújo FF, Farias DP: Psychobiotics: an emerging alternative to ensure mental health amid the COVID-
19 outbreak?. Trends Food Sci Technol. 2020, 103:386-387. 10.1016/j.tifs.2020.07.006

26. Appleton J: The gut-brain axis: influence of microbiota on mood and mental health . Integr Med (Encinitas).
2018, 17:28-32.

27. Pandey M, Bhati A, Priya K, Sharma KK, Singhal B: Precision postbiotics and mental health: the
management of post-COVID-19 complications. Probiotics Antimicrob Proteins. 2022, 14:426-448.
10.1007/s12602-021-09875-4

28. Gibson GR, Hutkins R, Sanders ME, et al.: Expert consensus document: The International Scientific
Association for Probiotics and Prebiotics (ISAPP) consensus statement on the definition and scope of
prebiotics. Nat Rev Gastroenterol Hepatol. 2017, 14:491-502. 10.1038/nrgastro.2017.75

29. Davani-Davari D, Negahdaripour M, Karimzadeh I, et al.: Prebiotics: definition, types, sources, mechanisms,
and clinical applications. Foods. 2019, 8:92. 10.3390/foods8030092

2023 Antony et al. Cureus 15(10): e46960. DOI 10.7759/cureus.46960 7 of 9

https://dx.doi.org/10.1001/jama.2020.4683
https://dx.doi.org/10.1001/jama.2020.4683
https://dx.doi.org/10.1016/S0140-6736(20)30183-5
https://dx.doi.org/10.1016/S0140-6736(20)30183-5
https://dx.doi.org/10.1136/gutjnl-2020-320832
https://dx.doi.org/10.1136/gutjnl-2020-320832
https://dx.doi.org/10.5501/wjv.v9.i1.1
https://dx.doi.org/10.5501/wjv.v9.i1.1
https://dx.doi.org/10.14309/ajg.0000000000000620
https://dx.doi.org/10.14309/ajg.0000000000000620
https://dx.doi.org/10.1016/S2468-1253(20)30083-2
https://dx.doi.org/10.1016/S2468-1253(20)30083-2
https://dx.doi.org/10.1002/jmv.25825
https://dx.doi.org/10.1002/jmv.25825
https://dx.doi.org/10.3389/fcimb.2021.670424
https://dx.doi.org/10.3389/fcimb.2021.670424
https://covid19treatmentguidelines.nih.gov/
https://covid19treatmentguidelines.nih.gov/
https://dx.doi.org/10.1038/nrmicro2546
https://dx.doi.org/10.1038/nrmicro2546
https://dx.doi.org/10.1016/j.chom.2008.09.009
https://dx.doi.org/10.1016/j.chom.2008.09.009
https://dx.doi.org/10.3390/nu5061869
https://dx.doi.org/10.3390/nu5061869
https://dx.doi.org/10.1021/jf071786o
https://dx.doi.org/10.1021/jf071786o
https://dx.doi.org/10.1136/gutjnl-2019-318424
https://dx.doi.org/10.1136/gutjnl-2019-318424
https://dx.doi.org/10.3390/ijms23116097
https://dx.doi.org/10.3390/ijms23116097
https://dx.doi.org/10.3390/nu11030635
https://dx.doi.org/10.3390/nu11030635
https://dx.doi.org/10.1038/nrgastro.2014.66
https://dx.doi.org/10.1038/nrgastro.2014.66
https://dx.doi.org/10.1291/hypres.30.489
https://dx.doi.org/10.1291/hypres.30.489
https://dx.doi.org/10.3389/fmicb.2019.02643
https://dx.doi.org/10.3389/fmicb.2019.02643
https://dx.doi.org/10.1038/s41598-017-17487-8
https://dx.doi.org/10.1038/s41598-017-17487-8
https://dx.doi.org/10.1111/cmi.12966
https://dx.doi.org/10.1111/cmi.12966
https://dx.doi.org/10.1039/c5fo01190f
https://dx.doi.org/10.1039/c5fo01190f
https://dx.doi.org/10.1042/CS20130339
https://dx.doi.org/10.1042/CS20130339
https://dx.doi.org/10.1002/mnfr.201500290
https://dx.doi.org/10.1002/mnfr.201500290
https://dx.doi.org/10.1016/j.tifs.2020.07.006
https://dx.doi.org/10.1016/j.tifs.2020.07.006
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6469458/
https://dx.doi.org/10.1007/s12602-021-09875-4
https://dx.doi.org/10.1007/s12602-021-09875-4
https://dx.doi.org/10.1038/nrgastro.2017.75
https://dx.doi.org/10.1038/nrgastro.2017.75
https://dx.doi.org/10.3390/foods8030092
https://dx.doi.org/10.3390/foods8030092


30. Sonnenburg ED, Zheng H, Joglekar P, Higginbottom SK, Firbank SJ, Bolam DN, Sonnenburg JL: Specificity of
polysaccharide use in intestinal bacteroides species determines diet-induced microbiota alterations. Cell.
2010, 141:1241-1252. 10.1016/j.cell.2010.05.005

31. Ramnani P, Costabile A, Bustillo AG, Gibson GR: A randomised, double- blind, cross-over study
investigating the prebiotic effect of agave fructans in healthy human subjects. J Nutr Sci. 2015, 4:e10.
10.1017/jns.2014.68

32. Bindels LB, Delzenne NM, Cani PD, Walter J: Towards a more comprehensive concept for prebiotics . Nat Rev
Gastroenterol Hepatol. 2015, 12:303-310. 10.1038/nrgastro.2015.47

33. Salminen S, Collado MC, Endo A, et al.: The International Scientific Association of Probiotics and Prebiotics
(ISAPP) consensus statement on the definition and scope of postbiotics. Nat Rev Gastroenterol Hepatol.
2021, 18:649-667. 10.1038/s41575-021-00440-6

34. Li N, Russell WM, Douglas-escobar M, Hauser N, Lopez M, Neu J: Live and heat-killed Lactobacillus
rhamnosus GG: effects on proinflammatory and anti-inflammatory cytokines/chemokines in gastrostomy-
fed infant rats. Pediatr Res. 2009, 66:203-207. 10.1203/PDR.0b013e3181aabd4f

35. Villapol S: Gastrointestinal symptoms associated with COVID-19: impact on the gut microbiome . Transl
Res. 2020, 226:57-69. 10.1016/j.trsl.2020.08.004

36. Balmeh N, Mahmoudi S, Fard NA: Manipulated bio antimicrobial peptides from probiotic bacteria as
proposed drugs for COVID-19 disease. Inform Med Unlocked. 2021, 23:100515. 10.1016/j.imu.2021.100515

37. Manna S, Chowdhury T, Chakraborty R, Mandal SM: Probiotics-derived peptides and their
immunomodulatory molecules can play a preventive role against viral diseases including COVID-19.
Probiotics Antimicrob Proteins. 2021, 13:611-623. 10.1007/s12602-020-09727-7

38. Swanson KS, Gibson GR, Hutkins R, et al.: The International Scientific Association for Probiotics and
Prebiotics (ISAPP) consensus statement on the definition and scope of synbiotics. Nat Rev Gastroenterol
Hepatol. 2020, 17:687-701. 10.1038/s41575-020-0344-2

39. Panigrahi P, Parida S, Nanda NC, et al.: A randomized synbiotic trial to prevent sepsis among infants in rural
India. Nature. 2017, 548:407-412. 10.1038/nature23480

40. Shimizu K, Yamada T, Ogura H, et al.: Synbiotics modulate gut microbiota and reduce enteritis and
ventilator-associated pneumonia in patients with sepsis: a randomized controlled trial. Crit Care. 2018,
22:239. 10.1186/s13054-018-2167-x

41. Zhang L, Xu Z, Mak JW, et al.: Gut microbiota-derived synbiotic formula (SIM01) as a novel adjuvant therapy
for COVID-19: an open-label pilot study. J Gastroenterol Hepatol. 2022, 37:823-831. 10.1111/jgh.15796

42. Chai W, Burwinkel M, Wang Z, et al.: Antiviral effects of a probiotic Enterococcus faecium strain against
transmissible gastroenteritis coronavirus. Arch Virol. 2013, 158:799-807. 10.1007/s00705-012-1543-0

43. King S, Glanville J, Sanders ME, Fitzgerald A, Varley D: Effectiveness of probiotics on the duration of illness
in healthy children and adults who develop common acute respiratory infectious conditions: a systematic
review and meta-analysis. Br J Nutr. 2014, 112:41-54. 10.1017/S0007114514000075

44. Zeng J, Wang CT, Zhang FS, et al.: Effect of probiotics on the incidence of ventilator-associated pneumonia
in critically ill patients: a randomized controlled multicenter trial. Intensive Care Med. 2016, 42:1018-1028.
10.1007/s00134-016-4303-x

45. Morrow LE, Kollef MH, Casale TB: Probiotic prophylaxis of ventilator-associated pneumonia: a blinded,
randomized, controlled trial. Am J Respir Crit Care Med. 2010, 182:1058-1064. 10.1164/rccm.200912-
1853OC

46. Taipale TJ, Pienihäkkinen K, Isolauri E, Jokela JT, Söderling EM: Bifidobacterium animalis subsp. lactis BB-
12 in reducing the risk of infections in early childhood. Pediatr Res. 2016, 79:65-69. 10.1038/pr.2015.174

47. Smith TJ, Rigassio-Radler D, Denmark R, Haley T, Touger-Decker R: Effect of Lactobacillus rhamnosus
LGG® and Bifidobacterium animalis ssp. lactis BB-12® on health-related quality of life in college students
affected by upper respiratory infections. Br J Nutr. 2013, 109:1999-2007. 10.1017/S0007114512004138

48. Shida K, Sato T, Iizuka R, et al.: Daily intake of fermented milk with Lactobacillus casei strain Shirota
reduces the incidence and duration of upper respiratory tract infections in healthy middle-aged office
workers. Eur J Nutr. 2017, 56:45-53. 10.1007/s00394-015-1056-1

49. Oliva S, Di Nardo G, Ferrari F, et al.: Randomised clinical trial: the effectiveness of Lactobacillus reuteri
ATCC 55730 rectal enema in children with active distal ulcerative colitis. Aliment Pharmacol Ther. 2012,
35:327-34. 10.1111/j.1365-2036.2011.04939.x

50. Zhang H, Yeh C, Jin Z, Ding L, Liu BY, Zhang L, Dannelly HK: Prospective study of probiotic
supplementation results in immune stimulation and improvement of upper respiratory infection rate. Synth
Syst Biotechnol. 2018, 3:113-120. 10.1016/j.synbio.2018.03.001

51. Liu Y, Tran DQ, Rhoads JM: Probiotics in disease prevention and treatment . J Clin Pharmacol. 2018, 58
Suppl 10:S164-S179. 10.1002/jcph.1121

52. Ayyash M, Olaimat A, Al-Nabulsi A, Liu SQ: Bioactive properties of novel probiotic Lactococcus lactis
fermented camel sausages: cytotoxicity, angiotensin converting enzyme inhibition, antioxidant capacity,
and antidiabetic activity. Food Sci Anim Resour. 2020, 40:155-171. 10.5851/kosfa.2020.e1

53. Gómez-Mesa JE, Galindo-Coral S, Montes MC, Muñoz Martin AJ: Thrombosis and coagulopathy in COVID-
19. Curr Probl Cardiol. 2021, 46:100742. 10.1016/j.cpcardiol.2020.100742

54. Zelaya H, Villena J, Lopez AG, Alvarez S, Agüero G: Modulation of the inflammation-coagulation
interaction during pneumococcal pneumonia by immunobiotic Lactobacillus rhamnosus CRL1505: role of
Toll-like receptor 2. Microbiol Immunol. 2014, 58:416-426. 10.1111/1348-0421.12163

55. Channappanavar R, Perlman S: Pathogenic human coronavirus infections: causes and consequences of
cytokine storm and immunopathology. Semin Immunopathol. 2017, 39:529-539. 10.1007/s00281-017-0629-
x

56. Kumova OK, Fike AJ, Thayer JL, et al.: Lung transcriptional unresponsiveness and loss of early influenza
virus control in infected neonates is prevented by intranasal Lactobacillus rhamnosus GG. PLoS Pathog.
2019, 15:e1008072. 10.1371/journal.ppat.1008072

57. Popkin BM, Du S, Green WD, et al.: Individuals with obesity and COVID-19: a global perspective on the
epidemiology and biological relationships. Obes Rev. 2020, 21:e13128. 10.1111/obr.13128

2023 Antony et al. Cureus 15(10): e46960. DOI 10.7759/cureus.46960 8 of 9

https://dx.doi.org/10.1016/j.cell.2010.05.005
https://dx.doi.org/10.1016/j.cell.2010.05.005
https://dx.doi.org/10.1017/jns.2014.68
https://dx.doi.org/10.1017/jns.2014.68
https://dx.doi.org/10.1038/nrgastro.2015.47
https://dx.doi.org/10.1038/nrgastro.2015.47
https://dx.doi.org/10.1038/s41575-021-00440-6
https://dx.doi.org/10.1038/s41575-021-00440-6
https://dx.doi.org/10.1203/PDR.0b013e3181aabd4f
https://dx.doi.org/10.1203/PDR.0b013e3181aabd4f
https://dx.doi.org/10.1016/j.trsl.2020.08.004
https://dx.doi.org/10.1016/j.trsl.2020.08.004
https://dx.doi.org/10.1016/j.imu.2021.100515
https://dx.doi.org/10.1016/j.imu.2021.100515
https://dx.doi.org/10.1007/s12602-020-09727-7
https://dx.doi.org/10.1007/s12602-020-09727-7
https://dx.doi.org/10.1038/s41575-020-0344-2
https://dx.doi.org/10.1038/s41575-020-0344-2
https://dx.doi.org/10.1038/nature23480
https://dx.doi.org/10.1038/nature23480
https://dx.doi.org/10.1186/s13054-018-2167-x
https://dx.doi.org/10.1186/s13054-018-2167-x
https://dx.doi.org/10.1111/jgh.15796
https://dx.doi.org/10.1111/jgh.15796
https://dx.doi.org/10.1007/s00705-012-1543-0
https://dx.doi.org/10.1007/s00705-012-1543-0
https://dx.doi.org/10.1017/S0007114514000075
https://dx.doi.org/10.1017/S0007114514000075
https://dx.doi.org/10.1007/s00134-016-4303-x
https://dx.doi.org/10.1007/s00134-016-4303-x
https://dx.doi.org/10.1164/rccm.200912-1853OC
https://dx.doi.org/10.1164/rccm.200912-1853OC
https://dx.doi.org/10.1038/pr.2015.174
https://dx.doi.org/10.1038/pr.2015.174
https://dx.doi.org/10.1017/S0007114512004138
https://dx.doi.org/10.1017/S0007114512004138
https://dx.doi.org/10.1007/s00394-015-1056-1
https://dx.doi.org/10.1007/s00394-015-1056-1
https://dx.doi.org/10.1111/j.1365-2036.2011.04939.x
https://dx.doi.org/10.1111/j.1365-2036.2011.04939.x
https://dx.doi.org/10.1016/j.synbio.2018.03.001
https://dx.doi.org/10.1016/j.synbio.2018.03.001
https://dx.doi.org/10.1002/jcph.1121
https://dx.doi.org/10.1002/jcph.1121
https://dx.doi.org/10.5851/kosfa.2020.e1
https://dx.doi.org/10.5851/kosfa.2020.e1
https://dx.doi.org/10.1016/j.cpcardiol.2020.100742
https://dx.doi.org/10.1016/j.cpcardiol.2020.100742
https://dx.doi.org/10.1111/1348-0421.12163
https://dx.doi.org/10.1111/1348-0421.12163
https://dx.doi.org/10.1007/s00281-017-0629-x
https://dx.doi.org/10.1007/s00281-017-0629-x
https://dx.doi.org/10.1371/journal.ppat.1008072
https://dx.doi.org/10.1371/journal.ppat.1008072
https://dx.doi.org/10.1111/obr.13128
https://dx.doi.org/10.1111/obr.13128


58. Abdi A, Jalilian M, Sarbarzeh PA, Vlaisavljevic Z: Diabetes and COVID-19: a systematic review on the
current evidences. Diabetes Res Clin Pract. 2020, 166:108347. 10.1016/j.diabres.2020.108347

59. Nishiga M, Wang DW, Han Y, Lewis DB, Wu JC: COVID-19 and cardiovascular disease: from basic
mechanisms to clinical perspectives. Nat Rev Cardiol. 2020, 17:543-558. 10.1038/s41569-020-0413-9

60. Leal-Martínez F, Abarca-Bernal L, García-Pérez A, González-Tolosa D, Cruz-Cázares G, Montell-García M,
Ibarra A: Effect of a nutritional support system to increase survival and reduce mortality in patients with
COVID-19 in stage III and comorbidities: a blinded randomized controlled clinical trial. Int J Environ Res
Public Health. 2022, 19:1172. 10.3390/ijerph19031172

61. Gutiérrez-Castrellón P, Gandara-Martí T, Abreu Y Abreu AT, et al.: Probiotic improves symptomatic and
viral clearance in Covid19 outpatients: a randomized, quadruple-blinded, placebo-controlled trial. Gut
Microbes. 2022, 14:2018899. 10.1080/19490976.2021.2018899

62. Meskina ER, Tselipanova EE, Khadisova MK, Galkina LA, Stashko TV: [Efficiency of application of sorbed
probiotics in complex therapy of pneumonia caused by SARS-CoV-2. Part 1. Heating clinical displays
period]. Ter Arkh. 2021, 93:456-464. 10.26442/00403660.2021.04.200835

63. Saviano A, Potenza A, Siciliano V, et al.: COVID-19 pneumonia and gut inflammation: the role of a mix of
three probiotic strains in reducing inflammatory markers and need for oxygen support. J Clin Med. 2022,
11:3758. 10.3390/jcm11133758

64. Taquet M, Geddes JR, Husain M, Luciano S, Harrison PJ: 6-month neurological and psychiatric outcomes in
236 379 survivors of COVID-19: a retrospective cohort study using electronic health records. Lancet
Psychiatry. 2021, 8:416-427. 10.1016/S2215-0366(21)00084-5

65. Wu M, Feng H, Song J, Chen L, Xu Z, Xia W, Zhang W: Structural elucidation and immunomodulatory
activity of a neutral polysaccharide from the Kushui Rose (Rosa setate x Rosa rugosa) waste. Carbohydr
Polym. 2020, 232:115804. 10.1016/j.carbpol.2019.115804

66. Luo L, Qin T, Huang Y, et al.: Exploring the immunopotentiation of Chinese yam polysaccharide poly(lactic-
co-glycolic acid) nanoparticles in an ovalbumin vaccine formulation in vivo. Drug Deliv. 2017, 24:1099-
1111. 10.1080/10717544.2017.1359861

67. Shahramian I, Kalvandi G, Javaherizadeh H, Khalili M, Noori NM, Delaramnasab M, Bazi A: The effects of
prebiotic supplementation on weight gain, diarrhoea, constipation, fever and respiratory tract infections in
the first year of life. J Paediatr Child Health. 2018, 54:875-880. 10.1111/jpc.13906

68. Robertson DM: Prebiotics and type 2 diabetes: targeting the gut microbiota for improved glycaemic
control?. Practical Diabetes. 2020, 37:133-137. 10.1002/pdi.2285

69. Mahboobi S, Rahimi F, Jafarnejad S: Effects of prebiotic and synbiotic supplementation on glycaemia and
lipid profile in type 2 diabetes: a meta-analysis of randomized controlled trials. Adv Pharm Bull. 2018,
8:565-574. 10.15171/apb.2018.065

70. Yeh TL, Shih PC, Liu SJ, et al.: The influence of prebiotic or probiotic supplementation on antibody titers
after influenza vaccination: a systematic review and meta-analysis of randomized controlled trials. Drug
Des Devel Ther. 2018, 12:217-230. 10.2147/DDDT.S155110

71. Guan WJ, Ni ZY, Hu Y, et al.: Clinical characteristics of coronavirus disease 2019 in China . N Engl J Med.
2020, 382:1708-1720. 10.1056/NEJMoa2002032

72. Zhang X, Tan Y, Ling Y, et al.: Viral and host factors related to the clinical outcome of COVID-19 . Nature.
2020, 583:437-440. 10.1038/s41586-020-2355-0

73. Ishizuka S, Tanaka S: Modulation of CD8+ intraepithelial lymphocyte distribution by dietary fiber in the rat
large intestine. Exp Biol Med (Maywood). 2002, 227:1017-1021. 10.1177/153537020222701110

74. Lauc G, Pezer M, Rudan I, Campbell H: Mechanisms of disease: the human N-glycome . Biochim Biophys
Acta. 2016, 1860:1574-1582. 10.1016/j.bbagen.2015.10.016

75. Walls AC, Park YJ, Tortorici MA, Wall A, McGuire AT, Veesler D: Structure, function, and antigenicity of the
SARS-CoV-2 spike glycoprotein. Cell. 2020, 181:281.e6-292.e6. 10.1016/j.cell.2020.02.058

76. Watanabe Y, Berndsen ZT, Raghwani J, et al.: Vulnerabilities in coronavirus glycan shields despite extensive
glycosylation. Nat Commun. 2020, 11:2688. 10.1038/s41467-020-16567-0

77. Gyorgy P, Norris RF, Rose CS: Bifidus factor. I. A variant of Lactobacillus bifidus requiring a special growth
factor. Arch Biochem Biophys. 1954, 48:193-201. 10.1016/0003-986190323-9

78. Morozov V, Hansman G, Hanisch FG, Schroten H, Kunz C: Human milk oligosaccharides as promising
antivirals. Mol Nutr Food Res. 2018, 62:e1700679. 10.1002/mnfr.201700679

79. Pace RM, Williams JE, Järvinen KM, et al.: Milk from women diagnosed with COVID-19 does not contain
SARS-CoV-2 RNA but has persistent levels of SARS-CoV-2-specific IgA antibodies. Front Immunol. 2021,
12:801797. 10.3389/fimmu.2021.801797

80. Chambers C, Krogstad P, Bertrand K, Contreras D, Tobin NH, Bode L, Aldrovandi G: Evaluation for SARS-
CoV-2 in breast milk from 18 infected women. JAMA. 2020, 324:1347-1348. 10.1001/jama.2020.15580

81. Fox A, Marino J, Amanat F, Krammer F, Hahn-Holbrook J, Zolla-Pazner S, Powell RL: Robust and specific
secretory IgA against SARS-CoV-2 detected in human milk. iScience. 2020, 23:101735.
10.1016/j.isci.2020.101735

82. Yeşilyurt N, Yılmaz B, Ağagündüz D, et al.: Involvement of probiotics and postbiotics in the immune system
modulation. Biologics. 2021, 1:89-110. 10.3390/biologics1020006

83. Akatsu H, Arakawa K, Yamamoto T, Kanematsu T, Matsukawa N, Ohara H, Maruyama M: Lactobacillus in
jelly enhances the effect of influenza vaccination in elderly individuals. J Am Geriatr Soc. 2013, 61:1828-
1830. 10.1111/jgs.12474

84. Maruyama M, Abe R, Shimono T, Iwabuchi N, Abe F, Xiao JZ: The effects of non-viable Lactobacillus on
immune function in the elderly: a randomised, double-blind, placebo-controlled study. Int J Food Sci Nutr.
2016, 67:67-73. 10.3109/09637486.2015.1126564

85. Anwar F, Altayb HN, Al-Abbasi FA, Al-Malki AL, Kamal MA, Kumar V: Antiviral effects of probiotic
metabolites on COVID-19. J Biomol Struct Dyn. 2021, 39:4175-4184. 10.1080/07391102.2020.1775123

86. Vaezi M, Ravanshad S, Akbari Rad M, Zarrinfar H, Kabiri M: The effect of synbiotic adjunct therapy on
clinical and paraclinical outcomes in hospitalized COVID-19 patients: a randomized placebo-controlled
trial. J Med Virol. 2023, 95:e28463. 10.1002/jmv.28463

2023 Antony et al. Cureus 15(10): e46960. DOI 10.7759/cureus.46960 9 of 9

https://dx.doi.org/10.1016/j.diabres.2020.108347
https://dx.doi.org/10.1016/j.diabres.2020.108347
https://dx.doi.org/10.1038/s41569-020-0413-9
https://dx.doi.org/10.1038/s41569-020-0413-9
https://dx.doi.org/10.3390/ijerph19031172
https://dx.doi.org/10.3390/ijerph19031172
https://dx.doi.org/10.1080/19490976.2021.2018899
https://dx.doi.org/10.1080/19490976.2021.2018899
https://dx.doi.org/10.26442/00403660.2021.04.200835
https://dx.doi.org/10.26442/00403660.2021.04.200835
https://dx.doi.org/10.3390/jcm11133758
https://dx.doi.org/10.3390/jcm11133758
https://dx.doi.org/10.1016/S2215-0366(21)00084-5
https://dx.doi.org/10.1016/S2215-0366(21)00084-5
https://dx.doi.org/10.1016/j.carbpol.2019.115804
https://dx.doi.org/10.1016/j.carbpol.2019.115804
https://dx.doi.org/10.1080/10717544.2017.1359861
https://dx.doi.org/10.1080/10717544.2017.1359861
https://dx.doi.org/10.1111/jpc.13906
https://dx.doi.org/10.1111/jpc.13906
https://dx.doi.org/10.1002/pdi.2285
https://dx.doi.org/10.1002/pdi.2285
https://dx.doi.org/10.15171/apb.2018.065
https://dx.doi.org/10.15171/apb.2018.065
https://dx.doi.org/10.2147/DDDT.S155110
https://dx.doi.org/10.2147/DDDT.S155110
https://dx.doi.org/10.1056/NEJMoa2002032
https://dx.doi.org/10.1056/NEJMoa2002032
https://dx.doi.org/10.1038/s41586-020-2355-0
https://dx.doi.org/10.1038/s41586-020-2355-0
https://dx.doi.org/10.1177/153537020222701110
https://dx.doi.org/10.1177/153537020222701110
https://dx.doi.org/10.1016/j.bbagen.2015.10.016
https://dx.doi.org/10.1016/j.bbagen.2015.10.016
https://dx.doi.org/10.1016/j.cell.2020.02.058
https://dx.doi.org/10.1016/j.cell.2020.02.058
https://dx.doi.org/10.1038/s41467-020-16567-0
https://dx.doi.org/10.1038/s41467-020-16567-0
https://dx.doi.org/10.1016/0003-986190323-9
https://dx.doi.org/10.1016/0003-986190323-9
https://dx.doi.org/10.1002/mnfr.201700679
https://dx.doi.org/10.1002/mnfr.201700679
https://dx.doi.org/10.3389/fimmu.2021.801797
https://dx.doi.org/10.3389/fimmu.2021.801797
https://dx.doi.org/10.1001/jama.2020.15580
https://dx.doi.org/10.1001/jama.2020.15580
https://dx.doi.org/10.1016/j.isci.2020.101735
https://dx.doi.org/10.1016/j.isci.2020.101735
https://dx.doi.org/10.3390/biologics1020006
https://dx.doi.org/10.3390/biologics1020006
https://dx.doi.org/10.1111/jgs.12474
https://dx.doi.org/10.1111/jgs.12474
https://dx.doi.org/10.3109/09637486.2015.1126564
https://dx.doi.org/10.3109/09637486.2015.1126564
https://dx.doi.org/10.1080/07391102.2020.1775123
https://dx.doi.org/10.1080/07391102.2020.1775123
https://dx.doi.org/10.1002/jmv.28463
https://dx.doi.org/10.1002/jmv.28463

	The Role of Gut Microbiome Supplementation in COVID-19 Management
	Abstract
	Introduction And Background
	TABLE 1: Mechanism and effects of supplements on human health.
	FIGURE 1: Schematic diagram illustrating the effects of SARS-CoV-2 on human lungs and gut.

	Review
	Probiotic use in COVID-19
	Prebiotic use in COVID-19
	Postbiotic use in COVID-19
	Synbiotic use in COVID-19

	Conclusions
	Additional Information
	Disclosures

	References


