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Abstract Worldwide, millions of individuals have been

affected by the prevailing SARS-CoV-2. Therefore, a

robust immune system remains indispensable, as an

immunocompromised host status has proven to be fatal. In

the absence of any specific antiviral drug/vaccine, COVID-

19 related drug repurposing along with various other non-

pharmacological measures coupled with lockdown have

been employed to combat this infection. In this context, a

plant based rich fiber diet, which happens to be consumed

by a majority of the Indian population, appears to be

advantageous, as it replenishes the host gut microbiota with

beneficial microbes thereby leading to a symbiotic associ-

ation conferring various health benefits to the host

including enhanced immunity. Further, implementation of

the lockdown which has proven to be a good non-phar-

macological measure, seems to have resulted in con-

sumption of home cooked healthy diet, thereby enriching

the beneficial microflora in the gut, which might have

resulted in better prognosis of COVID-19 patients in India

in comparison to that observed in the western countries.
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Introduction

Ever since the outbreak of COVID-19 occurred in Wuhan,

China in December 2019, it has rapidly spread throughout

the globe. In view of the scourge of this disease world over,

the World Health Organization (WHO) declared it as a

pandemic on March 11, 2020 [1]. By now, it has affected

approximately 16.5 million people worldwide (as on 28th

July, 2020) and the number continues to increase. Thus, the

entire human population is being threatened to get exposed

to this highly contagious virus sooner or later [2]. Infection

with COVID-19 has been associated with significant

mortality, particularly in the high-risk group such as health

care providers and elderly people, with or without

comorbidities [3, 4]. Very recently, it has been proposed

that people with an underlying chronic inflammation of the

gut are more predisposed to a heightened cytokine storm

when infected with this virus [5]. Cytokine storm has been

defined as the over-production of early response cytokines

leading to an increased risk of vascular hyper-permeability,

multi-organ failure and eventually death, as a result of high

cytokine concentrations which are not found to reduce over

time [6].

Further, chronic gut inflammation has been suggested to

result from a specific constitution of gut microbiome, with

the latter being regulated by diet. For example, plant-based

foods are likely to support a gut microbiome capable of

inducing an appropriate level of anti-inflammatory
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response in the host in contrast to a pro-inflammatory

immune response elicited by the gut microbiome of indi-

viduals consuming food products such as wheat, red meat

and alcohol, thereby resulting in chronic gut inflammation

[5]. Simultaneously, since many people had to undergo

forced fasting during the COVID-19 pandemic, it might

have affected their microbiota. The main hypothesis

underlying the study is that, can this lead to susceptibility

to infections? And can vegetarian diet help to boost

immunity and help human beings to fight the pathogens?

Believing the notion: ’We are, what we eat’, this manu-

script provides an opportunity to the researchers in the field

of Microbiology and Medical health to carry out studies on

the effect of forced fasting on gut microbiota and means to

counter any potential ill effects. In this context, the present

review envisages the possible association of diet and

microbiota with the incidence/severity/recovery of

COVID-19 cases during the lockdown period (from 25th

March to 31st May 2020) in India.

Diet and Gut Microbiota in the Population
of Developed and Developing Countries

Dietary habits and amount of food consumed has been

reported to shape the microbiome [5]. Predominant

microbial phyla of the human gastrointestinal tract include

Bacteriodetes, Firmicutes, Actinobacteria, Fusobacteria,

Proteobacteria and Verrucomicrobium [7]. Of these, Bac-

teriodetes (Bacteroides, Prevotella) and Firmicutes

(Eubacterium, Lactobacillus) constitute more than 90% of

the bacterial population inhabiting the colon. In early

1990s, Élie Metchnikoff reported that Bulgarians have very

high life expectancy, which was attributed to the con-

sumption of yoghurt, thereby meeting the requirement of

harboring a good microbiota to maintain homeostasis [8].

Ever since then, several reports reflecting changes in the

diet as well as the gut microbiota have made this hypoth-

esis worth exploring. It is now a well-established fact, that

modern Western diet consisting of food, which is processed

and kept in cold storage, has less fiber content in com-

parison to the diets consumed by developing countries [9].

It has been shown experimentally that there was an

increase in abundance of bacteria belonging to Firmicutes

phylum with a simultaneous decrease in the bacteria of

Bacteroidetes phylum in the gut of people residing in

Western countries. Generally, Bacteriodetes are found to

be dominant in people with vegetarian diet whereas Fir-

micutes are dominant in people having animal-based diet

[10]. For example, it has been reported that children from

Africa were enriched with Bacteroidetes due to high fiber

content in their diet. Moreover, they possessed higher

counts of bacteria, such as Prevotella and Xylanibacter,

which have been reported to possess genes coding for

molecules involved in hydrolysis of such complex plant-

based polysaccharides (which are otherwise indigestible).

They were also found to possess lower number of Firmi-

cutes and demonstrated increased amount of short chain

fatty acids (SCFAs) in their faeces as compared to the

microbiota of the children of European origin [11]. The

concentration of SCFAs is important at local (colon) or

systemic (blood) levels for immunoregulation [12].

Even immigration to the US has been reported to

westernize the human gut microbiome [13]. Migration,

specially from a non-Western nation such as India to

Western countries, has been reported to present with a

decreased abundance of plant fibre degrading enzyme as a

direct implication of decrease in the gut bacterial diversity.

In these immigrants, Bacteroides strain has been found to

displace Prevotella strains subject to the duration of stay in

the USA. Moreover, loss in gut-microbial diversity has also

been shown to increase with obesity and the problem

stands exacerbated in future generations [14].

Bacterial genera such as Prevotella, Lactobacillus, and

Carnobacterium were found to be more abundant in Indian

population as compared to the Chinese population. Also,

Prevotella and Bifidobacteria were the dominant genera in

Indian population owing to the vegetarian diet followed by

most inhabitants in contrast to Chinese inhabitants where

Bifidobacteria and Blautia were found to be most abundant

which can be attributed to the increased consumption of

animal based diet therein [15]. Recently, Pareek et al. [16]

compared the gut microbiota of Indian and Japanese pop-

ulation and have also indicated the diet dependent inter-

action between bacteria and fungi residing in the gut. It has

been observed that presence of more plant polysaccharides

in Indian diet as compared to that of Japanese leads to

increased numbers of Prevotella and Candida in the gut of

Indians. Moreover, Candida species were found to promote

the proliferation of Prevotella when provided with arabi-

noxylan rich diet [16].

India records the second largest population along with

being the seventh largest country in the world and exhibits

diverse dietary habits, ethnicity, and lifestyle. Various

studies have highlighted the link between the diet and gut

microbiota profile of Indians [17, 18]. Core microbiota

analysis of Indians revealed the distinctive predominance

of genus Prevotella in 80% of the population while almost

55% of the population harbored Bacteroides, Prevotella,

Megasphaera, and Roseburia in their gut [19]. One com-

parative study also indicated that Prevotella are the dom-

inant species in the gut of most North-Central Indians, who

mostly consume plant-based carbohydrate rich diet

whereas bacteria such as Bacteroides, Fecalibacteria and

Ruminococci make a significant part of gut microbiota of

South Indians who mostly consume an omnivorous diet
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[18]. Another comparative study revealed that the gut

bacterial profile of Indian tribal population is like that of

the Mongolian population because of similar dietary habits

[20]. The effect of urbanization on the gut microflora of

humans in India has shown a clear difference between the

gut microbiota profiles of the rural and urban counterparts

[21]. It was observed that Bacteroides species were found

to be abundant in Indians residing in urban areas whereas

Prevotella species were dominant in rural population.

Dietary habits have been reported as one of the driving

factors for these differences.

Dietary Nutrients

Further, the amount of dietary nutrients including

micronutrients (polyphenols and vitamins), macronutrients

(carbohydrates, fats and proteins) as well as minerals and

trace metals (magnesium, iron, selenium, zinc) have been

reported to exhibit substantial effect on the gut microbiota

[22]. In vitro studies have suggested that polyphenols such

as phenols, flavonoids, and lignans present abundantly in

raw vegetables and fruits along with cereals and drinks

such as coffee, tea and wine could greatly modulate the gut

flora favouring the growth of potentially beneficial organ-

isms such as Lactobacillus, Bifidobacteria, Akkermansia

and Fecalibacteria, simultaneously inhibiting the growth

of potentially pathogenic bacteria such as Helicobacter

pylori and Staphylococcus species [23]. Preclinical studies

and clinical trials have shown that polyphenols affect the

ratio of Firmicutes to Bacteroides (F/B) [24]. This could be

attributed to the prebiotic like activity of the polyphenols

(for example, inulin has been reported as a prebiotic for

Lactobacillus plantarum [25] and their biotransformation

to produce SCFAs, along with other bacterial metabolites,

that contribute to the growth of beneficial bacteria resulting

in a significant reduction in inflammation and thereby

improving the systemic state of disease [26]. Likewise,

vitamins C (lemon, spinach, broccoli), D (eggs, fish) and E

(almonds, spinach, broccoli, olive oil) supplementation

have been found to modulate health-beneficial microbiota

(Bifidobacteria, Lactobacillus, and microbes of the genus

Roseburia) and reduce the F/B ratio [27]. However, mod-

ulation of the gut microbial profile depends on the level of

vitamins in the host. Therefore, clinical trial pertaining to

concerns regarding excess vitamin supplementation are

required to address these issues. Out of the minerals, zinc

supplementation (milk products, nuts, read meat) has been

reported to reduce the deleterious microbes and increase

the beneficial ones in various preclinical studies [28].

Carbohydrates also play a pivotal role in influencing the

gut flora. Plant derived carbohydrate based high-fiber diet

was found to increase the abundance of Bifidobacterium

and reduce the F/B ratio [29]. Most of the carbohydrates

such as galacto-oligosaccharides, arabinoxylan, oligofruc-

tose institutes the growth of bacteria such as Bifidobacteria,

Lactobacillus, Roseburia, etc., which have been known to

confer health benefits and has been found to influence the

F/B ratio [27]. Certain carbohydrates have been reported to

possess restorative activity in reversing the state of dys-

biosis, thereby indicating their potential as a possible

therapeutic intervention for management of various meta-

bolic diseases.

In case of fats, both the quantity as well as their type

plays a major role in modulating the gut microbiota [27].

For example, saturated fat reduces beneficial microbes such

as Bifidobacterium and Fecalibacterium, thereby increas-

ing the F/B ratio. On the contrary, unsaturated fat has been

found to reduce detrimental microbes such as Escherichia

and Streptococcus species and simultaneously increasing

the beneficial bacteria such as Bifidobacteria and Akker-

mansia, hence lowering the F/B ratio. Moreover, studies

have also reported that high fat deteriorates the density of

beneficial microbes whereas following it with a low-fat diet

reverses this effect. Similarly, based on their quality and

quantity, proteins have also been reported to affect the

heterogeneity and the constitution of gut flora [27]. For

example, whey protein increases Bifidobacteria at low

concentrations but decreases the same at higher concen-

trations. Furthermore, animal-based proteins (eggs, fish,

meat) have been reported to increase deleterious gut

microbiota, thereby increasing the susceptibility of an

individual to intestinal inflammation. However, preclinical,

and clinical trials are still being carried out to confirm these

effects on gut microbiota. In view of the above-mentioned

information, it is suggested that a healthy diet leads to

symbiosis and contributes immensely in maintaining

homeostasis. On the other hand, dysbiosis is linked to

various kinds of gut inflammation which eventually cul-

minate in gut-associated co-morbidities [30].

Symbiosis, Immune Regulation, and Homeostasis

Interdependence between the host and gut microbiota has

been found to be indispensable [31]. Various studies have

reported that mutualistic association between the two holds

immense significance in maintaining an equipoise as the

former provides the latter with a nutrient rich milieu and

the latter in turn aids in various key functions necessary for

host sustenance [32]. In this regard, the impact of gut

microbiota can broadly be classified into structural, meta-

bolic, and protective functions. The gut microflora has been

known to strengthen the gut barrier by enhancing expres-

sion of tight junction proteins and simultaneously inducing

IgA production and prominent bacteria that aid in both

include Bacteroides spp., F. prausnitzii, Akkermansia
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muciniphila, Roseburia spp.; probiotic bacteria including

Bifidobacterium and Lactobacillus spp. [33]. The metabolic

functions include their ability to produce essential vitamins

and simultaneously metabolize iron, other dietary car-

cinogens along with fermentation of non-digestible carbo-

hydrates. The indigenous microflora also protects the host

by preventing establishment of gut pathogens due to

enhanced competitive binding by competing for nutrients,

space, and host cell receptors along with production of

various anti-microbial factors thereby resulting in pathogen

displacement [7]. The fermentation of dietary fiber by gut

microbes, resulting in formation of short chain fatty acids,

has been further known to regulate immune functioning via

various receptors and pathways involving molecules such

as G-protein coupled receptors (GPCRs). GPCRs such as

GPCR43 and GPCR120 have been reported to regulate

anti-inflammatory pathways such as enhanced reactive

oxygen species (ROS) mediated killing coupled with

enhanced phagocytosis, induction of apoptosis, recruitment

of specific proteins and cytokine production thereby con-

tributing immensely to immune regulation [12]. All these

findings substantiate the role of gut flora, its composition

and its role in immune system regulation owing to its

ability in producing molecules such as SCFA, peptidogly-

cans and polysaccharide A from a fibre rich diet, which

significantly contributes to the maintenance of homeosta-

sis. In addition to the regular diet intake, fasting is an

integral part of many cultures worldwide and is considered

auspicious traditionally. This concept has been getting

scientific validations for its role in maintaining gut and

immune homeostasis. Intermittent fasting (IF) (which

includes alternate day fasting or time restricted feeding)

has been reported to favorably influence the gut microbiota

[34] by increasing the abundance of beneficial Akkerman-

sia muciniphila and Bacteroides fragilis [35]. In fact,

various animal trials and some human intervention studies

have clearly demonstrated health benefits associated with

IF in people with underlying diabetes, obesity, and car-

diovascular ailments [36].

Diet Induced Dysbiosis, Inflammation
and Comorbidity

It has been established that plant food-based diet promotes

the microbes that ensue anti-inflammatory response and is

thus, known to maintain a more diverse and stable micro-

biota [37]. In other words, a vegetarian diet seems to be

more beneficial for human health due to its ability to

maintain a state of symbiosis i.e., balanced microflora

within the host. In contrast to this, certain food items such

as gluten in wheat, red meat and alcohol can promote the

growth of dysbiotic microorganisms which trigger a

heightened pro-inflammatory response, thereby culminat-

ing in chronic inflammation [5]. This chronic inflammation

has been reported to cause gut leakiness due to degradation

of tight junctions by various proteases [38], thus allowing

the dissemination of cells, pathogenic bacteria, and viruses

into the blood circulation and transforming the existing

state of gut inflammation into chronic systemic inflamma-

tion [39]. This chronic inflammation may remain unde-

tected for years altogether, serving as a predisposing risk

factor which may, at any time soon, aggravate into ailments

and other serious manifestations, and therefore can be

considered as a comorbidity. The term ’comorbidity’ refers

to any added illness in patients already suffering from a

disease. In the recent decade, occurrence of psychiatric

comorbidity in chronic disease has been widely observed

and has been emphasized as an important aspect of disease

management [40].

Various studies have reported the association of dys-

biosis with the pathogenesis of various intestinal or extra-

intestinal disorders such as coeliac disease, cardiovascular

disease, diabetes, and obesity [9, 41]. Similarly, Kedia

et al. [7] have reported comparable changes in the gut

microbiome of patients suffering from autoimmune (In-

flammatory Bowel Disease, IBD) as well as infectious

diseases, suggesting the role of inflammation in the altered

status of the gut microbiome. Hence, it can also be inferred

that comorbidity can arise because of dysbiotic inflamma-

tory condition.

Effect of Microbiota on COVID-19 Cases During
Lockdown

The prevailing COVID-19 pandemic situation arising from

the spread of highly contagious virus led to a lockdown in

various countries. Indian Government also announced the

lockdown on March 25, 2020, further followed by three

more lockdowns. Based on the interim guidelines of WHO,

most of the countries opted for several non-pharmacolog-

ical measures such as social distancing and masking along

with lockdown of varying time intervals. Though a huge

global economic loss was incurred due to enforcement of

restriction on outdoor activities [42], but lockdown was

propounded to be the most effective way to mitigate this

dreadful situation in the absence of any treatment proce-

dures or therapeutic/prophylactic agents. Lockdown

implementation proved to be a reasonably effective strat-

egy even in India (despite being one of the most populous

country in the world), as by the end of 4th lockdown (31st

May 2020), total number of confirmed infection cases in

India were 182,143 (Fig. 1a) with 5164 deceased cases

[43]. Thus, on an average, only 12 infected cases per lakh

people were seen during the lockdown period (Fig. 1b).
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The fatality rate (2.83) of India was also observed to be the

lowest as compared to the worst affected Western countries

(Fig. 1b) and basic reproduction unit (Ro) was significantly

reduced during the course of lockdown from R = 1.26 to

R = 1.06 till the end of 4th lockdown (31st May 2020). Ro

or basic reproduction unit is the ratio of transmission rate to

recovery rate calculated by SIR modelling study [44]

conducted in our lab (Data not reported here). A positive

impact of lockdown up to the second lockdown period is

clearly visible in Fig. 1c, after which a rapid upsurge in the

cases was observed which can be mainly attributed to

considerable relaxations made by the Government of India.

It may be argued that the number of confirmed cases

represented may not be correct because of insufficient

testing of the Indian population as only symptomatic peo-

ple with a travel history to affected countries or people in

close contact with the COVID-19 positive case were being

tested [45]. In this case, it is also worth noting that in India,

an enough percentage of infected individuals have been

reported to be asymptomatic (approximately 80%) [46].

Therefore, it can be presumed that even if infected cases

are there, these are probably asymptomatic due to the

healthy dietary habits and symbiosis. However, being

asymptomatic is always a risk of transmission of infection

to others and that is where measures like social distancing,

masking and respiratory etiquettes prove to be of immense

benefit.

Here, it may be inferred that plant based, home cooked,

rich fiber diet consumed by the Indian population during

lockdown, might have resulted in generation of symbiotic

microflora, thereby eliciting anti-inflammatory responses.

Indian diet is also rich in whole grains, which are a rich

source of dietary fiber, carbohydrates, resistant starch and

oligosaccharides. These are fermented in the colon after

escaping digestion in the small intestine and result in

production of SCFAs, which act as an energy source for the

colonocytes, lower the colonic pH as well as alter the blood

lipids, hence eliciting an immune response beyond the gut

[47]. Whole grains are also rich in antioxidants such as

phenolic compounds which have been shown to result in

disease prevention [48]. Moreover, whole grains also

possess certain compounds which may reduce the risk of

chronic diseases such as diabetes, obesity, and cancer.

Furthermore, state wise data distribution within India pre-

sented that the states where millet is the staple food, less

prevalence of the disease was observed along with a higher

recovery rate and a lower fatality rate.

Fig. 1 a Confirmed COVID-19 cases in different countries on 31st

May, 2020; b Comparative fatality rate of COVID-19 infection and

cases per lakh population; c Cumulative cases (confirmed, recovered

and deceased) in India during different phases of Lockdown. [Graph

generated from the data retrieved from (http://www.covid19india.org)

by using R script]

Indian J Microbiol

123

http://www.covid19india.org


Simultaneously, a shift from animal-based diet to plant-

based, fiber rich diet, has been reported to be associated

with a change in microbiota (which changes within days to

weeks) [49]. This shift was expected during the lockdown

in the Indian population. This might have downregulated

any pre-existing chronic inflammation, thereby reducing

the occurrence of cytokine storm. Due to an almost total

shutdown, it can be presumed that the public had limited

access to animal based or ready to eat processed food,

which is generally rich in refined carbohydrates and fats.

The lockdown very successfully steered the public to

consciously consuming homemade healthy diet, which

probably resulted in reduced incidence/severity of disease

during this period due to an improved microbiota or

symbiosis.

It was also observed that besides having many cases,

India was spared from the fatality caused by SARS-CoV-2

as compared to other countries, especially Western coun-

tries, such as USA (Fig. 1b). USA (1,716,078) and Brazil

(465,166) have maximum number of cases followed by

European countries [43]. Both the regions consume meat

rich diet and saturated fatty acids. Pro-inflammatory

responses triggered due to such a diet may lead to fatal

complications in patients infected with COVID-19, where

lung epithelial cell inflammation might have detrimental

consequences. Moreover, it was also observed that due to

lockdown restrictions in the Western countries, access to

fresh vegetables or fruits were also restricted to the popu-

lation, unlike India, where daily grocery items such as fresh

fruits, vegetables, and milk were accessible to the public

daily. The former situation might have resulted in

increased consumption of processed food, leading to dys-

biosis and simultaneously resulting in addition of more

cytokines to the pro-inflammatory milieu. Increased con-

sumption of processed foods which are mostly rich in fats,

sugars, and salts, not only increases the risk of lifestyle

diseases such as obesity and cardiovascular problems in

patients suffering from chronic inflammation, but has also

been found to have grave implications in enhancing

COVID-19 related complications [47]. Most of the

COVID-19 related deaths reported in India so far, might be

attributed to the immunocompromised status of the indi-

vidual as most of them were found to be suffering from

some comorbidity such as hypertension, diabetes or other

cardiovascular diseases [3].

Therefore, early implementation of lockdown by Indian

Government was a great step towards preventing a catas-

trophe as there are over 8 crore hypertension patients and

about 77 million diabetic patients in India [50]. A tool

developed by the Oxford University, Oxford COVID-19

Government Response tracker (OFCGRT), also applauded

the Indian Government for having done exceptionally well

in curtailing the coronavirus outbreak [51].

An Italian Survey carried out by Di Renzo et al. [49],

has also highlighted some of the positive effects of the

lockdown, such as, a higher indulgence in physical activity

and adoption of healthier lifestyles by quitting smoking.

Moreover, an increased adherence to the Mediterranean

diet was seen in the age group of 18–30, which might have

reduced the risk of oxidative damage and in turn, the

susceptibility to COVID-19 infection. This survey also

emphasized the protective potential of healthy plant-based

diet as compared to the processed food or animal-based

diet.

Further during the lockdown period several of the daily

wagers including migrant workers faced adversity and

underwent phases of forced starvation. Similarly, people

working in corporates away from their homes and taking

their meals outside may also have faced situations where

they underwent phases of no or little food during the

lockdown. This situation is comparable to an intermittent

fasting condition. In this context, it can be speculated that

IF might have given the advantage to some by enriching

their beneficial gut microbiota and thus the former non-

pharmacological interventions can have special implication

amidst the COVID-19 crisis, assisting the microbiome-

immune axis. It may be noted that perhaps, deaths which

occurred amongst migrants were due to road accidents or

starvation but not due to SARS-CoV-2 infection!

On the other hand, quarantine has also been reported to

induce stress which leads to ‘stress eating’ wherein indi-

viduals tend to increasingly consume food with high fat

and sugar content thereby leading to obesity. An obese

individual has been reported to possess a decreased

immune function demonstrated by a deficit in CD8? T

cells responses used to combat viral infections. This leads

to higher mortality due to increased viral load in lungs and

is also coupled with lung pathology [52]. Furthermore, in

Western countries it was observed that a diet poor in fresh

fruits and vegetables was more frequently ingested, thereby

reducing the daily required intake of antioxidants and

vitamins, which have been reported as potential weapons

against the COVID-19. Therefore, strategies which

encourage healthy diet and increased home-based physical

activities should be implemented to reduce the risk of

above-mentioned conditions.

In addition to a decline in the physical health of indi-

viduals due to ingestion of improper food, the effect of

quarantine in deteriorating the mental health, especially in

children, was also observed [53]. Herein, we would like to

point out that such a condition may be avoided if the person

is accustomed to healthy diet or diet supplemented with

healthy microbes such as probiotics [54, 55]. Disturbances

at the gut-brain axis, occurring due to various gastro-in-

testinal conditions, have been implicated in various mental

health abnormalities as well such as anxiety, mood
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disorders and depression [56]. Probiotics have been

reported to restore this balance and act as ‘psychobiotics’,

thereby serving as an alternate treatment option. In this

context, we recently studied the effect of a potential pro-

biotic strain, Lactiplantibacillus plantarum (RTA 8), on

psychological, histological and physiological status of

diseased host and its role in ameliorating host health by

modulating various aspects of the gut-brain axis [57]. The

schematic representation of the possible association as

mentioned above has been shown in Fig. 2. Given the

purported association of microbiota with COVID-19 cases,

studies on analysis of gut microbiome using faecal samples

of these cases are warranted to validate this hypothesis.

Briefly, it can be concluded that the high fatality rate in

Western countries as compared to India, during the lock-

down, can be attributed to (1) their animal based diet which

increases dysbiosis, hence increasing the pro-inflammatory

cytokines resulting in cytokine storm in contrast to the

Sattvic diet of the Indian culture including plant based diet

and use of traditional medicine as recommended by the

Ministry of AYUSH (Ayurveda, Yoga and Naturopathy,

Unani, Siddha and Homeopathy), Government of India

[58]; (2) the unhealthy dietary habits during lockdown,

especially attributed to limited access to fresh grocery

shopping, thus resulting in an increase in underlying con-

ditions; (3) the late implementation of lockdown in contrast

to the timely implementation of lockdown by the

Government of India; (4) the possibility of a more virulent

variant of COVID-19 strain prevalent in Western countries

in comparison to that prevalent in India due to high

mutation rate in the genome of SARS-CoV-2 virus [59, 60]

and; (5) India, being a developing country, is more exposed

to infections as compared to the developed nations, thereby

resulting in priming of their immune response against a

wide variety of microbes leading to a better immune status

than that observed in the Western population.

Concluding Remarks and Future Perspectives

There has been a growing appreciation of the role played

by commensal microbiota in human health. Here, diet has

been found to play a crucial role in modulating the gut

microbiota, thereby resulting in symbiosis or dysbiosis. In

this context, people should be enlightened about the

importance of daily intake of a balanced diet which can be

better defined and prescribed through the help of nutritional

biologists and food industries. A balanced diet, like the

ones prepared by the dieticians in hospitals and hostels of

educational institutions, can also be defined for public. The

same can also be supplied to the migrants and the eco-

nomically weaker sections of the society to prevent mal-

nutrition. Furthermore, the importance of intermittent

fasting or following a fasting-mimicking diet can be an

Fig. 2 Schematic representation of possible association of diet derived microbiota with susceptibility to/clinical outcome of COVID-19
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important advisory to the population, for not only restoring

beneficial gut microbiota but promoting overall health as

well.

Rapid advancements in the molecular techniques for

assessment of human gut microbiome has helped in

defining the diversity and metabolic properties of the gut

microbiota. Intestinal microbiota of the host can be mod-

ulated through administration of synbiotics (probiotics and

prebiotics), thereby conferring holistic health benefits.

Developing such a combination of probiotics and prebi-

otics may ultimately prove to be more cost effective than

developing new drugs. Gut microbiota can be modulated

by enriching it with beneficial ones and eliminating the

pathogenic microbes using antipathogens as an alternative

to antibiotics [61–67]. The acceptance of scientific com-

munity/physicians for their application, specific to the

control of infection, beyond the accepted source of health

promoting effects is important. In addition to the regulatory

and scientific constraints, public acceptance may be

another hurdle which needs to be surmounted by educating

and enhancing awareness to increase intake of probiotics/

prebiotics along with plant-based fiber rich diet to the

recommended level.

As per the experience gathered during the lockdown

period, a significant increase in the cleanliness quotient has

been observed in the environment which is crucial for

decreasing the incidence of infections along with con-

tributing to robust health status of individuals. As envi-

ronment is directly related to health, therefore, even post

this COVID-19 pandemic, lockdown for a specific period

once in every year may be practiced enriching the envi-

ronment as well as health [68]. This would also give

opportunity, particularly to the next generation, in incul-

cating good habits of healthy diet to strengthen their

immune system.

In this regard, the concept ‘Let food be thy medicine’,

proposed by Hippocrates way back in 431 BC, needs to be

revisited, particularly during such situation as the present

one, when there is no therapeutic or protective agent

available and for now, cure lies only in prevention.
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