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Abstract

Microorganisms that inhabits human digestive tract affect global health and enteric disorders. Previous studies have docu-
mented the effectiveness and mode of action of probiotics and classified as human-friendly biota and a competitor to enteric
pathogens. Statistical studies reported more than 1.5 billion cases of gastrointestinal infections caused by enteric pathogens
and their long-term exposure can lead to mental retardation, temporary or permanent physical weakness, and leaving the
patient susceptible for opportunistic pathogens, which can cause fatality. We reviewed previous literature providing evidence
about therapeutic approaches regarding probiotics to cure enteric infections efficiently by producing inhibitory substances,
immune system modulation, improved barrier function. The therapeutic effects of probiotics have shown success against
many foodborne pathogens and their therapeutic effectiveness has been exponentially increased using genetically engineered
probiotics. The bioengineered probiotic strains are expected to provide a better and alternative approach than traditional
antibiotic therapy against enteric pathogens, but the novelty of these strains also raise doubts about the possible untapped
side effects, for which there is a need for further studies to eliminate the concerns relating to the use and safety of probiotics.
Many such developments and optimization of the classical techniques will revolutionize the treatments for enteric infections.
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Introduction 2017). In most of the cases, these infections are caused by

contaminated foods and it constitutes 70% of all diarrheal

Every year, 1.5 billion cases occur of infections related to
enteric system mostly diarrheal in children and they are also
ranked at the fifth spot in causing deaths in people of almost
all ages that accounts for approximately 2.2 billion on whole
(Siddiqui et al. 2021). Young children that are more likely
to be under 5 years are more prone to such infections and
chances or these infections are greatest in developing coun-
tries (Wong et al. 2015). Disabled physical growth, mental
retardation, lack of apprehension, and perception can be
the results of early age infections in children (Sujlana et al.
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infections. There are many sources of enteric infections;
it can be bacterial, viral or parasitic by nature they hinder
activities of intestines with or without causing diarrhoea
(Martins et al. 2009) Diseases caused by food possess criti-
cal harm to public health as given in Table 1. With the incep-
tion of Sustainable development goals or SDGs, these issues
have reached significant attention. SDG 6, which is based on
ensuring accessibility and sustainable water and sanitation
management for all, represents the increased emphasis on
water and sanitation problems on the globalist stage. The
resources of water have covered all aspects of development
in SDG 6 discussions, such as health, food security, patho-
genic diseases, and in preserving a healthy ecosystem (Bar-
tram et al. 2018).

Diarrhoea is the second major cause of death in children
below 5 years of age and kills nearly 3 million children per
year. Diarrhoea can persist for many days, and it can keep
body in dehydration and deprivation of salts state, optimal
amounts of those are essential for survival. In the recent
reports for most cases, serious dehydration and water loss
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Table 1 Diseases caused by foodborne pathogens (Bintsis 2017)

Diseases Causative pathogens

References

Vomiting, diarrhea

Isospora; Taenia, Cronobacter, Salmonella, Bacillus, Shigella,

Bintis et al. (2017)

Vibrio, Noro virus, Staphylococcus, Rota virus, Entamoeba,
Cryptosporidium, Cyclospora, Giardia

Arthritis

Hemorrhagic uremic syndrome (HUS)
kidney disease

Guillain Barre syndrome Campylobacter

Miscarriage, neonatal infection Listeria, Toxoplasma

Paralysis

Malignancies and auto-immune diseases Mycotoxin

Allergic reactions Seafood toxin

Campylobacter, Yersinia, Shigella, Salmonella

Shigella spp., Shiga-toxin-producing E. coli (STEC)

Clostridium botulinum, Campylobacter, Sea food toxin

Wei and Zhao (2020)
Bintis et al. (2017)

Lai et al. (2020), Chen et al. (2020a)
Bintis et al. (2017)

Corr et al. (2009)

Lai et al. (2020), Chen et al (2020a)
Qin et al. (2005)

were the major triggers of diarrheal deaths (Florez 2020).
Nearly, 1.6 million people died globally in 2017 because of
diarrhoea, and in sub-Saharan African and South Asia coun-
tries 90% deaths occurred due to diarrhoea. In Africa 2015,
Centres for diseases control and prevention surveyed that
approximately 330,000 deaths were reported in the previous
year (Keto et al. 2020).

There are many ways by which such infections can prop-
agate more than 200 mediums are known through which
infections caused by food can be caused such as microbes,
physical or chemical agents (Vieco-Saiz et al. 2019). It is
evaluated by the CDC that 44% of all the foodborne infec-
tions including hospitalization and deaths are the result of
31 known causing agents (Amalaradjou and Bhunia 2012).
Concerning current critical public health situations, many
advances are made in this field to prevent, detect, and control
the pathogens causing food-related diseases. It is calculated
that a straight reduction of 10% in foodborne infections can
lead to the protection of 5 million people overall (Amalar-
adjou and Bhunia 2013). To control the prevalence of food-
borne diseases probiotics are an effective way. It is, there-
fore, more proficient and feasible substitute as it is safe and
healthy for consumers, so the use of probiotics can be proven
as a beneficial strategy. Out of all causing agents account-
able for enteric infections about 22 pathogens are kept under
strict examination because of their high extent of viability,
death rate, and morbidity. These incorporate Brucella spe-
cies, Campylobacter species., Enteroaggregative Escheri-
chia coli (EAggEC), Enteropathogenic Escherichia coli
(EPEC), Enterotoxigenic Escherichia coli (ETEC), Shiga-
poison delivering Escherichia coli (STEC), Helicobacter
pylori, Hepatitis A infection, Hepatitis E infection, Listeria
monocytogenes, Mycobacterium Bovis, Vibrio cholera O1/
0139, Non-cholera Vibrio spp, Norovirus, Rotavirus, Pri-
ons, Salmonella spp. (non-typhoidal), Salmonella enterica
serovar Typhi, Shigella species., and Yersinia species, and
poisons from Staphylococcus aureus, Clostridium perfrin-
gens and Bacillus cereus (Amalaradjou and Bhunia 2013).
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For improvement of growth and rate of production of
meat from animals, many steps are taken to control food-
related pathogens in either humans or animals. Antibiotics
are being in Zhang et al. 2020). On the other hand, there
is also a huge risk of antibiotic resistance that has forced
scientists to use antimicrobials that are more natural. These
antimicrobials are used as alternatives to antibiotics and
include essential oils, bacteriocins, plant extract (Dwivedi
et al. 2011), probiotics (Amalaradjou and Bhunia 2012) and
bacteriophages (Hagens and Loessner 2010). Acids play a
vital role in increasing the effect of antimicrobials such as
organic acids are used to wash and clean animal’s old rotten
bones, fruits, and animals (Sirsat et al. 2009). Acids can be
used collectively to show synergistic effects in antimicro-
bials. If we use acids with oxidizing agents, for example
hydrogen peroxide, it can give us enhanced results. Some
other processes can also be useful for enhancement of the
effect such as thermal and non-thermal techniques (Luksiene
and Arturas 2009).

Live microbial feed association with health has a long his-
tory that goes back to thousands of years. (Nazir et al. 2018).
The use of the term ’probiotic’ was first adopted in 1974, but
Parker described it as species and entities that have a benefi-
cial impact on the host animal and have contributed to its gut
microbial equilibrium, the definition of probiotics has been
improved many times (Nazir et al. 2018). Metchnikof and
his colleagues reported on their first documented study of
probiotics, which discussed the positive effects of fermented
milk on the health and longevity of people and their opin-
ion about the lower intestinal flora. Hence, in 1908, he was
awarded the medicine Nobel Prize for his cellular (phago)
immunity theory and his proposition to transform the "toxic"
forum into a host friendly colony for the Bacillus bulgaricus
inspired generations of scientists and food product develop-
ers (Ozdemir 2013). Since then, detailed studies have been
carried out on human beneficial impact of probiotics and
their connection to the prevention and treatment of gut-
related diseases such as bacterial and antibiotic-associated
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diarrhoea, lactose intolerance, irritable bowel syndrome,
indigestion and stomach bloating (Ritchie and Romanuk
2012). Because of the huge and remarkable impact of pro-
biotic in improving intestinal health and improvement of
overall human being, the interest for probiotic substances
has elevated colossally. In 2007, the worldwide retail for pro-
biotic production for example food-based products and bio-
engineered probiotics worth was about $14.9 billion which
is expanded up to US$16 billion out of 2008. Moreover, the
probiotic market is foreseen to extend from $37.7 in 2016 to
$71.9 billion by 2025, at a CAGR of 7.49% (Granato et al.
2010).

In addition to enhancing the intestinal overall health,
probiotics have been recorded to have beneficial effects
on chronic disease, for example, cancer-like malignant
growth (Xu et al. 2012), high serum cholesterol, and allergy
(Prescott and Bjorkstén 2007), and easing back the illness
and indications of the HIV-tainted individual, for example,
bacterial translocations just as vulvovaginal candidiasis
in ladies (Nwosu et al. 2014). The inhibitory and reme-
dial impact of probiotics on malignancy (cancer) has been
set up through many components including the balance
of gut microbiota, improvement of gut hindrance capaci-
ties, debasement of potential cancer-causing agents, and
improved immune system (Nazir et al. 2018). For example,
a study found that the probiotic Bacillus-Polyfermenticus
exerts an anti-cancer impact on colon cancer growth cells
of human stimulating (IgG) creation and tweaks the quantity
of CD8Dp, NK cells or CD4p (Shi et al. 2016). In another
study, including 54 women found that, an everyday probiotic
utilization for a half year upgraded the removal of human
papillomavirus (HPV) which is a known cause of cervical
cancer (Van Puyenbroeck et al. 2012). Besides, past in vivo
examinations, it is demonstrated that the administration of
probiotics is effective in developing the profiles of lipids
along with the decrease in plasma or serum cholesterol
level and triglycerides, or addition of (HDL) cholesterol
and LDL-cholesterol (Ettinger et al. 2014). For instance,
the Lactobacillus-reuteri probiotic (NCIMB-30242) or a
couple of different strain of Bifidobacterium and Lactoba-
cillus has demonstrated that they contain some potential in
decreasing serum, the level of cholesterol and particularly
decreasing the cholesterol level of LDL which can build up
one of the significant antecedents of numerous constant sick-
nesses including illnesses of cardiovascular, hyperlipidemia,
hypertension, high blood pressure and development of ath-
erosclerotic plaque in the veins. Probiotics have been utilized
to re-establish the ecosystem of the enteric microbial bio-
logical system and manage the pathogenic contaminations,
which is described as “live microorganisms which confer a
health benefit to the host when properly administered (Ceapa
et al. 2013). Their administration helps deter and combat
foodborne diseases by various mechanism including, but not

limited to competitive exclusion of GIT pathogenes, modula-
tion of host immune systems and enhanced intestinal bar-
rier management (Wohlgemuth et al. 2009). Evaluation of
enteric pathogens has proven effective, but there are limita-
tions. It is generic in nature and often does not hinder the
attachment of specific pathogens at specific infection sites
and causes low immune response levels (Zuo et al. 2020).
An extensive understanding of the confinements of tradi-
tional probiotics, pathogens, and the components through
which it causes infection gives prospects to structure new
strains of probiotic with required characteristics and func-
tions. Using genetic manipulation, the novel bioengineered
probiotic strains of probiotics have been created. Working
with customary in the case of novel strain probiotics can
be reinforced that has impact basic strides in pathogenesis.
These strains can also be utilized to administrate the medica-
tions or antibodies, target on a particular pathogen or toxin,
the surface of receptors, and upgrade an invulnerable reac-
tion or defence system inside the host (Amalaradjou and
Bhunia 2013).

Dysbiosis results as consequences of disruption in micro-
biome homeostasis, making host susceptible to pathogen
introduction and virulence induction leading to disease
onset. Various clinical trials has provided conclusive evi-
dence about the correlation of dysbiosis with the occur-
rence of inflammatory bowel disease and infectious colitis.
Not only these but it is also regarded as one of the major
and important contributory factors related to other diseases
including obesity, necrotizing enterocolitis, type I and type
II diabetes, irritable bowel syndrome, and colon cancer
(Liu et al. 2016). In fact, the adverse effects of antibiotics
are well documented because of the protracted disturbance
of the residing GIT microbiota. Probiotics (predominantly
Lactobacillus and Bifidobacterium), which have been used
widely in humans to reduce cholesterol level, increase intol-
erance to lactose, mitigate diarrhoea and protect them from
enteric infections, modulate gut microbiota positively, and
improve gut homeostasis. Even though probiotic strains are
naturally commensal bacteria and are widely accepted as
healthy and safe, there have been some safety concerns with
their use. Lactobacillus, for example, researchers have linked
it to the infections in immunocompromised patients, and
some cases of probiotic bacteraemia have been identified in
these patients. In this correlation, the abrupt suspension of
the consumption of probiotics can potentially damage this
homeostasis of host GIT microbiota, particularly in immu-
nocompromised groups, which are more vulnerable to envi-
ronmental disturbance (Liu et al. 2016).

Gut dysbiosis probably precedes food allergy, and the
timing is critical factor. Gut microbiota may be distinct from
each food allergy. Murine models support the role of gut
microbiota in shaping immune maturation and tolerance.
Gut microbiota can affect susceptibility to food allergies
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by modulating immunity from type 2 and influence immu-
nisation and tolerance, regulate populations of basophils
and promote the function of intestinal barrier (Zhao et al.
2019). Interventional investigations of probiotics, prebiotics,
symbiotic, and faecal microbiota relocate are in progress
or intended to additional proselyte our insight into the gut
microbiome of food hypersensitivity to clinical practice.
Future investigations in this field will incorporate stretch-
ing out flow research foci to incorporate the virile, mycobi-
ome, and communications between the microbiome, host,
and environment, just as growing momentum research foci
to incorporate the virile, mycobiome, and collaborations
between the microbiome, host, and climate. Future examina-
tions will be encouraged by thorough and lucid investigation
plans, multidimensional profiling, and frameworks science
draws near (Zhao et al. 2019).

Probiotics

Probiotics are living microbes that, when administered prop-
erly, impart health benefits to the host and keeps a person
healthy in accordance with the coined definition by World
Health Organization and Food and Agriculture Organization
United State "WHO and FAO" with small textual differences
(Hill et al. 2014; Reid et al. 2019). However, dead bacteria
and their constituents may exhibit the properties of probiot-
ics as well. The bacteria, frequently reported to exhibit the
properties of probiotic, are the strains of lactic acid bacte-
ria and Bifidobacterium, and are used in numerous healthy
foods and dietary supplements. Preferably, a real probiotic
should be of safe human origin, healthy, and free from vec-
tors capable of transmitting resistance to antibiotic and fac-
tors of pathogenicity or toxicity (Plaza-Diaz et al. 2019).
Identification of substances produced by one microorganism
that stimulates growth factors of another have revamped the
beneficial impact of symbiotic bacteria on animals relating
to their enteric flora level (Bortoluzzi et al. 2020). Various
studies have reported different possible hypothesis regarding
classification of probiotics in terms of evolution. Advance-
ments in genomic-tools provided us greater accuracy in clas-
sification of different species of probiotics and mechanism
of action (Reid 2016). Several lactic acid bacteria (LAB)
is considered as probiotics, because of these bacteria have
the ability to release lactose when fermented with sugar-
rich substances (Plaza-Diaz et al. 2019). According to their
phenotypic and morphologic characteristic, initially lactic
acid bacteria were divided into Microbacterium, Betacoc-
cus, Streptobacterium, Tetracoccus, Termobacterium, and
Betabacterium. Now, just Streptococcus is retained, while
rest of the bacteria were renamed into Enferococcus spe-
cies, Lactobacillus species, and Bifidobacterium (Mohania
et al. 2008).
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Lactobacillus genus morphologically belongs to the Fir-
micutes phylum, class Bacilli, order Lactobacillales, and
family Lactobacillaceae is made up of over 170 species
Gram-positive, anaerobic, facultative, catalase-negative,
non-spore-forming rod-shaped bacteria. It is used for the
production of fermented food which is derived from both
plants (cereal and vegetables) and animals (meat and milk)
(Zhang et al. 2018). Bifidobacterium are generally Gram-
positive, non-motile anaerobic, pleomorphism, non-sporting
bacteria that produce acetic acids, formic acids, and lactic
acids as the outcome of fermenting carbohydrates (Vlkova
et al. 2002). In contrast to Lactobacillus, the cultivation of
Bifidobacterium is very complex because of their obligate-
anaerobes qualities and frequently requires more caring
when it is (Abou-Kassem et al. 2020) produced in dairy
items, for example, yogurt and it is also used in the forma-
tion of probiotic products.

Today, the concern in the probiotic analysis and manu-
facturing is on promoting an association of several probiotic
spp- This is because it revealed that it has a great effect on
an individual’s health as compared to the one probiotic use.
Such as there were eight distinct compounds of VSL, #3 pro-
biotics present. That were shown to be efficient in the treat-
ment of different illnesses such as strengthening the immune
system, enhancing the resistance against hepatic insulin in
diabetes patient, diarrhea, bowel disorder, and ulcerative
colitis (Dong et al. 2016; Schlee et al. 2008). Besides, the
organizations of Bifidobacterium strains with (LA) &&Lac-
tobacillus acidophilus has shown to be efficient in decreas-
ing the occurrence of NEC (necrotizing-enter colitis) as
well as NEC-related death in severe disorder neonates (Nair
and Soraisham 2013). The ability of probiotic items will
decrease when mutual interruption occurs between the pro-
biotic consortia. Hence, it is necessary to assure that probi-
otic consortia will not mutually interact between themselves.
For example, the basic study of probiotic items having 15
bacteria revealed an efficient development in the recovery
of the diseases, that is why a single strain is not enough,
whereas a mixture of strains can be more useful (Nair and
Soraisham 2013).

On the other hand, several bacteria considered as a probi-
otic, but some bacteria do not contain its desirable features.
According to researchers (Mitropoulou et al. 2013), many
perspectives should be kept in mind before bacteria is con-
sidered as a probiotic. The probiotic bacteria should be non-
pathogenic to assure the protection of probiotic items and
should be generally identified as safe (GRAS) for individual
acceptance via the FDA Drug Administration and US Food.

Apart from the beneficial bacteria residing human gut,
there are living microbes present in gastrointestinal system,
Clostridium difficile and H. pylori, being most common
some others are included as well, possess certain threats
to health. Additionally, probiotic characteristics analysis
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checklist should be carried out in vivo assays as well as
in vitro and the effects should reflect in controlled human
study. The probiotic bacteria should be capable of remain-
ing alive in the severe situation of the gastrointestinal region
and gut to assure its effectiveness (Amin et al. 2020). It is
claimed that probiotic bacteria can endure the bile salt and
gastric juice. This is because several bacteria known as pro-
biotic microbes that cannot sustain the level of acidity in
stomach and bile salt. This situation raises several discus-
sions on probiotic between the researchers, entrepreneurs,
and observers. Hence, it revealed that non-viable probiotic
devour the beneficial impacts as well on health system
(Lahtinen 2012; Ouwehand and Salminen 1998; Akter et al.
2020). The reason is that neither the complete system nor
the clinical aspects of probiotic bacteria accompanying DNA
segments or cell walls can impact useful or beneficial effects
on individuals (Kechagia et al. 2013). It was revealed that
viable and non-viable LB show a related beneficial impact
towards lactic acid sensitivity by lactase-inadequate subjects.
Furthermore, in the therapy of gastrointestinal tract, several
probiotic bacteria exhibited clinical ability in reducing the
period of loose stools in both forms viable and non-viable.
Although, several probiotic bacteria, for example, Saccha-
romyces boulardii, have a useful impact on an individual
treatment that should in a viable form, varying from several
Lactobacillus species exhibited effectiveness in viable and
non-viable form (Sen et al. 2020). Therefore, researchers
need to further evaluate probiotic capability and if treatment
is effective or not, depending on the disease and probiotic
bacteria. Hence, researchers recommended that when probi-
otic bacteria are present in viable form then it will show the
best curative result on an individual (Hill et al. 2014). The
reason is that a viable form of probiotics can colonize as well
as attach on the surface of the gastrointestinal region, giving
aggressive elimination of microbes that is why they keep
the enteric flora stable. Researchers revealed that non-viable
or dead probiotic bacteria have not been able to give such
type of process and hence their advantageous effects are lim-
ited. Besides, the present term of probiotic is stressed on the
requirements of a viable form of probiotics as explained in
earlier parts.

Studies that are more effective must be done to observe
the effectiveness of probiotics to lower the gastric juices
and help the bile salt activity, which also affects processing,
and production food-based probiotic products when made
commercially. The reason behind this is that the process-
ing of probiotic bacteria sometimes decreased as the food
production, accumulation, and distribution. Several reviews
have explained huge changes and poor processing of bacteria
particularly Bifidobacterium, in diary items for example, in
preparations of yogurt (Ananya et al. 2020). The severity of
Bifidobacterium to lowering pH and H,O, together with low
processing in food items during accumulation remains a big

issue in several probiotic items. Hence, techniques for exam-
ple encapsulation and immobilization are applied to assure
and stable the features and viability of probiotic items used.
Generally, encapsulation and immobilization of probiotics
give stability and defence mechanism of cells against physi-
cal and chemical changes for example densities of high cells,
greater productivity, more active fermentation, bile salts and
maturation measurement, effectiveness, cell loads, tempera-
ture and pH, utilization substrate improved (Mitropoulou
et al. 2013). Therefore, this procedure is away from the focus
of this article, hence researchers have not talked about this
paper extensively. Besides, protection, the adequate dosage
of probiotics taken is a different key element to assure the
beneficial impact on the gastrointestinal system and on the
overall person’s health using that specific probiotics.

However, the knowledge is limited about its viability and
still considered as uncertain. Usually, it is acceptable that
the concentration of probiotic items should remain mini-
mum of approximately 106 (CFU per mL) or in grams and
at least 108—109 probiotic bacteria should be used regularly,
which will give the beneficial effects to the humans and it
will keep the immune system healthy, but for most people,
probiotics appear to be safe. If you want to try them, and
you have a healthy immune system, they should not cause
any unpleasant side effects And there is likely to be a huge
difference between the pharmaceutical-grade probiotics that
show promise in clinical trials and the yoghurts and supple-
ments sold in shops (Sanders 2008).

Probiotic mechanism of action
against enteric infections

Use of probiotics can avoid or lessen the development of
different pathogens in the gastrointestinal tract either by
contest for supplements or adhesion to gastrointestinal area
(Fuller 1991; Ohashi and Ushida 2009). Pathogens in any
condition expect supplements to replicate and either cause or
increase the level of infections. The gastrointestinal tract for
its plenitude in nutrients is notable. For the establishment of
bacterial colonization, it creates an appropriate environment.
The capability of probiotics to win over the microbes for
these supplements favours their development as compared
to the pathogens (Khaneghah et al. 2020).

Probiotics can produce certain metabolites during the
contest for supplements, for example, unstable unsatu-
rated fats disturbing the pH of the gastrointestinal tract.
The pH reduction of the gastrointestinal tract makes an
unfavourable situation for microbes and will restraint
the growth of pathogens, as per the fact that the most of
pathogens cannot grow at low pH (Biswasroy et al. 2020).
Space adhesion competition describes the situation where
probiotics prevent pathogens from colonizing favoured
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sites like intestinal villi, goblet cells and colonial crypts
(Chichlowski et al. 2007). The key factor of pathogenic-
ity of intestinal microbes is the attachment to the sur-
face of enteric epithelial cells (Cai et al. 2020). Simul-
taneously, the process called Colonization Resistant, by
which the surface of enteric mucosal is prevented from
the attachment and reproduction of pathogens, also have
crucial importance (Corr et al. 2009). These probiotics
tie to the enteric cells through electrostatic associations,
steric powers, or surface of explicit proteins. Therefore,
they can bind to these cells in large numbers on their
surfaces (Sarkar et al. 2020). Therefore, they physically
block the binding sites which results in no spaces left
for the microbes to cling and in this way providing no
chance to cause disease (Khorshidian et al. 2020). Pro-
biotic lactic acid bacteria have a more prominent ability
to stick on the epithelial tissues than microbes (Lee et al.
2003). Bifidobacteria and Lactobacilli are related to car-
bohydrates binding abilities with some enteric pathogenic
microbes (Neeser et al. 2000). L. reuteri and B. bifdum
can bind to the glycolipid’s sides to the surface of host
tissue to inhibit some specific microbes that can also bind
to the surface of glycolipids (Wohlgemuth et al. 2010).
Researchers described that they observed that in the pres-
ence of Bacillus subtilis the attachment between the Sal-
monella enteritidis on the surface of enteric epithelial
tissues decreases to a significant number. Therefore, this
is how the microbial growth is inhibited in the gastroin-
testinal tract, which is the hotspot for most of such infec-
tions. This was verified with low pathogen survival due
to their growth by insufficient nutrition. And proliferation
of adherent space in the gastrointestinal tract and limited
availability (Mathipa and Thantsha 2017).

Regulation of gut barrier by probiotic
metabolites

Secondary metabolites such as bacteriocins, extracellular
vesicles, short fatty acids chain, indole, and extracellular
proteins (secreted proteins) are formed by probiotics. It can
prevent the gut epithelial barrier while integrating with cer-
tain antimicrobial peptides secretion, instantly enhancing
the mucus secretion via goblet cells and promoting the TJs
protein expression (Liu et al. 2020). Table 2 enlists some
of the secondary metabolites of probiotic bacteria and their
health benefits.

Probiotic-secreted protein

It is confirmed that the probiotic-secreted proteins are
involved in the host and symbiotic bacterial relationship.
The L. Plantarum BMCM12 secretes extracellular proteins
and considerably reduces microbes’ adhesion or strengthens
the gut barrier. It is shown that 2 proteins secreted by p40,
p75, and LGG improve IEC homeostasis. In addition, these 2
proteins p40 and p75 protect the H202-induced TJs protein,
which is disrupted by the mechanism of protein kinase-C
(PKC) as shown in the figure no. 01. Similarly, it is reported
that LGG protein (HM0539) prevent the gut integrity via
modulating the expression of TJs Liu et al. 2020).

Indole

Generally, tryptophan’s-containing bacteria produce
Indole###. It is a particular barrier signal for gut symbiotic
bacteria. It is stated that indole can be produced via symbi-
otic E. coli. A study reported that the chemotaxis of patho-
genic could be inhibited by indole. As well as, it inhibits the
bacterial attachment with epithelium lining while promoting

Table 2 Secondary metabolites of probiotic bacteria and their health benefits (Mikkili et al. 2019)

Secondary metabolites of probiotic bacteria and their health benefits

Compounds Health benefits

Probiotic bacterium

Bacteriocins
probiotic bacterium’s’ ability to
Acetic acid
(ATP). Defense-related activities in

host epithelial cells

Enterocins Antimicrobial activity against Pseudomonas aeruginosa
Exopolysaccharides Antioxidant activity
Lactic Acid

vaginal environment
Amino acid metabolites Essential nutrients supports the growth

Enzymes Hydrolysis of starch and p-galactosides

Acts antagonistically for gut pathogens and act as a signaling molecule, Enhance

Acetate is metabolized in muscle and used to produce adenosine5'-triphosphate

Used as substrate for glucose, cholesterol, and lipids metabolism Lowers pH in

Lactococcus lactis

Bifdobacterium sps

Enterococcus casselifavus MI1001
B. coagulants RK-02

Lactobacillus sps

Enterobacteriaceae

Lactobacillus sp G3_4_1TO2
and P. freudenreichii
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gene expression, which is involved in the function of the gut
epithelium (Liu et al. 2020).

Extracellular vesicles

Extracellular vesicles are the structure of lipid bilayer pro-
duced by gut microflora. It is composed of lipopolysac-
charides, lipids, proteins, and nucleic acids. Extracellular
vesicles are involved in a host and bacterial symbiotic rela-
tionship and in the stability of intestinal homeostasis. It has
been stated that the oral use of A. muciniphila obtained from
extracellular vesicles can reduce colitis caused by dextran
sulphate sodium while improving allergic cell infiltration
of the large intestinal wall and improvements in intestinal
length (Liu et al. 2020).

Short fatty acids chains

Short fatty acids chain primarily contain propionate, acetate,
and butyrate that are metabolites produced by the gut micro-
biota through indigestible fermented proteins and carbohy-
drates. Butyrate is a preferable energy source for intestinal
epithelial cells between short fatty acids chain. The study
revealed that the lower concentration (<2 mM) of butyrate
showed a beneficial impact on the single line barrier of
Caco-2 cells like TER increased and permeability of inulin
decreased. Besides, microbial-based butyrate improves the
TJs protein activity and in vivo study indicated that it sup-
presses the paracellular permeability as well as stimulates
the secretion of mucin by goblet cells, mainly MUC?2, that
protects the destruction of enterocytes by pathogenic bacte-
ria. Butyrate is a histone deacetylase inhibitor. It is reported
that it can bind with G-coupled protein receptors, including
GPR43, GPR41, and GPR109A. It has been confirmed that
in the epithelium cells, GPR109A plays an essential role in
the formation of IL-18 and stability of intestinal homeosta-
sis. The initiation of AMP-activated protein kinase is one
of the processes by which the butyrate enhances the func-
tion of intestinal epithelial barrier. Butyrate can enhance
the histones H3 and H4 acetylation and H3 methylation on
the MUC?2 receptor at the same time, thus protecting the
mucosal barrier. Moreover, butyrate acts as an inhibitor
for the expression of TJs protein penetrability claudin-2 by
the mechanism of IL-10RA. The antimicrobial cathelicidin
production, LL-37 directly related to butyrate. Butyrate can
stimulate the intestinal epithelium’s O, intake to the level of
HIF stable as well as it promotes the expression of HIF target
genes protective barrier (Liu et al. 2020).

Bacteriocins

Bacteriocins are a class of antimicrobial peptides synthe-
sized by ribosomes. Bacteriocins are classified into two

distinct classes: (class I) lanthionine-containing bacteria
or bacteriocins and (class II) non-lanthionine-containing
bacteria. Class 1 of bacteriocins is consist of antibiotics
from the polypeptide chain and single peptide chain. These
bacteria including lacticin 3147, nisin, and lacticin 481 that
are synthesized ribosomal antimicrobial peptides formed by
Gram + ve bacteria. While class II of bacteriocins is com-
posed of three subclasses, subclass-I, subclass-II, subclass-
IIT and subclass-IV, respectively.

It has been reported that bacteriocins can serve as colo-
nizing peptides of many gut microbes, which is promot-
ing them to gain a competitive edge over the other strains
and occupying existing environments in the gut. Research
findings analyse that EcN releases 2 antimicrobial peptides
microcin-M and microcin-H47 with lower molecular weight.
It is stated that it can be detected by the receptors of cat-
echolate siderophore thus, increase EcN’s compatibility with
the other microbes. The microbiota in the stool of mice is
visibly affected by bacteriocin formed by the strains of Ente-
rococcus faecium KH24. As well as lowering the quantity of
E.coli, then bacteriocin substantially enhances the concen-
tration of Lactobacillus. Bacteriocins also serve as destroy-
ing peptides, because they can interact with the production
of microbes particularly Gram-negative bacteria while cross-
ing the inner membrane or distracting the synthesis of the
cell wall. L. reuteri is called reuterin, can be secreted sec-
ondary metabolites with the wide-spectrum activity of ant
microbes, which inhibits directly from bacteria or pathogens.
Also, nisin, produced by Lactobacillus lactis and Strepto-
coccus lactis, is capable of restricting the reproduction
and growth of most Gram-positive bacteria and their spores,
specifically against Streptococcus haemolytic and S. aureus.
The effect of metabolites of probiotics is shown in Fig. 1.

Production of inhibitory substances

Microbes to obtain the benefit when fighting for supplements
and space release the antimicrobial substances. Antimicro-
bials have an immediate restraint on specific pathogens
(Volzing et al. 2013). Probiotics are associated closely with
each other with context to the mechanisms used to inhibit
pathogenic microorganisms. As mentioned earlier, repres-
sion of pathogenic growth happens because of the ability of
probiotics to emit natural organic acids, for example, lactic
acid and acetic acids (Alakomi et al. 2000). The pH of the
surrounding environment decreases because of the produc-
tion of some natural acids that are making the microbial
environment too acidic, thus, accordingly barring microbes
that can’t endure acidic environment (Wohlgemuth et al.
2010). The organic acids have also affected the metabolism
of pathogens as well as their ability to produce some toxins
which creates resistance against disease making it difficult
to cure with conventional medicines.
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Fig. 1 Effects of metabolites of probiotics on gut. Indole 3-propionic
acid has the ability to bind to PXR thus upregulating the expression
of tight junction protein. The indole-3-lactic acid activates AhRs of
the gut epithelium and promotes the expression of IL-22. Isolated
from LGG, the soluble proteins P40 and P75 can activate EGFR and
subsequently control the expression of APRIL into the epithel and,
therefore, stimulate cell secretion of 1gA via B-cells. Besides, P40
and p75 maintain gut homeostasis by activating EGFR-PIK3-Akt
signaling pathway to. Furthermore, these two proteins prevent tight
junctional disruption of the pathways that rely on protein kinase-C.

The probiotic antimicrobial activity is dependent on a
couple of factors particularly environmental factors (Servin
2004). Metabolites with antibacterial characteristics for
example H,O, and bacteriocins can be produced in addition
to the acids mentioned above, which are called as non-lactic
acidic molecules (Dobson et al. 2012; Oscariz et al. 1999). In
a characteristic biological environment, for microbial com-
petition, the tiny antipathogenic peptides of bacteriocins are
produced (Volzing et al. 2013). They can serve as colonizing
peptides by allowing probiotics to enter a previously inhab-
ited niche on the intestinal epithelial cells. This competitive
advantage enables increased density on the surface of the
host intestines of probiotic bacteria (Dobson et al. 2012). As
well as they can act as killing peptides, by straightforwardly
influencing the microbes. A study was designed to evalu-
ate the antimicrobial efficacy of the bacteriocins: leucocin,
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Butyrate can bind to the GPCR, like GPR41, GPR109A, and GPR43,
and induce colonic epithel to produce IL-18. Butyrate also motivates
gut epithelia O, intakes to preserve HIF stability and to enhance the
expression of HIF target genes that prevent barrier protective disease.
Moreover, probiotic-based bacteriocins serve as colonizing peptides
to enable producers to gain a competitive edge over other strains and
to occupy niches in the intestines. Alternatively, bacteriocins has the
ability to act as a killer peptide, which specifically prevents pathogen
adhesion of the mucus layer and strengthens the first intestinal barrier
(Liu et al. 2020)

lacticin, and pediocin against the gastric pathogen H. pylori
(Kim et al. 2003).

These bacteriocins showed results with significant inhibi-
tion of the proliferation of H. pylori, and lacticin was found
showing the most inhibitory effect against this gastric bug.
L. acidophilus produce metabolites which includes acido-
philin, lactocidin and acidolin (Oscariz et al. 1999), while
bifidobacteria yields some substances like bacteriocins. Due
to the synergistic action of lactic acid and secreted non-lactic
acid molecules, the antibacterial effects of probiotic Lacto-
bacillus that inhibited the growth and resulted in pathogenic
death were triggered. The expression of host cell antimicro-
bial peptides can also be induced by other probiotic strains.
The host’s intestines can produce defensins that can prevent
pathogens from functioning to help protect the intestinal bar-
rier (Dobson et al. 2012).
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Immune system modulation

By the incitement of host resistance, the probiotics can dis-
lodge the microbes. The concept of probiotic displacement
of pathogens within the GIT by inducing specific and non-
specific immunity for bacterial pathogens causing intestinal
infections is supported by substantial evidence. (Fang et al.
2000). By activating lymphocytes and producing antibod-
ies, they activate the immune system of the host against
pathogenic antigens (Ng et al. 2009). The effects of various
cells inherent in innate and adaptive immunity, like mac-
rophages, dendritic cells, T-cells and B-cells, which increase
gut pathogens’ phagocytosis can also be stimulated. (Viasu-
Bolocan et al. 2013). The gut-associated lymphoid tissue
adheres to probiotic strains like &&Lactobacillus rhamnosus
and Lactobacillus plantarum, which boost both systemic and
mucosal immunity; (Behnsen et al. 2013). These probiotics
increase immunity, which disrupts the adhesion of patho-
gens to the intestinal epithelial cells through modulating
the production of gut mucin (MUC2 and MUC3). This pre-
vents pathogen translocation and the whole and Fig. 2 shows

the whole process of how probiotic cause immune system
modulation.

Moreover, inducing epithelial cells to produce and secrete
epithelial TGFp and interleukins (IL-10 and IL-6). The pro-
biotics can be perceived through the defence mechanism by
identifying substances, for example, T like receptors can
recognize the immune system. In 2000, a clinical trial was
performed with thirty normal people were divided into 3
groups, with every treatment option comprising for a.

Span of 7 days and it was observed that Lactococcus
lactis inactive drug (ethylcellulose), and Lactobacillus GG
(Fang et al. 2000). The vaccine of Salmonella typhi Ty21a
was given to all treatment subjects. The outcomes demon-
strated an increase in the humoral immune response in the
group of people who received probiotics rather than the
control group. Probiotics can invigorate the making of anti-
bodies in the enteric lumen, explicitly in antibody A. Immu-
noglobulin IgA leads the primary line defence mechanisms
against the disease and creates resistance against the patho-
genic microorganism as well as can repress the attachment of
the receptors of adhesive cells on the surface of pathogenic

Specific mechanisms

Ciﬁﬁﬁaﬁmiﬂ? Competitive exclusion Modification of
and T., Improvement of of bacteria along the local
rnoch,ﬂ.-mq'lzll barrier integrity epithelium microenvironment:
TJ, mucins antimicrobial
peptides, SCFA,
pH
.\Eisacchaﬁdes
&
Monosaccharides

Reduction of intestinal
inflammation:
NF-kB activation

cytokine production

Fig.2 Immune system modulation using probiotics: Probiotics’
immunomodulatory acts. Specific pathways: probiotics’ role in the
humoral immune system and cell-mediated responses. Relevant
mechanisms: improvement of the role of the epithelial barrier, com-

petitive removal of epithelial bacteria, specific microenvironment
modifications, and elimination of the intestines inflammation (Tan
et al. 2015)
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cells and induce microbial agglutination. It is demonstrated
that the oral administration of L. casei upgraded the con-
vergence of IgA in newborn children experiencing loose-
ness of the bowels, in this way reducing the time duration
of these symptoms. (Ng et al. 2009). Administration of L.
rhamnosus increased nonspecific humoral response in chil-
dren with acute gastroenteritis was reflected in an increase
in circulating IgG, IgA and IgM levels. In addition to all the
above, probiotics may induce an anti-inflammatory response
that can be used to help lower gastroenteritis, enterocol-
itis and irritable bowel syndrome inflammation. (Behnsen
et al. 2013). Anti-inflammatory reaction is activated when
strains induce the dendritic cells activation that naturally
produce interleukin 10 (IL-10) which is a cytokine that plays
an important role in lowering inflammation. The level of
pro-inflammatory cytokines also decreases in inflammation
(Viasu-Bolocan et al. 2013).

Improved barrier function

To prevent pathogens to get entry into the intestinal cells and
resulting in local and systemic infections, the integrity of the
intestinal barrier must be maintained. Gut microbial patho-
gens have the potential to destabilize the barrier whenever
there is a disproportion in the microbial intestinal ecosystem.
(Culligan et al. 2009). Probiotics reduce paracellular perme-
ability, protect against pathogens and improve the physi-
cal protective potency of the mucosal membrane (Ohland
et al. 2010). Probiotics reduce the epithelial penetrability
defence system, giving inborn immunity against microbes
and upgrading the physical barrier of the mucosal membrane
(Boirivant and Strober 2007). They can also restore the bar-
rier after damage triggered by intestinal pathogens. Probiot-
ics will induce mucosal portion, chloride and the portion of
water and bind submucosal cells through strong connective
proteins to rebuild the intestinal barrier (Wohlgemuth et al.
2010).

Consequently, the normalization of colonic physiologi-
cal function has resulted in an improvement in histologi-
cal disorders and barrier integrity (Madsen et al. 2001).
Tight junction creates constant intracellular barrier among
the epithelial cells, which is needed to regulate selective
solute movement across the epithelium and to separate tis-
sue spaces. Various proteins are expressed on the TJ and
their expression interruption leads to an unstable epithelial
barrier (Madsen et al. 2001). TJs are generally divided into
four protein groups, namely regulatory proteins, adaptor
proteins, trans-membrane proteins, post-transcriptional and
transcriptional regulators (Lodemann, 2010). These proteins
function to help preserve intestinal integrity in a coordinated
manner that can be well represented via indicators such as
permeability of paracellular and (TEER) trans-epithelial
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electrical resistance permeability of monolayer cell (Wan
et al. 2016).

The bar molded shape mucins are expressed by Goblet
cells which are either secreted into the lumen to form the
mucous layer or localized to the cell membrane (McCool
et al. 1994). Eighteen types of mucin glycoproteins are
expressed in humans (Culligan et al. 2009). In the enteric
cell lines of humans, Lactobacillus spp, improve mucin
articulation (MUC3 and MUC2 by HT29; MUC2 by Caco-2
cells), hence blocking cell binding and attack by infectious
Escherichia coli ( Kim et al. 2008). The defective gene of
mice IL-10 demonstrates the processing way with a VSL#3
probiotic such as Bacillus infantis, bulgaricus, thermophilus,
Bifidobacterium longum, delbrueckii subspecies, Lactobacil-
lus casei, S. salivarius subspecies, Bacillus breve.

Extensive studies on the probiotic ability to affect
immune system revealed that probiotic bacteria may affect
both adaptive and innate components of the human immune
system. Certain probiotic function in the gut lumen by pro-
ducing innate immune molecules, which include mucins
from goblet cell-derived, trefoil factors, defenses formed
via intestinal Paneth cells while some attenuate the creation
of TLRs, secreted immunoglobulin A, P-glycoproteins, and
heat shock protein as shown in Fig. 3.

It is revealed the L. acidophilus enhances the effect of
occludin, which is a significant part of tight junction in the
enteric mucosal membrane of animals with ligation of inter-
sphinteric fistula tract and aperture, which leads to reduce
pathogenic translocation (Anderson and Van Itallie 2009).
It is revealed that microbial probiotics, explicitly L. aci-
dophilus and Streptococcus thermophilus, anticipated the
decrease in the entero-invasive Escherichia coli-initiated
phosphorylation of the proteins of the occludin and zonula
occludens 1, subsequently gives the information about Tight
Junction structure (Qin et al. 2005). In addition to innate
defense mechanisms, probiotic bacteria tend to engage in the
regulation of immune response mediated through intestinal
epithelial cell, including cytokine production from entero-
cyte and M cell-mediated (GALT) gut-associated lymphoid
tissue immune response as shown in Figs. 4 and 5, respec-
tively. Besides, it is indicated that the reconstruction of the
Tight Junction protein of ZO-1 is inhibited by Lactobacillus
casei, which is away from the cell-cell contact, by a dis-
ease with enteropathogenic Escherichia coli. (Resta-Lenert
and Barrett, 2003). In Table 3, information regarding some
commercially available probiotics and their mode of action
is give.

Clinical outcomes
The researcher evaluated the effectiveness and protec-

tion of three combination probiotic strains, in hospital-
ized infants, L. rhamnosus HNOO1, Bifidobacterium lactis
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Fig. 3 Regulation of Intestinal
barrier mechanism using probi-
otics (Wan et al. 2016)

Fig.4 Regulation of innate defence mechanism using probiotics (Wan et al. 2016)

Bi-07 and, L. acidophilus NCFM, as an alternative to
rehydration therapy for acute watery diarrhea (Chen et al.
2020a). One of the principle therapies for acute diarrhea
associated with dehydration is oral rehydration (Guarino
et al. 2014). Nonetheless, the duration or frequency of
diarrhea could not be significantly reduced by the elec-
trolytes or fluid replenishment (Vandenplas et al. 2007).
Previous studies demonstrated that L.rhamnosus GG,
Lactobacillus reuteri, and S. boulardii, and other such
microbes are effective against acute diarrhea (Guarino

et al. 2015; Guarner et al. 2012). However, this study
reports that a mixture of probiotic L. rhanmosus HNOOI,
B. lactis Bi-07, and L.acidophilus NCFM reduces diarrhea
in children with a mean duration of 23 h as compared to
those who are subjected to the rehydration treatment alone.
These results are in accordance with another study that
included 63 independent studies and 8,014 participants,
which stated that diarrhea duration is reduced with a mean
24 h difference through probiotic intervention.
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Fig.5 Regulation of Adaptive immune system using probiotics (Wan
et al. 2016)

Analogously, Chen et al. (2020b) observed the 26-h
shorter mean period of diarrhea in children complemented

by the combination of Enterococcus faecalis, Clostridium
butyricum, and Bacillus mesentericus, relative to placebo
or inactive medicine provision to children. Not impor-
tant enough, but a 24-h duration decrease of diarrhea was
observed in a child consuming a probiotic combination of
Bifidobacterium longum, L. Rhamnosus, L. acidophilus, and
S. Boulardii compared to a child undergoing oral rehydration
treatment (Chen et al. 2020a; Grandy et al. 2010). In 2007,
Canani et al. observed a reduction of around 45 h in diarrhea
duration in children receiving a mixture therapy as com-
pared to those who received the oral treatment only (Canani
et al. 2007). The mixture included strains of L. delbrueckii
(bulgaricus), L. acidophilus, S. thermophilus, and B. bibi-
dum. On the contrary, Saavedra and Tschernia (2002)
opposed all these results and demonstrated no reduction in
infants’ diarrheal duration with a mixture utilizing S. ther-
mophilus and B. bifidum. These results were expected to be
due to the lower dose of treatment. On average, the mean
hospital stay duration of children treated with probiotics is

Table 3 Mechanism of action of probiotics against pathogens (Corr et al. 2009; O’Hara and Shanahan 2007)

Mechanism of action of Pathogen Probiotic bacterial Strain  Function References
probiotic
Competitive exclusion Enteropathogenic E. coli L. johnsonii Inhibited adhesion of Otte et al. (2004)
L. monocytogenes, L. acidophilus Caco-2 cells to pathogenic
Yersinia pseudotuberculosis organisms
S.enterica serovar Typh-
imurium
Klebsiella pneumonia L. casei Inhibited adhesion of Corr et al. (2009)
Enterotoxigenic E. coli Caco-2 cells to pathogenic
EPEC organisms
E. coli O157:H7 L. acidophilus Pathogen adhesion inhibited Corr et al. (2009)
L. rhamnosus to T-84 epithelial cell
Production of inhibitory H. pylori L. acidophilus Production of lacticins O’Hara and Shanahan
substances A164 and BH5 (2007)
E. coli B. longum Bacteriocin Production O’Hara and Shanahan
Clostridium difficile (2007)
L. monocytogenes L. salivarius bacteriocin Abp118 produc- Corr et al. (2009)
tion
C. difficile L. lactis lacticin 3147 production Corr et al. (2009)
Modulation of Immune Salmonella spp. L. reuteri Enhance the production IgM Corr et al. (2009)
System (anti-Salmonella)
E. coli O157:H7 L. rhamnosus Increase anti-E. coli IgA O’Hara and Shanahan
(Intestinal) response (2007)
Leukocyte phagocytic
activity
Enhanced barrier function E. coli L. acidophilus Regulated against rear- Qin et al. (2005)
rangement to F-actin
Enteroinvasive E. coli L. acidophilus Enhanced trans-epithelial Qin et al. (2005)

S. thermophilus

Resta-Lenert and Barrett
(2003)

resistance, develop-
ment and maintenance
of cytoskeletal as well as
tight junctional phospho-
rylation of its protein
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approximately 29 h shorter as compared to the control group
(Chen et al. 2020a).

Probiotics and enteric pathogens
Probiotics against foodborne pathogens

As antibiotics are widely used and misused as therapeutic
agents, bacterial antibiotic resistance and normal microflora
imbalance and the presence of pharmaceutical residues in
food commodities have been increased. (Fayol-Messaoudi
et al. 2005). This indicated that the treatment of pathogenic
bacteria required a new procedure that led to an increase in
the field of research of beneficial bacteria, i.e. probiotics.
Treatment and prevention of infectious diseases by various
pathogenic products is one of the main reasons for the exten-
sive study of probiotics (De LeBlanc et al. 2010). The intes-
tinal complexity of intestine, where a number of interactions
between GIT, epithelial and nutrient associated microorgan-
isms exists, is important to be considered when examining
the prevention and treatment of pathogens (Hooper and Gor-
don 2001). In modulating the immune function, the epithe-
lial and immune cells play a role and are the primary defense
against bacterial pathogens. The resident microflora can alter
the composition and activity of the intestinal microbiota (De
LeBlanc et al. 2010).

Probiotics against Helicobacter pylori

The variable portion of host Gastrointestinal Tract is affected
by various pathogenic bacteria, for instance, H. pylori affects
the mucosal layer of the duodenum and cause gastric prob-
lem, as well as some colonial and ileum problems, are cre-
ated by Clostridium difficle and Salmonella species, while
Shigella species lean towards the colonial mucosa (Dupont
1997). Past examinations have indicated that the probiotics
have an impact when devoured as a major aspect of the day
by day diet, they can keep up the defense mechanism in a
functioning state as well as can cure the distinctive enteric
issue (De LeBlanc et al. 2010). It was revealed that the
specific probiotics of lactic acid bacteria repress apoptosis
of macrophages affected with Salmonella anticipating sal-
monellosis (Carlos Valdez et al. 2001). Cano and Perdigén
examined the protection proportion of Lactobacillus casei
CRL-431 against Salmonella serovar Typhimurium.

In the mice models after fourteen days of the nutrition, It
is revealed that controlling probiotics forestalled Salmonella
serovar Typhimurium 100% related to contamination, which
stop them from causing infection (Cano and Perdigén 2003).
Findings of their trials were affirmed by an alternate report
(De LeBlanc et al. 2010), in a mice model the preventa-
tive and persistent administration of probiotic Lactobacillus

casei CRL-431 against Salmonella serovar Typhimurium
was studied. The study group reported less serious infection
than control group who did not receive probiotics before the
introduction of the pathogen for the first 7 days and the post-
infection. They have also recorded that 7 days of post-infec-
tion treatment of probiotics led to better immunity against
Salmonella infection. They deduced that probiotic consistent
administration decreased the number and spread of bacterial
infections in the intestine and outside of the organs. Fur-
ther experiments on the effectiveness of probiotic strains
have been performed on different pathogens. H. Pylori is a
pathogen that has an important role in pathogenesis of both
adult and children’s chronic active gastritis and peptic ulcer.
It is a type of bacterium which mostly affects youngsters
and infants (Elitsur and Yahav 2005) with increasing con-
crete evidence that it is an important contributor in estab-
lishment of gastric cancer (Uemura et al. 2001). H. pylori
have been connected to cancer, therefore, yet there is no
vaccine available that can cure patients from this infection
(Ruggiero 2014). The distinctive restorative methodologies
are available which can be utilized to treat H. pylori, as well
as not constrained to the generally utilized triple treatment
with proton pump inhibitors, amoxicillin and either metro-
nidazole or clarithromycin or double treatment high dose
amoxicillin.

After research, It is reported that a few patients despite
of above mentioned treatment stay infected even after the
completion of this medication for two runs of 14-day intake
(Leung and Graham 2002). It is especially important to pre-
scribe alternative drugs that may improve treatment effec-
tiveness and/or reduce the side effects (Ruggiero 2014).
There is significant evidence from various studies that
emphasize the effectiveness of probiotics in the management
of H. Pylori disease targeting various signs and symptoms
(Lionetti et al. 2011). Scientists examined whether readily
market accessible formulation containing Lactobacillus
casei represses the development of H. pylori in vitro (Cats
et al. 2003).

It was observed that, in in vitro environment, Lactoba-
cillus casei restrains the development of H. pylori; with a
condition that, the probiotic cells must be feasible and use-
able. In an alternate report, it was revealed that probiotics,
for example, L. rhamnosus GG or Lactobacillus johnsonii
use bactericidal or bacteriostatic mechanisms against a wide
range of pathogenic microbes, as well as H. pylori (Bernet-
Camard et al. 1997). A clinical trial was performed to see
if the constant administration of a dietary product having L.
johnsonii Lal or L. paracasei ST11 would interfere with
colonization H. pylori in the gastric epithelium of children
(Cruchet et al. 2003). They found out that frequent intake
of the nutritional item including Lactobacillus johnsonii
Lal may serve as an intriguing option against H. pylori to
adjust its colonies in youngsters who are infected with this
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pathogenic bacteria. Researchers showed that a Ten-day
fourfold treatment of helicobacter treatment with (RBC)
ranitidine bismuth citrate in addition to (PPI) proton siphon
inhibitors, tinidazole and amoxicillin gets a huge eradica-
tion of H. pylori, whereas when supplemented with L. casei
have been shown to significantly increase the eradication
rate of H. pylori infection (Tursi et al. 2004). Furthermore,
it is estimated that it indicates a slightly better approach of
H. pylori eradication by the augmentation of treatment with
the administration of probiotics. Consequently, probiotics
can be utilized as the first course of anti H. pylori therapy
as well as utilized with the first line treatment approaches.

Probiotics against Shigella

Shigella is a bacteria which can resist against antibiotics
(Pazhani et al. 2008). According to statistics in develop-
ing areas approximately, three to five million children are
reported to die annually due to gastrointestinal infections
(Sivapalasingam et al. 2006). Multiple drug resistance to
Shigella is a threat in developing countries to cost-effec-
tive antimicrobials and this bacterium ’s resistance pattern
is now becoming a clinical problem worldwide (Mirnejad
et al. 2013). The need for alternative therapies was therefore
considered necessary because of increased prevalence of its
antibiotic resistance (Zhang et al. 2011). The antipatho-
genic activity of probiotic paracasei M5-L, Lactobacillus
casei Q8-L, Lactobacillus paracasei subspecies, and Lac-
tobacillus rhamnosus J10-L against S. sonnei were tested.
It is revealed that the approved Lactobacillus strains dem-
onstrated a solid antibacterial action against Shigella son-
nei. The trial to find out antibacterial activity of probiotics
against Shigella sonnei showed that, Lactobacillus johnsonii
F0421 showed huge repressive activity and barred, replaced
Shigella sonnei clung to HT-29 cells (Zhang et al. 2012a, b).
The antimicrobial activity of nisin, was studied in another
study by scientists produced by Strains of lactis, against S.
aureus, L. monocytogenes, Typhimurium Salmonella and
Boydia shigella (Mirnejad et al. 2013). The study revealed
that pathogen populations declined, due to alteration of fatty
acid levels, cell viability, permeability of membrane, and
nisin depolarization effect. A different trial examined the
antibacterial effect of nisin, a bacteriocin produced by the
lactis strains of Lactobacillus, against S. boydii, S. aureus,
Lactobacillus monocytogenes, S. boydii. In addition, S.
Typhimurium.

Probiotics against Lactobacillus monocytogenes

L. monocytogenes belongs to a class of bacteria that causes
foodborne diseases (Zou et al. 2013). that contributes to
severe impacts in the human host that cause premature
delivery and stillbirth conditions for perinatal conditions
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by causing septicemia and meningitis in adults (Vazquez-
Boland et al. 2001) There are various probiotics being used
against the food-borne pathogenic microbes that cause food
poisoning. Furthermore, in research, it is showed that bifido-
bacterial isolates can deliver antimicrobial elements (Touré
et al. 2003). Scientists published six infant strains having
more of antibacterial action capacity against Lactobacillus
monocytogenes produced from bifidobacteria. The isolates
inhibited L. monocytogenes actively by producing a heat-
stable protein-substance. Their research showed that the use
of bifidobacterial strains is suitable for interacting in probi-
otics with bacterial pathogens would enhance gut microbial
ecology and offers an alternative effective strategy to prevent
gastrointestinal pathogens. In 2007, studies were carried out
for the pretreatment with strains of Bifidobacterium and Lac-
tobacillus of C2Bbel cells, which is clone of the Caco-2
human adenocarcinoma cell line in order to show that these
significantly can hinder the subsequent chances of reinfec-
tion by L. monocytogenes (Corr et al. 2007). They revealed
that the earlier treatment of enteric epithelial cells besides
probiotic microorganisms preceding disease with Lactoba-
cillus monocytogenes EGDe brought about a noteworthy
lessening in listerial attack about 60-90%. In a different
trial where Lactobacillus strains were used against E. coli
and L. monocytogenes to see its antagonistic effects, it was
observed that L. plantarum WS4174 showed a much effec-
tive inhibitory effect against the Gram-positive L. monocy-
togenes LMO26, probably because of the lactic acid accu-
mulation and L. monocytogenes being sensitive to lower pH
(Aguilar et al. 2011).

Enteric viral infections

Viral diseases are controlled through probiotics. About
20-25% of diarrheal infection in the world is caused by
rotavirus. The levels of IFNy and IL-4 in serum enhanced
by L. acidophilus and Lactobacillus reuteri and it elimi-
nates rotavirus disease (Wen et al. 2009). Norovirus, which
causes 58% of foodborne diseases, probiotics proved to be
an effective treatment against these as well (Mattison 2011).
L. casei Shirota strain was found to be effective in control-
ling gastroenteritis caused by norovirus in a healthy indi-
vidual, which is available as Probiotic fermented milk. A
randomized double-blind trial using probiotic formulations
(VSL#3) has been shown to substantially reduce the bowel
frequency and oral rehydration is needed in infants (Dubey
et al. 2008).

Bacterial enteric infection
Among enteric pathogens that induce the diarrheal infec-

tion, Campylobacter jejuni is responsible for around 400
million cases per year in both undeveloped and developed
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countries. Several trials of probiotics were tested for their
efficacy in managing the infection of Campylobacter. Both
lactobacilli and bifidobacteria have been shown to increase
resistance to colonization in mice infected with C. jejuni
or Salmonella. Probiotics have boosted lymphocyte prolif-
eration and reversed pathogen-induced immunosuppres-
sion activity against Salmonella antigens (Ruiz-Palacios
2007). Probiotics likewise have expanded the expansion
of lymphocytes against Salmonella antigens and inverted
microbes-instigated immunosuppressive action (Wagner
et al. 2009). Campylobacter jejuni load in poultry feces
substantially reduced by symbiotic composed of prebiotic
galacto-oligosaccharide and probiotic bifidobacterium
longum (Baffoni et al. 2012). Acute dehydrating watery
diarrhea is caused by V. cholera with 1.8 million cases and
an estimated mortality rate of 27,000 per year (Girard et al.
2006). Furthermore study indicated that the administration
of L. acidophilus BKM B-2020 orally in mouse as well as
suckling rabbit’s disease inhibited cholera infection. Cul-
tured cell lines are effectively attached to Probiotic Lactoba-
cillus plantarum AS1 and decrease Vibrio parahemolyticus
fixation through excluding it competitively (Satish Kumar
et al. 2011). Probiotics are beneficial for treating diarrhea
infection caused by E. coli. for example ETEC and STEC.
A bacterium named Enterococcus faecium decreases a large
number of Escherichia coli. Lactobacillus plantarum, Ente-
rococcus faecium, Lactobacillus fermentum, Lactobacillus
plantarum, Lactobacillus casei and L. acidophilus altogether
diminished E. coli O157: H7 exfoliating through sheep
(Lema et al. 2001). Bifidobacteria in mice decreases the
production of Shiga toxin by STEC and provides a defense
mechanism against Escherichia coli. STEC growth stops
by Nissle and Shiga are not produced as well (Reissbrodt
et al. 2009). Dendritic cells are regulated by exposure to
Lactobacillus paracasei, helper T cells are also activated
and develop antibodies, there is increase in enteric integrity
and low regulation of pro-inflammatory cytokines and the
infections which entered are protected from them (Tsai et al.
2010). Studies have proven the effectiveness of probiotics
used against Salmonella enterica by preventing the spread
of infection and colonization in the gut (Higgins et al. 2008).

An industrial probiotic alcoholic drink essentially dimin-
ished the Salmonella which includes in the ceca and tonsils
of hens and poults (Zhang et al. 2012a, b). Salmonella infec-
tion in the tonsils and ceca chickens has been found to be
lowered considerably by a commercial probiotic named as
cocktail (de Moreno et al. 2010). In vivo examination uti-
lizing a mice model exhibited that constant administration
of Lactobacillus casei CRL reduces the Salmonella num-
bers includes in the digestive tract and extra enteric disper-
sal (Asahara et al. 2011). The strain of Lactobacillus, L.
casei Shirota, likewise ensured protection to mice against
deadly contamination with multi-resistant Salmonella

Typhimurium DT104 strain (Varma et al. 2010). Probiotics
have been additionally viable to other intestinal microbes,
for example, S. aureus, P. mirabilis, and P. aeruginosa, E.
faecalis and S. sonnei (Amalaradjou and Bhunia 2013). The
Bacteriocin "Microcin S" delivering probioticE. coli G3-10
likewise smothered EPEC constancy and microgenesis
(Malin et al. 1996).

Probiotics administration for infectious diarrhea
in children

A few ongoing clinical investigations endeavored to build
up the estimation of probiotics in the prophylaxis as well as
the cure of loose watery stool infection in children (Kaila
et al. 1992). Rotavirus is main reason for watery bowels in
children all over the world. Lactobacillus rhamnosus GG
showed the most vital advantages in sufferers with intense
gastroenteritis brought about through rotavirus, which is
yet the most significant pathogenic microbe for pediatric
stool sickness around the world. It revealed that very much
directed and acted in a few nations through a few agents with
scholarly and modern help (Kaila et al. 1995). During an
examination, the information for Lactobacillus reuteri and
Bifidobacterium lactis have mostly founded on a couple of
clinical investigations (Rautanen et al. 1998). Many different
double-blinded treatments were controlled in which Finn-
ish babies and little youngsters with rotaviral loose bowels
were included. It revealed that indicated a decreased span
of scenes of loose bowels among small kids who got Lac-
tobacillus reuteri (span/1.7 days versus 2.9 days for control
sufferers) (Shornikova et al. 1997a, b). It likewise revealed
a shorter span of looseness of the bowels and a diminish-
ing in rotavirus shedding with Lactobacillus rhamnosus
GG, affirms the discoveries of earlier clinical examinations
(Guarino et al. 1997). Other than the curative impacts, these
discoveries showed that extensive outgrowths in regards of
diminishing the pace of nosocomial rotaviral contamination
in newborn children with a high hazard for gastrointestinal
infections (Saavedra 2000). Multicenter European organiza-
tion concluded that use of hypotonic oral dehydration solu-
tion and LLG at the same time can be of great benefit to
children as it can reduce the time of illness and duration
of hospital stay (Guandalini et al. 2000). But on the other
hand, there was no improvement in the loose bowels sick-
ness was observed when an experiment was carried out in
Canada in 1972. A probiotic that was commercially avail-
able (10® lyophilized bacteria comprised of 50-60% Strep-
tococcus thermophilus, 35-45% L. acidophilus, and 5% L.
bulgaricus) was applied on 94 children who were suffering
from acute diarrhea (Pearce and Hamilton 1974). In devel-
oped countries, many experiments were carried out showed
that if we start the treatment earlier with simultaneous use
or ORT and LGG it can be of great use and can reduce the
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time of suffering and also work for treatment of acidosis,
but it cannot work on people with bloody diarrheal stools
(Shornikova et al. 1997a, b). Whereas addition of heat-killed
L.acidophilus bacteria’s to ORT has proved to be a beneficial
treatment in the children having acute gastroenteritis and it
can also lead to the reduction of sickness span (Simakachorn
et al. 2000).

Another study was held in Paris in which 287 sound
youngsters were included (mean age, 18 months and a half;
extend, 7-32 months) the children were chosen from 12 dif-
ferent daycares (Pedone et al. 1999). Kids took one of three
dairy items: milk aged by yogurt standard yogurt and Lac-
tobacillus GG casei, or jellied milk as a treatment. There
was no distinction found in the frequency of loose bowels
ailment between all groups, yet the span of illness of loose-
ness of the bowels was shorter between sufferers in the Lac-
tobacillus casei bunch than it was between sufferers in the
jellied milk society (4.3 days versus 8.0 days, individually;
P=0.009).

Probiotics for diarrheal disease in adults

There are some scarcely controlled preliminaries led in
grown-ups with irresistible loose bowels. A random trial was
held in the adults and they were divided into two groups, (an
experimental group and a control group) who had chronic
diarrhea which showed that the adults who had Enterococ-
cus SF 68 strain in their medication had less severe diarrhea
and also shorter time of illness in probiotic group as com-
pared to control group (Buydens and Debeuckelaere 1996).
In a case, an investigation was led with 23 sound volunteers
who got an item that contained Lactobacillus bulgaricus and
Lactobacillus acidophilus though there was no change in
attack rate, incubation period, or time length of sickness was
evident when they tested with Enterotoxigenic E. coli (Cle-
ments et al. 1981). A few investigations revealed that there
is some preventive microscopic organism’s impact of lactic
acid in sufferers with traveler’s diarrhea shows incompatible
outcomes, and detailed advantages are unassuming. Accord-
ing to another research that have been exhibited between
282 British soldiers who ventured out to Belize and got a
probiotic item that contained Lactobacillus acidophilus or
KLD strain of Lactobacillus fermentum (DuPont and Erics-
son 1993), and then again between 820 Finnish travelers who
got Lactobacillus rhamnosus GG before making a trip to
Turkey (Oksanen et al. 1990). It was shown that a decrease
in the frequency of looseness of the bowels between 245
American explorers who took Lactobacillus rhamnosus GG
for 1-3 weeks, contrasted and control sufferers who got fake
treatment (occurrence of the span, 3.9% every day for people
who got Lactobacillus rhamnosus GG versus 7.4% every day
for control cases P=0.05) (Hilton et al. 1997).
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Antibiotic-associated diarrhea and probiotics

Looseness of the bowels is the most widely recognized
gastroenteric symptom of anti-infection treatment regu-
larly connected with Clostridium difficile contaminations in
grown-ups and youngsters. Studies revealed that it included
Saccharomyces boulardii strains (McFarland et al. 1995),
Lactobacillus spp., and Bifidobacterium spp. (Colombel
et al. 1987) have revealed valuable impacts in the therapy
and avoidance of antimicrobial related looseness of the bow-
els, (Gorbach et al. 1987) revealed as an effective therapy
of Clostridium difficile backsliding looseness of the bow-
els, without any symptoms, in five grown-ups and four kids
who got Lactobacillus rhamnosus GG (Biller et al. 1995).
A little report that included 16 youthful grown-ups who
got erythromycin for 7 days demonstrated a considerable
constructive outcome between the individuals who got in
advanced yogurt Lactobacillus rhamnosus GG, contrasted
with those individuals who got treatment by yogurt. The
span of the looseness bowels was just about 2 days between
sufferers in the revealed bunch versus 8 days between suf-
ferers in the placebo treatment bunch. That means those
who received LGG-enriched yogurt, compared with those
who received placebo yogurt. The duration of diarrhea was
only 2 days among patients in the study group versus 8§ days
among patients in the placebo group (Siitonen et al. 1990).
Recently, a useful impact of Lactobacillus rhamnosus GG
in the counteraction of looseness of the bowels was studied
between Finnish (Arvola et al. 1999) as well as American
kids with respiratory disorders. It showed reduction in loose
bowel episodes and an increase in bowel consistency by
ongoing antibiotic treatment when both L. bulgaricus and
L. acidophilus were given then, different investigations had
likewise shown no advantage. Many antibiotics were tried
and different organism were also being tested but there also
some limitations such as not adequate amount of control
groups and sufferers so it has not allowed to imply some
clinical trials (Tankanow et al. 1990).

Probiotics as vaccines

Low immune response levels may be caused by probiotics.
Probiotics can, therefore, be bioengineered to provide the
gastric mucosa region with immunogenic compounds to
boost the immune response of host. Recombinant probiotics
can mimic the effect of a vaccine to treat intestinal patho-
gens in the host immune system (Gardlik et al. 2012). The
researchers have cloned and expressed ETEC adhesives K99
to the probiotic Lactobacillus casei in order to use a safe and
highly effective vaccine to prevent K99 infections of ETEC.
They observed an elevated levels in the effectiveness of the
recombinant probiotic and that those over 80 per cent of the
vaccinated mice had been protected against a fatal dosage of
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standard strains (Wen et al. 2012). Non-bactericidal illnesses
can be administrated by using vaccine delivery systems
with bio-engineered probiotics. The most frequent source
of childhood diarrhea is rotavirus. It affects cells in the intes-
tine (enterocytes) and then tends to cause gastroenteritis in
the effected host. The viral proteins of the pathogen may
interfere with water reabsorption inside the human gastroin-
testinal tract and cause lactose digestion inefficiency, which
could contribute to milk intolerance for children. Symptoms
of infection include nausea, diarrhea, vomiting, fatigue and
fever (Thirabunyanon 2011). Researchers used the bioengi-
neered Lactobacillus lactis to express infection spike protein
VPS8, that prompted IgA antibodies in mice and hostile to
VPS8 antibodies (Snydman 2008). This induction developed
inside the mouse digestive tract, systemically and locally,
providing 100 percent protection against rotavirus. Since
oral vaccination preferred over other forms of vaccination,
it is possible to use probiotics since these have the ability to
resist gastrointestinal conditions as an alternate vaccination
process. There are also other benefits of delivering vaccines
with recombinant probiotics, such as simple administration
by users, reduced risk of transmission of foodborne infec-
tions and activation of both innate and adaptive immune
responses (Mathipa and Thantsha, 2017).

Probiotic against parasitic infection

Giardia lamblia is known to be one of the most widespread
intestinal parasites to infect humans. It is the causal factor
in giardiasis, a significant cause of diarrheal disease. Pre-
sent recommended medication is generally done by a few
medications. However, due to parasitic resistance alternative
solutions are being pursued. At present, interest in potential
biotherapeutic techniques involving natural approaches such
as probiotic Lactobacillii with antiprotozoal effects is on
the front. The current study on 57 albino mice of Swiss ori-
gin retrieved from the Theodor Bilharz Research Institute’s
animal house determined the effect of L. casei on Giardia
lamblia as compared to the routinely available metronidazole
in intentionally infected mice (Mazroue 2020).

Research published in 1995 involving human
patients demonstrated the positive effect of probiotic
yeast, S. boulardii (Reflos), not specifically to avoid giardia-
sis but to assist with the healing of irritable bowel syndrome
resulting after infection, a problem that occurs in some
patients infected with parasites (Travers et al. 2011b). This
analysis was endorsed by a subsequent survey claiming S.
Boulardii lowered the quantity of parasitic cysts in patients’
feces treated with a blend of metronidazole and S. Boular-
dii compared to metronidazole-treated patients (Besirbel-
lioglu et al. 2006).

Parasites of the intestine like C. parvum, G. lamblia, B.
hominis, E. histolytica, or T. spiralis (a nematode) provide

Irritable Bowel Syndrome-like signs and symptoms. It also
plays a possible role in the etiology of IBS (Robertson et al.
2010). There has been little assessment of the prospects of
probiotics to control IBS-like signs associated with parasitic
infections. Probiotics, especially, L. paracasei NCC2461, B.
longum NCC2705, L. Johnsonii NCC533, and B. lac-
tis NCC362 positively modulated the parasite expulsion.
Although medical data of efficacy has begun to arise, the
actual effect of probiotics on PI-IBS therapies remains
extremely contentious. It is primarily owing to the complex-
ity of comparing the research projects due to experiment
design differences, the dose of probiotic, strain utilized,
and the active agent (Quigley, 2007; Travers et al. 2011b).
Figure 6 explains the different possible ways of pathogenic
control.

A probiotics’ list tested on numerous eukaryotic infec-
tious organisms. The first column lists the pathogens inves-
tigated; the second shows the probiotics examined (and, if
identified, a reference to their strain; n.s. not defined) and
the accompanying sources. The third section provides spe-
cifics of the study level: therapeutic in patients, in vivo in
normal or laboratory models (mouse, pigs calves, rats, ger-
bil, chicken) or at the most basic cellular stage (cyst seg-
regation and survival, invasion capacity, and trophozoites
development). The fourth column provides the probiotic
administration conditions and is denoted by A. a, being the
first three days, b — next four days, c—7th — 15th days, d
— increasing than fifteen days, e — specifying the after infec-
tion, and lastly, f — concomitant infection and administration.
The fifth column is for the study results, which are speci-
fied in terms of (+) or (-) impacts, depicting the parasitic
load reduction in administered subjects versus the controls.
— (Minus) stands for adverse probiotic effect, 0 indicates no
effect, + stands for around 50% load reduction, + + means
about 75% reduction of parasitic load, and + + + for about
100% reduction. The star (*) indicates a clinical case and
n.d. in the results indicates reduction not determined (Trav-
ers et al. 2011b).

Limitations of conventional probiotics

Even though probiotics give various advantages to the host,
they have several restrictions too. Certain examinations
revealed that the strains of probiotic might be useless or
ineffective because of explicit intestinal microbes. Probiot-
ics can discharge a wide range of antimicrobial substances
notwithstanding, reports recommended that there are some
restrictions in the accomplishment of probiotics focusing on
explicit pathogenic microbes. Consequently, the probiotic
strains of different cocktail can be created to improve the
impacts countering various pathogenic microbes inside the
intestine (Touré et al. 2003). A brief data about the previous
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Fig.6 Schematic diagram of the

different pathways for probiotic-
mediated pathogen control. At
(1), probiotics may attenuate
their physical and chemical sur-
roundings (epithelial cell recep-
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trials of probiotics against certain pathogens is shown in
Table 4.

In contrast to prior reports probiotics displayed inhibition
impact against L. monocytogenes (Kailasapathy and Chin
2000), Koo et al. revealed that probiotics have a constrained
accomplishment in case of preventing L.monocytogenes to

attach to monolayers of enteric region (Koo et al. 2012). They
implemented three experimenting methodologies of serious
prohibition of adhesion or displacement of pathogens, and
competitive exclusion to decide if by using lactobacilli, that
it would diminish the bond of L.monocytogenes to Caco-2
cells, they demonstrated that the rates of Lactobacillus

Table 4 Documented trials of probiotics against specific pathogens (Travers et al. 2011a)

Pathogen Probiotic tested Host A R
Ascaris suum B. lactis (pig isolate) Pig d n.d
Babesia microti L. casei ATCC7469 Mouse a +++
b +
Cryptosporidium parvum L. reuteri 4000, 4020 Mouse [¢ +++
L. reuteri 4000, 4020 or L. acidophilus NCFM Mouse ¢ ++
L. reuteri 4000, 4020 Mouse ¢ + +
L. rhamnosus GG+ L. casei shirota Human e *
VSL#3 or Actimel Neonatal rat a 0
B. brevis, E. faecium, P. alcaligenes Calf f 0
L. reuteri ATCC23272 or L. acidophilus NCFM Cell culture +
B. breve ATCC15698 or B. longum ATCC15707 Cell culture +++
B. brevis, E. faecium and P. alcaligenes Cell culture +++
Eimeriatenella/acervulina Primalac Chicken d ++
Mitomax Chicken d +
Mitogrow Chicken d +
L. acidophilus 1.b33ac, L. salivarius Lb14c7 Lb16c6 Cell culture ++
Giardia lamblia L. johnsonii LA1 Cell culture +++
L. johnsonii LA1 Gerbil b ++
L. casei MTCC1423 Mouse b +++

E. faecium SF68
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monocytogenes attachment to cells in the actively present and
in nonappearance of probiotics were almost similar. Lacto-
bacilli and other LAB were not able to essentially diminish
attachment or colonization on the layer of epithelial cells,
despite being at larger quantities. Moreover, an increase in
dose of the strain of probiotic providing high concentration
of it was also not able to dislodge the connected Lactobacil-
lus monocytogenes. The information from the trial demon-
strated that the previously used conventional strain of lactic
acid bacteria could not inhibit the growth of these pathogenic
microbes. In addition, it was reported that probiotics could
also stimulate low immune system response in the organism as
well as low anti-inflammatory response rates (McCarthy et al.
2003). Both Bifidobacterium infantis and Lactobacillus sali-
varius were orally given to mice experiencing colitis. Results
showed that the levels of TGF-f in mice who were given or
not given the probiotics remained same as before. TGF-f is a
cytokine that can reduce the inflammation, and the degrees of
this cytokine were not essentially elevated yet its levels were
maintained with Lactobacillus salivarius, but these are not
keeping up by the use of Bifidobacterium infantis. Most probi-
otics are delivered as capsules or foods, so technical, digestive,
and enteric stress factors must be addressed. In addition, an
obstacle to its effectiveness is the large mode of action of pro-
biotics and the variations between probiotics. The beneficial
characteristics of a strain or a strain mixture may not be repeat-
able and may vary from individual to individual (Karimi and
Pefia, 2008). Furthermore, the probiotic strain, dosage, course
of treatment and composition of probiotic preparation can also
influence their effectiveness (Koo et al. 2012). Considering
these findings, it is clear that probiotics still are nondiscrimina-
tory and nonspecific or inefficient in some hosts (Bomba et al.
2002). The above limits imply the need for new, innovative
measures for use of probiotics to prevent and treat foodborne
pathogens. Previous studies reported that the use of probiotic
therapy was continued for much longer period to produce
the host’s mucosal barrier with prophylactic and therapeutic
molecules( Richter et al. 2009). But a detailed understanding
of the pathogen’s behavior and the mechanisms of their dis-
eases is needed to be successfully achieved (Amara and Shibl
2015). All these understanding can be helpful to enhance the
effectiveness of probiotics and then using a particular probiotic
for particular pathogens or toxins. Therefore, novel probiotic
strains can be produced with improved or even targeted pro-
biotic operation. Biotechnology provides the opportunity to
produce these recombinant probiotics.

Recombinant bioengineered probiotics

Through using bioengineering, the efficiency of known
probiotic strains can be boosted. Bioengineering involves
the modification of the probiotic strain genes in order to

improve toleration of the ecological or host environmen-
tal stress, which is not limited but also include high tem-
peratures, acidification and oxygen, food processing and/or
probiotic survival at the GIT in order to provide maximum
benefit to host when administrated (Guidone et al. 2014).
There are different techniques, which can be utilized in
structuring, and developing of new probiotic harbouring
genes of intrigue got from the pathogenic microbes. It ena-
bles the transformation of proteins, which were not in the
microorganism at first. Pathogenic virulence factors can be
cloned, characterized and expressed in the probiotic strain
and following the delivery of the resulting bioengineered
probiotic strain will prevent the infection, resulting in no
clinical symptoms. Moreover, recombinant probiotics can
also be used for medications, vaccinations and to enhance
immuno-response and cell-bound receptors for particular
pathogens or toxins (Berg and Mertz 2010). Most human
receptors that are identified by or are well distinguished by
enteric pathogens. Furthermore, the production of vaccine
or treatment of resistance is considered unlikely by targeting
a particular pathogen. Bioengineering is not a completely
new field, several trials have shown the effectiveness of these
probiotics against diseases (Culligan et al. 2009).

Numerous studies in recent years have focused on the
feasibility of using GM probiotics as a bio-therapeutic (Sola-
Oladokun et al. 2017). The basic principles of bioengineered
probiotics have been knowing the certain mechanisms
behind the positive and beneficial effects of wild probiotic
products and pathogenicity in infectious gastrointestinal
diseases (Sleator and Hill 2007). The enhancement of pro-
biotic stress tolerance has contributed to the development of
stronger recombinant strains able to cope with the produc-
tion process challenges and then with the innate protection
of the intestinal tract (Sheehan et al. 2006; Watson et al.
2008). Improved specificity of probiotic and its advancement
as molecular delivery vehicles could significantly enhance
its biotherapy potential in the areas of infection, chronic
inflammations of gastrointestinal tract, psychological dis-
eases and even cancer (Sleator 2010).

Most of the bioengineered and modified probiotics known
till now focused on well-known bacterial species, for exam-
ple L. lactis, E. coli, and Lactobacilli, for these advanced
tools of genetic modification to increase their potential have
been reported by scientists. Advances in Genetic engineering
have extended the range to include the prevalent intestinal
microbiota flora for modification., let us say, Bacteroides
thetaiotaomicron (Mimee et al. 2015). A suite of promot-
ers, inducible expression systems and ribosome-binding sites
(RBS using recombinases and CRISPR interference was
developed for B. thetaiotaomicron. The study suggests these
advancements so that the GIT can be monitored and moni-
tored in vivo, the impacts of various pathways and genes
on colonizing potential and biotherapeutic utilization are
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focused and controlled. Integration of expert gut colonizers
(and opportunist pathogens) is vital to the strict biological
confinement and/or suicide processes. The risk for displace-
ment of natural B. thetaiotaomicron populations (which is
responsible for 30% of anaerobic bacteria which is culturable
in the host intestine along with their bioengineered adjuvants
would be much elevated compared to, for example, L. lac-
tis or E. coli (Salyers 1984). Nonetheless, the use of similar
strategies to other genus will add to the bioengineering cata-
log of species available in the coming years.

Scientists also developed an Escherichia coli strain that
could be detected, recorded and identified during the tetra-
cycline passage through the moray gastrointestinal system
by means of a genetic processing switch. The study proposed
that cell reporters should be established further and used to
react to chemical biological markers that are indicator of
inflammation, skin toxins, cancer and infection, or to gener-
ate diagnostics and therapeutics or antibiotic compound as a
real-time response to environmental external stimuli (Kotula
et al. 2014). In a study, researcher showed that P. aerugi-
nosa planktonic biofilms and cells can be destroyed using a
modular bioengineering approach for E. coli. Production of
a bacteriocin (microcin S) was involved in the three-pronged
approach and a nuclease (DNase I) was produced in response
to P. aeruginosa produced quorum-sensing molecules, As a
reaction to the same quorum-sensing molecule, the bioen-
gineered strain moved actively into the target by reprogram-
ming CheZ chemotaxis (N-acyl homoserin lactone (AHL),
etc.) (Hwang et al. 2014).

The contribution of synthetic biology in designing and
synthesizing natural products is addressed in an excellent
review of Smanski and its colleagues. Significant advances
in the production of new naturally produced products such
as antivirals, antibiotics, anti-cancer and immunomodulatory
compounds, and inhibitors are combined with constant cost
reductions in DNA sequencing and synthesis technologies.
An incredible number of such compound products remain
unfindable; 150,000 natural compounds of the genus Strep-
tomyces alone have been described to date, less than 5 per-
cent of them (Smanski et al. 2016; Watve et al. 2001). These
unexploited resources will without doubt produce new anti-
biotics, which are needed urgently to fight the increased rates
of drug resistance between bacteria (Editors 2016).

In future, synthetic biology will be playing an important
role in the functional enhancement of the probiotic engi-
neering (Alivisatos et al. 2015). The development of the
first cell with a synthetic genome (Gibson et al. 2010)and
in recent studies, the development of a minimal bacterial
genome (Hutchison et al. 2016)has provided a foundation
in order to design and create completely new bacterial cells,
tailored with a specific set of genes and a specific purpose.
In just 20 years, the field has gone from the design, syn-
thesis and assembly of a synthetic genome and associated

Pielase clla)l auan .
KACST 3.015lq rogle Ll @ Springer

biomolecules to the sequencing of the first bacterial genome
(Sleator 2013). Further developments, including the auto-
mated design of genetic circuits, complete computing mod-
elling, Big Data storage mediated by DNA and the growing
genetic alphabet, will eventually lead to the next generation
of true probiotics (O’ Driscoll and Sleator 2013).

Conclusion

Probiotics are microbial supplements, administered to
improve human gut health since a time now. Recent stud-
ies have expanded the definition of probiotics, because abil-
ity of imparting beneficial health effects has been shown to
be equally present in genetically modified and non-viable
microbes. However, the rationale for probiotic therapy is the
standardization of the characteristics of unbalanced indig-
enous microflora by specific strains of healthy intestinal
microflora. Probiotics also induce and contribute to eradi-
cate nonspecific host resistance against microbial pathogens.
Probiotics are currently used majorly to reduce the risk of
infections linked with intestinal barrier impairment. This
paper has analysed the role of probiotics in prevention and
treatment of enteric infections. The probiotic efficiency of
the strains varies; different bacteria or modified strains have
defined adherence sites, immunological effects, and varied
effects in the healthy versus inflamed mucosal environment.
This paper has been discussed the bioengineered probiotic
characteristics that may be exploited in the future for the
development of specific prophylactic and therapeutic inter-
ventions for diseases.

Over the years, many probiotics against enteropathogens
havedemonstrated effectiveness and their exact mecha-
nism of action has been established. A better correlation
was established of the host pathogen interaction has also
allowed the development of bio-engineered probiotics for
targeted pathogens elimination. The use of engineered pro-
biotics leads the stability of many other therapeutic alterna-
tives. To avoid the uninhibited spread, however, the modified
organism must be contained. Furthermore, their biosecurity
and ability to cause allergies due to long consumption must
be taken into consideration. Although several challenges lie
in developing a novel probiotic against enteric infection,
advancing technologies and research will continue to pro-
vide novel biotherapy in rich and economically challenged
countries to deal with and prevent enteric infections.
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