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1. Abstract
Probiotics are products which contain microorganisms capable of 
supporting symbiotic relations with native microbiota of many en-
vironments. They are widely used and studied due to their capacity 
of improving biological systems’ overall health. Many hypothesis 
exist surrounding the mechanisms by which every microbe label-
led as probiotic is the cause by which system health is enhanced 
by its presence. The aim of this review was to compile article’s 
data concerning the role of different combinations of probiotics 
used to treat and prevent gastrointestinal conditions, such as anti-
biotic-associated diarrhea, pseudomembranous colitis, Helicobac-
ter pylori infections, oral, pharyngeal and Salmonella infections. 
In general, other than presenting excellent safety records, seve-
ral probiotic combination registered in clinical trials could prove 
themselves capable of significantly preventing those infections 
and some proved to be capable to also treat them once established. 
The main challenge among the infections studies seems to be oral 
cavity infections, probably due to microbiota complexity. Never-
theless, probiotics seem to have good prospect for playing a major 
preventive and protective role in gastrointestinal infections with 
further investigation to gather sufficient evidence to base treatment 
protocols.

2. Introduction
The very definition of probiotics was first produced in 1965 by 
Lilly and Stillwell [1] as bacteria who could increase other bacteria 
proliferation within biological systems, since then they have had 
their definition and usage broadly expanded. Currently updated by 

Hill et al. in 2014, the meaning of probiotics is now fit to describe 
microorganisms that can improve the health of a system when in-
gested in sufficient amount [2].

Therefore, such definition is intended to include their effects on 
many human systems concerning medical sciences, mainly by 
impacting the resident microbiota, intestinal epithelium cells, the 
immune system and cell-mediated response to infection and stress.

The most studied species include Lactobacillus, Bifidobacterium, 
and Saccharomyces [3], but even prior to the first steps investiga-
ting probiotics’ potential, bacteria described as probiotic have been 
empirically added to dietary supplementation and foods due to the 
potential beneficial effects their action could produce for human 
health, and naturally clinical trials have been extensively conduc-
ted to measure and improve probiotic consumption and selection 
[4]. Further than that, many studies nowadays have provided evi-
dence to support probiotics’ use as treatment and prophylaxis of a 
large array of infections, such as those produced by Helicobacter 
pylori, Clostridium difficile on the gastrointestinal tract, Strepto-
coccus mutans on caries and periodontitis, many upper and lower 
respiratory tract infections, inflammatory bowel disease and diar-
rhea microbes, as well as other diseases.

Not only typical presentation cases management have shown to 
be improved by probiotics use, but also multi-drug resistant bac-
teria infections could potentially be considered for probiotics use, 
amplifying their relevance since those are universally important 
public health issues.

The major role probiotics could play, if proven to be effective, is 
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to decrease antibiotic use, which has the catastrophic side-effect 
of microbial resistance development, other than being a cause of 
many gastrointestinal conditions themselves, such as very com-
mon cases of Antibiotic-Associated Diarrhea (AAD). Mitigating 
the burdens of diseases and antibiotic use could improve health 
care morbidity, mortality and cost worldwide [2].

Further on, the interest on probiotics is also inspired by high safety 
standards extensively recorded on literature [6,7], even on immu-
nocompromised HIV patients [8] and children [9].

We present this article as an endeavor to produce an updated com-
pilation of current literature concerning probiotic use on several 
infections and its comparison to traditional antibiotic treatment on 
terms of prophylactic and treatment effectiveness, safety and out-
comes on gastrointestinal infections.

3. Methods
The present review focused research on well-oriented clinical trials 
concerning probiotic use on AAD, Clostridium Difficile Infection 
(CDI), Helicobacter pylori infection, Streptococcus mutans oral 
infections, Streptococcus and Bacilli pharyngeal infections and 
Salmonella infection.

Article research was conducted on PubMed, Scielo, Science Direct 
and Medline bases. The following key-words were used: "probio-
tics", "treatment", “prevention", “Clostridium difficile infection”, 
“Helicobacter pylori”, “Salmonella”, “oral infection”, “microbio-
ta”, “pharynx infection”, “antibiotic" as well as its equivalents in 
Portuguese. Boxes "AND" and "OR" were selected when they 
were present.

Enters and records identified in the electronic data banks were 
exported to the platform Rayaan, used in selection. Studies were 
initially filtered by title and abstract independently and those se-
lected on a first filtration were evaluated regarding eligibility and 
inclusion in this review by full-text analysis.

Articles of opinion and isolated case reports were the only auto-
matic exclusion criteria for article analysis, and no case complica-
tions were considered as to differ among infection presentations. 
Articles were also not excluded based on language, date or place 
of conduction.

4. Results
4.1. Probiotics Use on Antibiotic-Associated Diarrhea (AAD)

AAD is a common and undesirable adverse effect of antibiotic 
treatment and can present itself disregarding previous patient con-
dition. It occurs in as many as 30% of patients [10] and is charac-
terized by disruption of gut microbiota, decreased intestinal Short 
Chain Fatty Acid (SCFA) concentrations, accumulation of luminal 
carbohydrates and colonic bile acids, altered water absorption, and 
ultimately diarrhea [11].

Several articles evaluated probiotic treatment in children, since 
they are particularly at risk with incidence of AAD being as high 

as 35% [12], and all conclusive ones suggested probiotics to be 
effective in preventing and treating AAD, despite previous theo-
retical conjectures which suggested that probiotic treatment was a 
logical flaw on AAD [13].

Compiling thirty-three studies with more than 6300 patients ran-
ging from 0 to 18 years-old, organized in random groups for pro-
biotic treatment, placebo and no treatment at all it was recorded 
precise benefit for probiotics. Diarrhea incidence after 5 days to 12 
weeks of follow-up were shown to be 8% in the probiotic group, in 
comparison to 19% in the control group (risk ratio RR 0.45, 95% 
confidence interval CI 0.36 to 0.56; I² = 57%, 6352 participants; 
95% CI 7 to 13). Low dose studies (< 5 billion CFUs per day) 
showed that the incidence of AAD in the probiotic group was 8% 
compared to 23% in the control group (4038 participants; RR 0.37; 
95% CI 0.30 to 0.46; P = 0.06) and high dose studies (≥ 5 billion 
CFUs per day) recorded incidence rates of 13% in the probiotic 
group compared to 23% in control group (4425 participants; RR 
0.54; 95% CI 0.42 to 0.70; P <0.00001; I² = 68%) [14]. The results 
suggested the effectiveness of treatment to be dose-dependent.

Comparing safety among 24 of those trials (4415 participants) 
which reported on adverse events, none reported serious adverse 
events attributable to probiotics.

Although also insensitive due to numerous subgroups considera-
tion, another compilation of 82 randomized trials showed statisti-
cally significant AAD reduction results by associating probiotics 
to antibiotic treatment (relative risk, 0.58; 95% CI, 0.50 to 0.68; P 
< .001; I(2), 54%) [15].

On the strands used, Lactobacillus rhamnosus GG (LGG) had the 
better record of effectiveness and tolerability on prevention of 
AAD, and even though Clostridium difficile is broadly known to 
cause around 20% of AAD as an opportunistic pathogen [16], it 
is better analyzed independently since a 2018 article reported that 
Lactobacillus casei was considered as presenting better efficacy 
and moderately better tolerance for its infections [16]. Another 
strong recommendation strand is claimed to be Saccharomyces 
boulardii, although evidence is still lacking and current results are 
still behind LGG [18].

A double-blind randomized study conducted in Australia also con-
firmed LGG effectiveness combined with Bifidobacterium lactis 
(Bb-12) and Lactobacillus acidophilus (La-5). Children were gi-
ven 200g/day probiotic yogurt versus pasteurized yogurt as place-
bo, with narrower population consisting of 72 children of which 
70 completed treatment, no severe diarrhea (stool consistency ≥6, 
≥3 stools/day for ≥2 consecutive days) episodes were reported in 
probiotic group while six presented in placebo, and only one minor 
diarrhea (stool consistency ≥5, ≥2 stools/day for ≥2 days) episode 
was presented in probiotic group compared to [21] in placebo [19].

4.2. Probiotics Use in Clostridium Difficile Infection (CDI)

The usual Clostridium difficile infection causes pseudomembra-
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nous colitis and it is also the leading opportunistic pathogen to 
cause AAD. Disruption of gastrointestinal microbiota is the most 
evidence-based infection etiology, since normal conditions usually 
suffice for preventing Clostridium infection [20].

A recent consensus guidelines published by the British Society 
of Gastroenterology did mention probiotics as relatively effecti-
ve treatment to CDI, although it suggested that its use should be 
restricted to very uncommon scenarios and never as first line treat-
ment or prophylaxis, opposing antibiotics, claiming evidence was 
lacking [21]. Nevertheless, several articles were then conducted, 
including a Cochrane database article, indicating that guidelines 
should be revised, since probiotics have the highest quality eviden-
ce among cited prophylactic therapies [22].

In order to base this claim, the study compiled thirty-nine studies, 
concluding that probiotic prophylaxis should reduce the risk of C. 
difficile-associated diarrhea by 60%. Incidence of presentations 
were 1.5% in probiotic group and 4.0% in control (RR 0.40, 95% 
CI 0.30 to 0.52), which was considered to be statistically signifi-
cant, even though it noted the heterogeneity of results when poo-
led.

Even prior to the guideline’s publication, many articles suggested 
reasonable evidence that probiotics could indeed prevent CDI in 
many cases. New mechanisms were even discovered, suggesting 
probiotics health promotion worked not only through microbiome 
protection, but also by directly inhibiting pathogen growth, neutra-
lizing toxins and modulating inflammatory response [23,24]. 

The most successful treatment seems to be a multi-strand formula, 
combining L. acidophilus CL1285, L. casei LBC80R, L. rhamno-
sus CLR2, Bio-K+, which also showed an excellent safety profile, 
even in preventing C. difficile hospital infections [25].

These recent results should suffice safety evidence that concerned 
previous researches who found great efficacy outcomes [26-29].

4.3. Probiotics Use in Helicobacter Pylori Infection (HPI)

Helicobacter pylori infections are rather common, affects nearly 
half the world population and its relevance relies not only on its 
relation with many gastrointestinal diseases, but also on extragas-
tric manifestations [30]. An alternative to antibiotic treatment is 
usually described as urgent, mainly due to bacterial resistance de-
velopment [31]. Thus, the role of probiotics seems to fit perfectly 
with H. pylori eradication treatment demands.

A recent Chinese study reviewed one hundred and forty results 
for probiotic eradication therapy in a massive population group 
(20,215 patients) in order to investigate different probiotics su-
pplementation’s effectiveness. All data considered, eradication 
rates were 84.1% in probiotic group while 70.5% in control, and 
adverse events rates were 14.4% in probiotic group while 30.1% 
in control [32].

In general, more than 10 strategies of probiotic treatment were 
experimented and no statistically significant difference was found 

amidst the strands. Combined therapy did not show better resul-
ts or tolerance either. Difference among strands seem to rely on 
treatment length, being Lactobacillus acidophilus a slightly better 
choice in in triple therapy of 7 and 14 days, while Saccharomyces 
boulardii was more applicable for 10-day triple therapy.

Some notable strands properties should also be noted for further 
investigation, such as L. pentosus LPS16, which lactic acid pro-
duction has been shown to inhibit both drug-sensitive and drug-re-
sistant H. pylori strains in vitro [33]. The same effect could also be 
obtained from seven L. bulgaricus strains [34]. The acid-resistant 
strain L. johnsonii No.1088, isolated from gastric juice of healthy 
volunteers could suppress H. pylori both in vitro and in a mouse 
model, and the heat-killed form of the strain also showed anti-
bacterial effects [35,36]. Many hypothesis suggest mechanisms for 
the antagonism probiotics exert against H. pylori, although mole-
cular studies are still pending for their confirmation [37].

From this review on, few interesting studies were conducted whi-
ch led to new discoveries and hypothesis concerning probiotics 
treatment in HPI.

A research conducted on model animals showed significant asso-
ciation of probiotic treatment with reduction on gastric inflamma-
tion secondary to HPI, and also suggested that long-term adminis-
tration of probiotics might have favourable outcomes in H. pylori 
infection especially by decreasing the risk of development of di-
seases caused by increased levels of gastric inflammation, such as 
gastric ulcer [38]. Other than that, the study also confirmed probio-
tics' colonization reduction capability previously observed.

Clinical researchers have yet failed to report on a probiotic treat-
ment who could alone achieve H. pylori eradication. This is expec-
ted to be the great breakthrough of gastric probiotic therapy and it 
is optimistically indicated to happen as further trials are conducted 
[37].

4.4. Probiotics Use on Oral Infections

Probiotics are thoroughly studied in oral health problems mainly 
because periodontal diseases and dental caries are usually treated 
with systemic use of antimicrobial drugs [39], which can trigger 
gastrointestinal conditions, as previously exposed, as well as pro-
mote bacterial resistance and allergic reactions [40].

Oral microbiota is a delicate subject in the clinics, since the oral 
cavity is a complex microbiological system that needs homeostasis 
[41]. In order for microorganisms and toxins to attack oral tissues, 
they are usually organized in a thin film layer deposited on hard 
oral tissue (enamel and cementum) called biofilm [42], which is 
described to be the result of bacterial adhesion, aggregation and 
co-aggregation to colonize the oral cavity [43].

Although action mechanism for probiotic therapy in oral health 
is still obscure, they are widely correlated with decreased CFU 
counts of pathogens [44,45]. A review suggests the very interes-
ting hypothesis of the microbiological dynamic of probiotics in 
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the oral cavity competing for adhesion with pathogens, causing the 
latter’s displacement [46].

A meta-analysis of articles concerning caries development with 
probiotic therapy recorded a significant decrease in CFU counts 
of S. mutans after bacteriotherapy, which does not happen with 
the CFU counts of Lactobacilli. In addition, after treatment with 
probiotics, the intervention group had a greater number of patients 
with low levels of S. mutans CFU counts (< 105 CFU/ml) and 
fewer patients with high levels (> 106 CFU/ml), which does not 
occur in the control group [47].

On the other hand, a double-blind clinical trial on 96 children divi-
ded on three groups receiving probiotics (B. lactis BB -12), xylitol 
or sorbitol for control, concluded that early administration of this 
probiotic strain did not represent its permanent colonization in the 
oral cavity and that the CFU counts of S. mutans were not signifi-
cantly affected [48]. In addition, yet another three randomized cli-
nical trials reviewed by Twetman, et al. [49] using L. Rhamnosus 
and milk as a vehicle for the prevention of dental caries concluded 
that despite encouraging results and given evidence collected, it 
is still premature to present probiotics as preventive clinical re-
commendation, and indicated the need for long-term follow-up in 
order to establish needed confirmation for the therapy.

Another meta-analysis of 50 clinical trials suggested that probio-
tic therapy significantly reduces the S. mutans CFU counts (<104 
UFC/ml), and that Bifidobacteria are the most significant con-
tributor to this effect, but studies which brought up data to this 
conclusion has high risk of bias, therefore, forcing researchers to 
conclude that current clinical evidence is inconsistent in order to 
make recommendations for the use of probiotics to treat or prevent 
dental caries [50].

Periodontal conditions and caries, being multifactorial diseases 
[51], seem to trouble trials with more variables to consider than it 
is possible to manage to organize data. That is one review’s hypo-
thesis to why despite the evidence, it is still impossible to make a 
statement towards probiotics recommendations in oral health [52]. 

Many other clinical trials [53,54] were conducted and are currently 
ingoing investigating other strands in oral health probiotics, such 
as S. oralis, S. uberis, L. salivarius and S. rattus, other pathogens’ 
CFU counts are being considered as Prevotella intemedia, Agre-
gatibacter actinomycetemcomitans and Porphyromana gingivalis 
and researchers struggle to extend follow-up time. Nevertheless, 
the main conclusion seems to remain that probiotics cannot repla-
ce daily oral hygiene technique [47].

4.5. Probiotics Use in Pharyngeal Infections

Pharyngeal infections, notably the ones caused by Streptococcus 
pyogenes, also produces the previously described structure of bio-
film. And as well as in the oral cavity, in the pharynx bacteria in 
biofilms are less sensitive to host defense mechanisms and antimi-
crobial agents, due to multiple strategies, that involve modulation 

of gene expression, controlled metabolic rate, intercellular com-
munication, composition, and 3D architecture of the extracellular 
matrix [55].

In 2012, inspired by the probiotic potential to modulate cavity 
microbiota to protect it from infections, an in vitro research was 
conducted to experiment and investigate the functional and im-
munomodulatory properties of the strains Lactobacillus helveti-
cus MIMLh5 and Streptococcus salivarius ST3 [56], which were 
highlighted previously by other studies [57,58]. This study con-
cluded that strains MIMLh5 and ST3, alone and in combination, 
can efficiently adhere to pharyngeal epithelial cells, antagonize 
S. pyogenes, and modulate host innate immunity by inducing po-
tentially protective effects. In addition, it also reported that their 
combination resulted in a synergistic effect, according to cytokine 
induction, that might help the host immune system react to po-
tential pathogens while maintaining a balance between pro- and 
anti-inflammatory cytokines, thus preventing possible exaggerated 
responses.

Another in vitro article observed that S. salivarius 24SMB and S. 
oralis 89a are able to inhibit the biofilm formation capacity of se-
lected pathogens and even to disperse their pre-formed biofilms. 
Diffusible molecules secreted by the two streptococci and lowered 
pH of the medium revealed to be implied in the mechanisms of 
anti-biofilm activity [59].	

New strands other than Streptococcus salivarius, probiotic candi-
dates Lactobacillus acidophilus and Lactobacillus plantarum were 
tested for the same protective properties in a in vitro pharynx cos-
mos, showing promising results together with many other bacteria 
native to the natural environment [60]. The article purposes itself 
to be a preclinical towards future probiotic trials, and no clinical 
trials were published yet to this review’s making date concerning 
probiotics use in pharyngeal infections that would suffice inclu-
sion criteria, even though given laboratory evidence it poses as 
a great prospect for a safe upper respiratory infections treatment.

4.6. Probiotics Use in Salmonella spp. Infections

Salmonella spp. Infections are one of the leading causes of acute 
diarrhea worldwide [61]. As a long known disease, efforts to em-
ploy microorganisms therapy, which would today be called pro-
biotic therapy, started even before the first definition of the word 
itself, in 1959, when Nissle published an article with records of an 
E. coli strand isolated from a soldier which appeared to be resistant 
to a diarrhea outbreak and seemed to establish persistent intestine 
colonization, therefore, suggesting its potential to compete with 
intestinal infections [62].

Nissle hypothesis' success mechanisms were explained in 2017, 
when a trial in rats infected with S. enterica serovar Typhimurium 
showed E. coli strain Nissle 1917 outcompeted the pathogen for 
iron acquisition [63] which is established as the most important 
micronutrient for its virulence [64].
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Further on, many other probiotics were suggested to alleviate sal-
monellosis as time progressed. A study identified two non-Sac-
charomyces species - K. marxianus and Metschnikowia gruessii 
- as significantly capable of protecting host’s intestinal epithelium 
against disrupting activity from the same Salmonella strain [65].

Animal trials in newly hatched broiler chicken with a multi-spe-
cies probiotic consisting of Lactobacillus crispatus, Lactobacillus 
salivarius, Lactobacillus gallinarum, Lactobacillus johnsonii, En-
terococcus faecalis and Bacillus amyloliquefaciens showed better 
and safer results than traditional antibiotic therapy with oxyte-
tracycline, used as control. Results were significant to the point 
which probiotic therapy were suggested as preferred choice of 
treatment66. Other studies with other strands were also published 
studying probiotics in poultry and rats, many of which were ab-
solutely successful, through different biochemical mechanisms of 
pathogen inhibition [67-70].

In fact, microbiota seems to play an extraordinarily important role 
in Salmonella infections, being shown that slight variation in en-
dogenous Enterobacteriaceae could importantly determine host’s 
susceptibility to infection, even in genetically similar organisms 
[71]. 

Confirming probiotics effectiveness, several clinical trials in hu-
mans replicated in vitro and in vivo animal trials [72]. A rando-
mized controlled trial showed Lactobacillus plantarum 299 could 
accelerate clearance of non-typhoid Salmonella and reduce infec-
tion-related symptoms, which was influenced by gender [73].

Recently, that first E. coli strand isolated by Nissle [62] were 
subject to bioengineering and successfully inhibited Salmonella 
colonization via tetrathionate-induced production of microcin H 
[47]. The strand seems to greatly outcompete Salmonella, using 
an environmental signal indicative of intestinal inflammation as 
an inducing molecule, resulting in considerable increase in fitness 
advantage [74].

5. Conclusion
The quality of evidence for the use of probiotics to treat or prevent 
gastrointestinal tract infections seems to be uneven. While its usa-
ge on AAD, CDI and Salmonella infections have shown reasona-
bly positive clinical results and are already incorporated to proto-
col therapies, it remains unclear which exact mechanisms, micro-
biological interactions and method approaches could account for 
many discrepant results in some trials. The main challenge seems 
to present in oral infections applications, due to the microbiota dy-
namics complexity.

In assessing safety, probiotics seems to exceed traditional anti-
biotic treatment given almost no record of adverse events from 
all evaluated studies in comparison to the known problematic and 
often iatrogenic drug therapies. Overall, probiotics seem to have 
increasingly good prospects in clinical use, even though further 
research is needed in order to produce evidence for strain selection 

       References

1.	 Lilly DM, Stillwell RH. Probiotics: growth-promoting factors pro-
duced by microorganisms. Science. 1965; 147: 747–748.

2.	 Hill C, Guarner F, Reid G, Gibson GR, Merenstein DJ, Pot B, et al. 
Expert consensus document. The International Scientific Associa-
tion for Probiotics and Prebiotics consensus statement on the scope 
and appropriate use of the term probiotic. Nat. Rev. Gastroenterol. 
Hepatol. 2014; 11: 506-14. 

3.	 Wilkins T, Sequoia J. Probiotics for Gastrointestinal Conditions: A 
Summary of the Evidence. Am Fam Physician. 2017; 9: 170-178.

4.	 Doron S, Gorbach SL. Probiotics: their role in the treatment and 
prevention of disease. Expert Rev Anti Infect Ther. 2006; 4: 261-75.

5.	 Pattani R, Palda VA, Hwang SW, Shah PS. Probiotics for the pre-
vention of antibiotic-associated diarrhea and Clostridium difficile 
infection among hospitalized patients: systematic review and me-
ta-analysis. Open Med. 2013; 7: e56-67.

6.	 Stadlbauer V. Immunosuppression and probiotics: are they effective 
and safe? Benef Microbes. 2015; 6: 823-8.

7.	 Sanders ME, Akkermans LM, Haller D, Hammerman C, Heimbach 
J, Hörmannsperger G, et al. Safety assessment of probiotics for hu-
man use. Gut Microbes. 2010; 1: 164-85.

8.	 Happel AU, Barnabas SL, Froissart R, Passmore JS. Weighing in 
on the risks and benefits of probiotic use in HIV-infected and im-
munocompromised populations. Benef Microbes. 2018; 9: 239-246.

9.	 Jin L, Deng L, Wu W, Wang Z, Shao W, Liu J, et al. Systematic 
review and meta-analysis of the effect of probiotic supplementation 
on functional constipation in children. Medicine (Baltimore). 2018; 
97: e12174.

10.	 Barbut F, Meynard JL. Managing antibiotic associated diarrhoea.  
BMJ. 2002; 324(7350): 1345-1346.

11.	 Mekonnen SA, Merenstein D, Fraser CM, Marco ML. Molecular 
mechanisms of probiotic prevention of antibiotic-associated diar-
rhea. Curr Opin Biotechnol. 2020; 61: 226-234.

12.	 McFarland LV, Ozen M, Dinleyici EC, Goh S. Comparison of pedi-
atric and adult antibiotic-associated diarrhea and Clostridium diffi-
cile infections. World J Gastroenterol. 2016; 22: 3078-04.

13.	 Gould K, Short G. Probiotics and antibiotic-associated diarrhoea--a 
logical flaw? J Antimicrob Chemother. 2008; 61: 761.

14.	 Guo Q, Goldenberg JZ, Humphrey C, El Dib R, Johnston BC. Pro-
biotics for the prevention of pediatric antibiotic-associated diarrhea. 
Cochrane Database Syst Rev. 2019; 4: CD004827.

15.	 Hempel S, Newberry SJ, Maher AR, Wang Z, Miles JN, Shanman 
R, et al. Probiotics for the prevention and treatment of antibiotic-as-

and effectiveness in specific diseases.

6. Acknowledgements
We are thankful to DD Juliana Gomes Vieira and former cytology 
technician José Atanásio Vieira for technical support and scientific 
partnership. We are also thankful to University of Itaúna’s higher 
administration.

clinandmedimages.com                                                                                                                                                                                                                                                                       5

Volume 5 Issue 15-2021                                                                                                                                                                                                                                     Review Article

https://pubmed.ncbi.nlm.nih.gov/14242024/
https://pubmed.ncbi.nlm.nih.gov/14242024/
https://pubmed.ncbi.nlm.nih.gov/24912386/
https://pubmed.ncbi.nlm.nih.gov/24912386/
https://pubmed.ncbi.nlm.nih.gov/24912386/
https://pubmed.ncbi.nlm.nih.gov/24912386/
https://pubmed.ncbi.nlm.nih.gov/24912386/
https://pubmed.ncbi.nlm.nih.gov/28762696/
https://pubmed.ncbi.nlm.nih.gov/28762696/
https://pubmed.ncbi.nlm.nih.gov/16597207/
https://pubmed.ncbi.nlm.nih.gov/16597207/
https://pubmed.ncbi.nlm.nih.gov/24348885/
https://pubmed.ncbi.nlm.nih.gov/24348885/
https://pubmed.ncbi.nlm.nih.gov/24348885/
https://pubmed.ncbi.nlm.nih.gov/24348885/
https://pubmed.ncbi.nlm.nih.gov/26287986/
https://pubmed.ncbi.nlm.nih.gov/26287986/
https://pubmed.ncbi.nlm.nih.gov/21327023/
https://pubmed.ncbi.nlm.nih.gov/21327023/
https://pubmed.ncbi.nlm.nih.gov/21327023/
https://pubmed.ncbi.nlm.nih.gov/29345159/
https://pubmed.ncbi.nlm.nih.gov/29345159/
https://pubmed.ncbi.nlm.nih.gov/29345159/
https://pubmed.ncbi.nlm.nih.gov/30278490/
https://pubmed.ncbi.nlm.nih.gov/30278490/
https://pubmed.ncbi.nlm.nih.gov/30278490/
https://pubmed.ncbi.nlm.nih.gov/30278490/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1123310/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1123310/
https://pubmed.ncbi.nlm.nih.gov/32087535/
https://pubmed.ncbi.nlm.nih.gov/32087535/
https://pubmed.ncbi.nlm.nih.gov/32087535/
https://pubmed.ncbi.nlm.nih.gov/27003987/
https://pubmed.ncbi.nlm.nih.gov/27003987/
https://pubmed.ncbi.nlm.nih.gov/27003987/
https://pubmed.ncbi.nlm.nih.gov/18227093/
https://pubmed.ncbi.nlm.nih.gov/18227093/
https://pubmed.ncbi.nlm.nih.gov/31039287/
https://pubmed.ncbi.nlm.nih.gov/31039287/
https://pubmed.ncbi.nlm.nih.gov/31039287/
https://pubmed.ncbi.nlm.nih.gov/22570464/
https://pubmed.ncbi.nlm.nih.gov/22570464/


sociated diarrhea: a systematic review and meta-analysis. JAMA. 
2012; 307: 1959-69.

16.	 Song HJ, Shim KN, Jung SA, Choi HJ, Lee MA, Ryu KH et al. Anti-
biotic-associated diarrhea: candidate organisms other than Clostridi-
um difficile. Korean J Intern Med. 2008; 23: 9-15.

17.	 Cai J, Zhao C, Du Y, Zhang Y, Zhao M, Zhao Q, et al. Comparative 
efficacy and tolerability of probiotics for antibiotic-associated diar-
rhea: Systematic review with network meta-analysis. United Euro-
pean Gastroenterol J. 2018; 6: 169-180.

18.	 Szajewska H, Canani RB, Guarino A, Hojsak I, Indrio F, Kolacek S, 
et al. ESPGHAN Working Group for Probiotics Prebiotics. Probiot-
ics for the Prevention of Antibiotic-Associated Diarrhea in Children. 
J Pediatr Gastroenterol Nutr. 2016; 62: 495-506.

19.	 Fox MJ, Ahuja KD, Robertson IK, Ball MJ, Eri RD. Can probiotic 
yogurt prevent diarrhoea in children on antibiotics? A double-blind, 
randomised, placebo-controlled study. BMJ Open. 2015; 5: e006474.

20.	 Mullish BH, Williams HR. Clostridium difficile infection and anti-
biotic-associated diarrhoea. Clin Med (Lond). 2018; 18: 237-241.

21.	 Lamb CA, Kennedy NA, Raine T, Hendy PA, Smith PJ, Limdi JK et 
al. British Society of Gastroenterology consensus guidelines on the 
management of inflammatory bowel disease in adults. Gut. 2019; 
68(Suppl 3): s1-s106.

22.	 Goldenberg JZ, Yap C, Lytvyn L, Lo CK, Beardsley J, Mertz D, 
Johnston BC et al. Probiotics for the prevention of Clostridium dif-
ficile-associated diarrhea in adults and children. Cochrane Database 
Syst Rev. 2017; 12: CD006095.

23.	 Bermudez-Brito M, Plaza-Díaz J, Muñoz-Quezada S, Gó-
mez-Llorente C, Gil A, et al. Probiotic mechanisms of action. Ann 
Nutr Metab. 2012; 6: 160-74.

24.	 McFarland LV. Use of probiotics to correct dysbiosis of normal mi-
crobiota following disease or disruptive events: a systematic review. 
BMJ Open. 2014; 4: e005047.

25.	 McFarland LV, Ship N, Auclair J, Millette M. Primary prevention of 
Clostridium difficile infections with a specific probiotic combining 
Lactobacillus acidophilus, L. casei, and L. rhamnosus strains: as-
sessing the evidence. J Hosp Infect. 2018; 99: 443-452.

26.	 Barker AK, Duster M, Valentine S, Hess T, Archbald-Pannone 
L, Guerrant R et al. A randomized controlled trial of probiotics 
for Clostridium difficile infection in adults (PICO). J Antimicrob 
Chemother. 2017; 72: 3177-80.

27.	 De Wolfe TJ, Eggers S, Barker AK, Kates AE, Dill-McFarland KA, 
Suen G, et al. Oral probiotic combination of Lactobacillus and Bi-
fidobacterium alters the gastrointestinal microbiota during antibiotic 
treatment for Clostridium difficile infection. PLoS One. 2018; 13: 
e0204253.

28.	 Mills JP, Rao K, Young VB. Probiotics for prevention of Clostridi-
um difficile infection. Curr Opin Gastroenterol. 2018; 34: 3-10.

29.	 Evans CT, Johnson S. Prevention of Clostridium Difficile Infection 
with Probiotics. Clin Infect Dis. 2015; 60 Suppl 2: S122-8.

30.	 Gravina AG, Zagari RM, De Musis C, Romano L, Loguercio C, Ro-
mano M. Helicobacter pylori and extragastric diseases: A review. 

World J Gastroenterol. 2018; 24: 3204-21.

31.	 Suzuki S, Esaki M, Kusano C, Ikehara H, Gotoda T. Development 
of Helicobacter pylori treatment: How do we manage antimicrobial 
resistance? World J Gastroenterol. 2019; 25: 1907-12.

32.	 Wang F, Feng J, Chen P, Liu X, Ma M, Zhou R, et al. Probiotics 
in Helicobacter pylori eradication therapy: Systematic review and 
network meta-analysis. Clin Res Hepatol Gastroenterol. 2017; 41: 
466-75.

33.	 Zheng PX, Fang HY, Yang HB, Tien NY, Wang MC, Wu JJ et al. 
Lactobacillus pentosus strain LPS16 produces lactic acid, inhibiting 
multidrug-resistant Helicobacter pylori. J. Microbiol. Immunol. In-
fect. 2016; 49: 168-74.

34.	 Boyanova L, Gergova G, Markovska R, Yordanov D, Mitov I. Bac-
teriocin-like inhibitory activities of seven Lactobacillus delbrueckii 
subsp. bulgaricus strains against antibiotic susceptible and resistant 
Helicobacter pylori strains. Lett. Appl. Microbiol. 2017; 65: 469-74.

35.	 Aiba Y, Nakano Y, Koga Y, Takahashi K, Komatsu Y. A highly ac-
id-resistant novel strain of Lactobacillus johnsonii No. 1088 has 
antibacterial activity, including that against Helicobacter pylori, 
and inhibits gastrin-mediated acid production in mice. Microbiolo-
gyopen. 2015; 4: 465-74.

36.	 Aiba Y, Ishikawa H, Tokunaga M, Komatsu Y. Anti-Helicobacter 
pylori activity of non-living, heat-killed form of lactobacilli includ-
ing Lactobacillus johnsonii No.1088. FEMS Microbiol. Lett. 2017; 
364.

37.	 Ji J, Yang H. Using Probiotics as Supplementation for Helicobacter 
pylori Antibiotic Therapy. Int J Mol Sci. 2020; 21: 1136.

38.	 Chakravarty K, Gaur S. Role of Probiotics in Prophylaxis of Helico-
bacter pylori Infection. Curr Pharm Biotechnol. 2019; 20: 137-145.

39.	 Becker DE. Drug allergies and implications for dental practice. 
AnesthProg. 2013; 60: 188-97.

40.	 Becker DE. Antimicrobial drugs. AnesthProg. 2013; 60: 111-22.

41.	 Zarco MF, Vess TJ, Ginsburg GS. The oral microbiome in health 
and disease and the potential impact on personalized dental medi-
cine. Oral Diseases. 2012; 18: 109-20.

42.	 Zijnge V, van Leeuwen MB, Degener JE, Abbas F, Thurnheer T, 
Gmür R. Oral biofilm architecture on natural teeth. PLoS One. 
2010; 5: e9321.

43.	 Piwat S, Sophatha B, Teanpaisan R. An assessment of adhesion, ag-
gregation and surface charges of Lactobacillus strains derived from 
the human oral cavity. LettApplMicrobiol. 2015; 61:98–105.

44.	 Laleman I, Yilmaz E, Ozcelik O, Haytac C, Pauwels M, Herrero ER 
et al. The effect of a streptococci containing probiotic in periodontal 
therapy: a randomized controlled trial. J Clin Periodontol. 2015; 42: 
1032–41.

45.	 Morales A, Carvajal P, Silva N, Hernandez M, Godoy C, Rodriguez 
G. Clinical Effects of Lactobacillus rhamnosus in Non-Surgical 
Treatment of Chronic Periodontitis: A Randomized Placebo-Con-
trolled Trial with 1-Year Follow-Up. J Periodontol. 2016; 87: 944–
52.

46.	 Faran Ali SM, Tanwir F. Oral microbial habitat a dynamic entity. J 
clinandmedimages.com                                                                                                                                                                                                                                                                       6

Volume 5 Issue 15-2021                                                                                                                                                                                                                                     Review Article

https://pubmed.ncbi.nlm.nih.gov/22570464/
https://pubmed.ncbi.nlm.nih.gov/22570464/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2686956/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2686956/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2686956/
https://pubmed.ncbi.nlm.nih.gov/29511547/
https://pubmed.ncbi.nlm.nih.gov/29511547/
https://pubmed.ncbi.nlm.nih.gov/29511547/
https://pubmed.ncbi.nlm.nih.gov/29511547/
https://pubmed.ncbi.nlm.nih.gov/26756877/
https://pubmed.ncbi.nlm.nih.gov/26756877/
https://pubmed.ncbi.nlm.nih.gov/26756877/
https://pubmed.ncbi.nlm.nih.gov/26756877/
https://bmjopen.bmj.com/content/bmjopen/5/1/e006474.full.pdf
https://bmjopen.bmj.com/content/bmjopen/5/1/e006474.full.pdf
https://bmjopen.bmj.com/content/bmjopen/5/1/e006474.full.pdf
https://pubmed.ncbi.nlm.nih.gov/29858434/
https://pubmed.ncbi.nlm.nih.gov/29858434/
https://pubmed.ncbi.nlm.nih.gov/31562236/
https://pubmed.ncbi.nlm.nih.gov/31562236/
https://pubmed.ncbi.nlm.nih.gov/31562236/
https://pubmed.ncbi.nlm.nih.gov/31562236/
https://pubmed.ncbi.nlm.nih.gov/29257353/
https://pubmed.ncbi.nlm.nih.gov/29257353/
https://pubmed.ncbi.nlm.nih.gov/29257353/
https://pubmed.ncbi.nlm.nih.gov/29257353/
https://pubmed.ncbi.nlm.nih.gov/23037511/
https://pubmed.ncbi.nlm.nih.gov/23037511/
https://pubmed.ncbi.nlm.nih.gov/23037511/
https://pubmed.ncbi.nlm.nih.gov/25157183/
https://pubmed.ncbi.nlm.nih.gov/25157183/
https://pubmed.ncbi.nlm.nih.gov/25157183/
https://pubmed.ncbi.nlm.nih.gov/29702133/
https://pubmed.ncbi.nlm.nih.gov/29702133/
https://pubmed.ncbi.nlm.nih.gov/29702133/
https://pubmed.ncbi.nlm.nih.gov/29702133/
https://pubmed.ncbi.nlm.nih.gov/28961980/
https://pubmed.ncbi.nlm.nih.gov/28961980/
https://pubmed.ncbi.nlm.nih.gov/28961980/
https://pubmed.ncbi.nlm.nih.gov/28961980/
https://pubmed.ncbi.nlm.nih.gov/30265691/
https://pubmed.ncbi.nlm.nih.gov/30265691/
https://pubmed.ncbi.nlm.nih.gov/30265691/
https://pubmed.ncbi.nlm.nih.gov/30265691/
https://pubmed.ncbi.nlm.nih.gov/30265691/
https://pubmed.ncbi.nlm.nih.gov/29189354/
https://pubmed.ncbi.nlm.nih.gov/29189354/
https://pubmed.ncbi.nlm.nih.gov/25922397/
https://pubmed.ncbi.nlm.nih.gov/25922397/
https://pubmed.ncbi.nlm.nih.gov/30090002/
https://pubmed.ncbi.nlm.nih.gov/30090002/
https://pubmed.ncbi.nlm.nih.gov/30090002/
https://pubmed.ncbi.nlm.nih.gov/31086459/
https://pubmed.ncbi.nlm.nih.gov/31086459/
https://pubmed.ncbi.nlm.nih.gov/31086459/
https://pubmed.ncbi.nlm.nih.gov/28552432/
https://pubmed.ncbi.nlm.nih.gov/28552432/
https://pubmed.ncbi.nlm.nih.gov/28552432/
https://pubmed.ncbi.nlm.nih.gov/28552432/
https://pubmed.ncbi.nlm.nih.gov/24874430/
https://pubmed.ncbi.nlm.nih.gov/24874430/
https://pubmed.ncbi.nlm.nih.gov/24874430/
https://pubmed.ncbi.nlm.nih.gov/24874430/
https://pubmed.ncbi.nlm.nih.gov/28975642/
https://pubmed.ncbi.nlm.nih.gov/28975642/
https://pubmed.ncbi.nlm.nih.gov/28975642/
https://pubmed.ncbi.nlm.nih.gov/28975642/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4475388/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4475388/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4475388/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4475388/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4475388/
https://pubmed.ncbi.nlm.nih.gov/28505287/
https://pubmed.ncbi.nlm.nih.gov/28505287/
https://pubmed.ncbi.nlm.nih.gov/28505287/
https://pubmed.ncbi.nlm.nih.gov/28505287/
https://pubmed.ncbi.nlm.nih.gov/32046317/
https://pubmed.ncbi.nlm.nih.gov/32046317/
https://pubmed.ncbi.nlm.nih.gov/30827235/
https://pubmed.ncbi.nlm.nih.gov/30827235/
https://pubmed.ncbi.nlm.nih.gov/24423421/
https://pubmed.ncbi.nlm.nih.gov/24423421/
https://pubmed.ncbi.nlm.nih.gov/24010989/
https://pubmed.ncbi.nlm.nih.gov/21902769/
https://pubmed.ncbi.nlm.nih.gov/21902769/
https://pubmed.ncbi.nlm.nih.gov/21902769/
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0009321
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0009321
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0009321
https://pubmed.ncbi.nlm.nih.gov/25913304/
https://pubmed.ncbi.nlm.nih.gov/25913304/
https://pubmed.ncbi.nlm.nih.gov/25913304/
https://pubmed.ncbi.nlm.nih.gov/26427036/
https://pubmed.ncbi.nlm.nih.gov/26427036/
https://pubmed.ncbi.nlm.nih.gov/26427036/
https://pubmed.ncbi.nlm.nih.gov/26427036/
https://pubmed.ncbi.nlm.nih.gov/26944407/
https://pubmed.ncbi.nlm.nih.gov/26944407/
https://pubmed.ncbi.nlm.nih.gov/26944407/
https://pubmed.ncbi.nlm.nih.gov/26944407/
https://pubmed.ncbi.nlm.nih.gov/26944407/
https://pubmed.ncbi.nlm.nih.gov/25737863/


Oral Biol Craniofac Res. 2012; 2: 181–7.

47.	 Laleman I, Detailleur V, Slot DE, Slomka V, Quirynen M, Teughels 
W. Probiotics reduce mutans streptococci counts in humans: a sys-
tematic review and meta-analysis. Clin Oral Investig. 2014; 18: 
1539–52.

48.	 Taipale T, Pienihäkkinen K, Salminen S, Jokela J, Söderling E. Bi-
fidobacteriumanimalis subsp. lactis BB-12 administration in early 
childhood: a randomized clinical trial of effects on oral coloniza-
tion by mutans streptococci and the probiotic. Caries Res. 2012; 46: 
69–77.

49.	 Twetman S, Keller MK. Probiotics for caries prevention and control. 
Adv Dent Res. 2012; 24: 98–102.

50.	 Gruner D, Paris S, Schwendicke F. Probiotics for managing caries 
and periodontitis: Systematic Review and Meta-Analysis. J Dent. 
2016; 48: 16–25.

51.	 Iheozor-Ejiofor Z, Worthington HV, Walsh T, O’Malley L, Clarkson 
JE, Macey R, et al. Water fluoridation for the prevention of dental 
caries. Cochrane Database Syst Rev. 2015; 6: CD010856.

52.	 Seminario-Amez M, López-López J, Estrugo-Devesa A, Ayu-
so-Montero R, Jane-Salas E, et al. Probiotics and oral health: A sys-
tematic review. Med Oral Patol Oral Cir Bucal. 2017; 22: e282-e288.

53.	 Shimauchi H, Mayanagi G, Nakaya S, Minamibuchi M, Ito Y, Ya-
maki K, et al. Improvement of periodontal condition by probiotics 
with Lactobacillus salivariusWB21: a randomized, double-blind, 
placebo-controlled study. J Clin Periodontol. 2008; 35: 897–905

54.	 Morales A, Carvajal P, Silva N, Hernandez M, Godoy C, Rodriguez 
G. Clinical Effects of Lactobacillus rhamnosus in Non-Surgical 
Treatment of Chronic Periodontitis: A Randomized Placebo-Con-
trolled Trial With 1-Year Follow-Up. J Periodontol. 2016; 87: 944–
52.

55.	 Alves-Barroco C, Paquete-Ferreira J, Santos-Silva T, Fernandes AR. 
Singularities of Pyogenic Streptococcal Biofilms - From Formation 
to Health Implication. Front Microbiol. 2020; 11: 584947.

56.	 Taverniti V, Minuzzo M, Arioli S, Junttila I, Hämäläinen S, Turpein-
en H et al. In vitro functional and immunomodulatory properties of 
the Lactobacillus helveticus MIMLh5-Streptococcus salivarius ST3 
association that are relevant to the development of a pharyngeal pro-
biotic product. Appl Environ Microbiol. 2012; 78: 4209-16.

57.	 Wescombe PA, et al. Salivaricin 9, a new lantibiotic produced by 
Streptococcus salivarius. Microbiology. 2011; 157: 1290–9.

58.	 Guglielmetti S. Oral bacteria as potential probiotics for the pharyn-
geal mucosa. Appl. Environ. Microbiol. 2010; 76: 3948–58.

59.	 Bidossi A, De Grandi R, Toscano M, Bottagisio M, De Vecchi E, 
Gelardi M, Drago L. Probiotics Streptococcus salivarius 24SMB 
and Streptococcus oralis 89a interfere with biofilm formation of 
pathogens of the upper respiratory tract. BMC Infect Dis. 2018; 18: 
653.

60.	 Humphreys GJ, McBain AJ. Antagonistic effects of Streptococcus 
and Lactobacillus probiotics in pharyngeal biofilms. Lett Appl Mi-
crobiol. 2019; 68: 303-312.

61.	 Popa GL, Papa MI. Salmonella spp. infection - a continuous threat 
worldwide. Germs. 2021; 11: 88-96.

62.	 Nissle A. Explanations of the significance of colonic dysbacteria & 
the mechanism of action of E. coli therapy (mutaflor) Medizinische. 
1959; 4: 1017–22. 

63.	 Deriu E, Liu JZ, Pezeshki M, Edwards RA, Ochoa RJ, Contreras H, 
et al. Probiotic bacteria reduce salmonella typhimurium intestinal 
colonization by competing for iron. Cell Host Microbe. 2013; 14: 
26-37.

64.	 Crouch ML, Castor M, Karlinsey JE, Kalhorn T, Fang FC. Biosyn-
thesis and IroC-dependent export of the siderophore salmochelin are 
essential for virulence of Salmonella enterica serovar Typhimurium. 
Molecular microbiology. 2008; 67: 971–983.

65.	 Smith IM, Baker A, Arneborg N, Jespersen L. Non-Saccharomyces 
yeasts protect against epithelial cell barrier disruption induced by 
Salmonella enterica subsp. enterica serovar Typhimurium. Lett Appl 
Microbiol. 2015; 61: 491-7.

66.	 Neveling DP, van Emmenes L, Ahire JJ, Pieterse E, Smith C, Dicks 
LMT et al. Effect of a Multi-Species Probiotic on the Colonisation 
of Salmonella in Broilers. Probiotics Antimicrob Proteins. 2020; 12: 
896-905.

67.	 Carter A, Adams M, La Ragione RM, Woodward MJ. Colonisation 
of poultry by Salmonella Enteritidis S1400 is reduced by combined 
administration of Lactobacillus salivarius 59 and Enterococcus fae-
cium PXN-33. Vet Microbiol. 2017; 199: 100-7.

68.	 Levkut M, Pistl J, Laukova A, Revajová V, Herich R, Sevcíkova Z, 
et al. Antimicrobial activity of Enterococcus faecium ef 55 against 
Salmonella enteritidis in chicks. Acta Vet Hung. 2009; 57: 13-24.

69.	 de Oliveira JE, van der Hoeven-Hangoor E, van de Linde IB, Mon-
tijn RC, van der Vossen JM. In ovo inoculation of chicken embryos 
with probiotic bacteria and its effect on posthatch Salmonella sus-
ceptibility. Poult Sci. 2014; 93: 818-29.

70.	 Mazkour S, Shekarforoush SS, Basiri S, Nazifi S, Yektaseresht A, 
Honarmand M. Effects of two probiotic spores of Bacillus species 
on hematological, biochemical, and inflammatory parameters in Sal-
monella Typhimurium infected rats. Sci Rep. 2020; 10: 8035.

71.	 Velazquez EM, Nguyen H, Heasley KT, Saechao CH, Gil LM et al. 
Endogenous Enterobacteriaceae underlie variation in susceptibility 
to Salmonella infection. Nat Microbiol. 2019; 4: 1057-64.

72.	 Gut AM, Vasiljevic T, Yeager T, Donkor ON. Salmonella infection 
- prevention and treatment by antibiotics and probiotic yeasts: a re-
view. Microbiology (Reading). 2018; 164: 1327-44.

73.	 Lonnermark E, Lappas G, Friman V, Wold AE, Backhaus E, Adler-
berth I et al. Effects of probiotic intake and gender on nontyphoid 
Salmonella infection. J Clin Gastroenterol. 2015; 49: 116-23.

74.	 Palmer JD, Piattelli E, McCormick BA, Silby MW, Brigham CJ, 
Bucci V, et al. Engineered Probiotic for the Inhibition of Salmonella 
via Tetrathionate-Induced Production of Microcin H47. ACS Infect 
Dis. 2018; 4: 39-45.

clinandmedimages.com                                                                                                                                                                                                                                                                       7

Volume 5 Issue 15-2021                                                                                                                                                                                                                                     Review Article

https://pubmed.ncbi.nlm.nih.gov/25737863/
https://pubmed.ncbi.nlm.nih.gov/24663813/
https://pubmed.ncbi.nlm.nih.gov/24663813/
https://pubmed.ncbi.nlm.nih.gov/24663813/
https://pubmed.ncbi.nlm.nih.gov/24663813/
https://pubmed.ncbi.nlm.nih.gov/22327347/
https://pubmed.ncbi.nlm.nih.gov/22327347/
https://pubmed.ncbi.nlm.nih.gov/22327347/
https://pubmed.ncbi.nlm.nih.gov/22327347/
https://pubmed.ncbi.nlm.nih.gov/22327347/
https://pubmed.ncbi.nlm.nih.gov/22899689/
https://pubmed.ncbi.nlm.nih.gov/22899689/
https://pubmed.ncbi.nlm.nih.gov/26965080/
https://pubmed.ncbi.nlm.nih.gov/26965080/
https://pubmed.ncbi.nlm.nih.gov/26965080/
https://pubmed.ncbi.nlm.nih.gov/26092033/
https://pubmed.ncbi.nlm.nih.gov/26092033/
https://pubmed.ncbi.nlm.nih.gov/26092033/
https://pubmed.ncbi.nlm.nih.gov/28390121/
https://pubmed.ncbi.nlm.nih.gov/28390121/
https://pubmed.ncbi.nlm.nih.gov/28390121/
https://pubmed.ncbi.nlm.nih.gov/18727656/
https://pubmed.ncbi.nlm.nih.gov/18727656/
https://pubmed.ncbi.nlm.nih.gov/18727656/
https://pubmed.ncbi.nlm.nih.gov/18727656/
https://pubmed.ncbi.nlm.nih.gov/26944407/
https://pubmed.ncbi.nlm.nih.gov/26944407/
https://pubmed.ncbi.nlm.nih.gov/26944407/
https://pubmed.ncbi.nlm.nih.gov/26944407/
https://pubmed.ncbi.nlm.nih.gov/26944407/
https://pubmed.ncbi.nlm.nih.gov/33424785/
https://pubmed.ncbi.nlm.nih.gov/33424785/
https://pubmed.ncbi.nlm.nih.gov/33424785/
https://pubmed.ncbi.nlm.nih.gov/22504812/
https://pubmed.ncbi.nlm.nih.gov/22504812/
https://pubmed.ncbi.nlm.nih.gov/22504812/
https://pubmed.ncbi.nlm.nih.gov/22504812/
https://pubmed.ncbi.nlm.nih.gov/22504812/
https://pubmed.ncbi.nlm.nih.gov/21310787/
https://pubmed.ncbi.nlm.nih.gov/21310787/
https://pubmed.ncbi.nlm.nih.gov/20418429/
https://pubmed.ncbi.nlm.nih.gov/20418429/
https://pubmed.ncbi.nlm.nih.gov/30545317/
https://pubmed.ncbi.nlm.nih.gov/30545317/
https://pubmed.ncbi.nlm.nih.gov/30545317/
https://pubmed.ncbi.nlm.nih.gov/30545317/
https://pubmed.ncbi.nlm.nih.gov/30545317/
https://pubmed.ncbi.nlm.nih.gov/30776138/
https://pubmed.ncbi.nlm.nih.gov/30776138/
https://pubmed.ncbi.nlm.nih.gov/30776138/
https://pubmed.ncbi.nlm.nih.gov/33898345/
https://pubmed.ncbi.nlm.nih.gov/33898345/
https://pubmed.ncbi.nlm.nih.gov/13673841/
https://pubmed.ncbi.nlm.nih.gov/13673841/
https://pubmed.ncbi.nlm.nih.gov/13673841/
https://pubmed.ncbi.nlm.nih.gov/23870311/
https://pubmed.ncbi.nlm.nih.gov/23870311/
https://pubmed.ncbi.nlm.nih.gov/23870311/
https://pubmed.ncbi.nlm.nih.gov/23870311/
https://pubmed.ncbi.nlm.nih.gov/18194158/
https://pubmed.ncbi.nlm.nih.gov/18194158/
https://pubmed.ncbi.nlm.nih.gov/18194158/
https://pubmed.ncbi.nlm.nih.gov/18194158/
https://pubmed.ncbi.nlm.nih.gov/26280244/
https://pubmed.ncbi.nlm.nih.gov/26280244/
https://pubmed.ncbi.nlm.nih.gov/26280244/
https://pubmed.ncbi.nlm.nih.gov/26280244/
https://pubmed.ncbi.nlm.nih.gov/31784950/
https://pubmed.ncbi.nlm.nih.gov/31784950/
https://pubmed.ncbi.nlm.nih.gov/31784950/
https://pubmed.ncbi.nlm.nih.gov/31784950/
https://pubmed.ncbi.nlm.nih.gov/28110775/
https://pubmed.ncbi.nlm.nih.gov/28110775/
https://pubmed.ncbi.nlm.nih.gov/28110775/
https://pubmed.ncbi.nlm.nih.gov/28110775/
https://pubmed.ncbi.nlm.nih.gov/19457770/
https://pubmed.ncbi.nlm.nih.gov/19457770/
https://pubmed.ncbi.nlm.nih.gov/19457770/
https://pubmed.ncbi.nlm.nih.gov/24706958/
https://pubmed.ncbi.nlm.nih.gov/24706958/
https://pubmed.ncbi.nlm.nih.gov/24706958/
https://pubmed.ncbi.nlm.nih.gov/24706958/
https://www.nature.com/articles/s41598-020-64559-3
https://www.nature.com/articles/s41598-020-64559-3
https://www.nature.com/articles/s41598-020-64559-3
https://www.nature.com/articles/s41598-020-64559-3
https://pubmed.ncbi.nlm.nih.gov/30911125/
https://pubmed.ncbi.nlm.nih.gov/30911125/
https://pubmed.ncbi.nlm.nih.gov/30911125/
https://pubmed.ncbi.nlm.nih.gov/30136920/
https://pubmed.ncbi.nlm.nih.gov/30136920/
https://pubmed.ncbi.nlm.nih.gov/30136920/
https://pubmed.ncbi.nlm.nih.gov/24667592/
https://pubmed.ncbi.nlm.nih.gov/24667592/
https://pubmed.ncbi.nlm.nih.gov/24667592/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5766358/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5766358/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5766358/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5766358/

