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Abstract

Introduction. The increasing interest in the use of bacterial cultures and complex microbial products in medical treatment has 
become more and more noticeable. Each year, a growing number of such products are introduced to the pharmaceutical market. 
With the development of methods for isolating and culturing specific bacterial strains, numerous concepts have emerged on the 
potential benefits of supplementation. We agree that probiotic supplementation yields scientifically proven positive effects in 
certain medical conditions. However, our attention is drawn to the tendency to expand the use of probiotics to vulnerable popula-
tions. This raises important questions concerning the safety, efficacy, and potential risks associated with probiotic use among the 
most sensitive patient groups. In our work, we focused on reviewing the current scientific literature , and we would like to propose 
several insights into safe probiotic administration among different groups of patients.

Materials and methods. We reviewed the literature from early 2000 to 2025 for articles on the probiotics in different groups of 
patients. The review of the available literature was conducted by searching official databases such as PubMed and Google Scholar 
using the following keywords: probiotics, prebiotics, antibiotics, microflora, sepsis, acute diarrhea, preterm infants, SIBO, IBS, 
acute pancreatitis etc.. We also queried references cited from original research, meta-analyses, and reviews in both Polish and 
English language, published in scientific journals and articles.

Results. Probiotics demonstrate therapeutic benefits in preventing antibiotic-associated diarrhea and reducing necrotizing en-
terocolitis in preterm infants. They may also support treatment of ulcerative colitis, pouchitis, travelers’ diarrhea and acute child-
hood diarrhea, as well as possibly prevent atopic dermatitis when taken maternally. However, the evidence remains inconclusive 
for several other conditions, including IBS and Crohn’s disease. Probiotic use remains not recommended in immunocompromised 
states, such as ICU settings, due to the risk of sepsis. Safety concerns include antibiotic resistance and microbiota disruption, 
which requires thorough data from high-quality clinical trials, including strain-specific assessments. Finally, the available data 
suggests that synbiotics may offer enhanced benefits, while postbiotics are emerging as safer alternatives.

Conclusions. The available data and existing studies do not provide sufficient grounds to unequivocally support the use of 
probiotics and related products in clinical treatment. There is a lack of robust evidence based on well-designed clinical trials. Cur-
rent recommendations regarding the use of probiotics for the management of travelers’ diarrhea and antibiotic-associated diarrhea 
remain in place, as do contraindications for their use in individuals with sepsis or compromised immune function. However, for 
other medical conditions, stronger evidence and formal guidelines from scientific societies are still awaited.

Keywords: Probiotics, Prebiotics, Sepsis, Antibiotics, Microflora, Acute Diarrhea, Preterm Infants, SIBO, IBS, Acute Pancreatitis.

However, the part of the success and sometimes of failure has 
to be given to microorganisms living inside and on us. The 
concept of microbiota comprises all living organisms residing 
in specific anatomical sites on human tissues or in fluids form 
microbiome. These organisms include not only bacteria, fungi, 
archaea and protists but nowadays extends to viruses, phages 
and what’s more - mobile genetic elements [3,4].

Advanced technology along with latest research prove that 
previously bacteria free sites now can be considered as micro-
biome such as respiratory system [5] or urinary bladder [6].

Introduction

In XVII century, Robert Hooke and Antoni Van Leeuwen-
hoek discovered tiny life forms using simple prototypes of mi-
croscope [1]. Those first mentions led to extensive reasearch 
that created the foundation of nowadays microbiology which 
made and makes possible studies of human microbiota today 
[2].

Human body is considered as one of the most complex bio 
structure on whole planet, containing about 30 trillion of cells. 
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The scope of this research is focused generally on the gut 
microbiome, given the fact that probiotics are generally taken 
orally, however the market offers products for skin care like 
creamsor gels with addition of probiotics [7].

The gastrointestinal tract consists of oral cavity, esophagus, 
stomach, duodenum, jejunum, ileum, cecum, colon and rec-
tum which can be simplified to oral cavity, stomach, small and 
large intestine. Every above-mentioned parthas physiological-
ly different pH levels, includes different enzymes thus creating 
various condition for different species of present bacteria.

The oral cavity with pH levels balancing between 6.6-7.1 
[8]. According to Lea Sedghi et all, the oral microbiome con-
sists of over 700 identified bacterial species. The most com-
mon ones in adults were family Streptococcus (S.oralis, S. 
Mitis, and S.peroris) lesscommon but still frequently found 
were family of Pasturellaceae, Lactobacillales, Gemella, Veil-
lonella, Prevotella, Fusobacterium, Actinomyces, Corynebac-
terium, Capnocytophaga and Neisseria.

The authors point out the differences in newborn’s microbiome 
and child’s microbiome which changes since early days. Starting 
from Streptococcus, Fusobacterium and Staphylococcus species 
[9]. Interestingly, maternal smoking was correlated to higher lev-
els of C.conisus and F. nucleatum in infant microbiome [9,10].

The stomach keeps high pH levels usually,however that dif-
fers with age stages. Infants tend to keep pH > 4, elderly pH > 6.6  
both groups prone to enteric infections [11-13]. Adults general-
ly have pH close to 1.5 depending of health condition, diet etc.  
It is worth noting that the 2015 study, authors discussed in-
teresting research findings that human gastric pH levels are 
evolutionary closer to that of carrion feeders than to that of 
carnivores and omnivores [11]. The harsh environment ena-
bles to kill

most of incoming microorganism via food. However not all 
of them see it as hostile as it seems. Notorious Helicobacter 
pylori, known to be the strongest risk factor for gastric ulcers 
and gastric cancer is the main possible inhabitant. We know it 
now thanks to discovery by Nobel prize winner Dr. Barry J. 
Marshall who purposefully infected himself with H.Pylori live 
culture [14].

Helicobacter secretes urease and by inducing inflammation 
cause destruction of acid secreting glands, increasing the local 
gastric pH levels, in which conditions no other microorganism 
is able to compete. However, when the pH goes above 2-4 it 
is possible to colonise gastric mucosa by commensal bacteria. 

In 2006 biopsy samples were studied with PCR technique. 
Bik et al. Found 128 bacterial phylotypes in gastric mucosa of 23 
patients, where most phyla were characterised by Proteobacteria, 
Firmicutes, Bacteroidetes, Actinobacteria, and Fusobacteria. 

Bik et al. found that the result of few H.Pylori negative pa-
tients obtained via conventional methods actually positive in 
PCR. Stewart et all. discussed it as the possibility of underes-
timation of infected patients examined via conventional tests 
[15,16].

Moving further to the small intestine (duodenum, jejunum 
and ileum) with much higher pH levels from 5 up to 9 where 
are usually found phylum Bacteroidetes, Clostridiales and 
Enterobacteriacae. The biomass levels are higher than in the 
stomach but lower compared to the oral cavity and large in-
testine. This is due to the rapid lumenal flow, the antibacte-
rial activity of bile salts and the production of antimicrobial 
compounds such as defensins etc. Jens Walter and Ruth Ley 
described IgA immunoglobulin as one of the factors of keep-

ing bacterial numbers in check. Although authors stated that 
the mechanism requires further research, they believe that it 
has possibility to shape the diversity of gut microbiota [17].

Lastly, large intestine comprised of cecum, colon and rec-
tum. It is the best habitat for large quantities of bacteria due to 
the low concentration of antibactericial bile salts, much slower 
peristalsis and higher pH estimated from 5 to 7. Firmicutes, 
Facteroidetes Actinobacteria, Proteobacteria and Fusobacteria 
phylas can be found there [17].

All microorganisms, just like humans, have their prefer-
ences regarding the environment in which they thrive best. 
By examining different sections of the digestive system, it is 
easy to observe that various bio-physical and chemical factors 
influence the presence of different species as well as the esti-
mated amounts of the microbiota.

These factors include pH levels, temperature, osmolarity, pres-
sure, oxygen concentration, the presence of enzymes and immune 
proteins, as well as nutrients. As an example, in the intestines, 
peristalsis makes it difficult for microorganisms to attach to the 
surface. External influences such as diet, lifestyle (especially 
with high levels of stress), geographical location, seasons and, of 
course, medications taken also affect the microbiome [3].

Most of the factors mentioned above are difficult to change, 
and even if possible, such changes often come with serious 
implications. For this reason, it is easiest for us to influence 
diet, lifestyle, and, of course, medications, which have indi-
rect effects – such as proton pump inhibitors that lower the 
pH of gastric juice – or direct effects, like antibiotics since 
1928 when the discovery of penicillin by Alexander Fleming 
laid the foundation for the wide range of antibiotics available 
worldwide today. These drugs, which have saved humanity 
from bacterial diseases, not only eliminate pathogenic bacteria 
but also eradicate native microbiota.

 Nowadays, we not only have bacterial killers available but 
methods to deliver pure, selected strains of bacteria and fungi 
in the form of probiotics, nutrients that promote colony growth 
known as prebiotics, or a combination of both called synbiotics.

How do probiotics affect microflora?
The human microbiota is a vast community of living organ-

isms existing in symbiosis within the body. Maintaining this 
state is a multifaceted mechanism largely based on a properly 
functioning intestinal barrier and relatively stable environmen-
tal conditions. Any change in this state will lead to dysbiosis.

The contemporary use of probiotics for control and preven-
tion is a direct intervention in the processes occurring within 
the microbial community.

In general, the concept of probiotic action refers to the di-
rectinfluence on the microbiota by promoting the growth or 
displacement of existing colonies, activating and enhancing 
the immune system, or affecting enterocytes.

Colin Hill et al. categorised the mechanisms of probiotic 
action based on their frequency of occurrence as follows:

Widely observed and common mechanisms include compe-
tition against existing colonies, supporting depleted colonies 
by providing fresh colonisers, promoting enterocytes, and 
synthesising acids and short-chain fatty acids. Direct antago-
nism at the species level is also frequently observed, includ-
ing the production of additional chemical compounds such as 
vitamins, enzymes, or metabolites from bile salt breakdown. 
Much less frequently, strain-specific effects on the neurological, 
immunological and hormonal systems have been observed [18].
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Additionally, the authors, citing studies available at that 
time, mention Akkermansia muciniphila, Faecalibacterium 
prausnitzii, Roseburia spp., and Eubacterium hallii as bacterial 
strains producing butyrate with evidence of anti-inflammatory, 
immune-boosting, and intestinal barrier-enhancing effects. 
All of these possess potential as noteworthy therapeutic tools,  
although further research and safety maintenance are required. 

The study published in 2023 describes how probiotic bac-
teria exert their beneficial effects on the host immune system 
through multiple, complex mechanisms based on key probi-
otic genera, focusing on Lactobacillus, Lacticaseibacillus, 
Limocaseibacillus, Bifidobacterium, Escherichia coli, Bacte-
roidales, and Streptococcus. The significant immunomodula-
tory capability of probiotics is facilitated by their direct inter-
actions with immune cells (such as lymphocytes, monocytes, 
macrophages, and dendritic cells) and intestinal epithelial 
cells. Probiotics effectively bolster intestinal immune func-
tion by stimulating B cells to produce IgA antibodies. Oral 
probiotic strains, containing Lactobacillus casei, acidophilus, 
rhamnosus, delbrueckii, has been shown to increase the num-
ber of IgA-producing cells in the gut in a dose-dependent man-
ner. This occurs as probiotics trigger the clonal expansion of 
B cells, leading to IgA release, notably without affecting the 
count of CD4+ T cells. Furthermore, specific probiotic bacte-
ria like Lactobacillus casei CRL 431 and Lactobacillus helve-
ticus R389 have been observed to increase intestinal IgA-pro-
ducing cell numbers by prompting the release of IL-6 through 
a TLR2-dependent mechanism. This suggests that certain lac-
tobacilli encourage B cell proliferation via IL-6 production to 
enhance IgA secretion [19].

In 2020, Fang Yang et al. Summaries that Probiotics help 
regulate the functions of the intestinal epithelium by support-
ing the integrity of the epithelial barrier, encouraging cell sur-
vival, boosting the production of antibacterial agents and pro-
tective proteins, strengthening beneficial immune responses, 
and reducing the production of proinflammatory cytokines. 
Many of these effects are achieved through the modulation of 
specific intracellular signaling pathways in intestinal epithelial 
cells, such as mitogen-activated protein kinases (MAPK) and 
nuclear factor kappa B (NF-κB) [20].

Probiotics, prebiotics, synbiotics and postbiotics – overview
Nowadays there is a growing trend to consume concentrat-

ed nutrients in the form of supplements. We may ask ourselves 
whether this is influenced by marketing itself or is it a defense 
mechanism of societies increasingly affected by civilization 
diseases?

There are many preparations available on the pharmaceu-
tical market with alleged positive effects on intestinal mi-
croflora. The most common are the aforementioned dietary 
supplements, which are available in pharmacies. Individual 
preparations are registered as OTC drugs. Unfortunately, they 
are attributed with many more properties than have actually 
been confirmed. Under normal conditions, the bacterial flora is 
in a state of equilibrium, but certain factors, such as antibiotic 
therapy, stress, poor diet or disease, can disrupt this state.

Among the available preparations we distinguish: 
•	 prebiotics,
•	 probiotics,
•	 synbiotics, 
•	 postbiotics.

Each of these has its own specific definitions, which we 
would like to briefly outline.
1.	 Prebiotics: according to the International Scientific Asso-

ciation for Probiotics and Prebiotics (ISAPP), prebiotic is  
“a substrate that is selectively utilised by host microorgan-
isms for health benefits.” The definition has been updated 
to include both carbohydrate-based products, such as oligo-
saccharides and dietary fiber, as well as other compounds 
(e.g., phenols, CLA-Conjugated Linoleic Acid and PUFA-
Polyunsaturated Fatty Acids, including omega-3 and ome-
ga-6) that have been demonstrated beneficial effects on the 
target host. The best known and most widely used prebi-
otics are fructooligosaccharides: inulin and oligofructose. 
They can be found in some plant-based foods, including 
chicory, artichokes, asparagus and garlic. Dietary fiber is  
a mixture of carbohydrate polymers that are not digested by 
human enzymes in the small intestine. These compounds 
have the ability to ferment and subsequently release short-
chain fatty acids, which have a beneficial effect on the 
growth of microorganisms, including Bifidobacterium and 
Lactobacillus [21].

2.	 Probiotics are “live microorganisms that, when adminis-
tered in adequate amounts, provide health benefits to the 
host.” Probiotic bacteria increase the good microflora by 
creating a favorable intestinal environment. In addition, 
in the event of an imbalance of the intestinal microflora, 
they reduce the number of pathogenic bacteria, thereby re-
storing eubiosis [22]. The condition for creating a product 
containing a particular microorganism is the fulfillment of  
a number of important criteria. This applies to both dietary 
supplements and probiotic-enriched foods.
•	 human origin from the gastrointestinal tract of a healthy 

donor
•	 its beneficial effects must be scientifically documented
•	 accurate determination of the type, species and strain of 

bacteria
•	 ability to colonise the intestines and resistance to gastric 

juices and bile
•	 confirmed safety of use (safe coexistence with natural 

bacterial flora)
•	 information on proper storage of the product
•	 minimum concentration in the product (minimum 106 

colony forming units, or CFU)

The best studied and popularly used probiotic strains are:
•	 Lactic acid bacteria: Lactobacillus rhamnosus, Lactoba-

cillus helveticus, Lactobacillus casei, Lactobacillus lac-
tis oraz Lactobacillus acidophilus

•	 Yeasts: Saccharomyces bouldardii
•	 Bifidobacteria: Bifidobacterium breve, Bifidobacterium 

animalis, Bifidobacterium bifidum
•	 Streptococcus thermophilus

3.	 Synbiotics: they are preparations consisting of probiotics, 
which are live microorganisms, and prebiotics, substances that 
are a nutrient for them. This combination implies the use of 
synergistic action, which can bring more health benefits than 
with a single product. The prebiotic and a probiotic must sepa-
rately meet minimum criteria and interact safely together to 
form a synbiotic. Examples of synbiotics are formulations con-
taining strains of Lactobacillus and Bifidobacterium in combi-
nation with fructooligosaccharides (FOS) or inulin [23].
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4.	 Postbiotics: they are also known as metabiotics or parabi-
otics and are preparations containing inactive microorgan-
isms or their components that provide health benefits. They 
must contain a sufficient amount of inactivated cells or their 
components, with or without metabolites. They have an in-
direct effect on the health of the host. Products of the mi-
crobiome released by living bacteria include metabolites, 
proteins and vitamins, among others. The advantage of 
postbiotics over probiotics is their greater stability. They are 
inactive, so they do not react with substances in their envi-
ronment. They feature a simple chemical structure making 
them easier to produce, dose, store and transport [24].

Examples of postbiotics:
•	 nucleotides,
•	 peptides e.g. bacteriocins,
•	 short-chain fatty acids (SCFAs) e.g. butyric acid,
•	 lipopolysaccharides (LPS) and exopolysaccharides (EPS),
•	 enzymes,
•	 vitamins.

Indications for probiotics:
The pharmaceutical market offers probiotics in various 

forms, from oral capsules to face creams. Probiotic manufac-
turers attribute many properties to them. Unfortunately, few 
of them have been scientifically confirmed. Their marketing 
and the popularity are disproportionately positive compared to 
what the research says.

However, there are specific indications where there is reli-
able evidence that probiotics work.
•	 Antibiotic therapy:

It is well known that the use of probiotics during antibi-
otic therapy can reduce the risk of diarrhea associated with the 
therapy. They are widely used by primary care physicians and 
by specialists. To date, very little clinical data has been gener-
ated on this topic despite many animal studies. We believe that 
the results of several meta-analyses are noteworthy because 
they indicate a beneficial effect of probiotics in preventing this 
diarrhea. As an example, in 2002, Cremonini et al. analysed 
seven randomised controlled trials involving 881 participants. 
Two strains of bacteria, Lactobacillus spp. and Saccharomyces 
boulardii, were included in this study. It is worth noting that 
only pediatric patients participated in the study, so the con-
clusions drawn should not be extended to adult patients. The 
subjects also came from different geographic areas and socio-
economic backgrounds, with developing countries making up 
the bulk of the population. The drawn conclusion was that pro-
biotics are beneficial in treating diarrhea associated with anti-
biotic therapy. Despite this, it should be remembered that not 
all probiotics work in the same way or have a comparable end 
result. Therefore, no firm conclusions should be drawn [25].

Another important study was a meta-analysis conducted 
by McFarland in 2006, which included 25 randomised trials 
involving 2,810 people. It showed a significant reduction in 
the number of diarrhea cases after the use of probiotics. In ad-
dition, the analysis also focused on another important disease 
that is a serious complication of antibiotic therapy in hospitals, 
Clostridium difficile infection. The conclusions were that three 
types of probiotics (Saccharomyces boulardii, Lactobacillus 
rhamnosus GG and probiotic mixtures) significantly reduced 
the development of antibiotic-associated diarrhea, and six ran-

domised controlled trials showed that only S. boulardii, used 
together with oral metronidazole and/or vancomycin, signifi-
cantly reduced the risk of C. difficile infection [26].
•	 Travelers’ diarrhea:

Affects about 60% of travelers, it is one of the most com-
mon diseases accompanying tourists on vacation. The etiology 
of 50-80% is bacterial, while the remaining cases of diarrhea 
are caused by viruses and protozoa. The most commonly re-
ported pathogens are Escherichia coli, Campylobacter jejuni, 
Salmonella species and Shigella species [27]. Therefore, an-
tibiotics are recommended for the treatment of traveler’s di-
arrhea. The pathological mechanism associated with this dis-
ease entity is associated with an imbalance of the intestinal 
flora. This has led many researchers to conclude that taking 
probiotics may have a positive effect in preventing traveler’s 
diarrhea. However, clinical studies have shown inconclusive 
results in the use of probiotics to treat traveler’s diarrhea. The 
well-known meta-analysis conducted by McFarland in 2007 
found that probiotics significantly reduce the risk of travel-
er’s diarrhea. The analysis included 12 studies that confirmed  
a reduced relative risk of diarrhea in people taking probiotics 
while traveling [28]. In contrast, a recent meta-analysis pub-
lished in 2018 showed statistically significant efficacy in TD 
prevention. The study authors showed that probiotics are a val-
uable adjunct to rehydration therapy in the treatment of acute 
infectious diarrhea. It is noteworthy that the meta-analysis did 
not address which probiotic strains or probiotic combinations 
are most effective for TD prevention, and it is this information 
that clinicians and travelers care most about [29].
•	 Acute diarrhea in children: 

Rotavirus is the most common virus associated with acute 
diarrhea in children aged 1 month to 3 years. So far conducted 
studies have shown the effectiveness of probiotics together 
with adequate hydration in treating acute diarrhea. It has been 
claimed that taking probiotics can shorten the duration of diar-
rhea from 0.7 to 1 day. In 2024, Minaz et al. wrote a review 
article covering 98 studies involving a total of 17,236 partic-
ipants. The studies were divided into categories. The WHO 
definition of diarrhea and that defined by the author were put 
under the microscope. They also investigated the effectiveness 
of probiotics among children with chronic diarrhea. It was 
proven that probiotics reduced the duration of diarrhea by 95 
hours in this group of patients [30]. Unfortunately, the conclu-
sions that have been made are very uncertain. The high level 
of heterogeneity i.e. the use of different probiotic strains, dif-
ferent doses and treatment durations reduced the certainty of 
the evidence.
•	 Atopic dermatitis:

This is a chronic, recurrent, inflammatory dermatosis most 
commonly diagnosed in infants and young children. Research 
findings suggest that certain probiotic strains may be helpful 
in treating this condition, but data on the type of strains with 
the greatest efficacy are currentlynot available . The exact 
mechanism of action of probiotics in the treatment of atopic 
dermatitis is not fully understood. It is likely that the mecha-
nism involves immunomodulatory effects [31]. According to 
one study, Lactobacillus rhamnosus GG was administered to 
women in the last weeks of pregnancy and during breastfeed-
ing. This was compared to a group of women taking a placebo. 
The study included women with a strong family history of AD. 
The study found that infants of mothers who received LGG 
had a significantly lower risk of atopic dermatitis during the 
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first 2 years of life [32]. Additionally, many of the papers we 
analysed focused on comparing probiotics with prebiotics in 
single therapy or in combination. In summary, the most com-
monly studied probiotics were Lactobacilli and Bifidobacteria 
strains. The SCORAD index was used to measure treatment 
efficacy. However, the conclusions are inconclusive, as in 
many studies the authors suggest that the disease tends to im-
prove over time in certain groups of patients [33].
•	 Necrotising enterocolitis (NEC):

Probiotics appear to be revolutionary in the prevention of 
necrotising enterocolitis (NEC) in premature infants, reduc-
ing its risk and overall mortality. They promote the maturation 
of the gastrointestinal tract of premature infants. Ultimately 
stimulating intestinal maturity, probiotics help premature in-
fants better tolerate nutrition. In 2025, a systematic analysis 
of 51 randomised controlled trials examined the effect of 
probiotics on NEC in preterm infants. According to the most 
recent sources, the most recommended probiotic strains were  
a combination of Bifidobacterium, Lactobacillus and Ente-
rococcus. This mixture has been shown to be most effective 
in reducing mortality and the incidence of NEC (Bell II or 
higher) in premature infants. In addition, Lactobacillus alone 
has the best results in reducing hospitalisation and time to full 
enteral feeding in preterm infants [34]. This is due to the fact 
that it induces adhesive secretion and inhibits cell apoptosis.

It is worth adding that, in addition to the inclusion of probi-
otics, early enteral feeding should be promoted and unneces-
sary monitoring of gastric contents should be minimised. In 
2011, a double-blind, randomised, controlled clinical trial was 
conducted involving 231 preterm infants with very low birth 
weight (750 to 1499 g). The study group of infants received 
human milk with probiotic supplementation (B. breve and L. 
casei), while thethe control group received human milk con-
taining no probiotics. The results of the conducted study were 
promising. Oral supplementation with B. breve and L. casei 
reduced the incidence of NEC (Bell stage ≥2). The improve-
ment in intestinal motility was manifested by a reduction in the 
time to achieve full enteral feeding [35]. Given that the effect 
of probiotics is closely related to a specific strain, the question 
still remains whether there are probiotic strains particularly ef-
fective in preventing necrotising enterocolitis (NEC) in pre-
term infants.

In many disease entities, there is no official statement con-
cerning the use of probiotics. There is insufficient evidence 
supported by clinical trials to influence treatment guidelines. 
Many clinicians today question whether there is a noticeable 
benefit or harm to a patient undergoing oral probiotic supple-
mentation. Such disease include:
•	 Neonatal sepsis:

There is insufficient evidence to suggest that probiotics in-
crease or decrease the risk of sepsis in preterm infants. One clini-
cal study showed that prophylactic supplementation with probiot-
ics, specifically a mixture consisting of 4 strains: L. acidophilus 
LA-5, L. plantarum, B. lactis BB-12 and S. boulardii, reduced the 
incidence of VAP in patients, a pneumonia caused by prolonged 
mechanical ventilation [36]. Sepsis is a common problem in pre-
mature infants connected to invasive life-saving devices. We need 
to consider that in addition to the existing benefits of probiotic 
supplementation in reducing the risk of NEC and death in very 
low birth weight infants, we need to keep in mind the risk of inva-
sive infection due to live bacteria in probiotics. Based on reports 
to date, this risk is very rare, but still exists. 

In the face of such reports, we cannot pass by indifferent-
ly, because the life of the child may depend on this decision. 
Therefore, it is very important to use only probiotics of the 
highest production quality, with the best proven effectiveness 
in scientific studies, for premature babies. These preparations 
are administered to premature infants under close supervision 
in the conditions of neonatal units.
•	 Irritable bowel syndrome (IBS): 

A review from 2023 and Meta-analysis of 82 trials with 
data from over 10,000 patients resulted in no clear conclusion 
about recommendations of use. The study authors specify need 
for further, better planned clinical randomized trials to give 
data sufficient for confident treatment with probiotics. How-
ever, support for some strains, specific species and combina-
tion of probiotics is reported, the data indicates that certainty 
in the evidence to the GRADE criteria is low or very low [37].

Another review from 2024 found that prebiotics especially 
inulin and GOS (galacto-oligosaccharides) may be helpful. In 
the authors’ view, probiotics appears to improve symptoms and 
synbiotics were found helpful. All of them seems to be promis-
ing help in treatment but there is still not enough evidence, data 
and clinical trials to determine their importance [38].
•	 Inflammatory bowel diseases (IBD):

Ulcerative collitis (UC) and Crohn disease (CD) have been 
the aim of studies for asignificant amount of time . Sameeha rau 
et al. reviewed RCTs of prebiotics in UC. The evidence suggests 
that while certain prebiotics like FOS 1-kestose and higher-dose 
OF-IN (oligofructose-enriched inulin) show specific therapeutic 
benefits, results are inconsistent across compounds and study 
designs. Dose-response relationships appear to be critical, par-
ticularly for OF-IN’s anti-inflammatory effects. Larger trials 
with standardised outcome measures are required to clarify clin-
ical utility, particularly given the heterogeneity in control groups 
and endpoints across existing studies.

According to Crohn’s disease, two RCTs found that prebiot-
ics like oligofructose-enriched inulin (OF-IN) at 15–20 g/day  
did not induce clinical remission. No trials have assessed 
prebiotics for preventing relapse. The OF-IN may cause bloat-
ing and flatulence, but other prebiotics show no increased ad-
verse effects. Overall, the evidence is very limited and of low 
quality, so prebiotic supplementation is not currently recom-
mended. As a plant-based diets rich in soluble fiber may help 
to reduce symptoms and inflammation, but caution is needed 
in patients with ileal strictures to avoid fiber-related complica-
tions. Fruits and vegetables remain key components of anti-
inflammatory diets beneficial for IBD.

Probiotics have shown effectiveness in inducing clinical 
remission and improving symptoms in ulcerative colitis, par-
ticularly multi-strain formulations like VSL#3®, while single-
strain probiotics are generally ineffective. Evidence for main-
taining remission or preventing relapse in UC is limited. In the 
case of pouchitis, probiotics may help prevent recurrence, with 
VSL#3® conditionally recommended by the American Gastro-
enterological Association (AGA), though data for primary pre-
vention and treatment are low quality. Concerning Crohn’s dis-
ease, current evidence is sparse and does not support probiotic 
use for inducing or maintaining remission. Overall, probiotics 
appear to be safe but should be used with consideration of the 
limited and variable evidence across different IBD conditions. 

The study authors reviewed synbiotic use in a 4-week RCT 
with 94 participants. Only the synbiotic group (psyllium plus 
Bifidobacterium longum) showed improvements in CRP levels  
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and quality of life, while psyllium or probiotics alone did not 
show such effects. This suggests that synbiotics may offer 
greater benefits than prebiotics or probiotics alone [38].

Estevinho et al. conducted a meta-analysis of 67 eligible 
studies (22 systematic reviews and 45 RCTs) from 2,613 re-
sults, finding that probiotics significantly increased clinical 
remission in ulcerative colitis (UC) but not in Crohn’s disease 
(CD). Subgroup analysis showed that combining 5-ASA with 
probiotics further improved remission in mild-to-moderate 
UC. Probiotics greatly reduced recurrence in relapsing pouchi-
tis and tended to decrease clinical recurrence in inactive UC, 
with no protective effect in CD. Additionally multi-strain pro-
biotics achieved better results for remission and recurrence 
prevention in UC compared to single strain probiotics. No im-
provement in endoscopic outcomes was observed, and adverse 
events were similar to controls. The overall evidence certainty 
was low due to study limitations and heterogeneity.

Probiotics appear to be promising adjunct therapies for 
IBD, particularly effective in UC and pouchitis, especially 
with multi-strain formulations in combination with 5-ASA, 
while showing a favorable safety profile. They are generally 
ineffective for CD, including after ileocecal resection. The dif-
ference in efficacy likely reflects variations in disease loca-
tion, immune response, and microbiota interactions between 
UC and CD. Despite encouraging findings, evidence quality 
remains moderate to low, highlighting the need for further re-
search to optimise probiotic strains, dosages, treatment dura-
tions, and patient selection, with future potential in genetically 
enhanced bacteria for the CD treatment [39].

Contraindications to probiotics:
A lot of attention has been devoted to convince readers that 

probiotics can have positive effects on the human body, espe-
cially on the intestinal microflora. As we already know, there 
are certain clinical conditions they there are used for. There-
fore, it is appropriate to discuss the topic of cases and diseases 
in which the use of probiotic preparations is not advisable, and 
may even be harmful to health.

Probiotic supplementation is contraindicated in the follow-
ing situations:
•	 Sepsis and decreased immunity: 

According to the latest definition, it is a life-threatening 
reaction of the body to an infection, resulting in significant 
failure of at least one organ. The infection is usually caused by 
bacteremia, or the presence of bacteria in the blood. One risk 
factors for sepsis appears to be an impaired gut microbiome. 
At this point, there are no guidelines for the use of probiotics 
in patients with organ failure, immune deficiency or intestinal 
barrier dysfunction [40]. A link between abnormal develop-
ment of the gut microbiome and the onset of sepsis has been 
found in newborns [41]. In his meta-analysis, Rao compared 
the risk of late onset sepsis in early-term infants who received 
probiotics with those who did not receive this supplementa-
tion. The study included two groups of low-birth-weight pre-
mature infants: those fed exclusively with human milk and 
those receiving formula. According to the study results, pre-
term infants fed exclusive human milk and supplementing 
with probiotics had a lower risk of LOS [42]. In this case, the 
use of probiotics is justified, but requires strict control of the 
strains administered. The management of adult patients, who 
are hospitalised for a long time, e.g. in an intensive care unit, 
immunocompromised patients, and patients having a central 

line insertion is quite different. Probiotic supplementation 
among these groups of patients is not recommended.

Over the years, an increase in the risk of probiotic strains 
penetrating from the intestinal epithelium into the portal circu-
lation has been observed in these patients. This phenomenon is 
referred to as probiotic translocation. 

In this scenario, the “good” probiotic bacteria, which were 
supposed to help rebuild the bacterial flora, become a serious 
threat in immunocompromised patients, causing a systemic in-
fection of the body. A review paper by Kullar et al. found that 
strains of Lactobacilli caused bacteremia and sepsis in immu-
nocompromised patients or those hospitalised for severe ill-
ness. Patients exposed to antibiotic therapy were characterised 
by a disrupted intestinal barrier, resulting in probiotic strains 
entering the bloodstream from the gut. In addition, it was noted 
that hospitalised patients, who were not taking probiotics were 
also at risk of bacteremia. In the cases described, it was hy-
pothesised that patients with intravenous catheters who were 
not taking probiotics orally may have been infected by both 
the airborne and contact routes by medical personnel. This 
is explained by the fact that the probiotic used was taken by 
patients in powder form, which could have easily spread and 
contaminate central line catheters [43]. In 2011, there was a 
case report of a 24-year-old patient who developed sepsis as a 
result of preoperative administration of probiotics after aortic 
valve replacement. The woman had previously been suspected 
of having infective endocarditis. She received empirical antibi-
otic therapy along with probiotics for 6 weeks. Blood analyses 
showed that the causative agent of the sepsis was a probiotic 
strain: Lactobacillus rhamnosus. It was the same strain that she 
received along with the antibiotic. Unfortunately, most infec-
tions in humans result from mucosal transmission. In this case, 
the heart failure patient may have had a weakened intestinal 
barrier associated with ischemia. The immune system acting 
properly in a situation of bacterial movement from the intesti-
nal lumen into the blood kills bacteria in the mesenteric lymph 
nodes. In the case described here, it has been shown that probi-
otic supplementation in immunocompromised or organ failure 
patients can carry dangerous consequences [40].
•	 Acute pancreatitis:

Currently, probiotic preparations are not recommended for 
use in patients with acute pancreatitis. In the characteristics 
of probiotic products registered asmedicines , it is stated that 
precautions should be taken in the use in this group of patients.

The mortality rate associated with this disease ranges from 
2% to 10%, while it rises to as high as 14-25% in patients with 
the more severe form, which affects 10-20% of patients [44]. 
The meta-analysis conducted by Hou and colleagues suggest-
ed that the use of probiotics could reduce the length of hospital 
stay (MD ¼ 6.01,95% CI ¼ 8.95-3.07), shorten the length of 
ICU stay (RR ¼ 2.31,95% CI ¼ 4.61-0.01) and lower the over-
all infection rate (RR ¼ 0.57, 95% CI ¼ 0.38-0.87) in both the 
study and control groups. However, there were no statistically 
significant differences between the study groups in reducing 
patient mortality, the rate of pancreatic complication rates, 
the need for surgery, as well as drainage rates and systemic 
complications [45]. This year’s comprehensive review paper 
by Celestino Nist and colleagues examined the role of gut 
microbiota and probiotics in acute pancreatitis and found that 
microbiota-targeted therapy, including probiotics, can help to 
reduce the inflammation associated with AP. However, they 
stressed that the effectiveness of its action varies depending  
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on the strain and severity of the patient’s clinical condition 
[46]. Two years ago, the University of Bangkok studied the 
effect of probiotics on pancreatic inflammation and intestinal 
integrity in mice with acute pancreatitis. Male mice were di-
vided into 4 groups: a control group receiving intraperitoneal 
saline injections, a study group with AP receiving injections 
with L-arginine only, and 2 groups of mice with AP plus pro-
biotics, which received L-arginine plus 1 strain of the probi-
otic L. plantarum B7 or a probiotic mixture of L. rhamnosus 
L34 and L. paracasei B13. After induction, these mice were 
sacrificed 72 hours later. Subsequently, tissue sections of the 
pancreas and intestine were taken for histological examination 
and blood for amylase analysis. The results showed that the lev-
els of pancreatic amylase and pancreatic myeloperoxidase were 
higher in the AP group than in the control group, and the lowest 
in the probiotic supplemented groups. Histopathology analysis 
showed increased inflammation, swelling and necrosis in the AP, 
which improved after administration of the probiotic mixture. In 
conclusion, probiotic supplementation, especially with a mixed 
strain, alleviated L-arginine-induced acute pancreatitis by reduc-
ing inflammation and improving the intestinal barrier [47].

In contrast to these promising new studies, it was the work 
from 2008 that shaped the guidelines for the use of probiotics in 
AP. The results of the PROPATRIA (Probiotics in Pancreatitis) 
study, conducted by Besselinket al. , showed no beneficial effect 
of probiotic prophylaxis on the incidence of infectious compli-
cations. In addition, mortality in the probiotic group was about 
twice as high as in the placebo group. This study showed that 
probiotics should not be routinely used in acute pancreatitis [48].
•	 Immunosuppression: 

This group includes patients taking immunosuppressive 
drugs, after transplants, during radio- or chemotherapy, with 
impaired immune systems, prematurely born children, patients 
with AIDS, lymphoma or undergoing long-term corticosteroid 
therapy. In these cases, the risk may outweigh the benefits of 
probiotic supplementation. Special caution should be taken 
when introducing probiotics so as not to risk a general inflam-
matory reaction. On the contrary, it is worth mentioning that 
in recent years, several studies have been conducted, which 
focused on the effect of probiotics on increasing the number of 
CD4+ cells in patients infected with HIV. According to Morte-
zazadeh et al. daily administration of probiotics in appropriate 
doses may lead to a temporary increase in the number of CD4+ 
cells. Through their action, bacteria promote the healing pro-
cess of the intestinal epithelium. Then, by changing the intes-
tinal flora, they reduce the risk of virus transmission. This re-
sults in less frequent hospitalization due to co-infections [49].
•	 SIBO: 

There is no clear position regarding the effectiveness of 
probiotics in eliminating SIBO symptoms. The results of stud-
ies are varied, and many of them are based on small groups of 
patients and different endpoints. Probiotics in SIBO are pri-
marily intended to modulate the composition of the intestinal 
microbiota and protect the intestines from colonisation with 
pathogens. Therefore, attempts have been made to supplement 
SIBO therapy with probiotic strains with proven clinical ef-
fects. The effects of probiotic therapy are strongly dependent 
on the specific strain of bacteria. Thus, not all probiotics work 
equally, so the choice of strain should be always individually 
consulted with a doctor. The meta-analysis from 2017 showed 
that the use of probiotics reduces the amount of hydrogen pro-
duced in a breath test (OR = 1.61; 95% CI: 1.19-2.17) [50]. 

Other studies indicate that probiotics may improve the effec-
tiveness of antibiotics, e.g. rifaximin administered with Lac-
tobacillus casei, compared to antibiotics alone [51]. However, 
the study form 2018 noted an exacerbation of symptoms such 
as bloating, abdominal pain, lactic acidosis, and “brain fog” 
in SIBO patients taking probiotics. These symptoms resolved 
after discontinuing the probiotics [52].

In summary, the current state of knowledge indicates the 
need for further research to better understand the effect of pro-
biotics on the course and symptoms of SIBO.

Side effects of probiotic supplementation:
Like any substance with a therapeutic effect, probiotics can 

cause side effects. The most common of them include: bloating, 
excessive gas, abdominal pain. In very rare cases, hypersensitiv-
ity reactions have been reported, manifesting as a rash or diarrhea. 
It should be emphasised that side effects of using probiotics occur 
sporadically. To avoid side effects, attention should be paid to the 
way probiotics are stored. These preparations contain heat-sensi-
tive live bacterial cells, which should be kept in a dry, dark place 
at a constant temperature. However, if side effects occur, the use 
of the product should be discontinued and it should be consulted 
with a doctor. Pregnant or breastfeeding women should also ob-
tain the consent of their doctor to supplement probiotics.

Safety concerns: 
The gut microbiota significantly influences drug metabo-

lism, impacting both efficacy and toxicity through various 
microbial enzymatic processes such as azoreduction, decar-
boxylation, sulfation, and β-glucuronidase activity. Probiotics 
can modify these microbial functions, potentially altering drug 
metabolism and safety. Current evidence is preliminary, and 
more research is needed to confirm how probiotic enzymes af-
fect drug function in vivo and to develop strategies to manage 
potential probiotic–drug interactions. 

Microbiome profiling holds promise for tailoring probi-
otic therapy and predicting individual responses but is not yet  
a standard requirement for probiotic safety assessments. A ma-
jor safety concern remains the potential for probiotics to trans-
fer antibiotic resistance (AR) genes, especially those linked to 
mobile genetic elements or clinically important antibiotics. This 
necessitates rigorous phenotypic and genotypic screening and 
thorough risk analysis to minimise AR gene dissemination.

Long-term colonisation by probiotics derived from com-
mon commensal microbes is generally considered safe at low 
levels, but increased exposure from persistent colonisation 
may pose risks, such as displacing beneficial native microbes, 
disrupting the microbiota structure and function, or causing in-
vasive infections if the gut barrier is compromised, as observed 
in rare cases that include Lactobacillus bacteremia in ICU pa-
tients. Conversely, sustained colonisation could offer efficient, 
lasting health benefits by filling vacant ecological niches and 
providing essential metabolic functions, such as metabolising 
human milk oligosaccharides or delivering enzymes to treat 
metabolic disorders like phenylketonuria. Given these poten-
tial benefits and risks, the development of long-term colonis-
ing probiotics should becarefully approached, with a clear 
therapeuticpurpose, thorough risk-benefit assessment, and 
dedicated research to establish relevant safety data, exposure  
tests, and biomarkers to ensure their safe use. Long-term 
safety concerns remain difficult to address due to limited data. 
Regulatory approaches for probiotics should align with those 
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for other bioproducts . Research is needed to identify high-risk 
groups which require closer long-term follow-up [53].

In the review published in 2024, researchers used the Unit-
ed States Preventive Services Task Force (USPSTF) standards 
to evaluate idea of broad, safe prevention use of probiotics in 
healthy humans. The USPSTF sets a very high standard for 
recommending preventive interventions in healthy individu-
als, and while probiotics are generally safe and may be consid-
ered for specific uses, such as preventing antibiotic-associated 
diarrhea, recurrent urinary tract infections, or frequent res-
piratory infections, current evidence is insufficient to support 
broad preventive recommendations [54].

Summary

Probiotics offer therapeutic benefits in several clinical con-
texts, but their effects on microbiota composition, antibiotic 
resistance, and drug metabolism require careful evaluation. 
Continued research and the development of improved screen-
ing methodologies are essential to ensure their safe and effec-
tive use, particularly in support of personalised treatment ap-
proaches and to minimise potential risks. Among the strongest 
indications for probiotic use is the prevention of antibiotic-
associated diarrhea, where strains such as Lactobacillus rham-
nosus GG and Saccharomyces boulardii have shown consist-
ent efficacy. In preterm infants, probiotics significantly reduce 
both the incidence and mortality associated with necrotising 
enterocolitis (NEC). For conditions such as ulcerative colitis 
(UC) and pouchitis, some multi-strain formulations, such as 
VSL#3®, have been effective as adjunct therapies.

There is also some evidence supporting probiotic use in the 
treatment of travelers’ diarrhea and acute childhood diarrhea, 
though results vary depending on the specific strains and dos-
ages used. Additionally, maternal probiotic supplementation 
may help to prevent atopic dermatitis in infants. The mecha-
nism of function of probiotics can enhance the intestinal barrier, 
stimulate immune responses (such as IgA production), produce 
beneficial metabolites like short-chain fatty acids (SCFAs), and 
compete with pathogenic microorganisms. Synbiotics, which 
combine probiotics with prebiotics, may offer greater benefits 
than either component alone, while postbiotics,non-active mi-
crobial products,present a safer and more stable alternative.

However, evidence remains unclear or inconclusive for several 
conditions, including irritable bowel syndrome (IBS), Crohn’s dis-
ease, small intestinal bacterial overgrowth (SIBO), neonatal sepsis, 
and general immune modulation. Moreover, the preventive use of 
probiotics in healthy individuals is not currently recommended by 
high-standard bodies such as the UnitedState Preventive Services 
Task Force (USPSTF), due to insufficient supporting evidence. 
The use of probiotics also carries contraindications, particularly 
in individuals with sepsis, immunocompromisedpatients , or acute 
pancreatitis, who are at a heightened risk of probiotic-induced bac-
teremia or systemic infection. This risk is especially concerning for 
patients in intensive care units, those with compromised gut barriers,  
or individuals with catheters.

Safety concerns include the potential for horizontal transfer 
of antibiotic resistance genes and the possibility of long-term 
disruption of the gut microbiota. Consequently, strain-specific 
safety assessments are critical. In conclusion, while probiot-
ics show clear benefits in specific, well-studied clinical condi-
tions, their routine or preventive use,especially among healthy 
or vulnerable populations,should be approached with caution. 

The review underscores the urgent need for better-designed, 
large-scale clinical trials and rigorous strain-specific research 
to optimise probiotic use.
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