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Abstract: To investigate the role played by gut microbiota in the development and treatment of acute
pancreatitis. Gut microbiota is the largest micro-ecosystem in the human body, and is related to various
system diseases. Acute pancreatitis is one of the common acute critical diseases in clinical practice, and
there are various causative factors for the occurrence of this disease, such as alcohol, infection, obstruction
and intestinal microecological factors. The dysbiosis of gut microbiota may play an important role in the
pathogenesis of acute pancreatitis and affect prognoses, including gut microbiota structure disorder and
bacterial translocation. It can also affect host metabolism and increase the production of toxic metabolites
and affect the treatment of acute pancreatitis. Probiotics are live microorganisms that can give health benefits
to the host when applied in sufficient quantities, which can effectively stimulate the growth and reproduction
of the normal flora of the body, inhibit the overgrowth of pathogenic bacteria, and have a protective effect
on the intestinal barrier function. A search of electronic databases (PubMed, EMBASE, Cochrane) has been
realized to summarize the information. The paper briefly describes the concept of gut microbiota and acute
pancreatitis, examines the role of gut microbiota in the development and treatment of acute pancreatitis,
concludes the investigations of the therapeutic effect of probiotics for dysbiosis of gut microbiota in acute
pancreatitis in order to provide a valid reference for the development of subsequent clinical strategies.
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Introduction

species of bacteria with a population of up to 100 trillion,
weighing about 1,271 grams. The common gut bacteria

Gut microbiota and acute pancreatitis

in the human body are mainly composed of 9 phyla, in

Gut microbiota
The human intestinal tract is inhabited by more than 500
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which 0.1% are facultative anaerobic bacteria dominated by
enterobacteria, and 99.9% are obligate anaerobic bacteria
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dominated by bacillus and bifidobacterial. There are more
than 1,500 species of bacteria in the human intestinal tract,
consisting of more than 50 classes, of which Firmicutes
is the most prevalent, followed by Bacteroidetes; other
common species include Proteobacteria and Actinobacteria,
Fusobacteria, and Verrucomicrobia (1,2).
Gut microbiota has the characteristics of being dynamic
and large in quantity, variety, complexity. Gut microbiota
includes beneficial bacteria, intermediate bacteria or
conditionally pathogenic bacteria, and harmful bacteria.
The interdependence and antagonism between the three,
and the maintenance of a balanced and stable intestinal
environment are the focus of clinical treatments (3). The
gut microbiota has the following physiological functions:
(I) it provides a protective effect by serving as a barrier for
the host. Specifically, after the colony is nascent, it prevents
harmful and pathogenic bacteria from colonizing in the
intestinal tract, and prevents and defends against foreign
infections; (II) it promotes intestinal peristalsis, aids in
digestion, and facilitates the body’s absorption of nutrients;
(III) the intestinal bacteria can produce enzymes, such as
β-glucuronidase, sulfatase, which aid in the metabolism of
endogenous proteins, and can be used indirectly or directly
by the host; (IV) specific bacteria, such as Bifidobacterium
and Lactobacillus, can scavenge free radicals and act as
anti-aging agents; and (V) certain intestinal flora, such as
anaerobic Corynebacterium, can activate immune cells in
the body, improve phagocytosis, regulate immune function,
and have anti-cancer effects (4).
The human intestinal barrier system comprises the
intestinal flora, the intestinal mucosal immune system, and
the intestinal mucosal epithelium (5). The stability of the
gut microflora depends on the presence of the intestinal
barrier function (6). When the intestinal barrier function
is intact, it can usually prevent the migration of intestinal
bacteria to outside the intestine; however, the impairment
of the barrier function causes the migration of intestinal
bacteria from the intestine to other parts of the intestine or
even to outside the intestine (7).
Acute pancreatitis
According to the severity of a patient’s clinical symptoms,
acute pancreatitis can be divided into mild acute pancreatitis
for which edema is the main manifestation, and severe acute
pancreatitis (SAP) with hemorrhagic necrosis. SAP is a
common surgical emergency with rapid onset, progression
and severity, and often presents with a systemic inflammatory
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response and pancreatic necrosis (8). The treatment of acute
pancreatitis has progressed with the improvement of various
treatment protocols and monitoring measures; however,
the mortality rate of SAP is still 10–30% (9). The common
causes of AP are: (I) alcohol, a large amount of alcohol can
lead to a sudden increase in pressure in the pancreatic duct
and promote the secretion of pancreatic enzymes in large
quantities, resulting in the entry of pancreatic enzymes into
the interstitium of the pancreas, causing acute pancreatitis.
(II) Infection, various bacteria and viruses can cause acute
pancreatitis when they enter the pancreatic tissue through
blood or lymph. (III) Obstruction, obstruction of the lower
bile duct can lead to an increase in pressure in the bile
duct, causing bile to flow back into the pancreatic duct,
resulting in rupture of the pancreatic vesicles and causing
pancreatitis. (IV) The intestinal microecological factors, the
intestine is the largest immune organ of the human body,
once its dynamic balance of microorganisms is disrupted,
it can lead to local and systemic inflammatory reactions in
the human body, which will increase the chance of acute
pancreatitis (10). The main cause of death in patients
with SAP is a systemic inflammatory response caused by
infection, which in turn can lead to systemic inflammatory
response syndrome (SIRS) and multiple organ failure or
multiple organ dysfunction syndrome (MODS), most
notably pancreatic necrosis secondary to infection (11).
Associations between gut microbiota and acute
pancreatitis
The inflammatory response in the course of acute
pancreatitis can lead to disorders of gut microbiota,
bacterial translocation and impaired intestinal barrier
function, they are thought to play an important role in the
development of complications of AP like pancreatic necrosis
and peripancreatic infections (12,13). The intestinal flora
is involved in the construction of the intestinal barrier. In
acute pancreatitis, the intestinal flora and the intestinal
barrier mutually affect each other to participate in the
disease progression.
This review summarizes the alterations in intestinal
flora during the development, progression and treatment
of AP to reveal the mechanisms of intestinal dysfunction
in AP development and summarizes the therapeutic role
of probiotics, ultimately providing potential therapeutic
strategies for AP.
We present the following article in accordance with the
Narrative Review reporting checklist (available at http://
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dx.doi.org/10.21037/apm-21-429).
Methods
According to the study, the English electronic databases
PubMed, EMBASE, and Cochrane were searched for
studies and clinical randomized controlled trials (RCTs)
related to acute pancreatitis and gut microbiota in the past
10 years, and the results were summarized.
Discussion
The effects of gut microbiota on the pathogenesis of acute
pancreatitis
A number of studies have shown that the gut microbiota
plays an important regulatory role in the development and
progression of acute pancreatitis. For example, Li et al. (14)
used ribonucleic acid-related molecular techniques to
detect peripheral blood in patients with acute pancreatitis
and found that intestinal bacterial deoxyribonucleic acid
expression could be detected in the peripheral blood of
68.9% of patients with acute pancreatitis, and that the
detection rate of bacteria was proportionally related to the
severity of the patient’s condition. Studies (14,15) have
shown that the pathogenic bacteria from the intestinal
tract that are detectable in peripheral blood mainly
include Escherichia coli, Enterococcus, Enterobacteria,
Acinetobacter, Shigella flexneri, and Bacillus coagulants.
Escherichia coli, Enterococci and Enterobacteriaceae
are the main pathogenic bacteria of secondary intestinal
infections caused by acute pancreatitis.
Tan et al. (16) found that the levels of inflammatory
factors, such as interleukin (IL)-1, IL-6 and tumor necrosis
factor alpha, in patients with acute pancreatitis were
positively correlated with the content of Enterobacteriaceae
and Enterococcus in the intestine, and negatively correlated
with the content of Bifidobacterium, suggesting that
during the development of acute pancreatitis, the dysbiosis
of the gastrointestinal tract can contribute to an increase
in the severity of the SIRS. Quigley et al. (17) examined
the classification of intestinal flora in patients with SAP
and found that a proportional imbalance occurred, as
evidenced by an increased proportion of intestinal aerobic
bacteria dominated by Escherichia coli, while the growth of
anaerobic bacteria, such as bifidobacterial, was inhibited and
these bacteria were reduced in number.
It has been suggested that intestinal beneficial flora can
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induce Paneth cells to secrete bacteriocins (18,19), enhance
the secretion of nonspecific and specific immunoglobulin
A (20), improve intestinal immune function, and protect the
intestinal mucosal barrier. The normal intestinal mucosal
barrier consists of a mechanical barrier, chemical barrier,
immune barrier, and biological barrier. The mechanical
barrier is the most important intestinal mucosal barrier, and
is formed by intact intestinal mucosal epithelial structures
that are tightly interconnected with each other. Studies
have shown that gut microbiota can modulate intestinal
mucosal barrier function by influencing intestinal epithelial
cell regeneration, intestinal permeability, intestinal
antimicrobial peptide release, and the intestinal mucosal
layer (21).
Patients with acute pancreatitis complicated with
infections caused by intestinal bacteria were found to have
an increased endotoxin level, and a higher incidence of
intra-abdominal hypertension and abdominal compartment
syndrome, which leads to multiple organ dysfunction.
In severe cases, the condition can be life threatening and
can lead to death if left untreated (22). In addition, the
therapeutic measures, such as fasting and gastrointestinal
decompression, commonly adopted during SAP treatment,
and the microcirculatory disorders caused by reduced
blood volume, can lead to intestinal ischemia, hypoxia, and
weakened intestinal motility, which impairs the normal
elimination of harmful substances and pathogenic flora,
which in turn can lead to intestinal dysbiosis.
The simultaneous adoption of massive rehydration
strategies during treatment can cause intestinal reperfusion,
leading to intestinal wall cell dysfunction, increased
intestinal permeability, decreased intestinal barrier
function, and the disruption of the intestinal microecological balance. This causes intestinal dysbiosis and
translocation, increased endotoxin release, and an increased
inflammatory response in SAP patients (23). Prolonged
fasting and gastrointestinal decompression therapy can
also lead to nutritional deficiencies in the intestinal
mucosal epithelium, including energy supplementation
and glutamine deficiency, which can result in atrophy and
even the apoptosis of the intestinal mucosal epithelium,
which in turn can result in the thinning of the intestinal
villi and further increased intestinal mucosal permeability,
making the intestinal mucosal barrier more susceptible to
intestinal flora migration and exacerbating the inflammatory
response and infections in patients with SAP (24). Similarly,
in patients with fasting or total parenteral nutrition, the
reduction of chemical digestives, such as gastric acid,
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bile, lysozyme, not only results in the breakdown of the
intestinal chemical barrier, but also in the weakening of the
chemical bactericidal effect, thus promoting the dominant
multiplication of pathogenic bacteria (25).
During the treatment of pancreatitis, broad spectrum
antibiotics are often used to control the infection, which
leads to the inhibition of the normal flora of the intestinal
tract. Due to the lack of the inhibitory effect of the normal
flora, the fungi and drug-resistant pathogenic bacteria in the
intestinal tract can multiply more easily. An imbalance of the
flora categories and proportions disturbs the environmental
micro-ecological balance of the intestinal tract. Further, the
bacteria in the intestinal tract are more prone to retrograde
infection through the bile ducts or pancreatic ducts to the
peritoneal cavity, or even through the intestinal barrier
system to the outside of the intestine. Thus, maintaining
the stability and function of the intestinal barrier is also an
important part of the treatment of SAP (26).

Antibiotics are often administered prophylactically to
patients with SAP to inhibit the overgrowth of harmful
intestinal bacteria, to control intestinal flora imbalances,
and to prevent complications from secondary SAP
infections. However, in recent years, a number of clinical
studies and meta-analyses have shown that the prophylactic
use of antibiotics does not reduce the risk of infection.
Conversely, it has also been shown that long-term use of
antibiotics is likely to result in drug-resistant bacteria and
fungal infections. Several randomized controlled studies
have shown that probiotics is effective in treating a variety
of gastrointestinal disorders (27). These studies claim that
the application of probiotics can correct intestinal microecological imbalances and maintain intestinal barrier
function, thereby reducing endogenous infections and
achieving the goal of treating gastrointestinal diseases.
However, there is still some controversy about the use of
probiotics in the treatment of acute pancreatitis.

lactis and some enterococci; the only non-pathogenic
Saccharomyces boulardii is the yeast used. Clinically, these
different types of probiotics are widely used to treat patients
with irritable bowel syndrome, inflammatory bowel disease,
acute infectious diarrhea and other gastrointestinal system
diseases; however, their application in the treatment of
acute pancreatitis is still relatively rare.
Antibiotics are drugs that we use to inhibit bacteria,
viruses, and parasites. But antibiotics inhibit disease-causing
bacteria as well as beneficial flora. And as drugs when
antibiotics enter the body, they have a therapeutic effect and
also cause many adverse effects. The most obvious is the
increase of bacterial resistance. The intake of probiotics, on
the other hand, does not need to consider the problem of
drug resistance, and basically does not have side effects.
Probiotics have been found to inhibit the overgrowth of
harmful intestinal flora, while also repairing the protective
intestinal barrier and stimulating the production of antiinflammatory factors, which can be used to treat disease (29).
In relation to the main mechanism that achieves this,
research has shown the following: (I) probiotics and harmful
flora have a competitive effect, inhibiting the growth of
pathogenic bacteria. Additionally, the bioactive substances
produced by probiotics can inhibit or kill pathogenic
bacteria, thus regulating the balance of intestinal flora (30).
The organic acids produced by probiotic metabolism can
lower the potential of hydrogen of a patient’s intestinal
tract, impairing the viability of pathogenic bacteria and
reducing the release of toxins (31); (II) probiotics stimulate
the secretion of mucin from the intestinal mucosa and
inhibit the binding of pathogenic bacteria to the intestinal
epithelium, reducing their passage through the intestinal
wall into peripheral organs (32); (III) probiotics promote
the biosynthesis of glutathione, improve intestinal mucosal
barrier dysfunction, reduce oxidative stress and reduce
ileal mucosal permeability and apoptosis levels, thereby
inhibiting intestinal bacterial migration (33); and (IV)
probiotics can affect the function of immune cells in a
variety of ways (e.g., by regulating the production of proand anti-inflammatory cytokines).

Probiotics and their mechanism
The World Health Organization defines probiotics as live
microorganisms that can give the host health benefits (28).
A large amount of experimental evidence supports the
health benefits of probiotics. Currently, the probiotics
commonly used clinically include bifidobacteria, lactic
acid bacteria, streptococcus, Escherichia coli, Lactococcus

The application of probiotics in the acute pancreatitis
animal model
In recent years, some animal studies have shown that
probiotics are effective in the treatment of SAP (33-35). A
meta-analysis of probiotic therapy studies performed on
animal models of SAP showed that probiotics reduced the
incidence of infectious complications, improved pancreatic

The effects of gut microbiota on the treatment of acute
pancreatitis
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histological scores, and reduced mortality in SAP rats (36).
Further, van Minnen et al. (7) found that probiotics reduce
the overgrowth of potentially pathogenic bacteria in the
duodenum, thereby reducing the migration of intestinal
bacteria out of the intestinal lumen, including the pancreas,
reducing the complications of infection and mortality
from SAP.
The use of probiotics used in clinical trials
The results of a random clinical trial conducted by Oláh
et al. (37) showed that SAP patients in an experimental
group who were treated with probiotics had a lower
incidence of secondary complications, shorter hospital
stays, and were less likely to require surgery than those
in the control group. However, in a multicenter, largesample, randomized, double-blind controlled clinical
trial in Europe, an opposite conclusion was drawn. This
randomized controlled trial by Besselink et al. (38) examined
296 patients with SAP who were randomly allocated to a
control group (144 cases) or a probiotic treatment group
(152 cases). In addition to the conventional treatment,
the two groups were prescribed either doses of multispecies probiotics or a placebo (administered twice daily for
28 days). The incidence of infectious complications of
patients within 90 days after discharge was then examined.
However, no reduction in the incidence of infectious
complications following prophylactic application among
patients in the probiotics treatment group was found;
rather, an increased risk of death was found.
The safety of probiotic treatments
At present, there is a certain level of safety in using
probiotics in the treatment of SAP. Kotzampassi et al. (39)
believe that the theoretical risks of applying probiotics
include toxicity, metabolic effects, immune effects, the
transduction of resistance genes, and translocation from the
intestine. However, the complications in probiotic therapy
that have been reported are rare and often only occur
in critically ill patients, immunocompromised patients,
premature newborns, and organ transplant recipients.
Indeed, most studies have shown that probiotics are safe
and well tolerated.
Conclusions
Acute pancreatitis (especially SAP) is a common clinical
acute critical illness. It is characterized by an acute onset,
rapid progression, high risk, poor prognosis, and high
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mortality. Appropriate and efficient treatment strategies
are key to reducing complications and improving patient
outcomes. Numerous studies have confirmed that
the occurrence, development, and prediction of acute
pancreatitis are closely related to intestinal gut dysbiosis
and bacterial translocation. As the intestinal microecosystem is the largest micro-ecosystem in the human
body, when it is out of balance, the host’s metabolism and
the metabolism of its toxic products are affected. A SIRS
(including acute pancreatitis) can be easily induced at this
time (40). Based on the results of existing animal studies and
clinical application trials of probiotic therapies, it appears
that probiotics therapy may be a double-edged sword. In
the future, further studies need to be conducted, including
multicenter, large-scale, high-quality, double-blind
randomized controlled studies, that place higher demands
on experimental design and sample size. A stratified analysis
of the etiology of acute pancreatitis and the imaging factors
should also be undertaken to reduce selection bias. The
specific types of probiotics used in probiotic therapy, the
duration of treatment, the dose of treatment, individual
patient differences and human interference factors should
also be examined. In conclusion, to date, no consensus on
the therapeutic role of probiotics in the treatment of acute
pancreatitis has been reached; thus, further research needs
to be conducted.
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