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Gallstone disease (GSD) has, for many years, remained a high-cost, socially signiﬁcant public
health problem. Over the past decade, a number of studies have been carried out—both in
humans and in animal models—conﬁrming the role of the microbiota in various sections of the
gastrointestinal tract as a new link in the etiopathogenesis of GSD. The microbiome of bile
correlates with the bacterial composition of saliva, and the microbiome of the biliary tract has a
high similarity with the microbiota of the duodenum. Pathogenic microﬂora of the oral cavity,
through mechanisms of immunomodulation, can aﬀect the motility of the gallbladder and the
expression of mucin genes (Muc3, MUC4), and represent one of the promoters of stone formation
in the gallbladder. The presence of H. pylori infection contributes to the formation of gallstones
and aﬀects the occurrence of complications of GSD, including acute and chronic cholecystitis,
cholangitis, pancreatitis. Intestinal bacteria (Clostridium, Biﬁdobacterium, Peptostreptococcus,
Bacteroides, Eubacterium, and Escherichia coli) participating in the oxidation and epimerization of
bile acids can disrupt enterohepatic circulation and lead to the formation of gallstones. At the
same time, cholecystectomy due to GSD leads to the further transformation of the composition of
the microbiota in various parts of the gastrointestinal tract, increasing the risk of developing
stomach cancer and colorectal cancer. Further research is required to determine the possibility of
using the evaluation of the composition of the microbiota of the gastrointestinal and biliary tracts
as an early diagnostic marker of various gastroenterological diseases.
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1. Introduction
The presence of live bacteria in gallstones has been proven by electron microscopy,
bacteriological cultivation and molecular genetic methods.[1][2][3][4]
In a study by Hazrah et al. [1], microorganisms were cultured from gallstone nuclei in 81% of cases
of GSD and in 77% of cases of gallbladder cancer, regardless of the type and size of the stones.
Bacteria were present in 75% of pigmented, 76% mixed and 20% cholesterol stones.

[5]

According to Kose et al.[6] the composition of the intestinal microbiota can also aﬀect the
formation of the type of stones in the gallbladder (cholesterol, pigment, mixed). Under the action
of a deconjugating factor, Î²-glucuronidase produced by bacteria, precipitation of calcium
bilirubinate crystals occurs, which are conjugated with anionic glycoprotein, which leads to
agglomeration of calcium bilirubinate crystals into macroscopic stones[7].
In studies of Stuart L. et al., the eﬀect of bacterial factors on the composition and morphology of
gallstones (beta-glucuronidase and phospholipase) and mucus, as well as their eﬀect on the
severity of infection, was studied[8][9]. Two hundred ninety-two patients were examined and 382
gallstones were cultured. The stones were examined using scanning electron microscopy and

infrared spectroscopy. Bacteria were tested for production of Î²-glucuronidase / phospholipase and
quantitative production of mucus[8][9]. It has been proven that bacterial characteristics can control
the formation of gallstones. There was more pigment in gallstones with phospholipase /
glucuronidase producing bacteria (71% versus 26%, p <0.0001), while mucus (or its absence) was
associated (67%) with cholesterol stones (p <0.031 , all comparisons)[5]. Severe infections directly
correlated with Î²-glucuronidase / phospholipase, creating a surface for colonization (55% versus
13% without, p <0.0001); however, with regard to the formation of mucus (55% versus 8%, mucus
<75 or> 75, p = 0.008), bacteria producing only mucus were most often found in the centers of
cholesterol stones[8].
In a study by Peng Y. et al. When studying the microbiome of gallstones and bile in patients with
gallstone disease, it was found that 30% of cultured strains of cholesterol gallstones secrete Î²glucuronidase and phospholipase A2. In total, 14 genera of bacteria were identiﬁed in cholesterol
gallstones, and eight genera in bile. Pseudomonas spp. were the dominant bacteria in
the gallstones of cholesterol and bile. Pseudomonas aeruginosa strains had the highest Î²glucuronidase activity and produced the highest concentration of phospholipase A2[10].
There is another alternative mechanism for the formation of stones in the biliary tract: the
formation of bioﬁlms during the formation of pigment stones[11]. The agglomerating factor in this
case is glycocalyx (anionic glycoprotein).
Diﬀerences in the functional metagenomes of microbial communities in pigmented and cholesterol
gallstones were revealed[6]. The genes involved in bioﬁlm formation were mainly isolated from
Klebsiella and Enterococci found in pigment stones, and bile resistance genes were present in
Escherichia, Shigella, Serratia, Bacillus and Klebsiella. Isolated from cholesterol stones. In addition,
most positive cholesterol gallstones examined were dominated by gram-positive bacteria that
were not identiﬁed in pigment stones. In pigment stones, a high proportion of genes involved in
carbohydrate metabolism was revealed, and in cholesterol stones, the proﬁle in which protein
metabolism predominates was more active[6].

2. Intestinal microbiome and cholecystectomy
The composition of the microbiome of the intestine and biliary tract varies signiﬁcantly in patients
with GSD and in healthy people[12][13][14]. In patients with GSD, microbial diversity decreases,
which is accompanied by a decrease in the beneﬁcial genus Roseburia[12], with an overgrowth of
bacteria such as Proteobacteria, including a wide range of pathogenic microorganisms, such as
Escherichia, Salmonella, Vibrio,

and Helicobacter

[15].

In patients with GSD, enrichment of

Anaerotruncus, Parabacteroides, and Paraprevotella is noted at the age of over 60, while in
individuals without GSD this increase was not detected[16].
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microbiota[17][15]. After cholecystectomy, an even more pronounced decrease in the actual
number of taxa occurs compared with individuals without GSD[16][17] and an increase in the
number of Biﬁdobacterium and Anaerostipes Dorea[16]. In some individuals, an increase in the
species B. obeum and V. Parvula (type Firmicutes)[16][17] and Bacteroidetes[12] was noted.
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Paraprevotella is also signiﬁcantly reduced, and no increase is observed with age compared with
individuals without GSD[16]. A decrease in the number of bacteroids negatively associated with
secondary bile acids is probably one of the main reasons for the increase in the incidence of
colorectal cancer in patients with cholecystectomy.
Changes in the microbiome that occur after cholecystectomy persist for a long time[16]. Such
changes are probably mediated by an abnormal transintestinal ﬂow of bile acids, which begin to
act without the rhythmic function of the gallbladder, increase the loss of bile acids from the
[18]

[19]

intestine[18]

and

alter

intestinal

immune

homeostasis[19].

Symptomatic

gallstones

and

cholecystectomy have been shown to be associated with an increased risk of developing stomach
cancer[20][21], small intestine cancer [22], and colon cancer[23][19].
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