
Abstract
The aim of this review is to give novel information about the gallbladder microbiome’s clinical importance and alteration 
of the gallbladder microbiota of specific laboratory animals in health and disease. The significant involvement of the gast-
rointestinal microbiota (GM) in maintaining optimal health has been widely acknowledged. Their functions include a broad 
spectrum of mechanisms, such as facilitating digestion, enhancing the immune system and strengthening against bacterial 
pathogens and pathogenic commensal microorganisms. Until now, the majority of research on bacterial function and diver-
sity has concentrated on the colon due to its easy accessibility for sample collection and the abundant presence of bacteria 
in that region. Despite the widespread interest in examining how the intestinal microbiota affects health and disease, it is 
unexpected that there has been a inadequate number of researchs focusing on investigating the microbial structure of bile. 
The gallbladder microbiome, although often neglected in human medicine, is a valuable source of discovery for veterina-
rians. Its applicability, especially in laboratory animals and hospitalized small animal patients, shows the prospective value 
of investigating the gallbladder microbiome as an encouraging avenue in the scope of veterinary medicine. Research in this 
field reveals important insights that can enrich veterinary clinical practice and offer new perspectives on animal health.
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1. Introduction

The human and animal digestive systems are home to 
a wide collection of microbiota. This complex microbi-
ota acts as a protective shield against harmful agents 
from the outside and offers a variety of advantages to 
the host.1,2 The significant involvement of the gastroin-
testinal microbiota (GM) in maintaining optimal health 
has been widely acknowledged. Their functions include 
a broad spectrum of mechanisms, such as facilitating 
digestion, advancing the immune system and strength-
ening against bacterial pathogens and pathogenic com-
mensal microorganisms.3

GM has valuable systemic impacts on an animal’s bio-
logical functions. Research with laboratory animals has 
played a central role in uncovering many broader effects 
of GM.4 As we already know, the biological characteristi-
cs of an organism are strongly influenced by its environ-
ment, and it is reasonable to expect a similar effect on 
GM. Indeed, studies on laboratory animals have revea-
led significant differences in the microbiota composition 
of the same mouse strains housed in separate research 
units. This observation provides compelling evidence of 
the profound influence of the environment on an ani-
mal’s microbiome.5 Over the last few decades, nume-
rous GM studies have focused on different diseases, but 
only a limited number of studies have examined bacte-
rial community compositions in typical rodent strains. 
A large body of evidence suggests that there are signi-
ficant differences in mouse phenotypes in disease mo-
dels, which may be attributable to different microbiota 
compositions between animal facilities and commercial 
suppliers.6,7

Until now, the majority of research on bacterial function 

and diversity has concentrated on the colon due to its 
simple accessibility for sample collection and the abun-
dant presence of bacteria in that region. Conversely, 
accessing other parts of the gastrointestinal tract (e.g., 
small intestine, the stomach, and gallbladder) has been 
challenging, resulting in limited knowledge about the 
microbiota characteristics in these areas.8 Despite the 
widespread interest in examining how GM affects health 
and disease, it is unexpected that there has been a ina-
dequate number of researchs focusing on investigating 
the microbial structure of bile.9

This review will focus on the gallbladder microbiome’s 
clinical importance and alteration of the gallbladder 
microbiota of specific laboratory animals in health and 
disease.

1.1. The gallbladder microbiome

Bile is a natural bodily fluid composed primarily of bile 
acids, proteins, phospholipids and cholesterol. It is syn-
thesized in the liver and then accumulated and kept in 
the gallbladder. Its primary role is to assist in the diges-
tion process by aiding in the absorption of fats in the 
small intestine.10

There are multiple potential pathways for bacterial 
translocation and establishment of a microbial commu-
nity of the biliary system, including hematogenous entry 
into the liver and excretion into the biliary fluid or trans-
location through the duodenum. Based on recent stud-
ies, bacterial infections play a key role in the etiology of 
gallstone formation.11,12 These findings remind that the 
impact of microbiota on gallbladder diseases cannot be 
underestimated.13,14 
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Although bile is an inhospitable environment for bac-
terial growth, many studies have shown that Listeria 
monocytogenes and Salmonella spp. can stay alive in 
the gallbladder for long periods of time and induce in-
fections and gallstone formation.15–17 One study showed 
that Prevotella, Streptococcus, Fusobacterium, Hae-
mophilus and Veillonella, species were commonly found 
in bile duct of sclerosing cholangitis patients.18 Further-

more, the connection between the GM and bilirubin is 
well-established. Once conjugated bilirubin enters the 
gastrointestinal tract, it undergoes a series of transfor-
mations, ultimately converting into urobilinoids, which 
is then eliminated through feces. This metabolic process 
in the intestines is carried out by four specific bacteria: 
C. perfringens, Clostridium ramosum, Bacteroides fragi-
lis and C. difficile.19

Figure 1. Intestinal metabolism of bilirubin in adults after eradication of bilirubin-reducing microflora. Adopted from 
Vítek et al.20

A study proven that serum bilirubin levels increased 
dramatically in mice whose faecal urobilinoids were 
eliminated by oral clindamycin/neomycin administra-
tion. Subsequently, it was observed that faecal urobili-
noids reappeared with the intestinal colonization of C. 
perfringens. Current research reveals the important link 
between GM and the biliary system.20

Apart from diseased conditions, previously it was be-
lieved that a healthy biliary system was devoid of micro-
organisms, but it has now been discovered that the bil-
iary tract and gallbladder contain diverse communities 
of microorganisms even in non-diseased conditions.21–23

The finding of Helicobacter pylori has caused a major 
reconsideration of the stomach, which was once as-
sumed to be a sterile organ thanks to its acidic environ-
ment containing hydrochloric acid that was believed to 
prevent bacterial colonization. This has also led to a re-

assessment of the stomach’s potential for bacterial col-
onization.24 Likewise, the gallbladder does not have fa-
vorable environmental conditions for bacterial growth. 
However, many new studies have found many bacterial 
species that can colonize in these harsh conditions.25,26 
Nevertheless, the microbiota of the gallbladder is a rela-
tively understudied and poorly understood subject due 
to the difficulty of sample collection and complications 
in diagnostic molecular biology methods. The most im-
portant limitations of human studies investigating gall-
bladder microbiota are the difficulty of collecting bile 
from healthy individuals and the use of non-aseptic 
methods during duodenal catheterization, which can 
result in contaminated bile. Consequently, DNA contam-
ination can lead to inaccurate results. DNA contamina-
tion, especially in samples with low levels of biomass, is 
a factor to be considered in microbiota studies.27

According to a study of 102 people with biliary and 
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gallbladder-related diseases, patients with different 
gallbladder etiologies developed certain bacterial col-
onization. The results showed that Enterococcus spp., 
Pseudomonas spp. and Escherichia coli were the most 
common bacterial species in patients with gallstones.28 
According to research involving 20 patients with gall-
stones, the analysis of bile samples taken during a lap-
aroscopic cholecystectomy under sterile conditions in-
dicated that the predominant bacterial species present 
were Lactobacillus spp., Bacteroides spp., E. coli, and 
Bifidobacterium spp.29 In another study, healthy and 
gallstone diseased individuals’ bile microbiota were 
compared and novelly, specific bacterial communities 
were found in healthy individuals. The most abundant 
bacterial colonies in the healthy control group were, 
Bacteroidetes spp., Actinobacteria spp., Firmicutes spp. 
and Proteobacteria spp. while Veillonellaceae, Porphy-
romonadaceae, Prevotellaceae, and Bacteroidaceae 
were detected in patients with gallstones.30

On the other hand, investigating gallbladder microbio-
ta in animals is much more applicable than in humans, 
as it can be performed in a hospital setting using lab-
oratory and companion animals. Even so, gallbladder 
microbiome studies in animals are quite rare. In a new 
study comparing the bile microbiome of healthy dogs 
and dogs with gallbladder mucocele, researchers found 
differences in bacterial abundance and diversity similar 
to human studies. Then again, an important limitation 
of this research is the high prevalence of gene sequenc-
es from potential pathogens such as Enterococcus spp. 
and E. coli-Shigella that may occur as contaminants in 
extraction materials and reagents. The findings from 
this study do not provide evidence for a consistent core 
bile microbiome among the healthy control group. In-
stead, the data suggest that the microbiota in the bile 
is diverse and individual-specific, assuming there are no 
unaccounted contamination factors.9

In a study in 2022, researchers examined the gallblad-
der microbiome of healthy dogs and dogs with liver and 
gallbladder disorders. The findings revealed that the ca-
nine gallbladder microbiome exhibited some bacterial 
diversity, particularly in Proteobacteria, Firmicutes and 
Actinobacteria, which partially resemble the microbi-
ome found in humans. Interestingly, bacterial DNA was 
absent in the gallbladders of healthy animals, however 
in sick dogs, the bile microbiota showed differences ac-
cording to the organs affected and the type of disease 
present. As a result, it was observed that there is no nat-
ural microbiome in the bile of dogs, but instead, they 
carry a specific group of bacteria that are linked to the 
type of disease they have.31 Overall, it is clear that an-
imal studies on the gallbladder microbiome have not 
reached a consensus and further studies are needed.

1.2. Microbiota of laboratory animals

In the late 19th century, the dangers of working with 
laboratory animals began to be recognized. The many 
zoonotic diseases they carried threatened researchers 
and animal health and endangered the reliability of 
studies.32 In the mid-20th century, the application of the 
3R (refinement, reduction, replacement) rule rendered 
laboratory animals free of specific pathogens through 
advances such as cesarean section and barrier appli-

cations.33 Unfortunately, as a result, these laboratory 
animals, which are completely free of microorganisms, 
become entirely vulnerable to environmental opportu-
nistic pathogens and are easily infected with bacterial 
and viral diseases, making research results misleading. 
Shaedler et al.34, who recognized this challenge, iden-
tified commensal bacterial classes that are not related 
with disease and are naturally present in mice and was 
able to manipulate the microbiota of mice by intro-
ducing these selected commensal bacterial species to 
sterile mice or exposing them to their environment. In 
this way, only certain types of commensal bacteria are 
present in the microbiota of the mice and the influence 
of other bacteria is minimized. Shaedler flora, first de-
scribed in mice, consists of eight aerotolerant and aer-
obic bacterial genus. These species were Lactobacillus 
acidophilus, Group N Streptococcus, Streptococcus fae-
calis, Lactobacillus salivarius, Escherichia coli, a Clostrid-
ium sp., Bacteroides distasonis, and a fusiform bacterial 
species.34 The microbiota, later redesigned as ASF (Al-
tered Shaedler Flora), is the primary microbiota of many 
rodent breeding colonies.35

Many studies involving laboratory animals show that 
mice sharing the same genetic traits and belonging to 
the same litter have similar microbiomes.6,36 Especially 
in vaginally born mice, the first inoculum is the micro-
biome of their mothers. Subsequently, the microbiota is 
shaped by many factors such as different environmental 
conditions and gender and diversifies among different 
groups. As a result of a present study, the main phyla 
of healthy mice were Bacteroidetes and Firmicutes and 
the main genera were Ruminococcaceae, Bacteroides, 
Blautia, Lactobacillus, and Clostridioides. But, microbi-
ome analysis in diseased mouse races showed differ-
ences compared to healthy rats in terms of abundance 
and predominant bacterial genus. While the Firmicutes 
genus in the diseased group decreased compared to 
the healthy group, Clostridioides, Helicobacter, Entero-
bacter, Blautia, Bacillus, Clostridiales and Paenibacillus 
species decreased, Saccharimonas, Rikenella and Odor-
ibacter increased significantly.37

The 16s rRNA gene analysis in rats shows that the 
amount of bacterial genus in the rat intestines matches 
or exceeds those found in the human GM. Firmicutes, 
Actinobacteria, Proteobacteria, and Bacteroidetes were 
detected as the predominant bacterial groups in the rat 
intestinal microbiota, showing striking similarities to 
those found in humans.38,39 Yet, the microbiota of rats 
have some uncommon features compared to humans. 
Contrary to humans, Lactobacillus spp. compose an im-
portant part of the rat microbiota.38–40

Gastrointestinal diseases are very common in rabbit 
breeding, especially after weaning, and are associated 
with high mortality rates despite the use of prophylactic 
antibiotics.41 Especially in young rabbits, the cecal mi-
crobiome is a key point in the gastrointestinal system’s 
health. Therefore, enrichment and stabilization of the 
cecal microbiome may reduce the risk of gastrointesti-
nal diseases in weaning rabbits.42 A new study investi-
gating the gallbladder microbiome in rabbits based on 
age revealed that Firmicutes, Actinobacteria, Bacteroi-
detes, and Proteobacteria  were the most shared phyla 
in the gallbladder and that these 4 main phyla differed 
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in young and mature rabbits. Young rabbits had more 
Firmicutes and Bacteroidetes compared to adult rab-
bits, while young rabbits had fewer Proteobacteria and 
Actinobacteria compared to adults. The same study 
compared the gallbladder and fecal microbiome and 
found that the dominant bacteria by genus were signifi-
cantly different. The dominant species in the gallbladder 
were Bacteroides, Clostridiales and Acinetobacter while 
Ruminococcus Ruminococcaceae and Bacteroides were 
relatively abundant in the feces. The abundance of spe-
cies was superior in fecal matter than in the gallblad-
der.43

2. Conclusion

As established through general microbiota studies and 
insights gained from the examination of both human 
and animal gallbladder microbiomes, the significance of 
these microbial communities in maintaining health and 
influencing disease states is undeniable. The gallbladder 
microbiota, often overlooked in both human and veteri-
nary medicine, presents a realm of untapped knowled-
ge so it’s a topic that needs to be supported by further 
studies, and although it has complications such as the 
necessity of invasive methods and the fact that samples 
can be easily contaminated, It’s believed that this could 
offer a fresh outlook in the realm of microbiomes, bene-
fiting both human and animal healthcare.
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