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Abstract 

 

 A germ-free animal is an experimental animal with no live microorganisms and parasites in its body. It is a powerful 
experimental tool for the study of the relationship between microbiota and host health. We reviewed the development 
history of germ-free animals and provide an overview of their application in medical research, such as intestinal 
microbiota, immunology and oncology. We provide references for research on microbe-related diseases. 
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Introduction 

Germ-free (GF) animal refers to an animal without 
any living organism or parasite inside and outside its 
body that can be detected with existing detection 
technology. A GF animal is free of microorganisms, 
such as viruses, Rickettsia and bacteria (including 
spirochetes and Mycoplasma), as well as fungi and 
protozoa (Al-Asmakh and Zadjali, 2015). The sterility 
referred to here is a relative concept, which means that 
the existence of living pathogens cannot be detected 
using existing scientific knowledge and detection 
methods. With the development of science, the animals 
are considered aseptic at present but researchers may 
be able to detect pathogens rather than GF animals in 
the future. Therefore, the term ''aseptic'' is relative 
(Wostmann et al., 1996; Al-Asmakh and Zadjali, 2015). 

GF animals are derived from the laparotomy of 
animals under aseptic conditions and artificial 
breastfeeding or breast replacement in an aseptic 
isolator. In rats, mice, guinea pigs, fish, invertebrate 
models such as drosophila have been successfully 
cultivated in recent years (Schwarzer et al., 2021). 

No uniform microbiological test method exists for 
GF animals; so, various test methods have been used 
(Arvidsson et al., 2012; Bhattarai and Kashyap, 2016; 
Qv et al., 2020). Some of these tests are plagued with 

issues regarding virus and Rickettsia examination. For 
example, in the most commonly used GF mice in 
laboratories, electron microscopy is used to prove that 
the leukemia virus still exists in thymocytes. Therefore, 
the so-called GF animals refer to animals in which 
bacteria, fungi, protozoa, and parasites cannot be 
detected in vitro and in vivo. 

The biological characteristics of GF animals are 
significantly different from animals of low microbial 
level (Reikvam et al., 2011). The differences are not 

limited to those caused by microorganisms and 
parasites but also affect host physiology, nutrition, 
metabolism and immune response. Compared with 
SPF animals, GF mice show signs of reduced muscle 
and muscle atrophy (Lahiri et al., 2019), proving that 

the gut microbiota contributes to the quality and 
function of mouse skeletal muscle. In addition, the 
number of intestinal mucosal villi of GF animals is 
increased and the shape is slender; the turnover rate of 
intestinal epithelial cells is reduced, the rate of 
intestinal wall material exchange is decreased and the 
rate of bile excretion of metabolites is also slowed 
down. GF animals die due to cecal expansion and a 
thin intestinal wall, which often causes cecal volvulus 
and rupture of the intestinal wall. When a GF animal is 
individually infected by any species of bacteria 
(Bacteroides, Salmonella, Streptococcus), the cecum 
will become smaller. Moreover, the lymphatic tissue of 
GF animals is poorly developed, the ability to produce 
gamma globulin is weak, the levels of IgM, IgG, and 
IgA in the serum are low, the number of various 
immune cells is reduced and the function is defective 
(Reikvam et al., 2011; Gordon and Pesti, 1971). 

Therefore, it is extremely sensitive to microbial 
infection and some microbes that are weak in 
pathogenicity and must be inoculated through the 
abdominal cavity or brain to infect ordinary animals 
can easily infect GF animals. 

The establishment of GF animal models has 
gradually matured after more than a century of 
development and has been applied to various life 
science fields, including infectious diseases, metabolic 
diseases, immune diseases, allergic diseases, 
respiratory diseases, vaccine development and so on 
(Al-Asmakh and Zadjali, 2015; Bhattarai and Kashyap, 
2016; Gonzalez et al., 2016; Maschirow et al., 2019; 
Torres et al., 2020) and significant progress has been 

achieved. Simultaneously, GF animals are important 
experimental tools for life science research. 

Development history of GF animals 

Since ancient times, humans have understood life 
phenomena through animals and animal experiments 
have had an irreplaceable role in the study of diseases 
and the production of medicines and cosmetics (Ulmer 
et al., 1964; Knudsen et al., 2019). The quality of the 

experimental animals determines the accuracy and 
rigor of the experiment, especially because a large 
number of microorganisms in experimental animals 
remarkably affect the accuracy of the experiment. At 
present, experimental animals are divided into 
conventional (CV) animals, clean (CL) animals, 
specified pathogen free (SPF), germ free (GF) animals 
and gnotobiological (GN) animals according to the 
degree of microbial purification through microbial 
control, quarantine, disinfection and caesarean section 
purification. The higher the microbial grade of 
experimental animals is, the higher the effectiveness of 
the experimental results. In recent years, with the 
deepening of disease research, GF animals have 
become the only tool used to explore the relationship 
between intestinal bacteria and diseases (Uzbay, 2019). 
The demand for GF animals among researchers is 
increasing. Thus, establishing a mature reproductive 
technology and population of GF animals is very 
important. 
 
Establishment process of GF animals: Within the scope 
of current sterility testing technology, no detectable 
microorganisms exist in the intestines of sterile 
animals. The successful breeding of GF animals 
depends on a complete sterile barrier system, including 
isolators, transfer windows, constant temperature 
heating equipment, lighting, lamps, UV germicidal 
lamps, air filters and others (Qv et al., 2020). In 

addition, the caesarean section operation, diet, 
drinking water, and experimental operation should be 
conducted under strict aseptic conditions. 

Historically, Pasteur first recognized the concept of 
germ-free life and gnotobiosis. He first put forward the 
concept of GF animal in 1885 and studied the 
relationship between bacteria and host. He believed 
that normal aseptic organisms did not exist and 
intestinal microbiota promoted the growth and 
development of animals (Pasteur, 1885). In 1895, 
Nuttall et al., obtained the first batch of GF animals (GF 

pigs) in the world through caesarean section. After 8 
days of artificial lactation, the guinea pigs were in good 
health, thereby confirming that the microbiota was not 
a necessary condition for the survival of animals. 
Unfortunately, these sterile guinea pigs survived for 
only 13 days (Nuttall and Thierfelder, 1897). After the 
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Second World War, with the emergence of antibiotics, 
life without microorganisms became a popular 
research topic (Kirk, 2012). Based on previous 
experiments, scientists developed the first batch of GF 
rats in 1940. In 1942, Baker et al., reported the study of 
sterile fish for the first time (Baker et al., 1942). In 1945, 

the Lobound research team in Notre Dame University 
successfully bred GF rats and established a simple GF 
rat breeding system (Reyniers et al., 1946). In 1959, 
Pleasants et al., successfully established GF mouse and 

rabbit models (Pleasants, 1959). In the same year, 
Miyakawa et al., perfected the technical details of 

aseptic experiment by developing remote control 
technology (Miyakawa et al., 1959). All the above-

mentioned GF animals were obtained by caesarean 
section and in an aseptic environment. In 2016, Schaeck 
M et al., prepared sterile sea bass juveniles by 

continuously adding bacteriostatic drugs. The 
acquisition of sterile sea bass effectively promoted 
research into fish juvenile diseases and the 
development of aquaculture (Schaeck et al., 2016). The 

establishment of GF animal populations provided an 
efficient and reliable experimental tool for the study of 
the causal relationship between microbiota and host 
health and played an important role in the study of 
intestinal microbiota, immunity and metabolism. 
 
Development history of barrier facilities for GF 
animals breeding: Three types of positive pressure 
isolators are used to create a sterile cultivation 
environment, as well as surgical, transitional and 
breeding isolators. The surgical isolator is used for the 
caesarean section of aseptic animals. The experimental 
materials outside the sterile environment enter the 
feeding isolator through the transition isolator and the 
feeding isolator provides a sterile daily feeding 
environment for GF animals. The development history 
of cultivation barrier facilities is as follows. In 1895, 
Kijanizin et al., used aseptic apparatus to cultivate GF 

rabbits (Wang, 2006). During this period, the diet and 
drinking water of GF rabbits were kept sterile; 
however, the weight of the rabbits decreased 
continuously and they finally died (Nuttall and 
Thierfelder, 1897). In 1928, Reynier et al., creatively 

developed the first metal isolator for the cultivation of 
the first sterile rats in the world (Reyniers, 1932). In 
1959, Mr. Miyagawa of Japan took stainless steel as the 
main part of the isolator and added glass windows and 
a precision manipulator with remote control to 
facilitate the experimental operation (Miyakawa et al., 

1959). However, the isolator had obvious 
shortcomings, was bulky and was inconvenient to 
move; moreover, it was costly to operate (Miyakawa et 
al., 1959). In the same year, Gustafsson's group used 

thin-walled stainless steel aseptic tanks. Before the rats 
were raised to the seventh generation, the bacteria in 
their feces were sterile and there was no obvious virus 
(Gustafsson, 1959). In 1957, Lobound et al., in Notre 

Dame University used non-toxic PVC film as the main 
part of the isolator and developed a plastic isolator for 
the first time (Trexler and Reynolds, 1957; Trexler, 
1959). Compared with metal and stainless steel 
isolators, plastic film isolators are lightweight, have a 
simple manufacturing process, are easy to sterilize and 

cost only a few tenths of the price of metal isolators. 
Thus, plastic film isolators were widely promoted. 

In recent years, the isolators used in GF animal 
laboratories are mostly made of plastic film, thereby 
ensuring that the isolators are in a sterile state for a 
long time and guaranteeing the safe production of GF 
animals. In 2015, Paik J et al., invented a sealed positive 
pressure box to replace the membrane isolator as the 
main body of the aseptic environmental barrier system 
(Paik et al., 2015). This device saves space and further 

reduces manufacturing costs, thereby achieving ideal 
results. With the continuous development of isolators 
(from steel to polyvinyl chloride plastic), caesarean 
section, high-pressure steam sterilization and the use 
of artificial galacto nutrition, researchers in many 
countries have kept GF rats and mice for several 
generations until an advanced age. 

Application of GF animal models 

Mammals have 10 times as many symbiotic 
bacteria in their intestine as there are cells in their 
bodies (Slack et al., 2009). The dynamic balance of the 

human internal environment is inextricably linked 
with a large number of microorganisms. These 
microorganisms are distributed in multiple parts, 
including the skin, digestive tract, respiratory tract and 
endocrine system (Costello et al., 2009). However, 

microorganisms are mostly in the intestines; thus, 
research on the interaction between a microorganism 
and its host is focused on the intestinal microbiota 
(Frank and Pace, 2008).  

The effect of intestinal bacteria on the body is 
double-sided. On the one hand, intestinal microbiota 
has a protective effect on the body. The normal 
microbiota adheres to, colonizes and reproduces in the 
intestinal mucosa and can synthesize or transform 
many metabolites, including hormones, essential 
vitamins and other bioactive substances (Grover and 
Kashyap, 2014). In addition, intestinal microbiota can 
participate in host energy metabolism through a 
variety of ways (Grover and Kashyap, 2014). On the 
other hand, abnormal intestinal microbiota can cause 
disease. The changes of intestinal microbiome affect 
the pathogenesis of many diseases, such as liver 
disease (Albhaisi et al., 2020) and tumor 
(Gopalakrishnan et al., 2018). The imbalance between 

normal intestinal microbiota and pathogens plays a 
key role in the development of diseases. 

These research results are largely derived from the 
study of GF animals. As the animals with the clearest 
microbial background, GF animals are indispensable 
tools for studying the function of the microbiota and 
the interaction between the intestinal microbiota and 
the host. At present, GF animal models are widely used 
in various fields of life sciences, including 
immunology, oncology, liver disease and the gut-brain 
axis (Table 1). Fecal microbiota transplantation (FMT) 
is a method to introduce (transplant) the intestinal 
microbiota obtained from the feces of healthy donors 
into the gastrointestinal tract of patients, directly 
change the intestinal microbiota of recipients, 
normalize its composition and obtain therapeutic 
benefits (Wang et al., 2019). This method is an 
important method to study the role of microorganisms 

https://xueshu.baidu.com/s?wd=author%3A%28JR%20Pleasants%29%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight%3Dperson
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in sterile animal models and as a new disease 
correction therapy. The steps of FMT, including the 
selection of donors, the preparation of fecal bacterial 
fluid, the way of transplantation and the indications, 
are constantly updated in the application (Wang et al., 
2019; Routy et al., 2018), showing a broad research 

prospect. In recent years, the study of using FMT to 
determine the role of microbiome in sterile animal 
models has gradually increased. Studies have shown 
that the transplantation of fecal microbiota (FMT) from 
cancer patients who respond to immune checkpoint 
inhibitors (ICls) into sterile mice improves the anti-
tumor effect of PD-1 blockade, while FMT from 
patients who do not respond to ICls has no such effect. 
Therefore, it was found that the main resistance to ICls 
could be attributed to the abnormal composition of 

intestinal microbiome (Routy et al., 2018). In other 

studies, feces of mice with different diets were 
transplanted into GF mice, to determine the direct role 
of cholesterol regulating bacteria in non-alcoholic fatty 
liver disease (NAFLD) associated hepatic carcinoma 
(HCC). The feces of GF mice fed with high-fat/high 
cholesterol mice were characterized by liver fat 
accumulation, inflammation and cell proliferation. In 
addition, atorvastatin restored cholesterol induced 
intestinal flora disorder(Zhang et al., 2020), indicating 

that cholesterol induced NAFLD-HCC formation was 
related to intestinal flora disorder. In view of the 
special application value of GF animals, the number of 
Science Citation Index (SCI) papers published on GF 
animals has increased rapidly in recent years (Figure 
1). 

 

 
Note. PubMed database was used to search for documents with the search term of “Germ-free animal.” The search value date is 12 
February, 2022. 
 

Figure 1 Number of SCI papers published on GF animal application over the years 
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Table 1 Application of GF animal experiment in life science research 
   

DC RI Experimental Model Phenotype of GF Animals Compared with Controls Ref 

Imm 

iNKT oxazolone-induced colitis significantly higher numbers of iNKT cells Olszak et al., 2012 

IgA  fecal microbiota, human diet “intrinsic” properties of bacterial members play a dominant role in 
dictating IgA responses. 

Planer et al., 2016 

MTC Intestinal colonization expansion of the CD4+CD25+Foxp3+Treg cell population in the 
colon lamina propria 

Geuking et al., 2011 

IGL FMT the number of B cells and levels of IgG and IgA are considerably 
amplified 

Li et al., 2020 

IgG1  colonized with the ASF+Akk 
microbiota 

mounted IgG1 and IgA antibody responses specific for 
Akkermansia muciniphila, which had very consistent titers between 
mice 

 Ansaldo et al., 2019 

IgA+- FMT the IgA+ taxa from the kwashiorkor twin proved lethal in germ-
free murine recipients; IgA+ taxa from the healthy twin were well 
tolerated. 

 Macpherson et al., 
2018 

Onc 

Mel FMT from the patients gut 
microbiome of responders 

tumor growth↓, RORγT+ Th17 cells ↑,CD45+ immune and CD8+ T 
cells↑, responses to anti-PD-L1 therapy↑, and enrichment of innate 
effector cells↑ 

 Gopalakrishnan et 
al., 2018 

CRC transplanted With CRC 
Stools 

proportion of Ki-67-positive cells↑, proportions of Th1 and Th17 
cells↑, genes involved in cell proliferation, apoptosis, angiogenesis, 
invasiveness, and metastasis↑ 

Wong et al., 2017 

ET FMT from patients who 
responded to ICIs, then 
treated with CTLA-4 and 
PD-1 mAb 

tumor growth delay, PD-L1 in splenic T cells↑,and restored the 
antitumor activity of simultaneous CTLA-4 and PD-1 blockade 

 Routy et al., 2018 

LC1 lung cancer induced by Kras 
mutation and p53 loss 

tumor burden↓, tumor numbers↓, percentages of high-grade 
lesions↓, tumor cell proliferation↓, RORγt expression,and IL-
17production in γδ T cells↓ 

Jin et al., 2019 

GC FMT with genotyped 
Helicobacterpylori strains 

Six members of the 15-strain panel from the casecontrol study 
were recoverable as viable organisms from the stomachs of ex-
germ-free 1, 3/4 FT mice. 

 Singh et al., 2018 

LC2 TLR5-deficient mice were 
fed with irradiated inulin-
containing diet 

did not recapitulate either hyperbilirubinemia or hepatocellular 
carcinoma 

 Singh et al., 2018 

Hep 

ALD single gavage of alcohol Lack of intestinal microbiota in GF mice increases the 
susceptibility to alcohol metabolism and alcoholism in the liver 

 Chen et al., 2015 

NAFLD-
HCC 

High-fat/high-cholesterol 
diet 

Mucispirillum, Desulfovibrio and Anaerotruncus↑; 
Bifidobacterium and Bacteroides↓ 

 Zhang et al., 2021 

ALI acetaminophen-induced 
liver injury; Combination 
treatment with four 
antibiotics 

improved  Gong et al., 2018 

LC3, HE Reduction in 
neuroinflammation by using 
samples from post-FMT 
patients to colonize GF mice 

a direct effect of fecal microbiota independent of active liver 
inflammation or injury 

 Liu et al., 2020 

MGBa 

PD OD of specific microbial 
metabolites 

Promoted neuroinflammation and motor symptoms  Sampson et al., 2016 

SCH FMT from patients with 
schizophrenia 

hyperactivityand reduced anxiety; exaggerated startle response to 
high-decibel tones (120 db) 

 Zheng et al., 2019 

ASD Colonized with human 
samples from ASD 

Bacteroidetes, Bacteroides, and Parabacteroides ↓; 
Akkermansia, Sutterella, and Lachnospiraceae↑ 

 Sharon et al., 2019 

AD mouse models of AD microglial amyloid-β uptake↑  Mezö et al., 2020 

MDD FMT from MDD patients depression-like behavior↑, absence of GM produces decreased 
immobility time in the forced swimming test. 

 Zheng et al., 2016 

DC: Disease category; RI: Research Indicators; Imm: Immunological/Immunology; iNKT: iNKT Cell Function; IgA: Gut mucosal IgA 
responses; MTC: Mucosal Treg Cells; IGL: immunoglobulin levels; IgG1: titers of serum IgG1 responses against Akkermansia 
muciniphila; IgA+-: proinflammatory relevance of IgA+-enriched taxa; FMT: Fecal microbiota transplants; CTLA-4: cytotoxic T 
lymphocyte-associated protein 4 ; PD-1:programmed cell death protein 1; Onc: Oncology; Mel: Melanoma; CRC: Colorectal cancer; 
ET: Epithelial tumors; LC1: Lung cancer; GC: Gastric cancer; LC2: Liver cirrhosis; Ref: Reference; Hep: Hepatology; ALD: Alcoholic 
liver disease; NAFLD: Nonalcoholic fatty liver disease; HCC: Hepatocellular carcinoma; ALI: Acute (toxic) liver injury; LC3: Liver 
cirrhosis; TLR5: Toll-like receptor 5; HE: Hepatic encephalopathy; CCl4, Carbon tetrachloride; DEN, Diethylnitrosamine; LI: Liver 
injury; OD: Oral administration; GM: Gut microbiota; MGBa: Microbiota-gut-brain axis; PD: Parkinson's Disease ; SCH: Schizophrenia; 
ASD: Autism spectrum disorder ; AD: Alzheimer's disease; MDD: Major depressive disorder; GM: Gut microbiota. 
 
Immunological research: The unique aseptic state of 
GF animals means their systemic immune system is 
always in a dormant state; thus, they can be used as a 
living test tube to establish a simplified microbial co-
system composed of a single microbial species or a 

mixture of specific species (Hooper et al., 2012). GF 

animals are ideal for immunology research. 
The microorganisms on the mammalian body have 

a highly symbiotic relationship with the immune 
system. The gut microbiome continually interacts with 

http://www.sciencedirect.com/science/article/pii/S0278584620304589


6                                                                                               Guo R. et al. / Thai J Vet Med. 2023. 53(1): 1-13. 

 

the immune system and is critical to host 
physiology.  John Rawls summarized the regulatory 
role of symbiotic flora in the germ-free zebrafish model 
of innate immunity in vertebrates, and found that the 
germ-free animal model system is crucial to determine 
the changes in the function of innate immune cells and 
intestinal physiological microbial dependence during 
the development of disease ( Murdoch and Rawls, 
2019).  However, the invasion of pathogenic bacteria 
still promotes the occurrence of certain diseases and 
poses a threat to health.  Parasitic bacteria and their 
metabolites profoundly affect the development and 
regulation of the mammalian immune system. Bacteria 
decompose carbohydrates into short chain fatty acids 
by anaerobic fermentation, such as butyrate and 
acetate (Lu et al., 2016; Nobili et al., 2019; Yao et al., 

2021). These metabolites can affect the production of 
cytokines and the function of macrophages and DC 
cells; they can promote Treg differentiation (Geva-
Zatorsky et al., 2017). The gnotobiotic animal model 

established by colonizing known bacteria in germ-free 
animals can be used to explore the relationship 
between specific bacteria or bacterial metabolites and 
the immune system. The immune system of GF 
animals is not fully developed due to the lack of 
intestinal microorganisms, which greatly increases 
their susceptibility to bacterial infection (Björkholm et 
al., 2009). Compared with normal mice, the contents of 

immunoglobulin IgA, IgG and IgM in sterile mice were 
significantly lower; the goblet cells producing mucus 
were fewer and smaller; the mesenteric lymph nodes 
were fewer; and the immune deficiency of 
gastrointestinal tract made the sterile mice more 
vulnerable to infection. However, these defects can be 
corrected by colonization of symbiotic bacteria 
(Manolios et al., 1988; Macpherson et al., 2001; Fessler et 
al., 2019). Hapfelmeier and Macpherson (2010) 

reported on a reversible sterile colonization system in 
mice. It was observed that a long-lived, highly specific 
anti-symbiotic IgA response appeared slowly in GF 
mice. On the other hand, the intestinal tract of sterile 
mice was continuously exposed to symbiotic bacteria. 
The reaction disappears quickly (Hapfelmeier et al., 

2010). Thus, the body's various immune functions 
match the composition of the intestinal commensal 
bacteria, then applying gnotobiotic technology to 
commonly used GF animal model has facilitated 
dissection of the influence of commensal microbes on 
host physiologies and to clarify the mechanism of 
autoimmune disease.  
 
Oncology research: Intestinal microbiota is an 
independent organ and plays an important role in 
human health. It serves as a barrier to prevent bacterial 
invasion and infection; the maintenance of healthy 
intestinal microbiota can help patients resist cancer 
(Routy et al., 2018). In addition, the analysis of 

metagenomic sequencing technology shows that 
disorders or imbalances in the normal intestinal 
microbiota can be used as risk factors for a variety of 
diseases, including cancer. Abnormal intestinal 
microbiota may become a driving factor for cancer-
promoting properties, because it produces gene toxins, 
alters immune responses and activates cancer signal 
pathways, eventually causing tumors, leading to 

resistance to anti-cancer drugs (such as immune 
checkpoint inhibitors) and affecting the efficacy of 
hematopoietic cell transplantation, chemotherapy and 
immunotherapy (Routy et al., 2018; Temraz et al., 

2019).The microbiota has become a key regulator of 
carcinogenesis and anticancer and the related 
mechanism of microbes has attracted wide attention in 
oncology research (Ramírez-Labrada et al., 2020; Hu et 
al., 2021).  

In recent years, GF rodents have been widely used 
in many fields, such as research on the mechanism of 
microbial carcinogenesis, the determination of cell and 
molecular mediators for effective tumor intervention 
targets and the search for anticancer drugs 
(Gopalakrishnan et al., 2018; Jin et al., 2019; Xia et al., 

2021). The whole body lymphoid tissue of a GF animal 
is underdeveloped and the level of antibodies is low. A 
GF animal is more sensitive to danger signals and 
inflammatory stimuli and is suitable for cancer 
transplantation experiments. Moreover, the drive of 
harmful bacteria or the reduction of protective bacteria 
to produce carcinogens is the inducement of cancer 
(Wong et al., 2017). In 1975, the incidence of colon 

adenoma in GF rats was found to be significantly 
higher than that in conventional rats, thereby 
confirming the correlation between intestinal 
microbiota and colorectal cancer (Weisburger et al., 

1975).A subsequent preclinical study showed that the 
adoptive transfer of Bifidobacterium fragilis reactive 
CD4 + T cells could enhance tumor control in GF mice 
and restore the efficacy of anti-CTLA-4 (Vétizou et al., 

2015). Colonizing a single strain or a group of known 
bacteria into the intestines of sterile animals could 
systematically and deeply explore the role of specific 
microbiota in tumor occurrence and development 
(Wong et al., 2017; Sobhani et al., 2019), which would 

provide an important reference for people to 
comprehensively understand tumor pathogenesis, 
prevention and treatment. 
 
Hepatology research: With the increasing incidence 
rate of infectious and non-infectious liver diseases 
worldwide, the interest in research on intestinal 
microbiota has increased rapidly (Chen et al., 2021). 

Intestinal microbiota is regarded as a “new virtual 
metabolic organ” (O"Hara and Shanahan, 2006) that 
connects the gut with extraintestinal organs, such as 
the kidney, brain and cardiovascular system (Konturek 
et al., 2018). In recent years, with the continuous 
deepening of liver disease research, the gut–liver axis 
has received an increasing amount of attention. The 
diversity and functional imbalance of intestinal 
microbiota may be related to the pathogenesis of 
various liver diseases, such as alcoholic liver disease, 
nonalcoholic fatty liver disease, fibrosis/cirrhosis, 
acute (toxic) liver injury, and hepatocellular carcinoma 
(Hartmann et al., 2019; Chen et al., 2021). Generally, 

intestinal microbiota affects liver diseases by changing 
diet metabolism and calories. It increases intestinal 
permeability , damages the intestinal barrier and leads 
to bacterial translocation. Bacterial metabolites 
penetrate the intestinal barrier into the portal blood 
and reach the liver, thereby damaging the metabolism 
of bile acid and enterohepatic circulation and 
promoting intestinal dyskinesia and systemic 
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inflammation. All of these conditions may lead to 
intestinal dysfunction, which in turn increases liver 
damage (Figure 2). However, specific intestinal 
probiotics can prevent the occurrence of and reduce 
NAFLD (Yao et al., 2021). In addition, the stage of liver 

injury is closely related to the severity of intestinal 
disorders (Schnabl and Brenner, 2014; Bajaj et al., 2014; 
Albhaisi et al., 2020). These are the key roles of 

intestinal microbiota in liver disease, which may have 
a positive impact on future treatment strategies. 

 

 
 

Figure 2 Gut microbiota and liver disease 
 

GF rodents play a central role in elucidating the 
function of intestinal microbiota in the pathogenesis of 
liver diseases. Aseptic state has different effects on 
various animal strains; even when the same strain is 
used, opposite results are obtained in various liver 
disease studies (Canesso et al., 2014; Chen et al., 2015). 
Compared with the traditional experimental animals, 
GF rodents have different phenotypes in terms of liver 
diseases, which may be related to the imperfect 
immune system and the significant changes of 
physiological indexes, such as lipid, cholesterol and 
bile acid metabolism (Hartmann et al., 2012; Albhaisi et 
al., 2020). GF animals themselves may not produce 

results that reflect human physiological characteristics. 
To better reproduce human diseases in rodents, we can 
combine them with human intestinal microbiota and 
even “humanized” GF mice (Albhaisi et al., 2020). 

Many disease studies are difficult to carry out in 
humans due to ethical considerations. Only by 
combining human microbiota with GF animals can 
clinical relevance be established. An example of such a 
scenario is represented in a study on alcoholic 
hepatitis. Microbiota from human alcoholic hepatitis 
patients were transplanted into GF mice, which was 
followed by transplantation with microbiota from 
severely ill patients; these mice showed susceptibility 
to more severe liver disease (Llopis et al., 2016). The 

gnotobiotic animal models based on GF animals allow 
researchers to study bacteria that do not exist in mice 
and to eliminate the influence of microorganisms in 
mice but not in humans, thereby promoting the early 
use of microbiome-centric therapy in clinical 
treatment.  

 
Microbiota-gut-brain axis research: In recent years, an 
increasing number of people have discovered that the 
resident microbiota can have a considerable impact on 
the brain and behavior. Thus, the concept of microbe–
gut–brain axis has been proposed. Intestinal 
microorganisms have abundant biotransformation 
ability and can produce a series of bioactive substances 
through metabolism. These substances participate in 
the signal transmission between the gastrointestinal 
tract, nervous system and immune system and can 
potentially influence brain and behavior (Tremblay et 
al., 2021; Foster et al., 2016).This two-way 

communication occurs through a variety of 
mechanisms, including binding to receptors in the host 
brain, tryptophan metabolism, the alteration of central 
nervous transmission, and the regulation of 
neuroinflammation, which altogether constitute the 
microbe–gut–brain axis (Cryan et al., 2019; Tremblay et 
al., 2021). Research on the potential effects of 

pathogenic bacteria and probiotics on mental health, 
neuro developmental diseases and neurodegenerative 
diseases is based on animal experiments. Changes in 
the behavior of animals in a carcinogenic environment 
and immunodeficiency have been observed in studies; 
such behavior can be rescued by specific microbial 
colonization or probiotic application (Luczynski et al., 
2016; Cryan et al., 2019). Future research will focus on 

the elucidation of the mechanism of microbiota–gut–
brain axis and will attempt to clarify microbe-based 
intervention and treatment strategies for 
neuropsychiatric diseases. 

http://www.sciencedirect.com/science/article/pii/S0278584620304589
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Animal models are essential in linking the 
regulation of basic neural processes, such as 
neurogenesis and myelin sheath formation, to the 
activation of microglia microbiomes. A study using 
aseptic animals without any microorganism can 
introduce specific bacteria or complete microbial 
groups in any developmental node, which will provide 
convincing evidence of the role of bacteria in intestinal 
brain signals (Bercik et al., 2011; Yano et al., 2015; Zheng 
et al., 2019). The movement disorder of Parkinson's 

disease is consistent with the aggregation of α-
synuclein. In a study on Parkinson’s disease in SPF 
mice and humans, significant aggregation of α-
synuclein was observed in the brain area of affected 
substantia nigra striatum pathway, whereas the 
aggregation of α-synuclein in sterile mice was 
significantly reduced (Sampson et al., 2016). The 

number of insoluble α-synuclein in the brain of sterile 
mice was significantly decreased, indicating that 
microbiota could regulate the promotion of the 
accumulation of α-synuclein or prevent the 
accumulation and clearance of insoluble protein. 
 
Stomatology research: Nearly 90% of the cells in the 
human body come from the microbiota and only a 
small number of cells come from the host (Shoemark 
and Alen, 2015). The oral cavity, as the starting point of 
the digestive system, contains more than 700 bacteria 
(Wu et al., 2018). The oral microbiota helps maintain the 
homeostasis of the oral environment (Schindler et al., 

2012) and may also be a risk factor for systemic 
diseases, including rheumatoid arthritis (Graves et al., 
2019), diabetes (Xiao et al., 2017) and cardiovascular 
disease (Xiao et al., 2015). Altogether, the acquisition of 

oral bacteria is very important to human health.   
The establishment of the GF animal model provides 

the most critical experimental tool for the study of oral 
diseases. Relevant results with GF animals as the 
research object show the following. 1. Bacteria are the 
key cause of dental caries, among which Streptococcus 
is the most effective (Wu et al., 2018; Graves et al., 2019). 

2. The immune monitoring mechanism on normal oral 
microbiota and symbiotic bacteria mediate the 
catabolism of healthy periodontal tissue in the 
regulation of alveolar bone homeostasis (Irie et al., 

2014). 3. Changes in microbial community composition 

or bacterial pathogenicity are related to other dental 
diseases (such as gingivitis, periodontitis and dental 
plaque) (Marchesan et al., 2018; Graves et al., 2020). GF 

animals make it possible to study various pathogenesis 
events in vivo and provide a scientific basis for the 
prevention of oral diseases. 

Discussion 

After more than a century, extraordinary 
achievements have been made in the development of 
GF animals. GF and gnotobiotic animal models 
provide relatively ideal experimental tools for the 
occurrence and development of microbe-related 
diseases (Figure 3). Fig.1 provides an overview. In 
2007, the number of international GF animal-related 
SCI papers began to exceed 100 (103) and showed a 
rapid growth trend. This is the beginning of the New 
Year of 2022 and statistics show that the number of SCI 
papers published in 2021 has slightly decreased. I think 
this is partly due to incomplete data statistics during 
this period and also indicates that the application of 
germ-free animals has reached a relative peak. In the 
past two years, the corona virus disease 2019 (COVID-
19) spread all over the world, many countries and 
industries shut down and it is understandable that the 
number of papers published by SCI has indeed 
declined. However, the future development of GF 
animals has potential and is worth looking forward to. 
GF animal models, such as GF rats and mice, have been 
widely used in the study of human and animal diseases 
in the immune system (Björkholm et al., 2009; 
Vaishnava et al., 2011; Geva-Zatorsky et al., 2017), 
digestive system (Costello et al., 2009; Grover and 

Kashyap, 2014; Al-Asmakh and Zadjali, 2015), nervous 
system (Foster et al., 2016; Luczynski et al., 2016) and 
reproductive system (Chen et al., 2020). Undoubtedly, 

GF animals have contributed greatly to life science 
research and gnotobiotic biotechnology is particularly 
important in identifying the main subgroups of 
functional microorganisms, the microbial genes and 
products that mediate these functions and the host 
pathways that transduce these microbial signals 
(Rogala AR et al., 2020) but there is still plenty of room 

for improvement. 

 

 
 

Figure 3 GF animal technology is an important way to study the relationship between microbiota and disease 
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Perspectives on the application of GF animals in the 
research of microbe-related diseases indicate that the 
physiological structure (skin, coat, or opharynx and 
others) of GF animals (such as mice), co-eating 
behavior and social lifestyles are different from those 
of humans. Meanwhile, the objective factors, such as 
individual life pressure, emotional fluctuation, and 
diet status, undoubtedly affect the human microbial 
community. These differences lead to the difficulty in 
the full simulation of the real situation in humans by 
human-derived microbiota animal models. The 
experimental results obtained cannot be directly used 
in the clinic. Furthermore, although the information 
obtained by comparing GF animals with SPF animals 
or bacterial colonization can provide clues to the 
occurrence and development of diseases, such as gut–
brain axis and tumor and liver diseases, the underlying 
mechanism is still unknown. Therefore, translating the 
results of research using aseptic animals to specific 
methods of disease prevention and control is difficult.  

Many studies have shown that the regulation of 
intestinal microorganisms on host metabolism and 
diseases occurs in the gut; moreover, such 
microorganisms can use their metabolites (such as 
short-chain fatty acids) to act on remote target tissues 
and even form two-way regulatory pathways with 
multiple remote tissues and organs (such as gut–liver–
brain, gut–lung, and enteropancreatic axes) (Kamvissi 
et al., 2015; Dumas et al., 2018; Tremblay et al., 2021; Yao 
et al., 2021). The latest research by Dr. Lanjuan Li and 

Prof. Siew C has shown that the occurrence and 
development of COVID-19 and secondary bacterial 
infections are significantly associated with intestinal 
microbiota, and the gut–pulmonary axis is the 
structural basis of interaction between the novel 
coronavirus and intestinal microbiota (Tang et al., 2020; 
Zuo et al., 2020). Moreover, the improvement of 

intestinal microbiota may be a new way to prevent and 
treat COVID-19. However, to further discover how 
novel coronavirus and the intestinal microbiota can 
achieve long-distance communication, we need to 
prepare humanized animal models for research on the 
pathogenesis of novel coronavirus. Besides COVID-19, 
the mechanism research, drug preclinical testing and 
vaccine evaluation of many infectious diseases are 
inseparable from GF animal models, especially 
humanized animal models based on GF animals. Thus, 
with the continuous development and improvement of 
single or multiple humanized mouse models, such as 
the humanization of pathogenic factors (bacteria, 
viruses, and others), the humanization of intestinal 
microorganisms and the immune system, as well as GF 
animal technology, can be further fully applied to 
various studies involving the intestines. The 
effectiveness of preclinical research results of many 
diseases will increase, thereby providing more reliable 
information for clinical research and ultimately 
helping humans overcome many difficult diseases. 

In conclusion, the germ-free animal is a powerful 
experimental tool for the study of the relationship 
between flora and host health. We have reviewed the 
development history of germ-free animals and provide 
an overview of their application in medical research, 
such as intestinal flora, immunology and oncology. We 

provide references for research on microbe-related 
diseases.  
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