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Basic and Bleich. Gnotobiotics: Past, present and future, pp. 232-243
Domain 3: Research
Domain 4: Animal Care

Primary Species: Mouse (Mus musculus)

 

SUMMARY: With this article, the authors give an overview of the use of gnotobiotic animals in biomedical research and consider historical aspects, when gnotobiotics developed in the late 19th century (with the rederivation of germ-free guinea pigs), then focus on the importance of husbandry practices that are necessary to maintain germ-free animals, mainly rodents, and then explain the use of gnotobiotic animal models in the microbiome research.

In the field of gnotobiotics, animals with a known microbiological state are used and the overall aim of gnotobiotic husbandry is to provide specific germ-free animal models for experimental procedures or as a source of new animals. This is performed by rederivation from conventional/SPF animals by hysterectomy or embryo transfer into the sterile environment of an isolator. The progeny of the colony born by rederivation can be maintained germ-free over multiple generations.

 

For long term maintenance and breeding of gnotobiotic rodent colonies, positive pressure isolators are used. Today they are commonly made of PVC. Keeping a positive pressure inside the isolator may prevent entry of pathogens through microscopic punctures on the isolator and at the same time keeps the isolator inflated.

For short term housing of gnotobiotic rodents, static gnotocages (Hannover gnotocages) or airtight sealed individually ventilated cages (Isocage system) can be used.

 

When working with gnotobiotic animals, microbiological monitoring needs to be regularly performed; the authors recommend doing this collecting bedding, food and fresh fecal pellets and testing by culture every 4 weeks, while animals should be tested by full necropsy and for the pathogens listed in the FELASA recommendations every 3-6 months.

 

Gnotobiotic animals are widely used as in vivo animal models to better understand the impact that the microbiome may have on host physiology and pathology. Gnotobiotics can also provide a platform for establishing standardized conditions that can reduce experimental variability and increase reproducibility. This can be achieved with different strategies: for example introducing into the germ free organism one/a few microorganisms at the time, or rather using minimal bacterial consortia so that the effect of a respective microbial population can be studied under highly standardized conditions.

Examples of this are the “ASF” (Altered Schaedler Flora), a model of eight bacterial species used to assess perturbations in the enteric microbiota upon infection with pathogens or colonization by other commensal; another example is represented by “The Oligo Mouse Microbiota”, a model composed by 12 bacterial species isolated from mice that represent the major bacteria phyla in the murine intestine.

Gnotobiotic mice can also be associated with complex human or rodent microbiota, by fecal transplantation using healthy or diseased individuals as donors: this strategy can be useful to reveal pathophysiological effects of the particular complex microbiota and may reveal microbiota-transferable phenotypes.

 

QUESTIONS
1. Give a definition of Gnotobiotics
2. What kind of animals does gnotobiotics include?

3. Positive pressure isolators are used for the long-term maintenance of gnotobiotic animals. Can you name the main components of an isolator?

4. Life in the germ-free environment may induce anatomical and physiological changes in rodent models. Name some of them.

5. What is an isocage?

 

ANSWERS
1. From the Greek words: gnotos = know and bios =life, gnotobiotics explores organisms whose microbial state is strictly defined/controlled

2. Gnotobiotic animal models include germ free animals which are free from all foreign organisms. It also includes animals colonized with single/multiple defined microorganisms.

They need to be distinguished from SPF animals that are free of particular pathogens but their endogenous microbiota is complex and undefined

3. Isolation chamber, port system, 1 air inlet and 1 air outlet filter, a blower maintaining positive pressure (pushes air into the isolator chamber), arm-length gloves.

4. Cecum size: can be up to 5 times larger than that of SPF animals; Immuno-system: Germ free mice display reduced number of gut associated lymphoid tissues, poorly formed T cells and B cell zones in the germinal center, reduced number of intestinal T cells and decreased IgA production

5. It works like a mini isolator and each cage represents a separate hygienic unit.  The airflow is driven mechanically and enters the cage by passing through a HEPA filter. When the cage is removed from its position in the isocage rack, the air inlet and outlet paths are sealed and no air circulation is possible.

Lundberg. Humanizing the gut microbiota of mice: Opportunities and challenges, pp. 244-251
Domain 3: Research; K3 & K7
Primary Species: Mouse (Mus musculus)
 

SUMMARY: There are profound differences between which microorganisms primarily colonize laboratory mice versus humans, which may make mice with a mouse-specific gut microbiota (GM) less translationally relevant. Humanizing the GM of germ free (GF) rodents is a frequently used tool to enhance translation to humans.

Humanizing the GM can take one of two overall paths: a reductionist or a holistic approach. The reductionist approach comprises mono- and multicolonizations with defined organisms and is based on control of which microorganisms are present in the host. This allows for precise mechanistic studies of function and host effects of specific organisms and their inter-organism synergies and interactions. 
 

There are no published reports regarding animal welfare issues related to the transfer of human GM to animals. However, anecdotally people have experienced transient morbidity or even mortality following oral gavage with human feces to GF mice.

 

Opportunities: The transfer of single organisms, simplistic communities or complex microbiota from humans to GF animals is a simple procedure usually undertaken by oral gavage of a microbial suspension. Once the human GM is established in the new hosts, it remains stable over time when the hosts are housed in isolators or individually ventilated cage systems.

There is robust evidence that a human GM in mice responds ecologically and metabolically to dietary changes. Within the area of infectious disease, human GM in mice also seem to be relevant, as shown by the ability to protect against Salmonella infection. A Clostridium difficile infection model functioned similarly to mice with a mouse GM, but the human GM model was expected to be more ecologically relevant. Linkage of GM composition to phenotype is not restricted to conditions in the gastrointestinal tract. GF mice colonized with GM from patients with multiple sclerosis (MS) had exacerbated symptoms of experimental autoimmune encephalitis compared with mice with GM from healthy controls, indicating a causative role of the GM in MS.

Recently, GF mice with cancer patient GM replicated patient responses to checkpoint inhibitor immunotherapy through mechanisms hypothesized to happen via immunological stimulation by the transplanted microbiota.

 

Challenges: Several reports describe an abnormal immunophenotype of mice with a human GM:

· The number of intraepithelial lymphocytes (IELs) was lower in GF mice with rat or human GM compared with mice colonized with a mouse GM. Only the mouse GM was able to change histological characteristics of the IELs and epithelial cells.

· GF mice with human GM had low levels of CD4+ and CD8+ T cells and antimicrobial peptide in the small intestine.

· Splenocytes of GF mice with infant microbiota produced lower amounts of cytokines involved in Thl, Th2 and Treg responses.

The immunological defects are hypothesized to be caused by lack of evolutionary adaptation to the host. It is well known that only a portion (between 44%-70%) of human GM is successfully transferred to mice. Mouse-to-mouse GM transfer reaches 93%. Rats however have a significantly higher colonization rate (75-76%)

 

Can We Overcome the Challenges? Most physiological, anatomical and immunological abnormalities of GF mice are normalized after colonization with a complex GM. However, irrespective of whether the GM transplant is murine or human, a GF period in early life prior to colonization alters immunological shaping and ability to confer colonization resistance against pathogens later in life. Hence, to allow for correct immunological development study mice should not be the parent ex-GF generation, but rather the offspring generations born with the GM.

Sex also influences the GM profile. GM from a male donor established differently in male and female mice, suggesting that alignment of donor and recipient sex may be necessary.

Several procedural steps from collection of the donor material, handling, and storage to the transfer itself and the conditions following transfer may affect colonization efficiency. Transfer of fresh versus frozen material works equally well, but the exact cryoprotection protocol, anaerobic conditions, single versus repeated gavage or the use of other administration forms may all influence transfer rate. A model-community of 10 bacterial strains from human feces was more successfully established in GF mice by separate monocolonizations and subsequent co-housing compared with one single administration of all 10 bacteria.

 

What Are the Alternatives? Laboratory mice with a GM from wild mice have significantly improved disease resistance due to a better poised immunological state, and provide a provocative alternative to the too-clean SPF mice. Rats have already been mentioned as potential superior recipients of human GM. Pigs are often proposed as more precise models of humans because of the highly comparable physiology. The GM of GF piglets colonized with human GM do indeed seem to have a good conformity with the donor. In the same study, the authors did several rounds of GM administrations to the piglets over 10 days, which may also have enhanced the colonization efficiency compared with rodent studies often relying on a single round of oral gavage.

Recently, a dog GM gene catalog was published and demonstrated that compared with the mouse and pig microbiome, the dog GM was most similar to the human GM. In some cases, it might even not be an animal model that is best suited. For instance, for nutritional and metabolic studies merely considering the intestinal ecological habitat without regard to host—microbiome interaction and immune system development, in vitro gut simulator systems could be a valid alternative.

 

QUESTIONS
1. An alternative to using GF recipients is to diminish the existing GM with broad-spectrum antibiotics:

a. For all cases

b. Only for reductionist approaches as long as it is realized that the colonization success can vary according to the microbial diversity in the host prior to antibiotic depletion

c. Only for holistic approaches (donors derived microbiota) as long as it is realized that the colonization success can vary according to the microbial diversity in the host prior to antibiotic depletion

d. Never

2. T/F: The host—microbiota interface is the most translational feature of the GM humanized mouse concept.

3. T/F: The loss of human GM bacterial strains, when transferred to animal recipients, is strain specific.

4. T/F: The major limitation of mice with human GM is the altered immunological shaping compared with mice harboring an SPF GM

 

ANSWERS
1. c
2. False
3. True
4. True
 

 

Viney. The gut microbiota of wild rodents: Challenges and opportunities, pp. 252-258

Primary Species: Mouse (Mus musculus)
SUMMARY: In this article the author reviews what is known about the gut microbiota of wild rodents, how the microbiota of wild and laboratory rodents compares and what important opportunities are provided by studying the gut microbiota in wild rodent populations. Various studies have concluded that there are significant inter-individual differences in the microbiota which are more pronounced than the variability caused by geographical location. Wild mice and laboratory mice were found to have a different microbiota. A study with the desert woodrat (Neotoma lepida) was conducted to answer the question of the extent to which the microbiota of wild animals persists when they are brought into captivity. During 6 months captivity there was a persistence of the wild microbiota, though the relative abundance of the community members changed. The reverse experiment where laboratory M. m. domesticus were released into the wild showed that the microbiota of these mice rapidly changed away from those of laboratory-maintained controls. 

The gut microbiota of mice has a profound effect on the immune response following virus infection, such that standard laboratory mice were killed by the infection whereas laboratory mouse which had received wild mouse microbiota were resistant. These different outcomes were due to reduced inflammatory response in the wild-mouse-microbiota mice. The immune responses of wild mice differ quantitatively compared with laboratory animals, having elevated humoral and cellular responses, but depressed cytokine responses. These immunological differences are likely due to the wild animals being exposed to more infections in the wild resulting in simulation of the immune system with down-regulation of some immune components being required to avoid inducing immunopathology. 

Other wild rodents have also been studied and a longitudinal two-year study with wood mice (Apodemus sylvaticus) showed marked seasonal changes in the composition of the gut microbiota which is hypothesised to be caused by the seasonal changes in the animals’ diet. 

The microbiota also plays a role in detoxification of components in the animal’s diet. It has been shown in wild woodrats that common dietary toxins can increase the diversity of the microbiota which detoxify the toxins, whereas novel toxins depress the microbiota diversity.  

Compared to laboratory mouse which have a relatively uniform microbiota, there is great inter-individual differences in the gut microbiota of wild mice. If laboratory mice are used as a model for human populations which also have a great inter-individual diversity, then the model’s validity and utility is severely compromised. Understanding how the microbiota community is constructed and maintained is a major theme in microbiota research. Fundamental to the approach of using laboratory animals to understand biological phenomena is allowing the variable under investigation to be manipulated while all other sources of variation are minimised. With this perspective the genotypic and phenotypic heterogeneity within wild animal populations would seem unhelpful. In fact, by studying heterogeneous wild systems, the results are directly relevant to real world settings rather than just being models with internal validity. 

QUESTIONS
1. What is external validity?

2. What is the fidelity of a model?

3. What is the high-fidelity fallacy? 

ANSWERS
1. The applicability of a result in a model species to another species i.e. humans

2. The fidelity of the model is the extent to which the model resembles the target in every aspect. 

3. It is a mistake to believe that a model must resemble every aspect of the system it models to have external validity. For example, using the mouse or rabbit uterus assay which resembles the reproductive state of women a lot (high fidelity) is less accurate than a home pregnancy kit (low fidelity)

Ericsson. The use of non-rodent model species in microbiota studies, pp. 259-270

Domain 3: Research
 
SUMMARY: Gut microbiota investigation and association to disease phenotype is complicated and often faces ethical problems. Animal models help the research of the timespan. Mostly rodent models are used but present some limitations. On one hand, invertebrates and zebrafish are cost-effective models and could be used instead of or alongside rodent models. On the other hand, rabbits, dogs and pigs are more relevant models for humans.

Invertebrates are used to study symbioses between the host and microbiota and the mechanisms to establish the relationships. The advantage of invertebrates as models are their short lifespan, the manipulability of their well-characterized genome and small size. Limitations are differences in gastrointestinal tract, microbial community and lack of adaptive immune system.

Zebrafish possess similarities to mammalian hosts, like adaptive immune system among others. Their transparent body wall and ex utero development allows the study of colonization by the gastrointestinal tract. They are also used to determine the role of the microbiota in disease models and the influence of probiotic bacteria. Limitations of the model are different environmental conditions, different microbial community and gut anatomy.

Dogs have a more similar GIT in size and structure to that of humans than rodent models. They are exposed to the same environmental conditions. Canine microbiota demonstrate a high degree of metabolic and phylogenetic similarity. Dog models are used for periodontal diseases, implant and IBD studies. Limitations are the cost and they are not easy to manipulate genetically.

Pigs are omnivores with a similar GIT to that of humans with also the most compositionally similar well-characterized fecal microbiota. Major limitations are cost and difficulty to generate genetically manipulated animals.

Rabbits are low cost and high fecundity animal models that are used in microbiota research although their cost is higher than in rodents.

 
In studies of host-associated microbiota, besides other similarities to humans, the investigator must consider other factors such as environmental factors and eating strategy to select the most appropriate animal model.
 
QUESTIONS
1.
In host-associated microbiota studies model species are selected based on:
a. Similarity to human anatomy, molecular basis, pathogenesis or response to treatment
b. Diet and eating strategy
c. Environmental factors
d. All of the above
2.
Non-rodent models are preferable for research on the microbiota than rodent models
3.
Invertebrates, zebrafish and rabbits easier to genetically manipulate than dogs and pigs although they are not able to model many diseases.
ANSWERS
1.
d

2.
False

3.
True

Hrncir et al. The role of gut microbiota in intestinal and liver diseases, pp. 271-280

Domain 3: Research; Task 3 - Design and Conduct Research; TT3.3. Animal models (spontaneous and induced) including normative biology relevant to the research (e.g., background lesions of common strains).

Primary Species: Mouse (Mus musculus)
SUMMARY
Introduction: Dysbiosis, compositional and functional changes of gut microbiota, are associated with a lot of human and animal diseases. 
Article Aim: It is discussed essential epidemiological data - pathogenetic factors (genetic and environmental nature factors) focusing on the role of gut microbiota in the development of selected gastrointestinal and liver diseases. 
1) 
Inflammatory Bowel Disease (IBD): IBD is a group of multifactorial disorders characterized by chronic relapsing inflammation of the intestinal wall and extra-intestinal organs. The most consistent finding in patients with IBD is reduced microbiota diversity represented mainly by a decrease in the relative abundance of Firmicutes phylum and an increase in Proteobacteria phylum. 
2) Colorectal Carcinoma (CRC): Gut microbiota and their metabolites are key players in CRC pathogenesis. The manipulation of the gut microbiome by dietary changes, prebiotics, probiotics, specific antibiotics, or fecal microbiota transplant (FMT) will become an indispensable tool in CRC management. 
3) 
Coeliac Disease: The most common form of immune-mediated food intolerance (genetically predisposed individuals by gluten in food) affecting about 1% of the European population. Most studies have consistently reported low levels of Lactobacilli and Bifidobacteria, and increased levels of Proteobacteria in both children and adults with active coeliac disease. 
4) 
Non-Alcoholic Fatty Liver Disease (NAFLD): Fructose-induced NAFLD is associated with alterations in gut microbiota composition as well as increased gut permeability resulting in endotoxin translocation, activation of Kupffer cells via TLR4 and M1 macrophages which leads to chronic hepatic inflammation and injury. 
5) 
Alcoholic Liver Disease (ALD): ALD-associated dysbiosis is characterized by an increase in Enterobacteriaceae and a decrease in Bacteroidetes, Lactobacillus and A. muciniphila.
6) 
Cirrhosis: Intestinal tract of cirrhosis patients is massively colonized by microorganisms usually associated with the oral cavity, such as Veillonela and Streptococcus demonstrating a significant fungal dysbiosis. 
Conclusions: Human gut microbiota is being altered primarily by lifestyle and environmental factors. Dysbiotic microbiota is associated with multiple chronic inflammatory diseases. Gut microbiota is a central player in the pathogenesis of chronic inflammatory diseases.

 

QUESTIONS
1. 
True or False. Gut microbiota is being altered primarily by lifestyle and environmental factors among others, lack of physical activity, stress, dietary changes, xenobiotics and medication.

2. 
Dysbiotic microbiota can influence the host’s immune system and mucosal integrity through a variety of mechanisms. These include:
a. Modulation of inflammasome signaling through microbial metabolites

b. Modulation of Toll-like receptor (TLR) and NOD-like receptor (NLR) signaling

c. Degradation of secretory IgA (sIgA)

d. Shifting in the balance between regulatory and pro-inflammatory T cell subsets

e. Direct mucolytic activity

f. All of them are true

3. 
Three major features typically characterize dysbiosis: 
a. Decrease in microbiota diversity which is associated with many chronic inflammatory diseases

b. Reduction or complete loss of beneficial microbes

c. Increased number of potentially pathogenic microbes (pathobionts)

d. All of them are true

 

ANSWERS
1. 
True

2. 
f. All of them are true.

3. 
d. All of them are true.

 

Hansen et al. Bacterial species to be considered in quality assurance of mice and rats, pp. 281-291

Domain 1: Management of spontaneous and experimentally induced diseases and conditions

Primary Species: Mouse (Mus musculus) and Rat (Rattus norvegicus)
SUMMARY: Microbiological quality of mice and rats is assured by screening for the absence of specific infectious organisms. Guidelines produced by FELASA define the bacteria to be screened for and help in harmonizing health monitoring programmes. However, it is debatable whether the FELASA listed infectious organisms represent the major risk that the use of rodent models will be unsuccessful. For example, some bacteria e.g. Citrobacter rodentium, Salmonella spp have not been found in microbiological surveys published within the past 15 years. The majority of bacteria on the list cause latent infections, but may impact on various models even in the absence of clinical signs e.g. Rodentibacter spp. (previously Pasteurella pneumotropica) may alter cytokine expressions. The bacteria may have an additional impact on immunodeficient mice. A few bacteria e.g. Filobacterium rodentium, Helicobacter may cause disease even in immunocompetent animals.

There are commensal bacteria that form part of the rodent microbiota but are not screened for because they are difficult to culture and identify. However, they can be detected by PCR and have been documented to affect specific models. Examples include Alistipes spp., Bacteroides fragilis, Prevotella copri, Proteus mirabilis and segmented filamentous bacteria (Candidatus savagella) which have a pro-inflammatory effect, while Akkermansia muciniphila, Bifidobacterium and Faecalibacterium prausnitzii have been found to have an anti-inflammatory effect.

To decide which bacteria to screen for, the authors suggest considering whether:

1.
The organism presents a risk to the animals (or presents a zoonotic risk)    
2. 
The infection in the animal will make a difference to research or welfare

Even where these criteria are met, the bacteria may not be equally relevant to the type of research. Some bacteria have been found to be crucial for some models but to ruin other models. For example, SFB have been found to facilitate IBD (inflammatory bowel disease) but counteract type 1 diabetes. Although the number of bacteria found to impact research/welfare will continue to grow, local needs should determine what organisms should be routinely screened for. This is likely to result in fewer bacteria on the list and screening can therefore be performed using molecular diagnostic techniques as these become cost-effective.

 

QUESTION (True or False)
1. 
Bacteroides fragilis enhances IBD while Faecalibacterium prausnitzii reduces the severity of IBD.

ANSWER
1. 
True
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