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Application of germ-free animals in the research on the
mechanisms of microorganism-host interactions

SHI Weixiong'"?, LI Xue'?, ZHU Hua'?, SU Lei'?", QIN Chuan'?

1 NHC Key Laboratory of Human Disease Comparative Medicine, Institute of Laboratory Animal Sciences,
Chinese Academy of Medical Sciences, Beijing 100021, China

2 Beijing Engineering Research Center for Experimental Animal Models of Human Critical Diseases, Chinese
Academy of Medical Sciences, Beijing 100021, China

Abstract: Germ-free animals refer to the animals in which bacteria, fungi, actinomycetes,
mycoplasma, chlamydia, spirochetes, rickettsia, viruses, protozoa, and parasites cannot be
detected in any part of the body and in vitro by modern technologies. Since germ-free animals
do not carry any microorganism, they can be modeled into the animals carrying specific
microorganisms. Because of the dormant immune system, germ-free animals are extremely
sensitive to microbial infections. A variety of gnotobiotic animal models can be established for
specific microbial infection experiments and pathogenic mechanism research. As a key tool,
germ-free animals are pivotal in studying the relationship between microbiome and diseases
and play an irreplaceable role in the research on the relationship between microbiome and host
health and the mechnisms of infections. We briefly introduce germ-free animals and review the
applications of germ-free animals in the research on the mechanisms of host-microorganism
interactions.
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Table 1 Comparison of preparation methods of
different germ-free animals

Species Example Preparation method
Viviparous Rat, mouse, Cesarean section,
animals monkey germ-free isolator
Oviparous Zebra fish, Germ-free incubator,
animals chicken biosafety cabinet
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Table 2 Compared to physiological features of germ-free animals and SPF animals®"
Characteristic ~ Germ-free animal SPF animal
Nutrition Requirement for vitamins K and B in feed; increased intake of food Vitamin K and B do not need to be added
and water to feed; Normal food and water intake
Metabolism Decreased basal metabolic rate; increased secretion of free amino ~ Metabolism normal
acids and urea and little excretion of acetic acid; more nitrogen in
the cecal contents and feces
Circulation Reduced total volume of blood; decreased cardiac output; Circulation including total volume,
decreased blood flow to skin, liver, lungs, and digestive tract; cardiac output, cholesterol level and red
increased cholesterol level and numbers of red blood cells in blood blood cells count is normal
Liver Reduced liver size The liver size is normal
Lungs Thinner alveolar and capsular walls; fewer reticuloendothelial The alveolar, capsular walls and
elements reticuloendothelial elements is normal
Intestinal Reduction in total intestinal mass; decrease in the total surface area The intestinal morphology is normal
morphology of the small intestine; slender and uniform villi of the small
intestine; shorter ileal villi and longer duodenal villi; shorter crypts
of the small intestine; lamina propria of the small intestine thinner,
with fewer cells and slower cell renewal; larger cecum with a
thinner wall
Intestinal Enhanced absorption of vitamins and minerals, alterations in the The intestinal function is normal
function absorption of other ingested materials; altered enzyme content,
elevated levels of typsin, chymotrypsin and invertase in the feces;
high levels of mucoproteins and mucopolysaccharides in the feces;
less fatty acids and no cyclic or branched-chain fatty acids in the
intestinal content, excretion of primarily; unsaturated fatty acids
Endocrine Thyroid iodine uptake decreased and response to epinephrine, The endocrine function is normal
function norepinephrine and vasopressin decreased
Systemic Plasma cell decrease, immunoglobulin level decreased, white blood The immune system is in an activated
immunity cell count decreased, oxygen concentration of pulmonary state
macrophages decreased, immunoglobulin and immunoglobulin
response to DNP-BSA decreased
Infection More susceptible to Shigella flexneri, Bacillus anthracis and Show the characteristics of

susceptibility/re  Mycobacterium tuberculosis, and lower antibody response to

[25]

sponse Escherichia coli

insusceptibility
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