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	History

Although endospores were observed and reported by numerous scientists (including Perty, 1852; Pasteur, 1869; Koch, 1876; and Cohn, 1872), these structures were primarily described as refractile bodies because they could not be stained using the typical compounds (carmine, methylene blue, carbol fuchsin, safranin, etc.) applied in early staining protocols. 

Once the endospores were understood to be a dormant form of certain bacteria that demonstrated a unique resistance to treatment with heat, research efforts emphasized control of the endospores to improve sterilization, prevent infection, and limit contamination of foods. 

In 1922,  Dorner published a method for staining endospores.  It employed a lengthy heating step but resulted in differential staining of endospores and vegetative cells in the same sample.  Endospores and free spores appeared green or blue in contrast to red dye taken up by the vegetative cells. 

Shaeffer and Fulton modified Dorner’s method  in 1933 to make the process faster, but heating with a Bunsen burner was still messy.  As researchers identified what was required to make spores stainable, additional modifications to the Dorner and Shaeffer-Fulton methods were made to make staining and viewing spores occur quickly, easily, with less mess, and with sharp contrast (Bartholomew and Mittwer, 1950;  Bartholomew, Roberts, and Evans, 1950;  Robinson, 1951; Bartholomew and Mittwer, 1952; Fitz-James, 1953; Bradley and Williams, 1957; Hashimoto, Black, and Gerhardt, 1959; and Foster, 1960). 

For many years, just identifying the presence of endospores (and/or free spores) was sufficient.  Often, the spores' refractility was evident with simple staining or Gram staining.  Characterization or identification of the organism could proceed using other criteria.  Even today, spore stains are applied in the early steps of bacterial identification.  Since relatively few genera of bacteria form endospores, it is a significant finding to learn of the presence of endospores in an unknown bacterial sample. 

Beyond identification of unknown organisms, there is a line of research devoted to understanding the nature of the endospore and its composition.  In 1941, Georges Knaysi proposed a differential staining process that would allow individual layers within a cell to be recognizable.  Work that followed in the 1950s and 1960s determined that endospores contained higher levels of calcium than did the vegetative cells, dipicolinic acid (not found in vegetative cells), and very low water content.  These advances and significant developments using electron microscopy have dramatically improved the body of knowledge about the endospores of bacteria. (1, 6, 8). 

Purpose  
Gram staining and simple staining techniques may or may not reveal the presence of endospores in a bacterial sample.  Since confirming the presence or absence of the endospores establishes the identification pathway to pursue, methods for visualizing the endospores and the free spores in a sample were developed.  Relatively few species of bacteria produce endospores, so a positive result from endopore staining methods is an important clue in bacterial identification.  In a clinical setting, identification of pathogens includes describing the shape and position of the endospores present.  During microscopic examinations, the endospore stain can yield this information.  While staining is probably the most common approach, laboratories that use phase-contrast microscopy can obtain the same information without the staining step (9; http://www.hpa-standardmethods.org.uk/documents/bsopid/pdf/bsopid8.pdf).    
Theory
Differential stains are useful when it is important to visualize structurally different organisms.  Like the Gram stain and the acid-fast stain, the endospore stain is a differential stain.  Structurally, endospores are different from vegetative cells, so the endospore stain is used to demonstrate endospores forming within vegetative cells and make free spores easy to detect (8, 9, 14).  

Bacterial endospores are differentiated cells formed within the vegetative cells.  In bacteria, the endospores serve as a protective structure for survival of the organisms; they do not have a role in reproduction (9, 14).   Some endospores are visible within vegetative cells; others appear outside of vegetative cells when the cellular content that surrounds an endospore disintegrates (lyses).  The endospores located outside of cells are called free spores (2). 

Most vegetative cells are stainable with standard aqueous dye solutions, but endospores possess a permeability barrier (Bartholomew and Mittwer, 1950) that prevents dyes from entering unless the barrier is destroyed by heat, chemicals (acid), ultraviolet light, or mechanical rupture (8).  The barrier develops as the spore coats are formed to protect the cell’s DNA and vital proteins from adverse environmental conditions (excessive heating, drying, radiation, low nutrient content, etc.).  An endospore is structurally and chemically more complex than the vegetative cell it comes from.  Externally, there are more layers, and as the layers form increases in calcium ions and the synthesis of dipicolinic acid impart traits that make the endospore chemically unique. Endospores are often called metabolically inert.  The low level of endospore activity is associated, at least in part, with the low water content.  Researchers studying the resistance to staining exhibited by endospores eventually recognized the dehydrated state as the critical feature that both protects the cell and makes staining the spores especially difficult (1).   

The cortex of the endospore is located below the spore coat and contains peptidoglycan. Once the protective layers have been penetrated, the typical dyes applied in staining can interact with the petidoglycan to produce the desired staining effect (8, 9). 

The Schaeffer-Fulton method (or a modification) is the most common method used to perform endospore staining in undergraduate microbiology courses.  A suspension of the culture is applied to a slide and allowed to air dry.  The sample is heat fixed and fitted with a piece of absorbent paper.  The slide is flooded with malachite green solution and a heat source is used to steam the stain into the cells and the spores.  This requires approximately 5 minutes and must be done carefully to achieve steaming and not charring of the sample.  This heating step stains the vegetative cells and the endospores. Once the heating period is complete, the slide is washed gently with tap water.  The water acts as a decolorizer for the vegetative cells, but the stain is not released by the endospores and free spores.  The safranin counterstain is used on the slide to give color to the vegetative cells (4, 7).  The endospores will have retained the malachite green, appearing green (sometimes a little bluish), and the vegetative cells will be brownish-red or pinkish. 

Many people find the steaming steps required in the endospore procedure and the acid-fast staining procedure to be messy, time-consuming, and variable in result. Consequently, since the 1930s, others tried to simplify the procedure by using increased dye concentrations, longer staining times, UV light, and other mechanisms to achieve results (Bartholomew,1950; Knaysi, 1948; Lechtman, 1965).  Many of the methods are quite satisfactory, while others have their limitations in applying the method widely.  As improvements in microscope technology occurred, the use of phase-contrast microscopy replaced the staining step in some applications.  In larger laboratories, phase-contrast microscopes are often employed for faster more detailed results. 

Sometimes determining the presence of spores is not the sole goal of performing an endospore test.  Examining a sample for spore placement as well as the proportion of spores to vegetative cells may be useful in studying particular cultures or making diagnostic decisions in clinical samples. The environmental conditions of a culture or its habitat will determine what may be viewed.  Young cultures of spore-forming microbes may not demonstrate any endospores because the vegetative cells may not have been subjected to sufficient stress to stimulate sporulation.  To improve the odds that spore formers can be detected, most methods suggest using cultures that are 18 to 36 hours old.  Even with some standardization, there will be variation in the proportions of endopores to vegetative cells among species (Bartholomew and Mitwer, 1950; and Bartholomew, Roberts, and Evans, 1950). 

Endospore staining  is one tool in the arsenal of bacterial identification.  With modifications, it is also useful in detecting spores produced by certain eukaryotes (e.g., Cryptosporidium).  Advances in microscopy have lead to alternative and/or parallel testing for endospores, and continuing research to explain their structure and chemistry is testimony to their importance in the life cycle of the bacteria which form them.


