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Clinical  microbiology                         Clinical pathology 

Bacteria: minute organisms whose size is measured in micrometer, most cellular 

organelles are absent except cell walls, plasma membranes and ribosomes. Some contain 

capsules and flagella and can develop endospores. Bacteria have specific requirements for 

temperature, pH, oxygen tension, and nutrition.  

The majority of clinically significant bacteria species require a pH in the range of 6.5 to 

7.5. Bacteria that require oxygen to survive are referred to as obligate aerobes. Bacteria 

that killed in the presence of oxygen or whose growth inhibited in the presence of oxygen 

are obligate anaerobes.  

Nutrition requirement vary among bacteria and culture media types are chosen on basis of 

these requirements. Some bacteria have strict requirements, these are referred to as 

fastidious microbes.  

Temperature requirements also vary among different bacteria. However nearly all bacteria 

that are pathogenic to animals grow best at 20
◦
   to 40

◦
 c . 

 

Bacteria may be classified by their shape :- 

1- Coccus (Cocci) : spherical cell such as Staphylococcus aureus, the causative agent of 

mastitis in animals . 

2- Bacillus (bacilli) : shaped like rods or cylinder such as Bacillus anthracis, the causative 

agent of anthrax in animals . 

3- Spiral : usually occur singly such as Leptospira Pomona which causes red water disease 

in cattle . 

4- Pleomorphic : shape ranging from cocci to rods . 

 

Bacteria are found in a variety of arrangements some  grow as single cell and others 

remain attached after dividing and form chain or clusters. Many exhibit patterns of 

arrangement such as the following that are important for their identification : 

1- Single : some bacteria occur singly, such as spirilla and most bacilli . 

2- Pairs : some bacteria occur in pairs, such as Streptococcus pneumonia . 
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3- Clusters : some bacteria occur in clusters, bunches, or groups. For example 

staphylococcus aureus . 

4- Chains : some organisms grow in short or long chains, such as the Streptococcus 

species . 

5- Palisades : some organisms can be arranged in a palisade or Chinese letter pattern such 

as Corynebacterium species . 

Spores  

Dormant highly resistant bodies, termed endospores, are formed by some bacteria to 

ensure survival during adverse environmental conditions. The only genera of pathogenic 

bacteria which contain endospore-forming species, are Bacillus and Clostridium. 

Endospores, which are produced inside the bacterial cell, show species variation in shape, 

size and position within the mother cell. Because of the resistance and impermeability of 

the spore coat, special staining procedures which employ heat are required to demonstrate 

endospores. Spores vary in size, shape and location in the cell and may be classified as 

follows : 

1- Central : present in the center of the cell such as Bacillus anthracis . 

2- Subterminal : present near the end of the cell such as Clostridium chauvoei . 

3- Terminal : present at the end or pole of the cell such as Clostridium tetani . 

Specimen collection  

Sample for microbiologic evaluation can be collected quickly and most do not require 

specialized material or equipment for proper evaluation. Specimens are collected by 

various methods, including aspiration, swabbing, and scraping. The specific techniques 

used depend on the type of lesion and its location on the animals body. Careful attention to 

aseptic technique .  

The specific choice of collection method depends on the location of the lesion on the 

animals body, as well as the specific type of testing desired. Sample that are to be 

immediately processed can usually be collected by using sterile cotton swabs. However 

this is the least suitable method of collection because contamination risk is high and cotton 

can inhibit microbial growth. Oxygen can also trapped in fiber making recovery of 

anaerobic bacteria less likely. 

If delays in processing the sample are expected a rayon swab in transport media must be 

used to preserve the quality of the sample.  
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Aspired samples can be collected by fine needle biopsy. 

The following guidelines apply to proper specimen collection : 

1- The specimen must be collected aseptically. Specimen contamination is the most 

common cause of diagnosis failure. Samples should be collected as soon as possible 

after the onset of clinical signs. 

2- Multiple specimens must be kept separate to avoid cross contamination.  

3- The specimen container is labeled, especially if a zoonotic condition is suspected, such 

as anthrax, rabies, leptospirosis, brucellosis. Tissues in suspected zoonosis should be 

submitted in a sealed, leak proof, unbreakable container. 

4- Adequate time should be taken. Obtaining results quickly at the expense of accuracy is 

counterproductive.  

Methods of detection and identification of bacteria  

Two methods are used to detect and identify bacteria include : 

1- Staining . 

Staining the organisms makes them contrast in color with their surroundings, so they are 

more readily visible. Certain stains can be used to identify internal structures of the cell. 

The stain generally reacting with the bacterial cell but not with back ground. 

 

Stains are: 

1-Simple stains: 

a-Basic dye        b-Acidic dye 

2-Differential stains: 

a-Gram stain       b-Acid-fast stain 

3-Structural stains: 

 a-Endospore stain    b-Cell wall stain       c-Capsule stain         d-Flagella stain. 

Gram staining is used to categorize bacteria as gram positive or gram negative on the basis 

of cell wall structure.  

Acid fast stain is primarily used to detect Mycobacterium and Nocardia species. 
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Giemsa stain is used to detect spirochetes and rickettsiae and demonstrate the capsule of 

Bacillus anthracis and the morphology of Dermatophilus congolensis.   

Methylene blue stain Pasteurella multocida may show characteristic bipolar staining, both 

end (poles) of each bacilli stain blue and the central portion does not stain.  

 

2- Culture . 

A culture medium  is nutrient material prepared in the laboratory for the growth of 

bacteria, molds, and other microorganisms. The most popular and widely used substance 

used in microbiology laboratories is the solidifying agent agar. Agar is a complex 

polysaccharide derived from seaweed (red algae).  

 

Advantages of culture media 

1- This is useful method to detect bacteria when they are present only in very small 

numbers . 

2- Estimate the concentration of bacteria because each colony that grows represent one 

bacterium from sample. 

3- Solid culture media are used to differentiation organism having the same appearance 

(shape and staining) in stained smear . 

4- Differentiation is possibly by observing the shape, size and growth rate of their colony. 

5- To observe specific biochemical reactions  

a. Colony may become colored either because of their pigment production 

(Staphylococci) or because of the media on which they are grown (lactose fermenter 

such as E. coli produce pink colony on MacConky agar, Pseudomonas aerogenus 

produce green pigment which diffuse in to the medium . 

b. Other factors such as swarming of proteus species in waves of growth across the 

surface of blood agar. 

c. Hemolysis of cells in blood agar example by certain streptococci . 

6-  For pure culture isolation. 

7- For storage of culture stocks. 
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8- As transport media to preserve bacteria during transportation to the laboratory. 

 

 

Types of culture media 

A- According to physical consistencies 

1. Liquid media, broth. 

These media contains specific amounts of nutrients but don’t have trace of gelling agents 

such as gelatin or agar. Broth medium serves various purposes such as propagation of 

large number of organisms, and fermentation studies. 

 

Advantages  

1) It is used when a few a viable organism are present . 

2) They also dilute any inhibitory substance present in the sample . 

3) Selective media (selenite broth) is widely use in bacteriological examination of 

feces to promote the growth of salmonella and inhibitor other organism . 

Disadvantages  

1) Bacteria growth within have no characteristic appearance . 

2) Cannot be separated of bacteria when a variety of organism are present .  

 

2. Solid media, Agar. 

Solid medium is media containing agar (at a concentration of 1.5-2.0%) or some other, 

mostly inert solidifying agent. Solid medium has physical structure and this allows 

bacteria to grow in physically informative or useful ways (e.g. as colonies or in streaks). 

Solid medium is useful for isolating bacteria or for determining the characteristics of 

colonies. 

Advantages 

1) In solid media the size, shape and color of bacterial colony can be used to identify 

the organism. 
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2) Bases of solid media jelly like substance (agar agar )it is a complex polysaccharide 

derived from certain sea weed and usually called agar.  

  

 

 

3. Semi solid media, Gelatin. 

They are prepared with agar at concentrations of 0.5% or less. They have soft custard like 

consistency and are useful for the cultivation of microaerophilic bacteria or for 

determination of bacterial motility. 

 

B- According to the purpose of application 

1. Simple media. 

2. Differential media. 

3. Selective media. 

4. Enriched media. 

5. Transport media. 

 

1- Simple media 

Contains the essential nutrients as source of nitrogen and carbon such as nutrient broth, 

peptone water, nutrient agar. 

 

2- Differential media 

Differential media are media that contain substances that cause some bacteria to take on a 

different appearance from other species, allowing one to differentiate one species from 

another, e.g. MacConkey agar, mannitol salt agar, and blood agar. 

3- Selective media 

Selective media are media that allow only certain types of organisms to grow in or on 

them due to the presence of inhibitory substances or the absence of certain critical 

nutrients that make it unfavorable for most, but not all, organisms. The inhibitory 
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substance may be salt (NaCl), acid, a toxic chemical (crystal violet), and an antibiotic 

(streptomycin). In some cases media have been formulated that are both selective and 

differential. e.g. MacConkey agar and Mannitol salt agar. 

MacConkey agar contains bile salts and crystal violet, which inhibit the growth of gram-

positive bacteria, and lactose, which differentiate between lactose fermenting and non-

lactose fermenting bacteria. 

4- Enriched media 

Certain types of bacteria need special nutrients in order to growth, simple media can be 

enriched by adding vitamins, yeast and salt e.g. 

• Blood agar. 

• Heated Blood agar (Chocolate agar)._ 

• Brain heart infusion agar. 

• Tissue and body fluid’s extract. 

• Serum agar. 

 

5- Transport media 

Simple media used for transport samples from different regions to the lab. e.g. Stuart 

transport medium. 

 

Common media in routine use  

Nutrient Broth. Uses: (1) As a basal media for the preparation of other media, (2) To 

study soluble products of bacteria.  

Nutrient Agar. It is solid at 37°C. 2.5% agar is added in nutrient broth. It is heated at 

100°C to melt the agar and then cooled.  

Blood Agar. Most commonly used medium. 5-10% defibrinated sheep or horse blood is 

added to melted agar at 45-50°C. Blood acts as an enrichment material and also as an 

indicator. Certain bacteria when grown in blood agar produce haemolysis around their 

colonies. Certain bacteria produce no haemolysis. Types of changes : (a) beta (β) 

haemolysis. The colony is surrounded by a clear zone of complete haemolysis, e.g. 
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Streptococcus pyogenes, (b) Alpha (α) haemolysis. The colony is surrounded by a zone of 

greenish discoloration due to formation of biliverdin, e.g. Streptococcus pneumoniae, (c) 

Gamma (γ) haemolysis, or, No haemolysis. There is no change in the medium surrounding 

the colony. 

 

 

 

MacConkey Agar. It is a selective and indicator medium: 

(1)   Selective because contain bile salt that are selective for lactose fermenting does not 

inhibit the growth of enterobactericeae but inhibits growth of many other bacteria.  

(2)   Indicator medium as the colonies of bacteria that ferment lactose take a pink color 

due to production of acid from lactose. Acid turns the indicator neutral red to pink. These 

bacteria are called 'lactose fermenter', e.g. Escherichia coli. Colorless colony indicates that 

lactose is not fermented and the lactose attack the peptone in MacConkey agar producing 

an alkaline reaction and colorless colonies, i.e. the bacterium is non-lactose fermenter, e.g. 

Salmonella. Shigella, Vibrio. 

Mannitol salt Agar: is not routinely used but is a highly selective medium for 

staphylococci and could be used to isolate staphylococci aureus . 

Mueller Hinton Agar. Disc diffusion sensitivity tests for antimicrobial drugs. The 

chemical composition of the media does not interfere with the diffusion of the 

antimicrobials through the agar. 

 

EMB (Eosin-methylene blue) Agar. A selective and differential medium for enteric 

Gram-negative rods. Lactose-fermenting colonies are colored and nonlactose-fermenting 

colonies are nonpigmented. Selects against gram positive bacteria. 

XLD (Xylose Lysine Deoxychoiate). It is used to isolate Salmonella and Shigella species 

from stool specimens. This is a selective media. 

SS (Salmonella-Shigella)Agar. It is a selective medium used to isolate Salmonella and 

Shigella species. 
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Colony characteristics 

An experienced technician can recognize several bacteria on the basis of gross observation 

of the colonies. Various colony characteristics including the following : 

1. Size (in millimeter or described as pinpoint, medium, or large ) 

2. Pigment 

3. Density (opaque, transparent) 

4. Surface structure (Texture) (glassy, smooth, mucoid, buttery, brittle, sticky) 

 

5. Elevation : Elevation of the colony surface from the media. 

a. Flat. 

b. Raised. 

c. Low convex. 

d. Convex. 

e. Papillate 

 

6. Form : Describe colony feature from the top view. 

a. Circular. 

b. Irregular. 

c. Radiated.  

d. Rhizoid. 

e. Filamentous. 

 

 

7. Edge  
a. Entire. 

b. Undulate.  

c. Lobate. 

d. Crenate. 

e. Dentate. 

f.  Fimbriate. 

g. Rhizoid. 

 

8. Odor (pungent, sweet) 

9. Hemolysis (alpha, beta, gamma) 
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