
Medical  

Microbiology

( Practical )

University of Diyala  

College of Sciences 

 Biotechnology Department

Assistant Lecturer Halah M. Hussein



 

List of contacts 

 

Week Subject 

Lab. 1 
Kinds of Medical Laboratory, Laboratory safety procedures 

(Laboratory Protocol); Quality control of laboratory ! 

Lab. 2 Decontamination, Sterilization and Disinfection 

Lab. 3 Biochemical tests used for identification of medical bacteria

Lab. 4 
Biochemical tests used for identification of medical bacteria 

Lab. 5 
Biochemical tests used for identification of medical bacteria 

Lab. 6 
Antimicrobial susceptibility testing (Kirby-Bauer Method) 

Lab. 7 
Microbiological skin tests 

Lab. 8 
Microbiological septum tests 

Lab. 9 
Microbiological mouth tests 

Lab. 10 
Microbiological urine tests 

Lab. 11 
Microbiological Stool tests 

 
 

References: 
 

 

 Benson.2001. Microbiological Applications, Laboratory Manual in General 

Microbiology. 8th.ed. The McGraw-Hill Companies, Inc., New York. 

 

 

  
 Harley, J.P. and L.M. Prescott. 2002. Laboratory Exercises in Microbiology. 

5th.ed. The McGraw-Hill Companies, Inc., New York. 

 

 

  
 Vandepitte, J.; J. Verhaegen; K. Engbaek; P. Rohner; P. Piot; and C.C. 

Heuck. 2003. Basic Laboratory Procedures in Clinical Bacteriology. 2
nd

.ed. 

World Health Organization, Geneva. 

 



Lab.                                                                                     Medical Microbiology  ( Practical )  

                                                                                                 Assistant Lecturer  Halah M. Hussein 
!

1

Kinds of Clinical and Medical Laboratories, Laboratory safety procedures 

 (Laboratory Protocol); Quality Control Of Laboratory ! 

Kinds of Clinical and Medical Laboratories 

These laboratories are equipped for diagnostic tests on tissue, blood and other patient 

samples. They can be divided into various processes such as chemistry, Hematology, 

Microbiology (bacteriology and virology), Immunology, pathology, serology, histology and 

molecular biology with PCR-technologies.  

 Chemistry: Chemistry performs a wide variety of tests using the most current 

technology. It is defined as the scientific study of matter and the various compounds 

of the elements as it relates to the human body. Common tests analyzed in the 

chemistry laboratory are glucose, cholesterol, potassium, liver and heart enzymes, 

thyroid tests and hormone tests.  

 Hematology: Hematology is the study of blood, blood morphology and blood 

diseases. 

 Microbiology: Microbiology is the study of microorganisms including bacteria, 

fungi, protozoa and viruses. Any bodily fluid or tissue can be cultured for infectious 

disease. Once bacteria grow in culture, it can be tested against many different 

antibiotics to find the most effective for fighting the infection while limiting 

opportunities for antibiotic resistance. 

 Immunology: Immunology is the study of immune products such as antibodies 

produced by the body in response to foreign material. 

 Transfusion Services: Transfusion Services provides blood transfusion support by 

providing the patient with red cells, plasma, cryoprecipitate, or platelets. Testing is 

performed on the patient’s blood specimen prior to transfusing to make sure 

compatible blood is given. 

  Pathology:! Pathology is the branch of medicine, which treats the essential nature of 

disease, especially the structural and functional changes in tissues and organs of the 

body, which cause or are caused by disease.  

 Cytology:! In cytology, a skilled cytotechnologist examines human cells under the 

microscope, looking for early signs of cancer and other diseases.  

Quality Assurance And Control In The Microbiology Laboratory  

Quality assurance is the sum of all those activities in which the laboratory is engaged to 

ensure that test results are of good quality.  

Quality assurance programs are an efficient way of maintaining the standards of performance 

of diagnostic laboratories, and of upgrading those standards where necessary.  

To be of good quality, a diagnostic test must be clinically relevant, i.e. it must help in the 

prevention or treatment of disease. Other measures of quality in a diagnostic test are:  

1. Reliability: Is the result correct? ! 

2. Reproducibility: Is the same result obtained when the test is repeated? ! 

3. Speed: Is the test rapid enough to be of use to the doctor in prescribing !treatment? ! 
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4. Cost benefit ratio: Is the cost of the test reasonable in relation to the benefit !to the patient 

and the community? ! 

Types of Quality Assurance  

There are two types of quality assurance: internal and external.  

1. Internal: This is called QUALITY CONTROL. Each laboratory has a program to 

check the quality of its own tests.  

Internal quality control involves, ideally:  

! Continuous monitoring of test quality 

! Comprehensive checking of all steps, from collecting the specimen (whenever 

possible) to sending the final report.  

Laboratories have an ethical responsibility to the patient to produce accurate, meaningful 

results.  

2. External: This is called QUALITY ASSESSMENT. Laboratory performance is 

controlled by an external agency. In some countries, participation is mandatory 

(regulated by the government) and required for licensure.  

External quality assessment involves: 

! Periodic monitoring of test quality 

! Spot checking of identification tests, and sometimes of isolation techniques.  

Quality Control  

An internal quality control program should be practical, realistic, and economical. An internal 

quality control program should not attempt to evaluate every procedure, reagent, and culture 

medium on every working day. It should evaluate each procedure, reagent, and culture 

medium according to a practical schedule, based on the importance of each item to the quality 

of the test as a whole.  

Each laboratory should have an operations manual that includes the following subjects:  

! Cleaning of the working space 

! Personal hygiene 

! !Safety precautions 

! Designated eating and smoking areas located outside the laboratory 

! Handling and disposal of infected material 

!  Appropriate vaccinations for workers, e.g. hepatitis B 

! Care of equipment 

! Collection of specimens 

!  Registration of specimens 

! Elimination of unsuitable specimens 

!  Processing of specimens 

! Recording of results 

! !Reporting of results  

The operations manual should be carefully followed, and regularly revised and updated.  
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Laboratory Safety Procedures (Laboratory Protocol) 

Many of the microorganisms used in this course may be pathogenic for humans and animals. As 

a result, certain rules are necessary to avoid the possibility of infecting yourself or other people:   

1. Washing hands prior to and following laboratories and at any time contamination is 

suspected. 

2. You must always wear medical cloves, mask and coat. 

3. Never eating, drinking or smoking in the laboratory. 

4. Disinfecting lab benches prior to and at the conclusion of each lab session. This process 

removes any dust that may be present and minimizes the chances of bacterial 

contamination of cultures that you are about to handle. 

5. All health-care workers should take precautions to prevent injuries caused by needles, 

scalpels, and other sharp instruments or devices during procedures; when cleaning used 

instruments; during disposal of used needles; and when handling sharp instruments. 

6. Contaminated materials used in laboratory tests should be decontaminated before 

reprocessing or be placed in bags and disposed of in accordance with institutional 

policies for disposal of infective waste. Petri dishes must be placed in a plastic bag to 

be autoclaved. Unneeded test-tube cultures must be placed in a wire basket to be 

autoclaved. Used pipettes must be placed in a plastic bag for autoclaving. 

7. Make it a habit to keep your hands away from your mouth. Obviously, labels are never 

moistened with the tongue; use tap water or self-adhesive labels instead. Never 

applying cosmetics, including contact lenses, or placing objects (fingers, pencils) in the 

mouth or touching the face.  

8. Tying long hair back, wearing personal protective equipment (eye protection, coats, 

closed shoes; glasses may be preferred to contact lenses), and using such equipment in 

appropriate situations 

9. Always using appropriate pipetting devices and understanding that mouth pipetting is 

forbidden 

10. Reporting all injuries immediately to the instructor 

11. Locating and properly using emergency equipment (eye-wash stations, first-aid kits, 

fire extinguishers, chemical safety showers, telephones, and emergency numbers) 

12. Broken glass should be swept up into a dustpan and placed in a container reserved for 

broken!glass. Don’t try to pick up the glass fragments with your fingers. 

13. All accidental spills, whether chemical or biological, must be reported immediately to 

your instructor. 

14. Laboratory work surfaces should be decontaminated with an appropriate chemical 

germicide after a spill of blood or other body fluids and when work activities are 

completed. 

15. Good lab practice, including returning materials to proper locations, proper care and 

handling of equipment, and keeping the bench top clear of extraneous materials 

16.  Don’t remove cultures, reagents, or other materials from the laboratory unless you 

have been granted specific permission. 

17. All persons should wash their hands after completing laboratory activities and should 

remove protective clothing before leaving the laboratory. 
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Decontamination, Sterilization and Disinfection 

Decontamination: It is the use of physical or chemical means to remove, inactivate, or 

destroy microorganisms on a surface so that they are no longer infectious  . i.e. an object is no 

longer capable of transmitting infectious particles when used, stored or disposed.  

 It includes: 

1. Cleaning: Cleaning is the physical removal of all foreign materials (dirt, organic 

matter, and microorganisms  )  

2. Disinfection: Disinfection is a process that reduces the number of pathogenic 

microorganisms, but not necessarily the bacterial spores from inanimate objects, to a 

level, which is not harmful to health. It can be Thermal (physical) or chemical.  

3. Antisepsis: Antisepsis is the use of chemical agent, which either kills or inhibits the 

growth of microorganisms in or on a living tissue. Thereby limiting or preventing the 

harmful effects of infection. 

4. Sterilization: Sterilization is a process, which achieves a complete destruction and 

killing of all microorganisms, including bacterial spores by physical procedures or 

chemical agents. It is principally accomplished by: Steam under pressure 

(Autoclaving), Dry heat (Hot Air Oven), Chemicals such as ethylene oxide. 

 

 Note: Sterilization is an absolute condition while disinfection is not. 

 

 Antiseptic: Typically an antiseptic is a chemical agent that is applied to living tissue 

to kill microbes. Note that not all disinfectants are antiseptics because an antiseptic 

additionally must not be so harsh that it damages living tissue. Antiseptics are less 

toxic than disinfectants. Due to the lower toxicity, antiseptics can be less active in the 

destruction of normal and any pathogenic flora present. 

 Disinfectant: A germicide that inactivates virtually all recognized pathogenic 

microorganisms but not necessarily all microbial forms. They may not be effective 

against bacterial spores. 

 

Sterilization and Disinfection including physical and chemical methods as 

following:  

 

 Physical methods:  
 

1. Sunlight: The microbicidal activity of sunlight is mainly due to the presence of ultra 

violet rays in it. It is responsible for spontaneous sterilization in natural conditions. 

Sunlight provides natural method of disinfection of water bodies such as tanks and lakes. 

2. Heat: Heat is considered to be most reliable method of sterilization of articles that can 

withstand heat. Heat acts by oxidative effects as well as denaturation and coagulation of 

proteins. 

 Dry Heat 

 Moist Heat 

 

Dry Heat: including:  

  

A. Red heat (Bunsen Burner): Used for sterilization of bacteriological loops, straight 

wires, and tips of forceps by holding them in Bunsen flame till they become red hot. 

B.  Flaming: Materials such as scalpels, flasks, and glass slides are passed over Bunsen 

flame a few times but not heating to redness. 

C. Incineration: Destroying contaminated materials by burning them in incinerator. 



Lab.                                                                                     Medical Microbiology  ( Practical )  

                                                                                                 Assistant Lecturer  Halah M. Hussein 
!

5

D. Hot Air Oven:!Articles to be sterilized are exposed to high temperature (160̊ C) for 

duration of one hour in an electrically heated oven. Articles sterilized by this methods 

are Metallic instruments (like forceps, scalpels, scissors), glasswares (such as petri-

dishes, pipettes, flasks, all-glass syringes). 

! Materials to be sterilized must be perfectly dry before placing them inside to 

avoid breakage 

! Materials must be placed at sufficient distance so as to allow free circulation of 

air in between. 

! Mouths of flasks, test tubes and both ends of pipettes must be plugged with cotton 

wool. Petri dishes and pipettes may be arranged inside metal canisters and then 

placed. Individual glasswares must be wrapped in aluminum foils. 

 

Moist Heat:  Moist heat acts by coagulation and denaturation of proteins. 

A. At temperature below 100°C:! This process was originally employed by Louis 

Pasteur. Currently this procedure is employed in food and dairy industry. There are 

two methods of pasteurization, the holder method (heated at   63̊ C for 30 minutes) 

and flash method (heated at 72 ̊ C for 15 seconds) followed by quickly cooling to 

13̊C. This method is suitable to destroy most milk borne pathogens like Salmonella, 

Mycobacteria, Streptococci, Staphylococci and Brucella.  

B. At a temperature 100°C   :  

• Boiling: (100°C): for 10-30 minutes kills most vegetative bacteria and viruses 

immediately. Some bacterial spores are resistant to Boiling and survive; hence 

this is not a substitute for sterilization. 

• Steam at 100 ̊ C:  Instead of keeping the articles in boiling water, they are 

subjected to free steam at 100̊ C.!This process is known as tyndallization (after 

John Tyndall) or fractional sterilization or intermittent sterilization. The 

vegetative bacteria are killed in the first exposure and the spores that 

germinate by next day are killed in subsequent days. 

Tyndallization The process involves boiling for a period (typically 20 minutes) at 

atmospheric pressure, cooling, incubating for a day, boiling, cooling, incubating for a day, 

boiling, cooling, incubating for a day, and finally boiling again. The three incubation periods 

are to allow heat-resistant spores surviving the previous boiling period to germinate to form 

the heat-sensitive vegetative (growing) stage, which can be killed by the next boiling step. 

This is effective because many spores are stimulated to grow by the heat shock. The 

procedure only works for media that can support bacterial growth such as: TCBS, DCA and 

selenite broth. 

 

C. At a temperature above 100°C: Autoclaving (steam under pressure): 

Sterilization can be effectively achieved at a temperature above 100̊ C using an 

autoclave. Water boils at 100̊C at atmospheric pressure, but if pressure is raised, the 

temperature at which the water boils also increases. In an autoclave the water is 

boiled in a closed chamber. As the pressure rises, the boiling point of water also 

raises. At a pressure of 15 lbs inside the autoclave, the temperature is said to be 

121̊C. Exposure of articles to this temperature for 15 minutes sterilizes them. It 

used to sterilize culture media and contaminated materials before disposal. 

 

3. Radiation: Two types of radiation are used, ionizing and non-ionizing. Non-ionizing 

rays are low energy rays with poor penetrative power while ionizing rays are high-energy 

rays with good penetrative power. Since radiation does not generate heat, it is termed 

"cold sterilization". 
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A. Non-ionizing rays: Rays of wavelength longer than the visible light are non-

ionizing. Microbicidal wavelength of UV rays lie in the range of 200-280 nm, with 

260 nm being most effective.. UV rays induce formation of thymine-thymine 

dimers, which ultimately inhibits DNA replication. UV rays are employed to 

disinfect hospital wards, operation theatres, virus laboratories. 

B. Ionizing rays such as gamma rays: They have more penetrative power but 

require longer time of exposure. These high-energy radiations damage the nucleic 

acid of the microorganism and kills all bacteria, fungi, viruses and spores. It is used 

commercially to sterilize disposable petri dishes, plastic syringes, antibiotics, 

vitamins, hormones, glasswares and fabrics. 

  

4. Filtration: Filtration does not kill microbes, it separates them out. Membrane filters 

with pore sizes between 0.2-0.45 µm are commonly used to remove particles from 

solutions that can't be autoclaved. It is used to remove microbes from heat labile liquids 

such as serum, antibiotic solutions, sugar solutions, urea solution. 

5. Vibrations: Sonic and ultrasonic vibrations: Sound waves of frequency >20,000 

cycle/second kills bacteria and some viruses on exposing for one hour. They are used to 

clean and disinfect instruments as well as to reduce microbial load. 

 

Chemical methods:  
 

1. Alcohols  : Alcohols dehydrate cells, disrupt membranes and cause coagulation of 

protein. Examples: Ethyl alcohol, isopropyl alcohol and methyl alcohol. A 70% 

aqueous solution is more effective at killing microbes than absolute alcohols.  

2. Phenol: Act by disruption of membranes, precipitation of proteins and inactivation of 

enzymes  . Examples: 5% phenol, 1-5% Cresol, 5% Lysol, hexachlorophene, 

chlorhexidine, chloroxylenol (Dettol). Phenols are act as disinfectants at high 

concentration and as antiseptics at low concentrations.  

3. Halogens : They are oxidizing agents and cause damage by oxidation of essential 

sulfydryl groups of enzymes . Examples: Chlorine compounds (chlorine, bleach, 

hypochlorite) and iodine compounds. 

4. Aldehydes: Acts through alkylation of amino-, carboxyl- or hydroxyl group, and 

probably damages nucleic acids. It kills all microorganisms, including spores. 

Examples: Formaldehyde, Gluteraldehyde.  40% Formaldehyde (formalin) is used for 

surface disinfection  

5. Quarternary Ammonium compounds :organic groups covalently linked to nitrogen 

(Benzalkonium chloride and Cetyl pyridinium chloride). Bacteriostaticat low 

concentrations, bactericidal at high. Not effective against Pseudomonas, 

Mycobacteria and Trichophyton 

6. Ethylene oxide: It is an alkylating agent. It acts by alkylating sulfydryl-, amino-, 

carboxyl- and hydroxyl- groups. It has good penetration. It is used to sterilize heat 

labile articles such as rubber, plastics, syringes, disposable petri dishes and dental 

equipments. 

7. Hydrogen peroxide (H2O2)  : It acts on the microorganisms through its release of 

nascent oxygen. Hydrogen peroxide produces hydroxyl-free radical that damages 

proteins and DNA.  It is used at 6% concentration to decontaminate the instruments, 

equipments. 3% Hydrogen Peroxide Solution is used for skin disinfection.! 

8. Heavy metals: Act by precipitation of proteins and oxidation of sulfydryl groups. 

They are bacteriostatic . Examples: Mercuric chloride, silver nitrate, copper sulfate, 

organic mercury salts.! 
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9. Dyes : Examples: Aniline dyes such as crystal violet, malachite green and brilliant 

green, ethidium bromide. The dyes are used as selective agents in certain selective 

media. 
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Biochemical Tests Used For Identification of Medical Bacteria 

Bacteria accomplish their various biochemical activities (growth and multiplication) using 

raw materials (nutrients) obtained from the environment. The biochemical transformations 

that occur both inside and outside of bacteria are governed by biological catalysts called 

enzymes. The metabolism, or use, of these organic molecules (carbohydrates, lipids, 

proteins, and amino acids) often produces by-products that can be used in the identification 

and characterization of bacteria. So the Biochemical tests have an important role in the 

identification of bacteria to classify bacteria and determine the causative agent of diseases.   

1. Carbohydrate utilization (Fermentation): Many types of bacteria are able to break 

down sugars whether mono-, di- or even polysaccharide and produce acid or acid and 

gas. pH indicator (phenol red) containing media with suitable sugar are reliable to 

confirm fermentation, depending on the color changes of pH indicator due to acid 

production. Gas production can be detected using Durham tube (small inverted tube 

placed into the liquid media to collect gas bubbles). 

! Positive result for acid production as a color change from red to yellow.   

! Positive result for gas production is a bubble in the Durham tube. 

! Completely negative result has no color change or reddish color and no bubble. 

 
2. Triple sugar iron (TSI):  The triple sugar iron (TSI) agar test is generally used for the 

identification of enteric bacteria (Enterobacteriaceae). It is also used to distinguish the 

Enterobacteriaceae from other gram- negative intestinal bacteria.! 

TSI agar slants contain:  

" 0.1% glucose, 1% lactose, and 1% sucrose 

" pH indicator: phenol red (pink at alkaline pH, yellow at acid pH).  

" Substrate for H
2
S production: sodium thiosulfate (Na-thiosulfate)  

" Indicator for H
2
S production: ferrous sulphate (FeSO

4
)  

Na-thiosulfate + H
2   H2

S 

 H
2
S + FeSO

4      FeS  (black precipitate)  

Once H
2
S is produced, it combines with the ferrous sulfate, forming an insoluble, black 

ferrous sulfide precipitate.  
 

The results:  

! Yellow butt (A) and red slant (K) due to the fermentation of glucose. The slant 

remains red (alkaline) (K) because of the limited glucose in the medium and, 

therefore, limited acid formation, which does not persist. ! 

! Yellow butt (A) and slant (A) due to the fermentation of lactose and/or sucrose due to 

the high concentration of these sugars leading to excessive acid formation in the entire 

medium. ! 
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! Red butt (K) and slant (K) indicates that none of the sugars were fermented and 

neither gas nor H
2
S were produced. ! 

! Gas formation (CO
2
) noted by bubbles or splitting of the agar. ! 

! Gas formation (H
2
S) seen by blackening of the agar (black precipitate). ! 

3. IMViC test (indole, methyl red, Voges-Proskauer, and citrate) (the “i” is for ease of 

pronunciation)  

This test is using to the differentiation and identification of Family Enterobacteriaceae 

 Indole Production: This test is using to detect the production tryptophanase enzyme 

that can hydrolyze tryptophan (amino acid) to its metabolic products, namely, indole, 

pyruvic acid, and ammonia. The pyruvic acid and ammonia are using nutrition of 

bacteria while indole is not used and accumulates in the medium. Kovacs’ reagent 

reacts with the indole, producing a bright red compound on the surface of the 

medium.  

" Medium : peptone water or tryptic soy broth. ! 

" Substrate: tryptophan ! 

" Reagent: Kovacs’ reagent ! 

  

The results:  

! Positive (+): red layer on the surface of the medium (red ring) 

! Negative (-): the absence of a red color (no change) 

  
 Methyl Red test (MR): glucose full fermentation (Mixed acids fermentation and thus 

acidify the medium). This test distinguishs between E. coli (a mixed acid fermenter) 

and  E. aerogenes (a butanediol fermenter) 

" Medium: MR-VP broth medium ! 

" Substrate: glucose ! 

" Indicator: methyl red (yellow at alkaline pH, red at acid pH) 

The results:  

! Positive (+): red color! 

! Negative (-): yellow color !  

 
 Voges-Proskauer test (VP): glucose partial fermentation (ferment glucose, leading 

to 2,3-butanediol accumulation, the pH of the medium does not fall as low as during 

mixed acid fermentation). This test detect the presence of acetoin - a precursor in the 

synthesis of 2,3-butanediol. ! 

" Medium: MR-VP broth medium 

" Substrate: glucose ! 

" Indicator: 40% KOH and 5% solution of alpha-naphthol in absolute ethanol 

(Barritt’s reagent)  
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The results:  

! Positive (+): Development of a red color in 15 minutes  

! Negative (-): absence of a red color  

 

 Citrate Utilization Test: This test determines the ability of bacteria to use citrate as a 

sole carbon source for their energy needs. This ability depends on the presence of a 

citrate permease that facilitates transport of citrate into the bacterium.  

" Medium: Simmons citrate agar slants ! 

" Substrate: citrate ! 

" pH Indicator: bromothymol blue ( blue at alkaline pH, yellow at acid pH) ! 

When bacteria oxidize citrate, they remove it from the medium and liberate CO
2
. CO

2 
combines with sodium (supplied by sodium citrate) and water to form sodium carbonate an 

alkaline product. This raises the pH, turns the pH indicator to a blue color.  

 

The results:   

! Positive (+): blue color! 

! Negative (-): no color change and no growth in the medium  

 

4. Urease test: Some bacteria are able to produce an enzyme called urease that attacks the 

nitrogen and carbon bond in amide compounds such as urea, forming the end products 

ammonia, CO2, and water. When urea is hydrolyzed, ammonia accumulates in the 

medium and makes it alkaline (increase in pH).  

" Medium: urea broth 

" Substrate: urea 

" !pH Indicator: phenol red  

 

Biochemistry within bacteria:  

 

Biochemistry within tubes:  

Ammonia + phenol red  deep pink or purplish red  

The results:  

! Positive (+): deep pink or purplish red !  

! Negative (-): no deep pink color or (yellow color)  
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5. Starch Hydrolysis: The starch molecule consists of two constituents: amylose, an 

unbranched glucose polymer and amylopectin, a large branched polymer. Both 

amylopectin and amylose are rapidly hydrolyzed by certain bacteria, using their α-

amylases, to yield dextrins, maltose, and glucose, as follows:  

               Starch                   α-amylase  

[Amylose + Amylopectin]         Dextrins     +    Maltose     +    Glucose !H2O 

(Large polysaccharide)                         (Intermediate    (Disaccharide)  (Monosaccharide) 

                                                               Polysaccharides)  

Gram’s iodine can be used to indicate the presence of starch. When it contacts starch, it forms 

a blue to brown complex. Hydrolyzed starch does not produce a color change. If a clear area 

appears after adding Gram’s iodine to a medium containing starch and bacterial growth, α- 

amylase has been produced by the bacteria. If there is no clearing, starch has not been 

hydrolyzed.  

6. Catalase test: Some bacteria contain flavoproteins that reduce O
2
, resulting in the 

production of hydrogen peroxide (H
2
O

2
) or superoxide (O

2

–
). These are extremely toxic 

because they are powerful oxidizing agents and destroy cellular constituents very rapidly. 

A bacterium must be able to protect itself against such O
2 

products or it will be killed. 

Many bacteria possess enzymes that afford protection against toxic O
2 
products. Obligate 

aerobes and facultative anaerobes usually contain the enzymes superoxide dismutase, 

which catalyzes the destruction of superoxide, and either catalase or peroxidase, which 

catalyze the destruction of hydrogen peroxide as follows:  

                   Superoxide dismutase 

2O
–

2 
+ 2H

+    
   O

2      +      H2
O

2   

                                                            Oxygen     Hydrogen peroxide 

        

                      Catalase or peroxidase  

2H
2
O

2           2H
2
O + O

2  (Bubbles)  

                                                               Water        Free oxygen       

Most strict anaerobes lack both enzymes and therefore cannot tolerate O2.  

! Substrate: H
2
O

2 
3% Enzyme: Catalase  

! Positive catalase test: Bubbles of free O
2 

gas 

! Negative catalase test: The absence of bubble formation 

 



Lab.                                                                                        Medical Microbiology (Practical)  

!

Assistant Lecturer  Halah M. Hussein 

!

12!

7. Oxidase test: Oxidase enzymes play an important role in the operation of the electron 

transport system during aerobic respiration. Cytochrome oxidase uses O
2 

as an electron 

acceptor during the oxidation of reduced cytochrome c to form water and oxidized 

cytochrome c.  

" Substrate: Tetramethyl-p-phenylenediamine dihydrochloride (oxidase test reagent 

serves as an artificial substrate electrons to cytochrome oxidase)! 

" Enzyme: Cytochrome oxidase! 

" Reagent: (Tetramethyl-p-phenylenediamine dihydrochloride)  

 

! Positive oxidase test: Dark purple! 

! Negative oxidase test: No color change or a light pink  

 

8. Coagulase and Clamping factor: S aureus produces coagulase, an enzyme-like 

protein that clots oxalated or citrated plasma. Coagulase binds to prothrombin; together 

they become enzymatically active and initiate fibrin polymerization. Coagulase may 

deposit fibrin on the surface of staphylococci, perhaps altering their ingestion by 

phagocytic cells or their destruction within such cells. ! ! 

 

                                 Coagulase + prothrombin 

     Fibrinogen    Fibrin clot  

                                         Activation 

Clumping factor: is a surface S aureus compound that is responsible for adherence of the  

organisms to fibrinogen and fibrin. When mixed with plasma, S aureus forms clumps.  

                      Clumping factor 

Fibrinogen      Fibrin clot  

 

Coagulase test: Citrated rabbit (or human) plasma diluted 1:5 is mixed with an equal !volume 

of broth culture or growth from colonies on agar and incubated at 37 °C. A tube of plasma 

mixed with sterile broth is included as a control. If clots form in 1–4 hours, the test is 

positive. 

 

 

9. Nuclease (DNase): extracellular enzyme which hydrolyse DNA or RNA to nucleotides 

which dissolve in acid. The enzyme act on phosphodiester bonds. DNase enzyme is 

medically important specially for S. epidermidis because it determines the pathogenicity of 

the strain. Normally S. epidermidis is non-pathogenic, it is normal floral of skin, and also 

can be isolated from upper respiratory tract, they are opportunistic and they can cause fatal 

infection if they reach the blood stream and colonized in heart causing endocarditis. Strain 
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which produce DNase are pathogenic, non pathogenic strain do not produce DNase. All 

strain of S. aureus produce DNase. ! 

DNase test: Heavily spot-inoculate DNase agar plate with Staphylococci bacteria over a 0.5-

cm area, Incubate for 18 to 24 hours at 35°C. Then flood the DNase test agar plate with 1 N 

HCl. A zone of clearing around the colony indicates a positive DNase test. This clearing 

occurs because the large DNA molecule has been degraded the enzyme, and the end products 

dissolve in the added acid. ! 

10. Motility test: Motility of bacteria can be detected by several methods; used to 

determine whether an organism is equipped with flagella or not e.g. 

       1-Stabbing of semisolid medium                              2-Hanging drop technique 

11. Haemolysis: Some types of pathogenic bacteria are able of producing haemolysin 

enzyme that lyses Erythrocytes (RBCS). This can be detected in vitro on blood agar plates. 

There are three types of haemolysis:  

" α-haemolysis: Complete clear circular zone around the bacterial colonies due to 

complete lysis of red cells. e.g. Streptococcus pyogenes and Staphylococcus aureus. 

" β-haemolysis: appear as greenish zone around the colonies· due to partial haemolysis 

of RBCs. e.g. Streptococcus viridians  . 

" γ-haemolysis: (no haemolysis) no any obvious changes around the colonies is 

Enterococcus faecalis. 

12. Mannitol fermentation: This can be detected in vitro on mannitol salt agar plates. 

Staphylococcus aureus can be ferment the sugar (mannitol) in this media &become 

yellow, while S. epidermidis cannot ferment the sugar &become white. 

 

13. Pigment production: Some type of bacteria able to produce a characteristic pigments. 

There are two types of pigments: 

" Endopigment: Remain bound to the body of the M.O. and doesn't diffuse to the 

surrounding media e.g. Serratia and Staphylococcus. 

" Exopigment: Soluble which readily diffuse into the surrounding media 

e.g.Pseudomonas aerogenosa produce four types of pigments Pyocyanin (blue-gree) 

Pyoveridin (green), Pyorubin (red) and Pyomelanin (black). 

 

 

 

 

 

 

!
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 Mannitol salt agar:  Selective and differential media for 

Staphylococci bacteria  
• Selective because it contains 7.5% NaCl 

• Differential because it contains mannitol sugar and phenol red as pH indicator which 

differentiated between: 

   
! Mannitol fermented Staphylococci e.g. S. aureus   and 

!  Mannitol non-fermented e.g. S. epidermidis ! 

 

 MacConkey agar : Selective and Differential media for family 

Enterobacteriaceae , which included many genus of bacteria such as; 

Escherichia (E. coli), Shigella, Salmonella, Enterobacter, Klebsiella, 

Serratia, Proteus ! 

• Selective because contains: bile salts and crystal violet that inhibited the growth of 

Gram- positive bacteria and some fastidious Gram-negative bacteria.  

• Differential because contains: lactose as source of carbon and pH indicator neutral 

red (yellow at alkaline pH, pink at acid pH) that differential between lactose 

fermenter and non lactose fermenter.  

 

 

! Lactose fermenting bacteria produce a mixed of acids that conversion of the neutral 

red to red color so that produce pink to red colonies. 

!  Lactose non fermenting bacteria produce colonies appear colorless or transparent.  
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Antimicrobial susceptibility testing (Kirby-Bauer Method) 

  

Principles  

Once the causative organism of a specific disease in a patient has been isolated, it is up to the 

attending physician to administer a chemotherapeutic agent that will inhibit or kill the 

pathogen without causing serious harm to the individual. The method must be relatively 

simple to use, be very reliable, and yield results in as short a time as possible.  

One method that is used to determine antibiotic susceptibility is the sensitivity disk method 

of Kirby-Bauer (named after W. Kirby and A. W. Bauer in 1966). The recommended 

medium in this test is Mueller Hinton agar. Its pH should be between 7.2 and 7.4, and it 

should be poured to a uniform thickness of 4 mm in the Petri plate.  

In this method, antibiotics are impregnated onto paper disks and then placed on a seeded 

Mueller-Hinton agar plate using a mechanical dispenser or sterile forceps. The plate is then 

incubated for 16 to 18 hours, and the diameter of the zone of inhibition around the disk is 

measured to the nearest millimeter. The inhibition zone diameter that is produced will 

indicate the susceptibility or resistance of a bacterium to the antibiotic. Antibiotic 

susceptibility patterns are called antibiograms. Antibiograms can be determined by 

comparing the zone diameter obtained with the known zone diameter size for susceptibility 

(see table below). For example, a zone of a certain size indicates susceptibility, zones of a 

smaller diameter or no zone at all shows that the bacterium is resistant to the antibiotic. 

Frequently one will see colonies within the zone of inhibition when the strain is antibiotic 

resistant. The Kirby-Bauer method is not restricted to antibiotics. It may also be used to 

measure the sensitivity of any microorganism to a variety of antimicrobial agents such as 

sulfonamides and synthetic chemotherapeutics.  

Many factors are involved in sensitivity disk testing and must be carefully controlled. These 

include size of the inoculum, distribution of the inoculum, incubation period, depth of the 

agar, diffusion rate of the antibiotic, concentration of antibiotic in the disk, and growth rate of 

the bacterium. If all of these factors are carefully controlled, this type of testing is highly 

satisfactory for determining the degree of susceptibility of a bacterium to a certain antibiotic.  

The Kirby-Bauer method is a standardized system that takes all variables into consideration. 

It is sanctioned by the U.S. FDA and the Subcommittee on Antimicrobial Susceptibility 

Testing of the National Committee for Clinical Laboratory Standards.  

Procedure  

First Period 

1. With a wax pencil, mark the lid of each Mueller- Hinton agar plate with your name, 

date, and the name of the bacterium to be inoculated.  

2. To prepare the inoculum from the primary culture plate, touch with a loop the tops of 

each of 3–5 colonies, of similar appearance, of the organism to be tested. Transfer this 

growth to a tube of saline. When the inoculum has to be made from a pure culture, a 

loopful of the confluent growth is similarly suspended in saline.  

3. Compare the tube with the turbidity standard and adjust the density of the test 

suspension to that of the standard (McFarland 0.5 stranded solution) by adding more 

bacteria or more sterile saline. Proper adjustment of the turbidity of the inoculum is 
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essential to ensure that the resulting lawn of growth is confluent or almost confluent.  

4. Inoculate the plates by dipping a sterile swab into the inoculum. Remove excess 

inoculum by pressing and rotating the swab firmly against the side of the tube above 

the level of the liquid.  

5. The swab is then taken and streaked on the surface of the Mueller-Hinton plate three 

times, rotating the plate 60° after each streaking. Finally, run the swab around the 

edge of the agar. This procedure ensures that the whole surface has been seeded. 

Allow the culture to dry on the plate for 5 to 10 minutes at room temperature with the 

top in place.  

6. Dispense the antibiotics onto the plate either with the multiple dispenser or 

individually with the single unit dispenser. Make sure that contact is made between 

the antibiotic disk and the culture by gently pressing the disk with alcohol-flamed 

forceps. DO NOT PRESS THE DISK INTO THE AGAR, AND DO NOT MOVE 

THE DISK ONCE IT IS PLACED ON THE AGAR.  

7. !Incubate the plates for 16 to 18 hours at 35°C. DO NOT INVERT THE PLATES. ! 

 

Second Period  

Measure the zones of inhibition to the nearest mm for each of the antibiotics tested. Record 

the results and use the interpretation of inhibition zones charts that provided by the National 

Committee for Clinical Laboratory Standards (NCCLS). For each antibiotic, determine 

whether the bacteria are resistant or susceptible.  
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Microbiological Skin Tests (Wounds, Burns and Abscesses) 

Skin and subcutaneous tissue are prime targets for both abscesses and wound infections. As a 

general rule, subcutaneous abscesses are caused by Staphylococci. Open, weeping skin 

lesions often involve β-haemolytic Streptococci and/or Staphylococci, as in impetigo.  

Burns: especially second- and third-degree burns, are prone to infection with a variety of 

bacterial species. Staphylococci and Pseudomonas aeruginosa are most commonly 

encountered. ! 

Penetrating wounds: !Any lesion caused by a penetrating object that breaks the skin is likely 

to contain a mixture of microorganisms; these organisms are generally part of the skin flora 

or of the normal microbial flora of soil and water. Penetrating or cutting wounds may be 

caused by sharp objects. (e.g. metal, glass, wood, etc.)  

Penetrating or cutting wounds may be cause of:  

! Tetanus resulting from a penetrating wound is a life-threatening disease in a non-

immunized individual. (caused by Clostridium tetani )  

! Wound botulism (caused by Clostridium botulinum) 

! Anthrax:  People working with animals or their products are at risk of infection with 

spores of Bacillus anthracis, which may gain access through small wounds or skin.  

! Other soil organisms, such as Clostridium perfringens, may be involved in deep 

penetrating wounds and gas gangrene give rise to.  

Nosocomial wound infections: Many hospital-acquired infections are known to occur in 

surgical departments. Surgical wound infections may occur shortly after surgery or several 

days postoperatively. Staphylococcus aureus (usually benzylpenicillin-resistant, and now 

often meticillin- resistant) is the biggest offender, followed closely by E. coli and other 

enteric bacteria.  

Collection and transportation of specimens  

Abscess: A syringe and needle are used to aspirate as much as possible of the purulent 

material, which is then aseptically transferred to sterile specimen containers. If such 

containers are not available, the specimen should be kept in the syringe with the needle 

capped, and the syringe itself should be transported to the laboratory. A swab can be used to 

collect very small amounts of pus, or pus from sites that require care, e.g. from the eye.  

Penetrating wounds, postoperative wounds, burns, and ulcers: After carefully cleaning 

the site, the surgeon should look beneath the surface for collections of pus, or any other 

abnormal sign. Segments of the tissue involved that are to be used for cultures should be 

removed and placed on sterile gauze for processing. Pus or other exudate should be carefully 

collected and placed in a sterile tube. Swabs may be used if necessary.  

Macroscopic Evaluation:  

Specimens of pus or wound discharge collected on swabs are difficult to evaluate 

macroscopically, particularly when the swab is immersed in a transport medium. Specimens 

of pus, received in a syringe or in a sterile container, should be evaluated carefully by an 

experienced technician for colour, consistency, and odour.  
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! Colour: The colour of pus varies from green-yellow to brown-red. A red colour is 

generally due to admixture with blood or haemoglobin. Pus from postoperative or 

traumatic wounds (burns) may be stained blue-green by the pyocyanin pigment 

produced by Pseudomonas aeruginosa.  

! Consistency: The consistency of pus may vary from a turbid liquid to one that is very 

thick and sticky.  

! Odour: A foul odour is one of the most characteristic features of an anaerobic or a 

mixed aerobic–anaerobic infection, although it may be lacking in some instances.  

Microscopic Examination:  

A smear for Gram-staining and examination should be made for every specimen. In particular 

cases, or at the request of the clinician, a direct wet mount (Direct microscopy) may be 

prepared and Ziehl–Neelsen staining carried out.  

Gram-stained smear:  

Using a bacteriological loop, make an even smear of the most purulent part of the specimen 

on a clean slide. If only a swab is available, the slide should first be sterilized by being passed 

through the flame of a Bunsen burner and allowed to cool. The cotton swab should then be 

gently rolled over the glass surface. Allow the slide to air-dry. Fix by heat, stain and examine 

the smear under the oil-immersion objective (X100). Inspect carefully and note the presence 

and the quantity (use +signs) of: 

1. Polymorphonuclear granulocytes (pus cells) 

2. Gram-positive cocci arranged in clusters, suggestive of staphylococci 

3. !Gram-positive cocci in chains, suggestive of streptococci or enterococci 

4. Gram-negative rods resembling coliform (Escherichia coli, Klebsiella, etc.), !other 

Enterobacteriaceae (Proteus, Serratia, etc.), non fermentative rods !(Pseudomonas 

spp.), or obligate anaerobes (Bacteroides spp.) 

5. !Large straight Gram-positive rods with square ends suggestive of Clostridium 

perfringens, the principal agent of gas gangrene, or Bacillus anthracis, !the agent of 

anthrax 

6. An extremely heavy and pleomorphic mixture of bacteria, including streptococci, 

Gram-positive and Gram-negative rods of various sizes, including fusiform rods; 

such a picture is suggestive of “mixed anaerobic flora” and should be reported. Also 

!Candida or other yeast cells, which are seen as ovoid Gram-positive budding spheres, 

often forming branched pseudomycelia. !  

Direct Microscopy:  

When requested, or when a fungal or parasitic infection is suspected, a wet preparation 

should be examined. If the pus is thick, a loopful should be mixed in a drop of saline. When 

looking for fungi, a drop of 10% potassium hydroxide should be used to clear the specimen. 

Apply a coverslip and, using the X10 and X40 objectives, look especially for:  

1. Actively motile amoebae in aspirate from a liver abscess. ! 

2. Yeast cells of Histoplasma capsulatum, !Blastomyces dermatitidis, Candida spp.! 

3. Fungal hyphae and bacterial filaments in crushed granules from !mycetoma. ! 

4. Parasites, such as eggs of !Schistosoma, Fasciola, or Paragonimus.  
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Acid-fast staining (Ziehl–Neelsen): 

Ziehl–Neelsen staining should be performed when requested by the clinician. Tubercle bacilli 

should be suspected, in particular, in pus or purulent exudate from the pleura, joints, bone 

abscesses, or lymph nodes.  

Culture: ! 

If bacteria or fungi are seen on microscopic examination, appropriate culture media should be 

inoculated. Independently from the results of microscopy, all specimens of pus or exudate 

should preferably be inoculated onto a minimum of three culture media:  

! Blood agar plate for the isolation of staphylococci and streptococci 

! !MacConkey agar plate for the isolation of Gram-negative rods and!  

! A tube of broth that can serve as enrichment medium for both aerobes and !anaerobes, 

e.g. thioglycollate broth or cooked meat medium. ! 

The size of the inoculum should be determined according to the result of the microscopic 

examination, and may vary from one loopful to a few drops. If massive numbers of 

organisms are seen on the Gram-stained smear, the specimen may even have to be diluted in 

a small amount of sterile broth before plating out. If a swab is used for the inoculation, it 

should be applied to a small area of the plate and the rest of the surface streaked out with a 

loop. If the swab is dry, it should first be moistened in a small quantity of sterile broth or 

saline. In all cases, the technique of inoculation should provide single colonies for 

identification and susceptibility tests. ! 

Routinely, all media should be incubated for two days and inspected daily for growth. If 

culture for fastidious organisms is requested, longer incubation (1–2 weeks or more) will be 

necessary. If growth appears in the broth, it should be Gram- stained and subcultured onto 

appropriate culture media.  

Additional culture media should be used if specially requested, or if indicated by the results 

of the microscopic examination, as in the following examples:  

1. If staphylococci have been seen, an additional mannitol salt agar is helpful in 

obtaining pure growth and in making a preliminary distinction between S. aureus and 

other cocci. ! 

2. If streptococci have been observed, their identification may be accelerated by placing 

a differential bacitracin disc on the initial streaking area. ! 

3. If yeasts or fungi have been observed, the specimen should also be inoculated onto 

two tubes of Sabouraud dextrose agar, one to be incubated at 35°C, the other at 

room temperature, both to be observed for up to one month. (Blood agar is sufficient 

for the isolation of Candida spp.) ! 

4. If acid-fast rods have been seen in the Ziehl–Neelsen stained smear, up to 3 tubes of 

Löwenstein–Jensen medium should be inoculated. ! 

5. Culture in a strictly anaerobic atmosphere is essential when the Gram-stained smear 

shows mixed anaerobic flora and also when the specimen produces a typical foul 

odour. Anaerobic blood agar is also necessary for the growth of Actinomyces. 
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Anaerobic culture will be requested by the clinician when he or she suspects 

clostridial gas gangrene.  

Identification:  

With the exception of contaminants from the environment or from the skin (such as 

Staphylococcus epidermidis), all organisms isolated from wounds, pus, or exudates should be 

considered significant and efforts made to identify them. Full identification, however, is not 

always necessary, particularly in the case of mixed flora. Identification criteria are given here 

only for staphylococci commonly associated with pus (pyogenic), and for two other 

pathogens, Pasteurella multocida and Bacillus anthracis, which are rarely isolated from 

wounds or skin infections, but are very important for the management of the patient. In every 

case, the first step should be to examine well-separated colonies carefully, pick a single 

colony of each type, prepare a Gram-stained smear, and then characterize the organisms 

under the microscope. ! 

Staphylococci:   

Staphylococci are the bacteria most frequently associated with the production of pus. 

Staphylococci grow well aerobically on blood agar and form opaque white to cream colonies, 

1–2 mm in diameter, after overnight incubation. They are unique in growing on media with a 

high salt content, such as MSA (Mannitol Salt Agar). They can be differentiated from 

streptococci by their morphology and by the production of catalase.  

For clinical purposes, staphylococci can be divided into those that produce coagulase and 

those that do not. The coagulase-producing staphylococci belong to the species S. aureus, 

which is the species of greatest medical interest. Of the several coagulase-negative species, 

only two will be considered here S. epidermidis and S. saprophyticus.  

! Although S. aureus is part of the commensal microbial flora of the nose (40% of 

healthy adults are positive), skin, and intestinal tract, this species causes impetigo, 

boils, abscesses, wound infection, infection of ulcers and burns, osteomyelitis, 

mastitis (breast abscess), pleural empyema, pyomyositis, toxic shock syndrome, and 

other types of pyogenic infection.  

! S. epidermidis is also a common commensal of the skin, nose, and other mucous 

membranes and possesses a very low pathogenicity. However, its presence in pus 

should not always be dismissed as skin contamination. Despite its low infectivity, S. 

epidermidis can cause skin infections at the site of an in-dwelling catheter, cannula, or 

other device. Infections with S. epidermidis are particularly troublesome in cardiac 

and orthopaedic surgery involving the insertion of prosthetic devices (artificial heart 

valves or artificial hips).  

! S. saprophyticus is recognized to be a common cause of urinary tract infections in 

young women, being second only to E. coli in some populations.  

The distinctive features of the three main species of Staphylococcus are given in Table 

below   

1. Gram stain (gram-positive cocci grape-like irregular clusters) 

2. Blood agar ( for haemolysis) 

3. Milk agar ( for pigments production) 

4. Staph 110 (selective media because it contains 7.5% NaCl). 
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5. Mannitol salt agar (selective and differential media) selective because it contains 

7.5% NaCl. Differential because it contains mannitol sugar and phenol red as 

pH indicator which differentiated between mannitol fermented Staphylococci e.g. 

S. aureus and mannitol non-fermented e.g. S. epidermidis.     

6. Catalase & Oxidase test 

7. Coagulase test 

8. DNase test 

All these tests are described in the previous Lab.  (Lab. 3, 4,  5).  
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S. epidermidis  &  S. aureus  on 

Mannitol salt agar

Staphylococcus Gr+ve cocci grape-

like irregular clusters

Clumping factor
)Coagulase Test (tube test

DNase Test
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Microbiological Sputum Tests

Many patients with Lower respiratory tract infections (LRTI) cough up purulent (pus-containing) 

sputum that is generally green or yellowish in colour; this sputum may be cultured and examined 

grossly and microscopically. 

A special form of LRTI is pulmonary tuberculosis, which is caused by Mycobacterium tuberculosis.  

Chronic bronchitis is a long-lasting, disabling respiratory disease with periodic acute attacks. Most 

patients generally cough up sputum every day, which is usually grey and mucoid; the disease also has 

episodes when the condition of the patient becomes worse and obviously purulent sputum is coughed 

up. The typical respiratory pathogens (Haemophilus influenzae, Streptococcus pneumoniae, or less 

often Moraxella catarrhalis) are frequently found in sputum samples. 

Acute lobar pneumonia usually affects only a single lobe of the lung. This infection is nearly always 

caused by S. pneumoniae. A rare cause of a rather similar form of pneumonia is Klebsiella 

pneumoniae. 

While a few patients infected with S. pneumoniae or K. pneumoniae will have classical pneumonia, 

the most frequent form of the disease is bronchopneumonia. Many different kinds of viruses or 

bacteria can be associated with bronchopneumonia. Apart from S. pneumoniae, and sometimes H. 

influenzae, Staphylococcus aureus is a cause of bronchopneumonia. Gram-negative rods (in 

particular, E. coli and K. pneumoniae) and P. aeruginosa are also frequently found. 

Because the bacteriological procedures for the diagnosis of pyogenic respiratory infections, such as 

bronchitis and pneumonia, are so fundamentally different from those for tuberculosis, they will be 

considered separately. The physician must make it clear to the laboratory whether he or she wishes 

examinations for: 

! pyogenic bacteria (H. influenzae, S. pneumoniae, etc.) ! 

! tubercle bacteria (M. tuberculosis), or ! 

! both types of bacteria. ! 

Collection of sputum specimens !

The sputum should be collected in a sterile wide-mouthed container with a secure, tight-fitting cover 

and sent to the laboratory without delay. If the sputum is allowed to stand after collection, overgrowth 

of contaminating bacteria may take place before the examination is carried out and the results of 

smears and cultures will be highly misleading. !

Processing of sputum in the laboratory (for non-tuberculous infections) !

Macroscopic evaluation !

The macroscopic appearance of the sputum should be recorded. Possible descriptions include: !

! purulent, green ! 

! purulent, yellow 

! !mucopurulent (i.e. partially mucoid and partially purulent)  

! blood-stained 

! !blood-stained, with green floccules ! 
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! grey, mucoid ! 

! grey, frothy ! 

! white, mucoid 

! !white, frothy 

! !white, mucoid, with some food particles ! 

! watery (i.e. only saliva present) ! 

! watery, with some food particles ! 

Microscopic examination 

A portion of the purulent or mucopurulent sputum should be used for the preparation of a Gram-

stained smear. 

In many patients with acute respiratory infections (e.g. pneumonia) and purulent sputum, the 

emergency examination of a Gram-stained smear may provide guidance to the clinician in the choice 

of antimicrobial chemotherapy. Possible results include: 

" Gram-positive diplococci surrounded by an empty space from the unstained capsules 

(suggestive of S. pneumoniae); ! 

" Small Gram-negative coccobacilli (probably H. influenzae); ! 

" Gram-negative diplococci, intracellular and extracellular (suggestive of !Movaxella 

catarrhalis; ! 

" Gram-positive cocci in grape-like clusters (suggestive of S. aureus); ! 

" Gram-negative rods (suggestive of the presence of Enterobacteriaceae or !Pseudomonas 

spp.); ! 

" Large Gram-positive yeast-like cells, often with mycelia (suggestive of the !presence of 

Candida spp.). !  

Cultural procedures 

 When microscopy of the specimen demonstrates an acceptable quality of the sputum, select a 

floccule of purulent material (or of the most nearly purulent material available) using a sterile swap or 

loop and inoculate on to the various culture plates. !A suggested routine set of culture media is as 

follows: 

! Blood agar 

! Chocolate agar ! 

The blood agar and chocolate agar plates are incubated at 35–36°C in an atmosphere containing 

extra carbon dioxide (e.g. in a candle jar) 

! MacConkey agar. ! 

! Mannitol salt agar (MSA) plate is suggested, if grape-like clusters of Gram-positive cocci 

were present in the stained smear. 

! A tube of Sabouraud dextrose agar is suggested, if Gram- positive, yeast-like structures 

present in the stained smear (which needs to be incubated for at least 3 days at 35–37°C).  

MSA and Sabouraud cultures do not need to be done routinely for all sputum specimens. 

Cultures should be inspected after incubation overnight (18 hours) but reincubation for an extra 24 

hours may be indicated when growth is less than expected from the microscopic findings, or when 

only tiny colonies are present. 
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Typical findings include the following: 

" Flat, clear colonies with concave centres and zones of green α-haemolysis, as well as a 

zone of inhibition of growth around the optochin disc, may be S. pneumoniae. It should not 

be forgotten that other α-haemolytic colonies (the so-called viridans streptococci) are 

normally present in the flora of the mouth and throat. ! 

" Tiny, water-drop colonies growing as non-haemolytic satellite colonies on the blood agar 

plate, but much larger clear colonies on the chocolate agar or enriched blood agar plates, 

suggest the presence of H. influenzae. These colonies are usually present in large numbers, 

generally more than 20 per plate. ! 

" Brittle, dry, grey-white colonies on blood agar and chocolate agar plates that can be moved 

intact with a loop may indicate M. catarrhalis. ! 

" Medium-sized, golden-buff colonies are formed by S. aureus. ! 

" Colonies on MacConkey agar suggest that Enterobacteriaceae or Pseudomonas spp. or 

Acinetobacter spp. are present. ! 

" Whitish, round, matt colonies on the blood agar and chocolate agar plates may be Candida 

albicans, which will also grow within 2–3 days on a Sabouraud dextrose agar culture. ! 

It should be stressed that rare colonies of any of the above organisms should not be reported, or 

should be reported as colonizing flora. 

Processing of sputum for tuberculous infections 

Microscopic examination 

An acid-fast stained smear (Ziehl–Neelsen) should be examined microscopically to detect 

immediately any patients who have acid-fast bacteria in their sputum. 

Culture for Mycobacterium tuberculosis 

It is expensive to culture all sputum samples routinely for tubercle bacilli (although some unsuspected 

patients would be discovered); therefore this is not routinely recommended. 

After the smear has been stained, the sputum should be treated by a decontamination procedure in 

order to kill as many of the non- mycobacterial organisms as possible and to leave the tubercle bacilli 

viable and thus suitable for culture on Löwenstein–Jensen medium. 

The tubes containing the Löwenstein–Jensen medium should be incubated for 2–3 days at 35–37°C in 

a horizontal position, with the tops loosened half a turn. The culture tubes should then be stored at 

37°C for six weeks and inspected for growth at weekly intervals. During these weekly inspections, the 

growth of any colonies of bacteria on the surface should be noted. A smear should be carefully made 

and stained by the Ziehl–Neelsen procedure. 

Isolated mycobacteria should be identified as to species. Conventional methods for identification of 

mycobacteria include observation of rate of growth, colony morphology, pigmentation, and 

biochemical profiles. The conventional methods often require 6–8 weeks for identification 

Molecular probe methods are much faster than the conventional methods. The probes can be used on 

mycobacterial growth from solid media or from broth cultures. DNA probes specific for ribosomal 

RNA (rRNA) sequences of the test organism are used in a hybridization procedure. 

Typical human strains of Mycobacterium tuberculosis are “rough, tough and buff”, and can 
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sometimes be seen after 2–3 weeks of incubation (but seldom earlier). Bovine strains (M. bovis) are 

generally smooth and whitish-cream in colour. Other, generally nonpathogenic, mycobacterial species 

may grow more quickly (sometimes after only several days) and may or may not produce pigmented 

growth (red, yellow, or orange). If an isolate has the typical colonial appearance and the Ziehl–

Neelsen stained smear from a colony is also typical, it should be reported as “Mycobacterium spp., 

probably M. tuberculosis. 


