
Section 6 

Antibiotic Susceptibility Tests 

Antimicrobial agents are nontoxic antimicrobial therapeutic 

agents,which include antiseptics, antibiotics, 

preservatives,sterilants, and disinfectants; all have the capacity 

to kill or suppress the growth of microorganism. antimicrobial 

agents are an essential components of the practice of medicine. 

They are used to treat, prevent, and control the distribution of 

bacterial pathogens. 

the term antibiotic has been traditionally reserved for 

compounds that are naturally produced by living 

microorganisms, such as bacteria and fungi. The term has come 

to be more widely applied to any natural, semisynthetic, or 

synthetic molecule used to treat or prevent disese. 

Antibiotics target anabolic cellular processes such as : 

1.cell wall synthesis.  

2.DNA replication.  

3.RNA transcription. 

4.Messenger RNA (mRNA) translation. 

 



Antibiotic susceptibility tests is performed on bacteria isolated 

from clinical specimens to determine which antimicrobial 

agents might be effective in treating infection caused by the 

bacteria. Only bacteria that are likely to be contributing to an 

infection should be tested. Testing bacteria that are not 

involved in the infection would be misleading to the physician 

and could lead to a more serious infection with development 

of antimicrobial resistance. One of the major challenges in 

clinical microbiology is the identification of the bacterium that 

caused infections. 

Often, these bacteria need to be distinguished from normal 

flora that may be present in at the site of the infection normally 

, although in some situations the microbial flora that reside at 

the site of the infection may be contributing to the infection . 

therefore, thought needs to go into determining which bacteria 

from specimen will be tested for susceptibility to 

antimicrobials. 

Most  microbiology laboratories have guidelines for 

determining when and on which bacteria susceptibility testing 

will be done. When in doubt about the significance of a bacteria 

from a specimen, it is best to discuss the situation with the 

attending physician.  

In clinical laboratories , susceptibility testing is usually 

performed by a disk diffusion or and minimal inhibitory 



concentration {MIC} methods. Standards that describe these 

methods are published frequently updated by the clinical and 

laboratory standards institute(CLSI), formerly the National 

Committee for clinical laboratory standards{NCCLS}. 

After a pathogen is cultured, is sensitivity to specific antibiotics 

serves as a guide in choosing antimicrobial therapy. Some 

pathogens, such as streptococcus pyogenes  and N .meningitidis 

, usually have predictable sensitivity patterns to certain 

antibiotics. In contrast, most gram-negative bacilli, enterococci , 

and staphylococcal species show unpredictable sensitivity 

patterns to various antibiotics and require susceptibility testing 

to determine appropriate antimicrobial therapy. 

There are many methods for detecting this bacterial 

susceptibility pattern like:  

1.Disk-diffusion method  

The classic qualitative method to test susceptibility to 

antibiotics has been the Kirby-Bauer disk-diffusion methods, in 

which disks with exact  amounts of different  antimicrobial 

agents are placed on culture dishes inoculated with the 

microorganism to be tested. The micro-organisms 

growth(resistance to the drug) or lack of growth (sensitivity to 

the drug ) is then monitored. 



In addition, the size of the zone of growth inhibition is 

influenced by the concentration and rate of diffusion of the 

antibiotics on the disk. The disk – diffusion method is useful 

when susceptibility to an unusual antibiotics, not available in 

automated system, is to be determined. 

 

2.Minimal inhibitory concentration  

Quantitative testing uses a dilution technique in which tubes 

containing serial dilutions of an antibiotic are inoculated with 

the organism whose sensitivity to that antibiotic is to be tested. 

The tubes are incubated and later observed to determine the 

minimal inhibitory concentration (MIC) of the antibiotic 

necessary to prevent bacterial growth. [Note: MICs are now 

automated and often done simultaneously with automated 

biochemical identifications.] 

To provide effective antimicrobial therapy, the clinically 

obtainable antibiotic concentration in body fluids should be 

greater than the MIC. 

Quantitative susceptibility testing may be necessary for 

patients who either fail to respond to antimicrobial therapy or 

who relapse during therapy . In some clinical cases, the minimal 

bactericidal concentration may need to be determined. This is 



the lowest concentration of antibiotic that kills 100 percent of 

the bacteria, rather than simply inhibiting growth. 

 

3.Bacteriostatic versus bactericidal drugs  

As noted above, antimicrobial drugs may be Bacteriostatic or 

bactericidal. 

 Bacteriostatic drugs arrest the growth and replication of 

bacteria at serum levels achievable in the patient, thereby 

limiting the spread of infection while the body’s immune 

system attacks, immobilizes, and eliminates the pathogens. If 

the drug is removed before the immune system has scavenged 

the microorganisms; enough viable organisms may remain to 

begin a second cycle of infection. 

Figure (9) shows a laboratory experiment in which the growth 

of bacteria is arrested by the addition of a bacteriostatic agent. 

Note that viable organisms remain even in the presence of the 

bacteriostatic  drug. By contrast, addition of a bactericidal 

agent kills bacteria, and the total number of viable 

microorganisms decreases. 

Although practical, this classification may be too simplistic 

because it is possible for an antibiotic to be bacteriostatic for 

one organism and bactericidal for another (for example, 



chloramphenicol is bacteriostatic against gram-negative rods 

and bactericidal against pneumococci ). 

 

Figure(9):Effects of bactericidal and baceriostatic drugs on the growth of bacteria in virto. 



Section 1 

Diagnostic Microbiology:  

Purpose and philosophy of Diagnostic microbiology: 

Microorganisms can be found in every ecosystem and in 

close association with every type of multicellular 

organism. They populate the healthy human body by the 

billions as benign passengers (normal flora) and even as 

participants in bodily functions.  

For example, bacteria play a role in the degradation of 

intestinal contents. Few species of microorganisms that are 

harmful to humans (as pathogenic agents):Either by 

production of toxic compounds. Or by direct infection. 

Diagnostic microbiology is a medical specialty that 

requires extensive training to achieve board certification. 

Diagnostic microbiologists study 

the:Causes.Treatment.Control of infectious diseases. 

These diseases may be caused by things 

like:Viruses.Bacteria.Protozoa.Mycobacteria.Fungi.  

Most infectious disease is initiated by colonization (the 

establishment of proliferating microorganisms on the skin 

or mucous membranes) as shown in Figure (1). The major 

exceptions are diseases caused by introduction of 

organisms directly into the bloodstream or internal organs. 

Microbial colonization may result in: 

1)Elimination of the microorganism without affecting the 

host.  

2)Infection in which the organisms multiply and cause the host to react by making an 

immune or other type of response.  

3)A transient or prolonged carrier state. Infectious disease occurs when the organism 

causes tissue damage and loss function of body systems.  

So that the purpose and the philosophy of diagnostic bacteriology is depending on 

identifying the causative microorganism by different laboratory methods which is 

usually essential for effective antimicrobial and supportive therapy. Through that, 

initial treatment may be empiric, based on the microbiologic epidemiology of the 

infection and the patient’s symptoms. However, definitive microbiologic diagnosis of 

an infectious disease usually involves one or more of the following five basic 



laboratory techniques, which guide the physician along a narrowing path of possible 

causative pathogens:  

1. Morphologic identification of the agent in stains of specimens or sections of tissues 

(light and electron microscopy).  

2. Cultivation and identification of the organisms.  

3. Detection of microbial antigens by immunologic assay (latex agglutination, enzyme 

immunoassay (EIA).  

4. Detection of microbial DNA or RNA.  

5. Detection of an inflammatory or host immune response to the pathogenic agents.  

Physicians who deal with infectious processes must know when and how to take 

specimens, what laboratory examinations to request, and how to interpret the results.  

Diagnostic microbiology encompasses the characterization of thousands of agents that 

cause or are associated with infectious diseases. The techniques used to characterize 

pathogenic agents vary greatly depending on the clinical symptoms and the type of 

agent being considered, be it virus, bacterium, fungus, or and parasite. all potential 

pathogens. 

Because no single test will permit isolation or characterization clinical information is 

much more important for diagnostic microbiology than it is for clinical chemistry or 

hematology. The clinician must make a tentative (cautious) diagnosis rather than wait 

until laboratory results are available. When tests are requested, the physician should 

inform the laboratory staff of the sure diagnosis (type of infection or infectious agent 

suspected). 

After obtaining the proper specimens and informing the laboratory of the careful 

clinical diagnosis, the clinician should begin treatment with drugs aimed at the 

organism thought to be responsible for the patient's illness.  

As the laboratory staff begins to obtain results, they inform health care providers, who 

on then reevaluate the diagnosis and clinical course of the patient and perhaps make 

changes in the therapeutic program. This "feedback" information from the laboratory 

consists of earliest reports of the results of individual steps in the isolation and 

identification of the causative agent. 

 

 



Section 2 

 

Laboratory safety  

Microbiologists doing diagnostic work will of course have to handle potentially 

pathogenic microorganisms and must observe stringent regulations to avoid risks to 

themselves and others. Microbiology laboratory safety practices were included  

admonitions such as the necessity to:  

1. wear gloves,  

2. wash hands after working with infectious materials,  

3. disinfect all instruments immediately after use,  

4. use water to moisten specimen  

5. disinfect all contaminated waste before discarding, and  

6. report to appropriate personnel all accidents or exposures to infectious agents.  

 

Safety programs also have been expanded to include not only the proper handling of 

biologic hazards encountered in processing patient specimens and handling infectious 

microorganisms, but also fire safety; electrical safety; the safe handling, storage, and 

disposal of chemicals and radioactive substances; and techniques for safely lifting or 

moving heavy objects.  

 

Laboratory safety begins with suitable room designs and equipment (negative-pressure 

lab rooms, safety hoods) and goes on to include compliance with the basic rules of 

work in a microbiological laboratory such as:  

1. Protective clothing.  

2. No eating, drinking, or smoking.  

3. Mechanical pipetting aids. 

4. Hand and working surface disinfection (immediately in case of contamination, 

otherwise following each procedure),  

5. Proper disposal of contaminated materials.  



6. Staff health checks.  

7. Proper staff training.  

Sterilization and disinfection  

 

Sterilization is a process that kills all forms of microbial life, including bacterial 

spores.  

Disinfection is a process that destroys pathogenic organisms, but not necessarily all 

microorganisms or spores. Sterilization and disinfection may be accomplished by 

physical or chemical methods. The physical methods of sterilization include:  

• Burning  

• Moist heat  

• Dry heat  

• Filtration  

• Ionizing (gamma) radiation  

So that there are physical methods of disinfection such as:  

• Boiling at 100°C for 15 minutes, which kills vegetative bacteria  

• Pasteurizing at 63°C for 30 without damaging the minutes or 72°C for 15 seconds, 

which kills food pathogens the nutritional value or flavor  

• Using nonionizing radiation such as ultraviolet (UV) light  

 

Chemical safety of diagnostic microbiologically laboratory should have a chemical 

hygiene plan that includes guidelines on proper labeling of chemical containers, 

manufacturers material safety data sheets (MSDSS), and the written chemical safety  

training and retraining programs.  

Fire safety is an important component of the laboratory safety program. Each 

laboratory is required to post fire evacuation plans that are essentially strategies for 

finding the nearest exit in case of fire. 

 

 

 



Electrical safety  

Electrical cables should be checked regularly for fraying and replaced when necessary. 

All plugs should be the three-prong, grounded type. All sockets should be checked for 

electrical grounding and leakage at least annually. No extension cables should be used 

in the laboratory.  

 

Handling of compressed gases  

Compressed gas cylinders (CO2, anaerobic gas mixture) contain pressurized gases and 

must be properly handled and secured.  

 

Biosafety  

Individuals are exposed in various ways to laboratory acquired infections in 

microbiology laboratories, through that risks from a microbiology laboratory may 

extend to adjacent laboratories and to the families of those who work in the 

microbiology laboratory.  

In the diagnostic microbiology laboratory, shigellosis, salmonellosis, tuberculosis, 

brucellosis, and hepatitis are frequently acquired laboratory infections.  

 

Disposal of hazardous waste:  

All materials contaminated with potentially infectious agents must be decontaminated 

before disposal. These include unused (fresh) portions of patient specimens, patient 

cultures, stock cultures of microorganisms, and disposable sharp instruments, such as 

scalpels and syringes with needles.  

Infectious waste may be decontaminated by use of an autoclave, burner, or any one of 

several alternative waste-treatment methods (figures 2 and 3). Infectious waste from 

microbiology laboratories is usually autoclaved on site or sent for burning.  
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Section 3 

Selection, collection, and transportation of specimens for 

microbiological examination 

The role of the laboratory in the diagnosis of infections can be considered a major steps 

of diagnostic microbiology. If pathogens are to be isolated successfully, the type of 

specimen, its collection, time and method of its dispatch to the laboratory must be 

correct. (Figure- 4) 

A detailed request form that accompanies a clinical sample is pivotal in ensuring the 

appropriate diagnostic procedures are undertaken; information should include: 

1. Patient details. 

2. Clinical diagnosis. 

3. Onset of symptoms 

4. Sample type. 

5. Time of collection. 

6. Treatment history and concurrent antimicrobial therapy. 

7. Other health and safety issues. 

Supporting clinical information, including travel history and contact with infected 

individuals, is also important. 

 

Figure (4): Laboratory diagnostic pattern. 
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Sample collection 

Samples for microbiological investigation require careful collection, without 

contamination from external sources or the patient’s own flora. 

When taking clinical samples, it is important to: use sterile, leak-proof containers; 

label the specimen correctly; take care whilst obtaining samples through an area 

containing a normal flora like vein puncture through skin to obtain blood culture in this 

instance the skin should be decontaminated with an appropriate antiseptic prior to 

collecting blood. If possible, specimens for microbiological culture should be taken 

prior to commencement of antibiotic therapy, to avoid false-negative results. 

 

 

Transport of microbiological specimens 

Rapid transport of samples to the microbiology laboratory is essential, as many 

fastidious microorganisms, such as Neisseria gonorrhoeae and Haemophilus 

influenzae, die during transit. 

Furthermore, overgrowth by contaminating normal flora confusing the pathogen may 

also occur. To minimize these complications, the microbiology department may adopt 

several strategies such as: 

1. Specimen should reach to the laboratory as soon as possible or a suitable 

preservative or transport medium must be used. 

2. Refrigeration of sample at 4 ºC can help to preserve cells and reduce the 

multiplication of commensals in unpreserved specimens. 

3. Freezing at -70 ºC or below in the presence of a stabilizing fluid, like glycerol or 

serum. 

4. Ensure that the specimen container is free from cracks, and the cap is leak proof. 

5. Seal round the container cap with adhesive tape to prevent loosening and leakage 

during transit. 

6. If the container is glass tube or bottle, use sufficient packaging material to prefect 

a specimen. 

7. If the specimen is fluid, use sufficient absorbent material to absorb it. 

8. Mark all specimen that may contain highly infectious organism “HIGH RISK”.
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Non-culture techniques 

Following receipt of the sample, the microbiology laboratory may utilize non- culture 

techniques to provide rapid clinical information, which may benefit patient 

management. There are several situations where non-culture techniques are of 

importance: 

. Microorganism cannot be readily cultured in vitro; 

. Microorganism is slow-growing; 

. Rapid laboratory diagnosis significantly influences clinical management of the 

patient. 

Non-culture techniques include direct microscopy, immunological methods, 

serology, and nucleic acid amplification techniques (NAAT). 
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Section 4  

Cultivation and isolation of viable pathogens 

Laboratory media 

Culture media are required to isolate the bacteria from the clinical specimens; following 

which the appropriate biochemical tests can be performed to identify the causative agent. 

Constituents of culture media: 

The basic constituents of culture media are: 

 Water: Distilled water or potable water with low mineral content is suitable for 

culture media preparation. 

 Electrolyte: Sodium chloride or other electrolytes. 

 Peptone: It is a complex mixture of partially digested proteins. 

• Source: It is obtained from lean meat or other protein material, such as heart muscle, casein 

or fibrin, or soya flour usually by digestion with proteolytic enzymes, such as pepsin 

• Constituents: 1t contains proteoses, aminoacids, inorganic salts (phosphates, potassium and 

magnesium), accessory growth factors like nicotinic acid and riboflavin. 

 
 

 Agar: It is used for solidifying the culture media. It is commercially available in 

powder form; melts in water after boiling and jellifies after cooling also called 'agar-

agar' is prepared from the cell wall of variety of seaweeds (red algae of species 

Gelidium and Gracilaria) 

Preparation of agar media: The appropriate amount of agar powder is added to 

water and the mixture is dissolved and then sterilized by placing it in an autoclave. 

When the temperature of the molten agar comes down to 45°C, it is poured to the 

Petri dishes and then allowed to set for 20 minutes. 

 Meat extract: It is a commercial preparation of highly concentrated meat 

stock, usually made from beef. It contains protein degradation products, 

inorganic salts, carbohydrates and growth factors. 
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 Yeast extract: Itis prepared commercially from washed cells of Baker's 

yeast. It contains amino acids, inorganic salts (potassium and phosphates) 

and carbohydrates. (Figure-5) 

 

 

 

 

 

 

 

 

 

 

 
Figure (5): A. Peptone water; B. Nutrient agar; C. Blood agar; D. Chocolate agar. 

 

 
 Malt extract: It consists of maltose (about 50%), starch, dextrin, glucose and 5% 

protein products. 

 Blood and serum: They are important components of enriched media and provide 

extra nutrition to fastidious bacteria. Usually 5- % of sheep blood is used. Horse, ox 

or human blood can also be used. 

 
 

Types of culture media: 

Bacteriological culture media can be classified in two ways: 

A. Based on consistency, culture media are grouped into: 

1. Liquid media (or broth) 

2. Semisolid media 

3. Solid media 

B. Based on the growth requirements, culture media are classified as: 

1. Routine laboratory media: They are prepared from nutrients, such as aqueous extract 

of meat, peptone, etc. They can further be classified into various types based on 

functional use or application, as Simple/basal media; Enriched 
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media; Enrichment broth; Selective media; Differential media; Transport media; 

Anaerobic media. 

2. Defined or synthetic media: They are prepared from pure chemical substances and the 

exact composition of the media is known, Simple synthetic media and Complex 

synthetic media. 

Simple media 

Many bacteria will grow in or on simple media such as nutrient broth/nutrient agar that 

contains ‘peptone’ (polypeptides and amino acids from the enzymatic digestion of meat) and 

‘meat extract’(water-soluble components of meat containing mineral salts and vitamins). 

Enriched media 

These contain additional nutrients for the isolation of more fastidious bacteria that require 

special conditions for growth like agar containing whole blood (blood agar) or agar 

containing lysed blood (chocolate agar). (Figure-6) 
 

 
 

Figure (6): A. Brain-heart infusion broth; B. Biphasic medium (Brain-heart infusion 

broth/agar); C. Robertson's cooked meat medium; D. Thioglycollate broth 
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Selective media 

These are designed to facilitate growth of some bacteria, while suppressing the growth of 

others, and include: 

 Mannitol salt agar which contains increased NaCl (salt) concentration for the 

recovery of staphylococci; 

 MacConkey agar, which contains bile salts and allows the growth of bile- tolerant 

bacteria only; and 

 Antibiotics, which are frequently added to media to allow only certain bacteria to grow 

while suppressing or killing others. 

Indicator media 

These are designed to aid the detection and recognition of particular pathogens. They are 

often based on sugar fermentation reactions that result in production of acid and the 

subsequent colour change of a pH indicator, such as MacConkey agar contains lactose and a 

pH indicator (neutral red); lactose-fermenting bacteria (Escherichia coli) produce acid and 

form pink colonies, whereas non-lactose fermenting bacteria (Salmonella spp.) do not 

produce acid and form pale yellow colonies. This property facilitates the recognition of 

possible Salmonella colonies among normal bowel flora. 

Note that indicator media may also contain selective agents including antibiotics or 

substances such as bile salts and crystal violet to suppress growth of most Gram-positive 

microorganisms. MacConkey agar is therefore both a selective medium and an indicator 

medium. 
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Section 3 

Selection, collection, and transportation of specimens for 

microbiological examination 

The role of the laboratory in the diagnosis of infections can be considered a major 

steps of diagnostic microbiology. If pathogens are to be isolated successfully, the 

type of specimen, its collection, time and method of its dispatch to the laboratory 

must be correct. (Figure- 4) 

A detailed request form that accompanies a clinical sample is pivotal in ensuring 

the appropriate diagnostic procedures are undertaken; information should include:  

1. Patient details. 

2. Clinical diagnosis. 

3. Onset of symptoms  

4. Sample type. 

5. Time of collection.  

6. Treatment history and concurrent antimicrobial therapy.  

7. Other health and safety issues. 

Supporting clinical information, including travel history and contact with infected 

individuals, is also important.  

 

Figure (4): Laboratory diagnostic pattern. 
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Sample collection 

Samples for microbiological investigation require careful collection, without 

contamination from external sources or the patient’s own flora.  

When taking clinical samples, it is important to: use sterile, leak-proof containers; 

label the specimen correctly; take care whilst obtaining samples through an area 

containing a normal flora like vein puncture through skin to obtain blood culture in 

this instance the skin should be decontaminated with an appropriate antiseptic prior 

to collecting blood. If possible, specimens for microbiological culture should be 

taken prior to commencement of antibiotic therapy, to avoid false-negative results. 

 

Transport of microbiological specimens  

Rapid transport of samples to the microbiology laboratory is essential, as many 

fastidious microorganisms, such as Neisseria gonorrhoeae and Haemophilus 

influenzae, die during transit. 

Furthermore, overgrowth by contaminating normal flora confusing the pathogen 

may also occur. To minimize these complications, the microbiology department may 

adopt several strategies such as:  

1. Specimen should reach to the laboratory as soon as possible or a suitable 

preservative or transport medium must be used. 

2. Refrigeration of sample at 4 ºC can help to preserve cells and reduce the 

multiplication of commensals in unpreserved specimens. 

3. Freezing at -70 ºC or below in the presence of a stabilizing fluid, like glycerol 

or serum. 

4. Ensure that the specimen container is free from cracks, and the cap is leak 

proof.  

5. Seal round the container cap with adhesive tape to prevent loosening and 

leakage during transit. 

6. If the container is glass tube or bottle, use sufficient packaging material to 

prefect a specimen. 

7. If the specimen is fluid, use sufficient absorbent material to absorb it. 

8. Mark all specimen that may contain highly infectious organism “HIGH 

RISK”. 
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Non-culture techniques 

Following receipt of the sample, the microbiology laboratory may utilize non-

culture techniques to provide rapid clinical information, which may benefit patient 

management. There are several situations where non-culture techniques are of 

importance: 

. Microorganism cannot be readily cultured in vitro; 

. Microorganism is slow-growing; 

. Rapid laboratory diagnosis significantly influences clinical management of the 

patient. 

Non-culture techniques include direct microscopy, immunological methods, 

serology, and nucleic acid amplification techniques (NAAT). 
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Section 4 

Cultivation and isolation of viable pathogens  

Laboratory media 

Culture media are required to isolate the bacteria from the clinical specimens; 

following which the appropriate biochemical tests can be performed to identify the 

causative agent. 

Constituents of culture media: 

The basic constituents of culture media are: 

 Water: Distilled water or potable water with low mineral content is suitable 

for culture media preparation. 

 Electrolyte: Sodium chloride or other electrolytes. 

 Peptone: It is a complex mixture of partially digested proteins. 

• Source: It is obtained from lean meat or other protein material, such as heart muscle, 

casein or fibrin, or soya flour usually by digestion with proteolytic enzymes, such as 

pepsin 

• Constituents: 1t contains proteoses,  aminoacids, inorganic  salts  (phosphates,  

potassium  and magnesium), accessory growth factors like nicotinic acid and 

riboflavin. 

 

 Agar: It is used for solidifying the culture media. It is commercially available 

in powder form; melts in water after boiling and jellifies after cooling also 

called 'agar-agar' is prepared from the cell wall of variety of seaweeds (red 

algae of species Gelidium and Gracilaria) 

Preparation of agar media: The appropriate amount of agar powder is added 

to water and the mixture is dissolved and then sterilized by placing it in an 

autoclave. When the temperature of the molten agar comes down to 45°C, it is 

poured to the Petri dishes and then allowed to set for 20 minutes. 

 Meat extract: It is a commercial preparation of highly concentrated 

meat stock, usually made from beef. It contains protein degradation 

products, inorganic salts, carbohydrates and growth factors. 
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 Yeast extract: Itis prepared commercially from washed cells of 

Baker's yeast. It contains amino acids, inorganic salts (potassium 

and phosphates) and carbohydrates. (Figure-5) 

 

 

 

Figure (5): A. Peptone water; B. Nutrient agar; C. Blood agar; D. Chocolate agar. 

 

 Malt extract: It consists of maltose (about 50%), starch, dextrin, glucose and 

5% protein products. 

 Blood and serum: They are important components of enriched media and 

provide extra nutrition to fastidious bacteria. Usually 5- % of sheep blood is 

used. Horse, ox or human blood can also be used. 

 

Types of culture media: 

Bacteriological culture media can be classified in two ways: 

A. Based on consistency, culture media are grouped into: 

1. Liquid media (or broth) 

2. Semisolid media 

3. Solid media 

B. Based on the growth requirements, culture media are classified as: 

1. Routine laboratory media: They are prepared from nutrients, such as aqueous 

extract of meat, peptone, etc. They can further be classified into various types 

based on functional use or application, as Simple/basal media; Enriched 
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media; Enrichment broth; Selective media; Differential media; Transport 

media; Anaerobic media. 

2. Defined or synthetic media: They are prepared from pure chemical substances 

and the exact composition of the media is known, Simple synthetic media and 

Complex synthetic media. 

Simple media 

Many bacteria will grow in or on simple media such as nutrient broth/nutrient agar 

that contains ‘peptone’ (polypeptides and amino acids from the enzymatic digestion 

of meat) and ‘meat extract’(water-soluble components of meat containing mineral 

salts and vitamins). 

Enriched media 

These contain additional nutrients for the isolation of more fastidious bacteria that 

require special conditions for growth like agar containing whole blood (blood agar) 

or agar containing lysed blood (chocolate agar). (Figure-6) 

 

 

Figure (6): A. Brain-heart infusion broth; B. Biphasic medium (Brain-heart 

infusion broth/agar); C. Robertson's cooked meat medium; D. Thioglycollate broth 
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Selective media 

These are designed to facilitate growth of some bacteria, while suppressing the 

growth of others, and include: 

 Mannitol salt agar which contains increased NaCl (salt) concentration for the 

recovery of staphylococci; 

 MacConkey agar, which contains bile salts and allows the growth of bile-

tolerant bacteria only; and 

 Antibiotics, which are frequently added to media to allow only certain bacteria 

to grow while suppressing or killing others. 

Indicator media 

These are designed to aid the detection and recognition of particular pathogens. They 

are often based on sugar fermentation reactions that result in production of acid and 

the subsequent colour change of a pH indicator, such as MacConkey agar contains 

lactose and a pH indicator (neutral red); lactose-fermenting bacteria (Escherichia 

coli) produce acid and form pink colonies, whereas non-lactose fermenting bacteria 

(Salmonella spp.) do not produce acid and form pale yellow colonies. This property 

facilitates the recognition of possible Salmonella colonies among normal bowel 

flora.                                                  

Note that indicator media may also contain selective agents including antibiotics 

or substances such as bile salts and crystal violet to suppress growth of most 

Gram-positive microorganisms. MacConkey agar is therefore both a selective 

medium and an indicator medium. 

 

Section 5 

Microbiological methods for identification of microorganisms 

Staining techniques 

Structural details of bacteria cannot be seen under light microscope due to lack of 

contrast. Hence, it is necessary to use staining methods to produce color contrast 

and thereby increase the visibility. Before staining, the fixation of the smear to the 

slide is done. 

Fixation 

Fixation is the process by which the internal and external structures of cells 



 

5 
 

are preserved and fixed in position. It also inactivates the enzymes that might 

disrupt cell morphology. It toughens (hardens) cell structure so that they do 

not change during staining. It kills and fixes the cells on to the slide. 

There are two types of fixation as follows: 

1. Heat fixation: It is usually done for bacterial smears by gently flame 

heating an air-dried film of bacteria. This adequately preserves overall 

morphology but not structures within the cells.  

2. Chemical fixation: It can be done using ethanol, acetic acid, 

mercuric chloride, formaldehyde, methanol and glutaraldehyde. 

They are used to protect the fine internal structure of the cells. This is 

useful for examination of blood smears. The fixed smear is stained by 

appropriate staining 

            technique. 

 

Common staining techniques used on microbiology: 

 Simple stain: Basic dyes, such as methylene blue or basic fuchsin are used 

as simple stains. They provide the color contrast, but impart the same color to 

all the bacteria in a smear.  

 Negative staining: A drop of bacterial suspension is mixed with dyes, 

such as India ink or nigrosin. The background gets stained black whereas 

unstained bacterial/yeast capsule stand out in contrast. It is very useful in 

the demonstration of bacterial/yeast capsules which do not take up 

simple stains.  

 Impregnation methods: Bacterial cells and structures that are too thin to be 

seen under the light microscope, are thickened by impregnation of silver 

salts on their surface to make them visible, e.g. for demonstration of 

bacterial flagella and spirochetes.  

 Differential stain: Here, two stains are used which impart different colors 

to different bacteria or bacterial structures, which help in differentiating 

bacteria. The most commonly employed differential stains are: 

1. Gram stain: It differentiates bacteria into gram positive and gram-

negative groups (G+ or G- bacteria) 

2. Acid-fast stain: It differentiates bacteria into acid fast and nonacid fast 

groups 

3. Chromatic granules from other bacteria that do not have them. 



 

6 
 

Macroscopic Observation  

Processing patient specimens begins with a macroscopic observation. The gross 

appearance of the specimen may provide useful information to both the 

microbiologist and the physician. 

Notations from the macroscopic observation should include the following: 

• Swab or aspirate. 

• Stool consistency (formed or liquid). 

• Blood or mucus present. 

• Volume of specimen. 

• Fluid (clear or cloudy). 

The gross examination allows the processor to determine the adequacy of the 

specimen and the need for special processing. Areas of blood and mucus are 

selected for culture and direct microscopic examination. Anaerobic cultures may 

be indicated if gas, foul smell, or sulfur granules are present.  

Microscopic Observation (Optical methods for laboratory diagnosis): 

A direct microscopic examination is a useful tool that provides rapid information. 

In critical situations, such as meningitis, the direct microscopic examination can be 

used to guide therapy choices when therapy must be initiated before culture results 

are available.  

Specimens may be received in many forms. Preparation of the direct smear depends 

on the type of material received. Techniques vary according to whether the 

specimen is a tissue, swab, or fluid.  

Microscopic observation serves several purposes: 

1. It can be used to determine the quality of the specimen. Sputum specimens 

that represent saliva rather than lower respiratory secretions can be 

determined by the quantitation of WBCs or epithelial cells.  

2. It can give the diagnostic microbiology technologist and the physician an 

indication of the infectious process involved. Gram stain of a sputum 

specimen revealing WBCs and gram-positive diplococci is indicative of 

Streptococcus pneumoniae. 
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3. The routine culture workup can be guided by the results of the smear. The 

technologist can correlate the bacterial isolates with the types detected in 

the smear; this may alert the technologist to the presence of additional 

organisms not yet growing, such as anaerobes.  

4. It can dictate the need for non-routine or additional testing. The presence 

of fungal elements in a specimen for bacterial culture would alert the 

technologist to notify the physician to request a fungus culture.  

In certain specimen types, the direct microscopic examination does not provide 

useful information and is not appropriate. 

Throat and nasopharyngeal specimens are examples. Gram stains for N. 

gonorrhoeae on specimens from the vagina, cervix, and anal crypts are not 

recommended because these sites contain other bacteria that can have the same 

morphology, although Gram stain direct smears are recommended to diagnose 

bacterial vaginosis. Gram stains on stool specimens are not usually routine, although 

they can be useful to determine whether the patient has an inflammatory diarrhea 

based on the presence of WBCs.  

Although direct Gram stain on a urine specimen provides useful information, 

many laboratories do not perform them routinely because they are time-consuming 

and preliminary culture results are available within 24 hours. Physicians can always 

request that a direct Gram stain be performed. 

Bacterial cultivation: 

The process of bacterial cultivation involves the use of optimal artificial media and 

incubation conditions to isolate and identify the bacterial etiologies of an infection 

as rapidly and accurately as possible. 

Media used for bacterial incubation conditions are selected for their ability to 

support the growth of the bacteria most likely to be involved in the infectious 

process. So that to enhance the growth, isolation, and selection of etiologic agents, 

specimen inoculum is usually spread over the surface of plates in a standard pattern.  

Streaking plates inoculated with a measured amount of specimen, such as when a 

calibrated loop is used to quantify colony-forming units (CFUs) in urine cultures, is 

accomplished by spreading the inoculum down the center of the plate. Without 

flaming the loop, the plate is then streaked side to side across the initial inoculum to 

evenly distribute the growth on the plate. This facilitates counting colonies by 

ensuring that individual bacterial cells will be well isolated over the agar surface. 
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Typically, a calibrated loop of 1μL is used for urine cultures. However, in situations 

where a lower count of bacteria may be present such as a suprapubic aspiration, a 10 

μL loop may be needed to identify the lower count of organisms. 

There are some criteria frequently used to characterize bacterial growth include the 

followings: 

1. Colony size (usually measured in millimeters or described in relative terms 

such as pinpoint, small, medium, large). 

2. Colony pigmentation. 

3. Colony shape (includes form, elevation (raise), and margin (border) of the 

colony). 

4. Colony surface appearance (e.g., glistening (shining), opaque, cloudy, dry, 

transparent). 

5. Changes in agar media resulting from bacterial growth (e.g., hemolytic pattern 

on blood agar, changes in color of pH indicators, pitting of the agar surface). 

6. Odor (certain bacteria produce distinct odors `smells` that can be helpful in 

preliminary identification)  

Biochemical tests: 

In diagnostic bacteriology, enzyme-based tests are designed to measure the presence 

of one specific enzyme or a complete metabolic pathway that may contain several 

different enzymes. Although the specific tests most useful for the identification of 

particular bacteria, some examples of tests commonly used to characterize a wide 

spectrum of bacteria.  

Single Enzyme Tests; which include several tests are commonly used to determine 

the presence of a single enzyme. These tests (chemical tests) usually provide rapid 

results because they can be performed on organisms already grown in culture. Of 

importance, these tests are easy to perform and interpret and often play a key role in 

the identification scheme. Examples of these biochemical tests include: 

1. Catalase Test: The enzyme catalase catalyzes the release of water and oxygen 

from hydrogen peroxide (H2O2 + catalase => H2O + O2); its presence is 

determined by direct analysis of a bacterial culture. The catalase test is key to 

the identification scheme of many gram-positive organisms, and the 

interpretation must be done carefully to differentiate different bacterial types 

within G+ bacteria. 
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2. Oxidase Test: Cytochrome oxidase participates in electron transport and in 

the nitrate metabolic pathways of certain bacteria. Testing for the presence of 

oxidase can be performed by flooding bacterial colonies on the agar surface 

with 1% tetra methyl-p-phenylenediamine dihydrochloride. The test is 

initially used for differentiating between groups of gram-negative 

bacteria. Among the commonly encountered gram-negative bacilli, 

Enterobacteriaceae, Stenotrophomonas maltophilia, and Acinetobacter spp. 

are oxidase-negative, whereas many other bacilli, such as Pseudomonas spp. 

and Aeromonas spp., are positive. 

3. Indole Test: Bacteria that produce the enzyme tryptophanase are able to 

degrade the amino acid tryptophan into pyruvic acid, ammonia, and 

indole. Indole is detected by combining with an indicator, aldehyde ([4-

dimethylamino] benzaldehyde, hydrochloric acid, and penta-1-01, also 

referred to as Kovac’s), which results in a blue color formation. This test is 

used in numerous identification schemes, especially to presumptively identify 

Escherichia coli, the gram-negative bacillus most commonly encountered 

(done) in diagnostic bacteriology. 

4. Urease Test: Urease hydrolyzes the substrate urea into ammonia, water, 

and carbon dioxide. The presence of the enzyme is determined by 

inoculating an organism to broth or agar containing urea as the primary 

carbon source followed by detecting the production of ammonia. Ammonia 

increases the pH of the medium so its presence is readily detected using a pH 

indicator. Change in medium pH is a common indicator of metabolic process 

and, because pH indicators change color with increases (alkalinity) or 

decreases (acidity) in the medium’s pH, they are commonly used in many 

identification test schemes. The urease test helps identify certain species of 

Enterobacteriaceae, such as Proteus spp., and other important bacteria such 

as Corynebacterium urealyticum and Helicobacter pylori. 

5. Oxidation and Fermentation Tests: Bacteria use various metabolic 

pathways to produce biochemical building blocks and energy. For most 

clinically relevant bacteria, this involves utilization of carbohydrates (e.g., 

sugar or sugar derivatives) and protein substrates. Determining whether 

substrate utilization is an oxidative or fermentative process is important 

for the identification of several different bacteria. The glucose 

fermentative or oxidative capacity is generally used to separate organisms into 

major groups (e.g., Enterobacteriaceae are fermentative; Pseudomonas 

spp. are oxidative). However, the utilization pattern for several other 
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carbohydrates (e.g., lactose, sucrose, xylose, maltose) is often needed to help 

identify an organism’s genus and species.  

6. Amino Acid Degradation tests: Determining the ability of bacteria to 

produce enzymes that either deaminate, dihydrolyze, or decarboxylate certain 

amino acids is often used in identification schemes. The amino acid substrates 

most often tested include lysine, tyrosine, ornithine, arginine, and 

phenylalanine. 

Establishing Inhibitor Profiles:  

The ability of a bacterial isolate to grow in the presence of one or more 

inhibitory substances can provide valuable identification information. In 

addition to the information gained from using inhibitory media or antimicrobial 

susceptibility testing, other more specific tests may be incorporated into bacterial 

identification schemes. Because most of these tests are used to identify a 

particular group of bacteria. A few examples of such tests include the followings: 

1. Growth in the presence of various NaCl concentrations (identification of 

Enterococci and Vibrio spp.). 

2. Susceptibility to Optochin and solubility in bile (identification of 

Streptococcus pneumoniae). 

3. Ability to hydrolyze esculin in the presence of bile (identification of 

Enterococci spp. in combination with NaCl). 

4. Ethanol survival (identification of Bacillus spp.) 

 

 

 

There some non-traditional methods for identification of pathogens or their 

products include: 

 Molecular testing.  

 Saliva based testing. 

 Chromogeneic testing.  

 Rapid immunochromatographic testing.  

All these tests are expensive and not used as ordinary laboratory tests.  

 



Section 7 

Blood stream infections  

Which is primarily concerned with the presence of bacteria in the blood 

. There are various routes that organisms take to reach the blood. 

Pneumococcus  colonizing the upper airways could be aspirated into 

the lungs during  sleep and go on to cause a lobar pneumonia; from 

here it can enter the blood. 

The presence of bacteria in the blood requires identification of the 

likely source. There is the obvious association of Escherichia coli in 

blood and an ascending urinary tract infection (UTI). When native valve 

endocarditis is identified it can be straightforward to determine the 

likely source of the organisms. The patient with endocarditis caused by 

a streptococcus of the mouth flora, such as streptococcus sanguinis , 

can have poor dentition, and this needs to be addressed as part of the 

patients management usually  involving the maxilla-facial surgical team. 

More unusual situations occur, and one is the identification of 

streptococcus gallolyticus  in blood culture. This organism is a minor 

member of the normal flora of the colon. However, it is recognized that 

there is an association that can develop between it and a large bowel 

malignancy, likely due to a specific interaction between the organism 

and these malignant cells. The streptococcus gains a selective growth 

advantage, from where it accesses the blood. Once in the blood it has 

the potential to initiate infective endocarditis. The finding of 

streptococcus gallolyticus in blood culture, often in the setting of 

endocarditis, is an alert to investigate this malignancy; if found this is 

removed before any valve surgery. 



Bacteraemia defines the presence of bacteria as detected by the 

culture of blood. Septicaemia also defines the presence of bacteria in 

blood, but it signals s sense of urgency  in the management of the 

patient. The terms sepsis and septic shock are also used and, with 

clinical parameters such as fever, hypotension, tachycardia, multi-organ 

failure and leucocytosis , alert the clinician to the severity of the 

situation, and the need for immediate  action in the management of 

the patient.  

Bacteraemia can be defined as transient (a single episode lasting less 

than 30 minutes or so), intermittent or continuous. These definitions 

are important concepts in terms of site from which they may arise. A 

transient bacteraemia can arise from a pneumococcal pneumonia , or 

pyelonephritis caused by Escherichia coli. An intermittent bacteraemia 

implies manipulation of an extravascular site, such as a staphylococcus 

aureus abscess, where bacteria enter the lymphatics  at irregular 

intervals, and from there, the blood. A continuous bacteremia implies 

an intravascular source, and endocarditis is the most important 

example. 

Once bacteria enter the blood, they have the potential to settle in other 

sites of the body, and set up another focus of infection. A 

staphylococcus aureus bacteremia arising from an infected peripheral 

venous cannula (PVC) site can result in bacteria attaching to a heart 

valve to initiate endocarditis, or settling in the spine and causing an 

abscess there. The bacteria can cross the synovial membrane of a joint 

to initiate septic arthritis. These examples underline the critical 

importance of full clinical assessment of the septic or bacteremic 

patient.  



Table (3): Summary of bacterial blood infections. 

 Infection                      Most important pathogens                       Laboratory diagnosis  

Endocarditis                         streptococcus spp.(60-80%)                                      blood culture, three sets  

                                               Staphylococcus spp.(20-35%)                                  from three different sites, within  

                                              Gram-negative rods (2-13%)                                    1-2 h, before antimicrobials if  

                                              Numerous other bacterial spp. (5%)                       Possible. 

                                               Fungi (2-4%)                                                                1-10 ml venous blood into  

                                               Culture negative (5-25%)                                          one aerobic and one anaerobic  bottle ,  

                                                                                                                                        respectively. 

 

Bacteria                                  staphylococcus aureus                                                Microscopy and culture from  

                                                Streptococcus pneumonia                                            punctate  

                                               Enterobacteriaceae                                                       DNA test from punctate if required  

                                               Mycobacterium tuberculosis 

                                               Mycoplasma pneumonia                                                  Microscopy and culture from 

punctate  

                                              Neisseria spp.                                                                       Microscopy and culture from  

                                              Gram-negative anaerobes                                                   punctate 

                                               Actinomyces  spp. 

                                               Nocardia  spp. 

                                               Rickettsia  spp.                                                                    Serology  

                                                Chlamydia trachomatis  

                                               

                                              

 

                                    

                                      



                                              

                                              

 



Section 8 

Meningitis and other infections of the central nervous system  

Diagnosis of bacterial brain abscess and Anaerobic infections : 

Brain abscess is a serious and deadly clinical body. Pyogenic  infection 

of brain parenchyma begins with a localized area of inflammatory 

change referred to as cerebritis . This  early stage of infection has 

characterized by increased blood vessel permeability without 

angiogenesis. When unrecognized, this process will progress to an 

immature capsular stage and then to brain abscess, a condition defined 

by an area of parenchymal infection containing pus encapsulated by a 

vascularized membrane.  

Anaerobic and microaerophilic cocci, gram-negative and gram-positive 

anaerobic bacilli were the predominating bacterial isolates. Many brain 

abscesses have mixed bacterial infections. The predominant organisms 

include : staphylococcus aureus, aerobic and anaerobic streptococci 

(especially Streptococcus intermedius) , Bacteroides , and 

Fusobacterium species, Enterobacteriaceae ,  pseudomonas species, 

and other anaerobes. Less common organisms include; Haemophillus  

influenzae, Streptococcus pneumoniae and Neisseria meningitides. Also 

bacterial abscess caused by Klebsiella pneumonia, Escherichia coli, 

salmonella spp., proteus spp., Enterobacter spp.,Bacteroides spp. and 

Propionibacterium  spp. 

 

 

 



Bacterial Diagnosis of Cerebrospinal Fluid  

Cerebrospinal  (CSF) is a watery fluid, continuously produced and 

absorbed, which flows in the ventricles (cavities) within the brain and 

around the surface of the brain and spinal cord. 

Functions of CSF: 

 Hydrolic shock absorber  

 Regulation of intracranial pressure  

 Impacts the hunger sensation and eating behaviours  

Bacterial infection of CSF cause meningitis, which ranks high among 

medical emergencies, and early, rapid, and exact diagnosis, is more 

essential. Diagnosis of meningitis depends on maintaining a high index 

of thought , obtaining adequate specimens properly, and examining the 

specimens quickly. 

The most urgent diagnostic issue is the differentiation of acute purulent 

bacterial meningitis from aseptic (sterile) and granulomatous  

meningitis. The immediate decision usually based on the cell count, the 

glucose concentration in CSF and blood and protein content of 

cerebrospinal fluid, the results of microscopic examination for 

microorganisms. In addition, the results of culture, serologic tests, 

nucleic acid amplification tests, and other laboratory procedures. 

 

Common Causes of Meningitis: 

 Coagulase negative Staphylococci (especially Staph. Epidermidis, 

Staph. Aureus. 

 Aerobic gram-negative bacilli, propionibacterium acnes. 



 Serogroup B streptococci (strep. agalactiae ) cause infection to 

neonates to age 3 months of age. 

 Escherichia coli infect  mainly neonates. 

 Listeria monocytogenes also infect neonates; elderly; 

immunocompromised children and adults. 

 Haemophilus influenzae infect children 6 months to 5 years. 

 Neisseria meningitidis infect  all ages. 

 Streptococcus pneumonia infect  all age groups; highest incidence 

in the young age. 

 

 

 

 



Section 9 

 

Bacterial infections of respiratory tract 

Respiratory system has divided into two major parts: 

➢ Upper includes (nose and pharynx) 

➢ Lower respiratory tract includes (larynx, trachea, bronchial tube 

and alveoli). 

Each part or organ of this system has own resident microflora. Many 

factors play a vital role in challenging and limitation of number and type 

of microflora colonizing. Also, each parts of respiratory tract having 

physical factors such as hair, mucus membrane lining the tract, cilia 

movement, sneezing, coughing besides oxygen tension in lung, which act 

all collectively as unbreakable defense line. 

decreases the number of microorganisms that may find its way to eye 

because it's content of lysozyme that destroys bacterial cells. (Table 5) 

Table (5): Summary of bacterial respiratory tract infection. 

 

Diseases Bacterial causes  Lab. Diagnosis  
Sinusitis  Streptococcus pneumoniae 

Haemophilus influenzae 

Staphylococcus aureus 

Moraxella catarrhalis 

(children) 

Streptococcus pyogenes 

rarely: anaerobes 

 

Microscopy and culturing 

from sinus secretion/pus 

(punctate) or sinus lavage 

Bacteria 

 

 

 

 

Plaut-Vincent angina 

Streptococcus pyogenes, 

rarely: streptococci of 

groups B, C, or G 

 
 

Treponema vincentii + 

mixed anaerobic flora 

 

 

Culture from swab; 

rapid antigen detection 

test for A-streptocci in 

swab material if required 
 

Microscopy from swab 

 

 

 



 

Acute necrotic ulcerous 

gingivostomatitis 

 

Diphtheria   

 

 

Treponema vincentii + 

mixed anaerobic flora 

 

Corynebacterium diphtheriae 

 

Microscopy from swab 

 

 

Culture from swab 

 

Epiglottitis Haemophilus influenzae 

(usually serovar "b") 

More rarely: 

Streptococcus pneumoniae, 

Staphylococcus aureus, 

Streptococcus pyogenes 

 

Blood culture. Culture from 

swab (caution: respiratory 

arrest possible in taking the 

swab) 

 

Acute bronchitis. 

Acute bronchiolitis 

(small children) 

Mycoplasma pneumoniae 

Chlamydia pneumoniae 

 

Serology 

Serology 

 
Acute exacerbation 

of "chronic obstructive 

pulmonary disease" 

(COPD) 

Streptococcus pneumoniae 

Haemophilus influenzae 

Moraxella catarrhalis 

 

Culture from sputum or 

bronchial secretion 

 

Tuberculosis Mycobacterium tuberculosis 

other mycobacteria 

 

Microscopy and culture 

(time requirement: 3-6-8 

weeks) 

Bacteria (80-90 %) 

"Community-acquired 

pneumonia" 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

"Hospital-acquired 

pneumonia" 

 

Streptococcus pneumoniae (30%) 

Haemophilus influenzae (5%)  

Staphylococcus aureus (5%) 

Klebsiella pneumoniae 

Legionella pneumophila 

Mixed anaerobic flora 

(aspiration pneumonia) 

 

 

 

Mycoplasma pneumoniae (10%) 

Coxiella burnetiid 

Chlamydia psittaci 

 

 

 

Chlamydia pneumoniae  

 

Enterobacteriaceae 

Pseudomonas aeruginosa 

Staphylococcus aureus 

 

Microscopy and culturing 

from expectorated sputum, or 

better yet from transtracheal 

or bronchial 

aspirate, from 

bronchoalveolar 

lavage or biopsy material. 

If anaerobes are suspected 

use special transport vessels 

 

Serology 

Serology 

Serology: CFT can detect 

only antibodies to genus. 

Microimmunofluorescence 

(MIF) species-specific 

Serology: MIF 

 

Laboratory procedures 

see above at "community 

acquired pneumonia" 

 



 

Pulmonary abscess 

Necrotizing pneumonia 

 

Usually endogenous infections 

with Gram-negative/Gram-

positive, mixed anaerobic flora 

Aerobes also possible 

 

Microscopy and culture from 

transtracheal or bronchial 

aspirate, bronchoalveolar 

lavage or lung biopsy. 

Transport in medium for 

anaerobes 

 

 

 

Bronchitis 

1. Acute bronchitis 

It is an acute inflammation of the tracheobronchial tree generally self-

limited and with eventual (final) complete healing and return of function. 

Causative agent: Mycobacterium pneumonia; Bordetella pertussis 

Laboratory diagnosis: 

Specimen: Sputum 

Procedure: Gram staining, culture, biochemical and serologieal test for 

microbe identification. 

2. Chronic bronchitis 

It has defined as chronic productive cough for at least three months in 

each of two successive years. 

Causative factors: Cigarette smoking; Air pollution; Exposure to 

harmful stimuli 

Bacteria that improve chronic bronchitis are: 

Streptococcus pneumoniae; Haemophilus influenza; Mycoplasma 

pneumoniae; Branhamella catarrhalis. 

Laboratory diagnosis: 

Specimen: Sputum 



Procedure: Gram staining, culture, biochemical and serological test for 

microbe identification. 

Pneumonia 

It is infection of the lung parenchyma. 

Causative agents: Strep. pneumonia, Staph. aureus, Hemophillus 

influenzae and Mycoplasma pneumonia. 

Route of entry of microbes to the lung: 

➢ Aspiration of oral and gastric secretion 

➢ Haematogenous spread from distant foci 

➢ Direct inoculation and local spread from surrounding tissue 

➢ Inhalation 

Laboratory diagnosis: 

Specimen: Lower respiratory secretion which indicated by greater 

than 25 Neutrophils and less than 10 squamous epithelial cells per high 

power field.  

Procedure: Gram staining, culture, biochemical and scrological test for 

microbe 

identification. 

Bacterial Diagnosis of TB infection 

Tuberculosis 

It is a disease caused by group of Mycobacterium spp., namely 

Mycobacterium 

tuberculosis complex. M. tuberculosis is of human origin, M. bovis is of 

cattle origin, M. avium is of bird origin  

The main problem of these bacteria is: 

1. Their high resistance to environment stress such as dryness. 

2. Survive in dry sputum for month 

3. Members of genus mycobacterium are very resistant to chemical and 

antibiotic treatment. 



All these features are because of their highly contents of cell wall of 

lipids. Cell wall lipid content makes these bacteria difficult to stain with 

ordinary stains. Therefore. special stain is required (Acid Fast Stain: 

AFS). AFS depends on penetration of Carbol-fuchsin dye to cell wall 

with aid of heat, once it is in there, a complex of stain and lipid of cell 

wall is formed, this complex is not removed by normal decolorizing 

agent (alcohol), it resists even the decolorizing with acid-alcohol from 

which it takes its name (Acid Fast Bacteria). 

Air born droplets, milk, or even prolonged contact with sick peoples 

consist collectively the major pathways for transmission of disease, yet, 

air born route is the important route of entry, fine particles containing 

one or two TB. Cells travels from patient for a distance of one meter to 

another person (air born) will enough to cause a disease in susceptible 

individual; normally these bacteria are overcoming by host defense. If 

bacteria succeeded to penetrate host defense, then alveoli will the 

battlefield (area) of the disease. 

Bacilli are multiply in macrophages protect themselves against killing 

process, in a self-protection process host try to limit the drastic (severe) 

effect of the pathogen by forming a tubercle, which is a matrix tissues, 

exudates, WBCS, and other materials. M. tuberculosis tend to arrange in 

cord formation, which increase the immune response of host resulting in 

what is called hypersensitivity reaction which lead ultimately to tissue 

damage. 

Lab. diagnosis: 

Mycobacterium may come from a wide range of samples, these include; 

sputum, lung wash, urine, wound, CSF, lymph secretion, bone, gastro-

intestinal material. 

The prime diagnostic parameter is culturing of materials (regardless 

the origin of it) on suitable culture medium, the medium commonly used 

is (L J M), enriched media with high contents of nutrition to aid the 

long period of incubation. TB bacilli appear as hydrophobic colonies 



with wrinkled (crumpled) surface. Because of long time of incubation, 

alternative diagnostic methods have employed such as PCR or other 

methods. 

Blood film might of little help in diagnosis of TB. Since WBCs, count 

may still normal with marked elevation in number of monocytes. ESR 

on the other hand might more evident in this regard, ESR is shooting up 

reaching levels of 100 mm/h or higher. Commercial kits for diagnosis of 

IgM and IgG for TB. Are available now in local markets. 

AFB serves as a screening test in diagnosis of TB., the existence of even 

a single/bacilli many microscopic fields is enough to consider it "AFB 

positive", yet the absence of AFB from the investigated sample does not 

mean that " patient has no TB. And vice-versa the existence of AFB does 

not mean that patient is a TB Patient. Since may other bacteria such as 

Nocardia may show a similar appearance of TB. 



Section 10 

Bacterial infections of urinary tract systems 

Urinary tract consists of the kidney, ureters, bladder and urethra as shown in figure (1). 

The function of it is produce and process urine, which is normally sterile. Urinary tract 

infection has classified as; upper or lower tract infections based on the location of 

infections. The upper urinary tract consists of the kidneys and the ureters, and urinary 

tract consists of the bladder and the urethra. 

 
Figure (1): Male and female urinary tract system. 

They are one of the most common types of infection and account for around 8.1 million 

visits to a physician every year. A proper classification has employed currently: Hospital 

or community acquired infections, whatever the classification is an infection could affect 

ureters (ureteritis), or renal parenchyma cells (pyelonephritis). or urethra (urethritis), or 

the bladder (cystitis). Sometimes prostate gland might involve (prostitis). 

There are three routes for bacteria to gain access to UT.: ascending, hematogenous 

and lymphatics.  

Routes of infection 

1. Ascending route (passage of bacteria from urethra to bladder and kidney). 

2- Haematogenous route (source of infection is blood) 

➢ Ascending route is the commonest route infection of the urinary tract. 



Females are more susceptible to get infection than men because of shorter urethra that 

allow pathogens to reach different site of urinary tract. The only part of UT has a limited 

number of resident bacteria is urethra, these microflorae colonize the epithelium in the 

distal portion. 

Most UTIs go away after treatment. Chronic UTIs either don't go away after treatment 

or keep recurring. Recurrent UTIS are common among women. 

Bacterial species involved in community acquired UTI is by far E. coli, yet not all E. 

coli are capable causing UTI, only those uropathogenic E. coli equipped by pili are 

responsible for UTIS. Other microorganisms incriminated with UTIs Proteus sp., 

Klebsiella sp., Enterobacter sp. and Acinetobacter sp.  

On the other hand, Staph. saprophyticus is more efficient in attaching to UT epithelial 

cells than coagulase positive Staphylococcus or Staph. Epidermidis. The former is 

associated with UTIs among females in reproductive ages. Proteus sp. that produce 

urease turns the environment alkaline which causing damage to tissues leading to renal 

stone (normal vaginal pH level is between 3.8-4.5). 

Lab. diagnosis 

The diagnosis of UTI include general examination of urine then culture has done 

depending on findings of general examination. Other parameters of diagnosis might aid 

the diagnosis of UTI, biochemical parameters are of great importance in diagnosis of 

complicated UTI, hematological parameters aid the diagnosis by showing of elevation 

(raise) in number of leucocytes in general and neutrophils in specific. 

Culture, is on the top of all diagnostic tools, final decision is going to be taken according 

to the out-come of culture. Different culture media are used to full-fill this purpose. 

Vitek system, PCR. or other techniques come to confirm the diagnosis in most cases. 

The existence of pus cells is the guide to culture urine sample, yet, this is not valid for 

every case, pus cells sometimes may reflect an inflammation act, i.e. culture shows no 

bacterial growth, or absence of pus does not mean that the patient has no UTIs. 

Proteus spp., Staphylococcus spp. or any bacterial species producing urease enzyme may 

destroy pus cells and give false negative results. Mycoplasma, Chlamydia spp. Are 

produced pus with no growth on culturing routinely, so it very important to take care 

towards these observations. (Pus consists of a thin, protein-rich fluid and dead 

leukocytes from the body's immune response (mostly neutrophils)). 

 



Conclusion: 

The commonest causative agents of UTIs are gram-negative rods (as listed in figure 2) 

These are: Escherichia coli, Pseudomonas aeruginosa, Klebsiella pneumonia, 

Proteus spp., Enterobacter aerogens. 

Other important causative agents: Enterococci and Staphylococcus saprophyticus. 

Laboratory diagnosis: 

• Specimens: Clean midstream urine, Catheterized urine, Suprapubic aspiration. 

• Direct microscopic examinations: WBCS, RBCS, Epithelial cells at general urine 

analysis. 

The presence of more than five WBCs and abundant epithelial cells per HPF (high- 

power field) supports infections of urinary tract. 

• Gram stain: The presence of one bacterium un-centrifuged gram stained urine 

confirms urinary tract infections. 

• Culture: Blood agar medium, MacConkey agar medium. 

1. Urethral and vaginal discharge 

Urethritis: It manifests with urethral discharge, pain during urination and frequency of 

urination. These types are: 

a. Gonococcal urethritis 

Causative agent: Neisseria gonorrhea 

Incubation period is 2-7 days. 

It accounts for 1/3 of urethritis cases. 

Clinical findings: Yellowish purulent discharge and dysuria. 

b. Non-gonococcal urethritis 

causative agents: Chlamydia trachomatis (50%); Ureaplasma urealyticum (30%); and 

Mycoplasma hominis. 

Incubation period about 2-3 weeks. 

Clinical findings: White mucoid discharge 



Laboratory diagnosis: 

▪ Specimen: Urethral discharge or swab (Before urination or antibiotics) 

▪ Gram stain: Gram-negative intracellular diplococci 

▪ Culture: Modified thayer-martin medium 

▪ Biochemical and serology: Species identification 

2. Cervicitis / Vaginitis 

It manifests with vaginal discharge. 

Causative agents: Neisseria gonorrhea (Mucopurulent vaginal discharge). 

Non-specific vaginitis (Yellowish homogenous vaginal discharge). It is caused by 

anaerobes and Gardnerella vaginalis 

Laboratory diagnosis: 

❖ Specimen: Vaginal discharge. 

❖ Wet mount: Clue (indication) cells that distorted vaginal epithelial cells coated 

heavily with gram-negative coccobacilli which are diagnostic of infection with 

Gardnerella vaginalis. 

❖ Gram stain, culture, biochemical and serology for species identification 

 
Figure (2): Percentage of UTIs bacterial causes 
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Section 8 

Meningitis and other infections of the central nervous system  

Diagnosis of bacterial brain abscess and Anaerobic infections : 

Brain abscess is a serious and deadly clinical body. Pyogenic  infection 

of brain parenchyma begins with a localized area of inflammatory 

change referred to as cerebritis . This  early stage of infection has 

characterized by increased blood vessel permeability without 

angiogenesis. When unrecognized, this process will progress to an 

immature capsular stage and then to brain abscess, a condition defined 

by an area of parenchymal infection containing pus encapsulated by a 

vascularized membrane.  

Anaerobic and microaerophilic cocci, gram-negative and gram-positive 

anaerobic bacilli were the predominating bacterial isolates. Many brain 

abscesses have mixed bacterial infections. The predominant organisms 

include : staphylococcus aureus, aerobic and anaerobic streptococci 

(especially Streptococcus intermedius) , Bacteroides , and 

Fusobacterium species, Enterobacteriaceae ,  pseudomonas species, 

and other anaerobes. Less common organisms include; Haemophillus  

influenzae, Streptococcus pneumoniae and Neisseria meningitides. Also 

bacterial abscess caused by Klebsiella pneumonia, Escherichia coli, 

salmonella spp., proteus spp., Enterobacter spp.,Bacteroides spp. and 

Propionibacterium  spp. 

 



 

 

Bacterial Diagnosis of Cerebrospinal Fluid  

Cerebrospinal  (CSF) is a watery fluid, continuously produced and 

absorbed, which flows in the ventricles (cavities) within the brain and 

around the surface of the brain and spinal cord. 

Functions of CSF: 

 Hydrolic shock absorber  

 Regulation of intracranial pressure  

 Impacts the hunger sensation and eating behaviours  

Bacterial infection of CSF cause meningitis, which ranks high among 

medical emergencies, and early, rapid, and exact diagnosis, is more 

essential. Diagnosis of meningitis depends on maintaining a high index 

of thought , obtaining adequate specimens properly, and examining the 

specimens quickly. 

The most urgent diagnostic issue is the differentiation of acute purulent 

bacterial meningitis from aseptic (sterile) and granulomatous  

meningitis. The immediate decision usually based on the cell count, the 

glucose concentration in CSF and blood and protein content of 

cerebrospinal fluid, the results of microscopic examination for 

microorganisms. In addition, the results of culture, serologic tests, 

nucleic acid amplification tests, and other laboratory procedures. 

 

Common Causes of Meningitis: 



 Coagulase negative Staphylococci (especially Staph. Epidermidis, 

Staph. Aureus. 

 Aerobic gram-negative bacilli, propionibacterium acnes. 

 Serogroup B streptococci (strep. agalactiae ) cause infection to 

neonates to age 3 months of age. 

 Escherichia coli infect  mainly neonates. 

 Listeria monocytogenes also infect neonates; elderly; 

immunocompromised children and adults. 

 Haemophilus influenzae infect children 6 months to 5 years. 

 Neisseria meningitidis infect  all ages. 

 Streptococcus pneumonia infect  all age groups; highest incidence 

in the young age. 

 

 

 

Specimens  

As soon as infection of the central nervous system has 

suspected, blood samples has taken for culture and 

cerebrospinal fluid (CSF) has obtained. To obtain cerebrospinal  

fluid, perform lumber puncture with strict aseptic technique. 

Cerebrospinal fluid is usually collected in three to four portions 

of 2-5 ml each, in sterile tubes. If bacterial meningitis has 

suspected, CSF is the best clinical specimens to use for 

isolation, identification, and characterization of the etiological 

agents. Suspected agents should include N. meningitides, strep. 



pneumoniae, and H .influenza  and other pathogens in some 

cases. 

 

 

 

Microscopic Examination  

Smears have made from the sediment of centrifuged cerebrospinal 

fluid. Using a cytospin centrifuge to prepare the slides for staining has 

recommended because it concentrates cellular material and bacterial 

cells more effectively than standard centrifugation. 

Smears have stained with Gram stain. Study of stained smears under 

the oil immersion objective may reveal intracellular gram-negative 

diplococcic (meningococci), extracellular lancet-shaped  gram-positive 

diplococci (pneumococci), or small gram-negative rods (Hemophilus 

influenza or enteric gram-negative rods ). 

Culture  

The culture methods used must help the growth of microorganisms 

most commonly encountered in meningitis. Sheep blood and chocolate 

agar together grow almost all bacteria that cause meningitis.  

 

Follow-Up Examination of Cerebrospinal Fluid  

The return of the cerebrospinal fluid glucose level and cell count 

toward normal is good evidence of adequate diagnosis and therapy . 



 

Neisseria  meningitidis are gram-negative, coffee-bean shaped 

diplococci  that may occur intracellularly  or extracellularly in 

polymorphic nuclei (PMN) leukocytes. (PMNs or neutrophils are often 

more than 1000 WBCs/cu mm) 

Neisseria  meningitidis is a fastidious organisms, aerobic diplococci, 

which grows best at 35-37 °C whith  

 

 



N. meningitidis appear as large, colorless-to-grey, opaque colonies on a 

CAP (Figure 12, 13). 

Biochemical tests have recommended confirming the identity of cultures 

that  morphologically appear to be N. meningitidis such as oxidase test (+) 

and carbohydrate utilization (acid production from glucose, maltose). 

If the oxidase test is positive, carbohydrate utilization testing should have 

performed. If the carbohydrate utilization test indicates that the isolate 

may be N. meningitidis, serological tests to identify the serogroup should 

performed. Additional methods for identification and characterization of 

N. meningitidis using molecular tools like PCR technique. 

                                                 

Figure (12): N. meningitidis colonies on a BAP            Figure (13): N. meningitidis colonies on a CAP 

Strep. pneumoniae may occur intracellularly or extracellularly as gram-

positive diplococci, but can also occur as single cocci or in short chains 

of cocci. Strep.  pneumoniae is a fastidious bacterium, growing best at 35-

37°C with ~5% CO, (or in a  candle-jar). It is usually culturing on media 

that contain blood, but can also grow on a chocolate agar plate (CAP). On 

a blood agar plate (BAP), colonies of Strep. pneumoniae appear as small, 

grey, moist (sometimes mucoid), colonies and characteristically produce 

a zone of alpha-hemolysis (green) (Figure 14). 

The alpha-hemolytic property differentiates this organism from many 

species, but not  from the commensal alpha-hemolytic (viridans) 

streptococci. Differentiating  pneumococi from viridans streptococci is 

difficult as young pneumococcal colonies  appear raised, similar to 

viridans streptococci. However, once the pneumococcal culture ages 24-

48 hours, the colonies become flatten, and the central portion becomes 

depressed, which does not occur with viridans streptococci (Figure 15). 



When necessary, to obtain a pure culture. For the identification and 

characterization procedures, it is essential to test alpha-hemolytic colonies 

that are less than a day old, typically grown overnight at 35-37°C with -

5% CO: (or in a candle-jar). 

The specialized tests have used to identify colonies on a BAP that 

resemble pncumococci (Figure 16). Strep. pneumoniae can be identified 

using Gram stain, catalase (-), and optochin tests (see figure 17) (<14mm 

diameter) at the same time, with bile solubility (+) 

as a confirmatory test. If these tests indicate that, the isolate is Strep. 

pneumoniae, then serological tests used to identify the serotype caught 

performed. This sequence of testing is an efficient way to save costly 

serotyping reagents and time. Additional methods for identification and 

characterization of Strep. pneumoniae using molecular tools. 

 

Figure (14): Strep. pneumoniae colonies with a surrounding green zone 

of alpha-hemolysis (black arrow) on a Blood Agar Plate. 

 

 



 

Figure (15): Strep. pneumoniae colonies have a flattened and depressed 

center after 24-48 hours of growth on a BAP, whereas the viridans 

streptococci retain a raised center. 

 

Haemophilus influenzae are small, pleomorphic, gram-negative bacilli or 

coccobacilli with random arrangements. H. influenzae is a fastidious 

organism, which grows best at 35-37°C with -5% CO2 (or in a candle-jar) 

and requires hemin (X factor) and nicotinamide-adenine-dinucleotide 

(NAD, also known as V factor) for growth. The standard medium uscd 

for growth of H. influenzae is a chocolate agar plate (CAP), which can be 

prepared with heat-lysed horse blood, a good source of both hemin and 

NAD, although sheep blood can also be used. Growth occurs on a CAP 

because NAD has released from the blood during the heating process of 

chocolate agar preparation and hemin is available from non-hemolyzed as 

well as hemolyzed blood cells. H. influenzae appear as large, round, 

smooth, convex, colorless-to-grey, cloudy colonies on a CAP (Figure 18). 

H. influenzae produce a sharp indol smell, plates should not be opened in 

order to smell the cultures. H. influenzae cannot grow on an 

unsupplemented Blood Agar Plate. (Figure 19). 

Biochemical tests have recommended confirming the identity of cultures 

that morphologically appear  H. influenzae. H. influenzae caught 

identified using Kovac's oxidase test and determining the nécessity of 

hemin and NAD as growth requirements. If the oxidase test is positive, 



hemin and NAD growth factor requirement testing should have 

performed. If the growth factor requirement test indicates that the isolate 

may be H. influenzae, serological tests to identify the serotype should 

have performed. This sequence of testing is an efficient way to save costly 

antiscra and time. 

Additional. methods for identification and characterization of H. 

influenzae using molecular tools like PCR technique. All these causes 

summarized at table (4). 

 


