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INTRODUCTION

Diagnostic microbiology

Clinical laboratories play a vital part in health care in the United States. Traditionally, clinical laboratories are comprised of the following sections: blood banking, chemistry, hematology, and microbiology. In a university or academic setting, these laboratories are usually under the department of clinical pathology, with the supervision of a board-certified pathologist or microbiologist. Many independent commercial laboratories are now available to provide timely and reliable services to clinicians and hospitals when such services are not locally available. With the advent of molecular and genomic medicine, newer divisions and subspecialties have been created within the arena of clinical pathology. For example, some larger academic and research institutions have divisions that specialize in incorporating molecular methods into their practice.

The primary role of a microbiology laboratory in patient care is to aid clinicians in identifying causative agents of various infectious diseases and help determine the antimicrobial susceptibility profiles, when appropriate.1 The information provided by the microbiology laboratory enables the clinicians to initiate or modify therapy, which will have a direct impact on patient outcome. The role of the laboratory begins when patient specimens are received in the laboratory; the laboratory should process and handle the specimens appropriately and in a timely fashion that is, in a manner that ensures that the integrity of the specimen will not be compromised. Depending on the type of specimens and tests requested, the specimens will be worked up accordingly by performing different testing procedures, and accurate and reproducible results will be generated. Clinicians will then use the information obtained to make clinical decisions and initiate treatment options best suited for that particular patient. To facilitate the process, it is of the utmost importance that clear communication exists between the clinician placing the order and the laboratory professionals performing the tests. This communication is critical because it facilitates efficient use of laboratory resources, as well as improving turnaround time for test results.

Ideally, the microbiology laboratory should be under the supervision of a physician or laboratory scientist with expertise in both infectious diseases and microbiology. The insight provided by such a laboratory-based professional helps ensure that quality and clinically relevant information will be provided to health care providers in a timely manner. The microbiology laboratory should be in compliance with the rules and regulations established by the College of American Pathologists (CAP), Clinical Laboratory Improvement Amendments (CLIA) and the Joint Commission (formerly called the Joint Commission on Accreditation of Healthcare Organizations). An accredited microbiology laboratory should be routinely inspected by the CAP or the Joint Commission, to ensure that all standardized laboratory methods and procedures are being followed. Many safety aspects of operating a laboratory will also be evaluated during such an inspection.

Introduction to Bacteriology

Bacteria are single-celled microorganisms that lack a nuclear membrane, are metabolically active and divide by binary fission. Medically they are a major cause of disease. Superficially, bacteria appear to be relatively simple forms of life; in fact, they are sophisticated and highly adaptable. Many bacteria multiply at rapid rates, and different species can utilize an enormous variety of hydrocarbon substrates, including phenol, rubber, and petroleum. These organisms exist widely in both parasitic and free-living forms. Because they are ubiquitous and have a remarkable capacity to adapt to changing environments by selection of spontaneous mutants, the importance of bacteria in every field of medicine cannot be overstated.

The discipline of bacteriology evolved from the need of physicians to test and apply the germ theory of disease and from economic concerns relating to the spoilage of foods and wine. The initial advances in pathogenic bacteriology were derived from the identification and characterization of bacteria associated with specific diseases. During this period, great emphasis was placed on applying Koch's postulates to test proposed cause-and-effect relationships between bacteria and specific diseases. Today, most bacterial diseases of humans and their etiologic agents have been identified, although important variants continue to evolve and sometimes emerge, e.g., Legionnaire's Disease, tuberculosis and toxic shock syndrome.

Major advances in bacteriology over the last century resulted in the development of many effective vaccines (e.g., pneumococcal polysaccharide vaccine, diphtheria toxoid, and tetanus toxoid) as well as of other vaccines (e.g., cholera, typhoid, and plague vaccines) that are less effective or have side effects. Another major advance was the discovery of antibiotics. These antimicrobial substances have not eradicated bacterial diseases, but they are powerful therapeutic tools. Their efficacy is reduced by the emergence of antibiotic resistant bacteria (now an important medical management problem) In reality, improvements in sanitation and water purification have a greater effect on the incidence of bacterial infections in a community than does the availability of antibiotics or bacterial vaccines. Nevertheless, many and serious bacterial diseases remain.

Most diseases now known to have a bacteriologic etiology have been recognized for hundreds of years. Some were described as contagious in the writings of the ancient Chinese, centuries prior to the first descriptions of bacteria by Anton van Leeuwenhoek in 1677. There remain a few diseases (such as chronic ulcerative colitis) that are thought by some investigators to be caused by bacteria but for which no pathogen has been identified. Occasionally, a previously unrecognized diseases is associated with a new group of bacteria. An example is Legionnaire's disease, an acute respiratory infection caused by the previously unrecognized genus, Legionella. Also, a newly recognized pathogen, Helicobacter, plays an important role in peptic disease. Another important example, in understanding the etiologies of venereal diseases, was the association of at least 50 percent of the cases of urethritis in male patients with Ureaplasma urealyticum or Chlamydia trachomatis.
Recombinant bacteria produced by genetic engineering are enormously useful in bacteriologic research and are being employed to manufacture scarce biomolecules (e.g. interferons) needed for research and patient care. The antibiotic resistance genes, while a problem to the physician, paradoxically are indispensable markers in performing genetic engineering. Genetic probes and the polymerase chain reaction (PCR) are useful in the rapid identification of microbial pathogens in patient specimens. Genetic manipulation of pathogenic bacteria continues to be indispensable in defining virulence mechanisms. As more protective protein antigens are identified, cloned, and sequenced, recombinant bacterial vaccines will be constructed that should be much better than the ones presently available. In this regard, a recombinant-based and safer pertussis vaccine is already available in some European countries. Also, direct DNA vaccines hold considerable promise.

In developed countries, 90 percent of documented infections in hospitalized patients are caused by bacteria. These cases probably reflect only a small percentage of the actual number of bacterial infections occurring in the general population, and usually represent the most severe cases. In developing countries, a variety of bacterial infections often exert a devastating effect on the health of the inhabitants. Malnutrition, parasitic infections, and poor sanitation are a few of the factors contributing to the increased susceptibility of these individuals to bacterial pathogens. The World Health Organization has estimated that each year, 3 million people die of tuberculosis, 0.5 million die of pertussis, and 25,000 die of typhoid. Diarrheal diseases, many of which are bacterial, are the second leading cause of death in the world (after cardiovascular diseases), killing 5 million people annually.

Many bacterial diseases can be viewed as a failure of the bacterium to adapt, since a well-adapted parasite ideally thrives in its host without causing significant damage. Relatively nonvirulent (i.e., well-adapted) microorganisms can cause disease under special conditions - for example, if they are present in unusually large numbers, if the host's defenses are impaired, (e.g., AIDS and chemotherapy) or if anaerobic conditions exist. Pathogenic bacteria constitute only a small proportion of bacterial species; many nonpathogenic bacteria are beneficial to humans (i.e. intestinal flora produce vitamin K) and participate in essential processes such as nitrogen fixation, waste breakdown, food production, drug preparation, and environmental bioremediation. This textbook emphasizes bacteria that have direct medical relevance.

In recent years, medical scientists have concentrated on the study of pathogenic mechanisms and host defenses. Understanding host-parasite relationships involving specific pathogens requires familiarity with the fundamental characteristics of the bacterium, the host, and their interactions. Therefore, this section first presents with the basic concepts of the immune response, bacterial structure, taxonomy, metabolism, and genetics. Subsequent chapters emphasize normal relationships among bacteria on external surfaces; mechanisms by which microorganisms damage the host; host defense mechanisms; source and distribution of pathogens (epidemiology); principles of diagnosis; and mechanisms of action of antimicrobial drugs. These chapters provide the basis for the next chapters devoted to specific bacterial pathogens and the diseases they cause. The bacteria in these chapters are grouped on the basis of physical, chemical, and biologic characteristics. .
Principles of Diagnosis

Manifestations of Infection

The clinical presentation of an infectious disease reflects the interaction between the host and the microorganism. This interaction is affected by the host immune status and microbial virulence factors. Signs and symptoms vary according to the site and severity of infection. Diagnosis requires a composite of information, including history, physical examination, radiographic findings, and laboratory data.

Microbial Causes of Infection

Infections may be caused by bacteria, viruses, fungi, and parasites. The pathogen may be exogenous (acquired from environmental or animal sources or from other persons) or endogenous (from the normal flora).
Specimen Selection, Collection, and Processing

Specimens are selected on the basis of signs and symptoms, should be representative of the disease process, and should be collected before administration of antimicrobial agents. The specimen amount and the rapidity of transport to the laboratory influence the test results.

Microbiological Examination

Direct Examination and Techniques: Direct examination of specimens reveals gross pathology. Microscopy may identify microorganisms. Immunofluorescence, immuno-peroxidase staining, and other immunoassays may detect specific microbial antigens. Genetic probes identify genus- or species-specific DNA or RNA sequences.

Culture: Isolation of infectious agents frequently requires specialized media. Nonselective (no inhibitory) media permit the growth of many microorganisms. Selective media contain inhibitory substances that permit the isolation of specific types of microorganisms.

Microbial Identification: Colony and cellular morphology may permit preliminary identification. Growth characteristics under various conditions, utilization of carbohydrates and other substrates, enzymatic activity, immunoassays, and genetic probes are also used.

Serodiagnosis: A high or rising titer of specific IgG antibodies or the presence of specific IgM antibodies may suggest or confirm a diagnosis.

Antimicrobial Susceptibility: Microorganisms, particularly bacteria, are tested in vitro to determine whether they are susceptible to antimicrobial agent
Staining Techniques

Because microbial cytoplasm is usually transparent, it is necessary to stain microorganisms before they can be viewed with the light microscope. In some cases, staining is unnecessary, for example when microorganisms are very large or when motility is to be studied, and a drop of the microorganisms can be placed directly on the slide and observed. A preparation such as this is called a wet mount. A wet mount can also be prepared by placing a drop of culture on a cover‐slip (a glass cover for a slide) and then inverting it over a hollowed‐out slide. This procedure is called the hanging drop.
In preparation for staining, a small sample of microorganisms is placed on a slide and permitted to air dry. The smear is heat fixed by quickly passing it over a flame. Heat fixing kills the organisms, makes them adhere to the slide, and permits them to accept the stain. 

Simple stain techniques. Staining can be performed with basic dyes such as crystal violet or methylene blue, positively charged dyes that are attracted to the negatively charged materials of the microbial cytoplasm. Such a procedure is the simple stain procedure. An alternative is to use a dye such as nigrosin or Congo red, acidic, negatively charged dyes. They are repelled by the negatively charged cytoplasm and gather around the cells, leaving the cells clear and unstained. This technique is called the negative stain technique. 

Differential stain techniques. The differential stain technique distinguishes two kinds of organisms. An example is the Gram stain technique. This differential technique separates bacteria into two groups, Gram‐positive bacteria and Gram‐negative bacteria. Crystal violet is first applied, followed by the mordant iodine, which fixes the stain. Then the slide is washed with alcohol, and the Gram‐positive bacteria retain the crystal‐violet iodine stain; however, the Gram‐negative bacteria lose the stain. The Gram‐negative bacteria subsequently stain with the safranin dye, the counter stain, used next. These bacteria appear red under the oil‐immersion lens, while Gram‐positive bacteria appear blue or purple, reflecting the crystal violet retained during the washing step. 

Another differential stain technique is the acid‐fast technique. This technique differentiates species of Mycobacterium from other bacteria. Heat or a lipid solvent is used to carry the first stain, carbolfuchsin, into the cells. Then the cells are washed with a dilute acid‐alcohol solution. Mycobacterium species resist the effect of the acid‐alcohol and retain the carbolfuchsin stain (bright red). Other bacteria lose the stain and take on the subsequent methylene blue stain (blue). Thus, the acid‐fast bacteria appear bright red, while the nonacid‐fast bacteria appear blue when observed under oil‐immersion microscopy. 

Gram staining



A Gram stain of mixed Staphylococcus aureus (Staphylococcus aureus ATCC 25923, gram-positive cocci, in purple) and Escherichia coli (Escherichia coli ATCC 11775, gram-negative bacilli, in red), the most common Gram stain reference bacteria

Gram staining, also called Gram's method, is a method of differentiating bacterial species into two large groups (gram-positive and gram-negative). The name comes from its inventor, Hans Christian Gram.

Gram staining differentiates bacteria by the chemical and physical properties of their cell walls by detecting peptidoglycan, which is present in a thick layer in gram-positive bacteria.[1] In a Gram stain test, gram-positive bacteria retain the crystal violet dye, while a counterstain (commonly safranin or fuchsine) added after the crystal violet gives all gram-negative bacteria a red or pink coloring.

The Gram stain is almost always the first step in the identification of a bacterial organism. While Gram staining is a valuable diagnostic tool in both clinical and research settings, not all bacteria can be definitively classified by this technique. This gives rise to gram-variable and gram-indeterminate groups as well.

History

The method is named after its inventor, the Danish scientist Hans Christian Gram (1853–1938), who developed the technique while working with Carl Friedländer in the morgue of the city hospital in Berlin in 1884. Gram devised his technique not for the purpose of distinguishing one type of bacterium from another but to make bacteria more visible in stained sections of lung tissue.[2] He published his method in 1884, and included in his short report the observation that the typhus bacillus did not retain the stain.[3]
Uses

Gram staining is a bacteriological laboratory technique[4] used to differentiate bacterial species into two large groups (gram-positive and gram-negative) based on the physical properties of their cell walls.[5] Gram staining is not used to classify archaea, formerly archaeabacteria, since these microorganisms yield widely varying responses that do not follow their phylogenetic groups.[6]
The Gram stain is not an infallible tool for diagnosis, identification, or phylogeny, and it is of extremely limited use in environmental microbiology. It still competes with molecular techniques even in the medical microbiology lab. Some organisms are gram-variable (that means, they may stain either negative or positive); some organisms are not susceptible to either stain used by the Gram technique. In a modern environmental or molecular microbiology lab, most identification is done using genetic sequences and other molecular techniques, which are far more specific and informative than differential staining.

Gram staining has proven as effective a diagnostic tool as PCR, particularly with regards to gonorrhoea diagnosis in Kuwait. The similarity of the results of both Gram stain and PCR for diagnosis of gonorrhea was 99.4% in Kuwait.[7]
Medical

See also: Gram-negative bacterial infection and Gram-positive bacterial infection
Gram stains are performed on body fluid or biopsy when infection is suspected. Gram stains yield results much more quickly than culturing, and is especially important when infection would make an important difference in the patient's treatment and prognosis; examples are cerebrospinal fluid for meningitis and synovial fluid for septic arthritis.[4]

 HYPERLINK "http://en.wikipedia.org/wiki/Gram_staining" \l "cite_note-8" [8]
Staining mechanism

Gram-positive bacteria have a thick mesh-like cell wall made of peptidoglycan (50–90% of cell envelope), and as a result are stained purple by crystal violet, whereas gram-negative bacteria have a thinner layer (10% of cell envelope), so do not retain the purple stain and are counter-stained pink by the Safranin. There are four basic steps of the Gram stain:

· Applying a primary stain (crystal violet) to a heat-fixed smear of a bacterial culture. Heat fixation kills some bacteria but is mostly used to affix the bacteria to the slide so that they don't rinse out during the staining procedure.

· The addition of iodide, which binds to crystal violet and traps it in the cell,

· Rapid decolorization with ethanol or acetone, and

· Counterstaining with safranin.[9] Carbol fuchsin is sometimes substituted for safranin since it more intensely stains anaerobic bacteria, but it is less commonly used as a counterstain.[10]
Crystal violet (CV) dissociates in aqueous solutions into CV+
and chloride (Cl−) ions. These ions penetrate through the cell wall and cell membrane of both gram-positive and gram-negative cells. The CV+
ion interacts with negatively charged components of bacterial cells and stains the cells purple.

Iodide (I−or I−3) interacts with CV+
and forms large complexes of crystal violet and iodine (CV–I) within the inner and outer layers of the cell. Iodine is often referred to as a mordant, but is a trapping agent that prevents the removal of the CV–I complex and, therefore, color the cell.[11]
When a decolorizer such as alcohol or acetone is added, it interacts with the lipids of the cell membrane. A gram-negative cell loses its outer lipopolysaccharide membrane, and the inner peptidoglycan layer is left exposed. The CV–I complexes are washed from the gram-negative cell along with the outer membrane. In contrast, a gram-positive cell becomes dehydrated from an ethanol treatment. The large CV–I complexes become trapped within the gram-positive cell due to the multilayered nature of its peptidoglycan. The decolorization step is critical and must be timed correctly; the crystal violet stain is removed from both gram-positive and negative cells if the decolorizing agent is left on too long (a matter of seconds).

After decolorization, the gram-positive cell remains purple and the gram-negative cell loses its purple color. Counterstain, which is usually positively charged safranin or basic fuchsine, is applied last to give decolorized gram-negative bacteria a pink or red color.[12]

 HYPERLINK "http://en.wikipedia.org/wiki/Gram_staining" \l "cite_note-Davies_et_al_1983-13" [13]
Some bacteria, after staining with the Gram stain, yield a gram-variable pattern: a mix of pink and purple cells are seen. The genera Actinomyces, Arthobacter, Corynebacterium, Mycobacterium, and Propionibacterium have cell walls particularly sensitive to breakage during cell division, resulting in gram-negative staining of these gram-positive cells. In cultures of bacillus, Butyrivibrio, and Clostridium, a decrease in peptidoglycan thickness during growth coincides with an increase in the number of cells that stain gram-negative.[14] In addition, in all bacteria stained using the Gram stain, the age of the culture may influence the results of the stain.

Examples

Gram-positive bacteria

Main article: Gram-positive bacteria
Gram-positive bacteria generally have a single membrane (monoderm) surrounded by a thick peptidoglycan. This rule is followed by two phyla: Firmicutes (except for the classes Mollicutes and Negativicutes) and the Actinobacteria.[5]

 HYPERLINK "http://en.wikipedia.org/wiki/Gram_staining" \l "cite_note-Begey_essay-15" [15] In contrast, members of the Chloroflexi (green non-sulfur bacteria) are monoderms but possess a thin or absent (class Dehalococcoidetes) peptidoglycan and can stain negative, positive or indeterminate.[5]

 HYPERLINK "http://en.wikipedia.org/wiki/Gram_staining" \l "cite_note-Begey_essay-15" [15] Members of the Deinococcus-Thermus group, stain positive but are diderms with a thick peptidoglycan.[5]

 HYPERLINK "http://en.wikipedia.org/wiki/Gram_staining" \l "cite_note-Begey_essay-15" [15]
Historically, the gram-positive forms made up the phylum Firmicutes, a name now used for the largest group. It includes many well-known genera such as Bacillus, Listeria, Staphylococcus, Streptococcus, Enterococcus, and Clostridium. It has also been expanded to include the Mollicutes, bacteria like Mycoplasma that lack cell walls and so cannot be stained by Gram, but are derived from such forms.

Normally, if Gram stain is done on acid-fast bacteria, they show up as if they are gram-positive, mostly because of their thick cell wall.

Gram-negative bacteria

Main article: Gram-negative bacteria
Gram-negative bacteria generally possess a thin layer of peptidoglycan between two membranes (diderms). Most bacterial phyla are gram-negative, including the cyanobacteria, spirochaetes, and green sulfur bacteria, and most Proteobacteria and Escherichia coli. 
[image: image2.png]‘Color and shape of the cos help classify which type of bacteria are present.
Used with permission of AAFP-PT.





Acid fast Staining

Ziehl-Neelsen (Zn) technique is used to stain Mycobacterium species including M. tuberculosis, M. ulcerans, and M. leprae.


Acid fast bacillus

Principle of Ziehl-Neelsen Staining
Mycobacteria, which do not stain well by Gram stain, are stained with carbol fuchsin combined with phenol. In the ‘hot’ Zn technique, the phenol-carbol fuchsin stain is heated to enable the dye to penetrate the waxy mycobacterial cell wall. In the ‘cold’ technique, stain are not heated but the penetration is achieved by increasing concentration of basic fuchsin and phenol and incorporating a ‘wetting agent’ chemical. 

The stain binds to the mycolic acid in the mycobacterial cell wall. After staining, an acid decolorizing solution is applied. This removes the red dye from the background cells, tissue fibres, and any organisms in the smear except mycobacteria which retain (hold fast to) the dye and are therefore referred to as acid fast bacilli (AFB).

Following decolorization, sputum smear is counterstained with malachite green, or methylene blue which stains the background material, providing a contrast colour against which the red AFB can be seen.

Among the Mycobacterium species, M. tuberculosis and M. ulcerans are strongly acid fast. When staining specimens for these species, a 3% v/v acid alcohol is used to decolorize the smear, where as M. leprae is only weakly acid fast. 0.5-1% v/v decolorizing solution is therefore used for M. leprae smears and also different staining and decolorizing time.

0.5% Acid alcohol or 5% Sulphuric acid is used for Atypical AFB because they (eg. Mycobacterium leprae, Nocardia asteroides) are much less acid and alcohol fast than Mycobacterium tuberculosis bacilli.

Materials required:
1. Carbol fuchsin stain (filtered)

2. Acid alcohol, 3% v/v

3. Malachite green 5 g/l (0.5% w/v) or Methylene blue, 5g/l

Ziehl-Neelsen Staining procedure
1. Spread the sputum evenly over the central area of the slide using a continuous rotational movement the recommended size of the smear is about 20 mm by 10 mm
2. Place slides on dryer with smeared surface upwards, and air dry for about 30 minutes.

3. Heat fix dried smear

4. Cover the smear will carbol fuchsin stain

5. Heat the smear until vapour just begins to rise (i.e. about 60oC). Do not overheat. Allow the heated stain to remain on the slide for 5 minutes.

6. Wash off the stain with clean water.

7. Cover the smear with 3% v/v acid alcohol for 5 minutes (or 20% sulfuric acid) or until the smear is sufficiently decolorized, i.e. pale pink

8. Wash well with clean water

9. Cover the stain with malachite green stain for 1-2 minutes

10. Wash off stain with clean water

11. Wipe the back of the slide clean, and place it in a draining rack for smear to air dry (do not blot dry).

12. Examine the smear microscopically, using the 100x oil immersion objective and scan the smear systematically.

Note: Heat fixation of untreated specimen will not kill M. tuberculosis whereas alcohol fixation is bactericidal. Acid alcohol is flammable, therefore use it with care. Take great care while heating carbol fuchsin  
Results: 
1. AFB: Red, straight or slightly curved rods, occurring singly or in small groups, may appear beaded.

2. Cells: Green

3. Background material: Green
                           Laboratory Culture
A microbiological culture, or microbial culture, is a method of multiplying microbial organisms by letting them reproduce in predetermined culture media under controlled laboratory conditions. Microbial cultures are used to determine the type of organism, its abundance in the sample being tested, or both. It is one of the primary diagnostic methods of microbiology and used as a tool to determine the cause of infectious disease by letting the agent multiply in a predetermined medium. For example, a throat culture is taken by scraping the lining of tissue in the back of the throat and blotting the sample into a medium to be able to screen for harmful microorganisms, such as Streptococcus pyogenes, the causative agent of strep throat.[1] Furthermore, the term culture is more generally used informally to refer to "selectively growing" a specific kind of microorganism in the lab.

Microbial cultures are foundational and basic diagnostic methods used extensively as a research tool in molecular biology. It is often essential to isolate a pure culture of microorganisms. A pure (or axenic) culture is a population of cells or multicellular organisms growing in the absence of other species or types. A pure culture may originate from a single cell or single organism, in which case the cells are genetic clones of one another.

For the purpose of gelling the microbial culture, the medium of agarose gel (agar) is used. Agar is a gelatinous substance derived from seaweed. A cheap substitute for agar is guar gum, which can be used for the isolation and maintenance of thermophiles.

Culture media

Principle:

Much of the study of  microorganisms depends on its ability to grow  in the laboratory, and this is possible only if suitable culture media are available for the growth of microorganism. A culture medium is defined as a solid or liquid preparation used for the growth, transport, and storage of microorganisms. The effective culture medium must contain all the nutrients required for the growth of the microorganism.

Specialized media are widely employed for  the isolation and identification of microorganisms,  testing the antibiotic sensitivities, analysis of water and food, industrial microbiology, and other activities. Although all microorganisms need sources of energy, nitrogen, carbon, phosphorus, sulfur, and various minerals, the exact composition of a satisfactory medium will rely on the species one is trying to identify and cultivate because nutritional requirements vary so greatly among the microorganisms.

Knowledge of  microorganism’s normal habitat is often useful in selecting a suitable culture medium because its nutrient requirements reflect its natural surroundings.  A medium is used to select and growing specific microorganisms or to help identifying a particular species. In these cases, the function of the medium also  depends on  its composition. In addition to nutrients necessary for the growth of all bacteria, special-purpose media contain one or more chemical compounds that are essential for their functional specificity. 

Selective media:

Selective media allows the growth of certain type of organisms, while  inhibiting the growth of other organisms. This selectivity is achieved  in several ways. For example, organisms that have the ability to utilize a given sugar are screened easily by making that  particular sugar the only carbon source in the medium for the growth of the microorganism. Like-wise, the  selective inhibition of some types of microorganisms can be studied by adding certain dyes, antibiotics, salts or specific inhibitors that will affect the metabolism or enzymatic systems of the organisms. For example, media containing potassium tellurite, sodium azide or thallium acetate at different  concentrations of 0.1 - 0.5 g/l will inhibit the growth of all Gram-negative bacteria. Media supplemented with the antibiotic penicillin concentration 5-50 units/ml or crystal violet 2 mg/l inhibit the growth of Gram-positive bacteria. Tellurite agar, is used to select for Gram-positive organisms, and nutrient agar supplemented with the antibiotic penicillin can be used to select for the growth of Gram negative organisms.

Eg., Mannitol salt agar, Hektoen enteric agar (HE), Phenylethyl alcohol agar
Differential media:

Differential media are widely used for  differentiating closely related organisms or groups of organisms. Because of the  presence of certain dyes or chemicals in the media, the organisms will produce certain characteristic changes or growth patterns that are used for identification or differentiation of microorganism.

Eg., Mac Conkey (MCK) agar,  Eosin Methylene Blue (EMB) agar

Enriched media :
Enriched media are media that have been supplemented with highly nutritious materials such as blood, serum or yeast extract for the purpose of cultivating fastidious organisms.

Eg., Blood agar, Chocolate agar
Streaking method
Objective: 
1. To obtain isolated microbial colonies from an inoculum by creating areas of increasing dilution on an agar petriplate.

Principle:

The streak plate method is a rapid qualitative isolation method. The techniques commonly used for isolation of discrete colonies initially require that the number of organisms in the inoculums be reduced. It is essentially a dilution technique that involves spreading a loopful of culture over the surface of an agar plate. The resulting diminution of the population size ensures that, following inoculation, individual cells will be sufficiently far apart on the surface of the agar medium to effect a separation of the different species present. Although many type of procedures are performed, the four ways or quadrant streak is mostly done.

Importance of Streaking:

The human body has billions of bacteria which constitutes the normal flora fighting against the invading pathogens. It is tedious to isolate a particular type of bacteria from a sreaking method used for bacterial culture
Objective: 
1. To obtain isolated microbial colonies from an inoculum by creating areas of increasing dilution on an agar petriplate.
2. The human body has billions of bacteria which constitutes the normal flora fighting against the invading pathogens. It is tedious to isolate a particular type of bacteria from a clinical 

Streak plate technique is used to grow bacteria on a growth media surface so that individual bacterial colonies are isolated and sampled. Isolated colonies indicate a clone of cells, being derived from a single precursor cell. When the selected culture media is inoculated using a single isolated colony, the resulting culture grows from that selected single clone. The modern streak plate method has evolved from the efforts by Robert Koch and other microbiologists to obtain pure culture of bacteria in order to study them. The dilution or isolation by streaking procedure was originally developed by Loeffler and Gaffky in Koch's laboratory, which  involves the dilution of bacteria by systematically streaking them over the surface of the agar in a petri dish to obtain isolated colonies which will subsequently grow into mass of cells, or isolated colonies. If the agar surface grows microorganisms which are all the genetically same, the culture is  then considered as a pure culture.

 The commonly used petri dishes are of hundred millimetre diameter. The agar surface of the plate should be dry without any moisture such as condensation drops. The source of inoculums can be clinical specimen, environmental swab, sedimented urine, broth or solid culture.
Culture

In many instances, the cause of an infection is confirmed by isolating and culturing microorganism either in artificial media or in a living host. Bacteria (including mycobacteria and mycoplasmas) and fungi are cultured in either liquid (broth) or on solid (agar) artificial media. Liquid media provide greater sensitivity for the isolation of small numbers of microorganisms; however, identification of mixed cultures growing in liquid media requires subculture onto solid media so that isolated colonies can be processed separately for identification. Growth in liquid media also cannot ordinarily be quantitated. Solid media, although somewhat less sensitive than liquid media, provide isolated colonies that can be quantified if necessary and identified. Some genera and species can be recognized on the basis of their colony morphologies.

In some instances one can take advantage of differential carbohydrate fermentation capabilities of microorganisms by incorporating one or more carbohydrates in the medium along with a suitable pH indicator. Such media are called differential media (e.g., eosin methylene blue or MacConkey agar) and are commonly used to isolate enteric bacilli. Different genera of the Enterobacteriaceae can then be presumptively identified by the color as well as the morphology of colonies.

Culture media can also be made selective by incorporating compounds such as antimicrobial agents that inhibit the indigenous flora while permitting growth of specific microorganisms resistant to these inhibitors. One such example is Thayer-Martin medium, which is used to isolate Neisseria gonorrhoeae. This medium contains vancomycin to inhibit Gram-positive bacteria, colistin to inhibit most Gram-negative bacilli, trimethoprim-sulfamethoxazole to inhibit Proteus species and other species that are not inhibited by colistin and anisomycin to inhibit fungi. The pathogenic Neisseria species, N gonorrhoeae and N meningitidis, are ordinarily resistant to the concentrations of these antimicrobial agents in the medium.

The number of bacteria in specimens may be used to define the presence of infection. For example, there may be small numbers (≤ 103 CFU/ml) of bacteria in clean-catch, midstream urine specimens from normal, healthy women; with a few exceptions, these represent bacteria that are indigenous to the urethra and periurethral region. Infection of the bladder (cystitis) or kidney (pyelone-phritis) is usually accompanied by bacteriuria of about ≥ 104 CFU/ml. For this reason, quantitative cultures of urine must always be performed. For most other specimens a semiquantitative streak method (Fig. 10-3) over the agar surface is sufficient. For quantitative cultures, a specific volume of specimen is spread over the agar surface and the number of colonies per milliliter is estimated. For semiquantitative cultures, an unquantitated amount of specimen is applied to the agar and diluted by being streaked out from the inoculation site with a sterile bacteriologic loop.The amount of growth on the agar is then reported semiquantitatively as many, moderate, or few (or 3+, 2+, or 1+ ), depending on how far out from the inoculum site colonies appear. An organism that grows in all streaked areas would be reported as 3+. 

Culture Environment For Microbes
1 Aerobic culture 

2 Microaerophilic culture

3 Anaerobic culture
                        Candle Jar Technique
A microaerophile is a microorganism that requires oxygen to survive, but requires environments containing lower levels of oxygen than are present in the atmosphere (i.e. <21% O2; typically 2-10% O2).[1]

 HYPERLINK "http://en.wikipedia.org/wiki/Microaerophile" \l "cite_note-PHK-2" [2] Many microaerophiles are also capnophiles, requiring an elevated concentration of carbon dioxide (e.g. 10% CO2 in the case of Campylobacter spp.).[3]
Culture

Microaerophiles can be cultivated in candle jars. Candle jars are containers into which a lit candle is introduced before sealing the container's airtight lid. The candle's flame burns until extinguished by oxygen deprivation, creating a carbon dioxide-rich, oxygen-poor atmosphere.[4] Other methods of creating a microaerobic environment include using a gas-generating pack and gas exchange.[3]
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Anaerobic culture

An anaerobic bacteria culture is a method used to grow anaerobes from a clinical specimen. Obligate anaerobes are bacteria that can live only in the absence of oxygen. Obligate anaerobes are destroyed when exposed to the atmosphere for as briefly as 10 minutes. Some anaerobes are tolerant to small amounts of oxygen. Facultative anaerobes are those organisms that will grow with or without oxygen. The methods of obtaining specimens for anaerobic culture and the culturing procedure are performed to ensure that the organisms are protected from oxygen. 
Purpose 

Anaerobic bacterial cultures are performed to identify bacteria that grow only in the absence of oxygen and which may cause human infection. If overlooked or killed by exposure to oxygen, anaerobic infections result in such serious consequences as amputation , organ failure, sepsis, meningitis, and death. Culture is required to correctly identify anaerobic pathogens and institute effective antibiotic treatment. 

Precautions 

It is crucial that the health care provider obtain the sample for culture via aseptic technique . Anaerobes are commonly found on mucous membranes and other sites such as the vagina and oral cavity. Therefore, specimens likely to be contaminated with these organisms should not be submitted for culture (e.g., a throat or vaginal swab). Some types of specimens should always be cultured for anaerobes if an infection is suspected. These include abscesses, bites, blood, cerebrospinal fluid and exudative body fluids, deep wounds, and dead tissues. The specimen must be protected from oxygen during collection and transport and must be transported to the laboratory immediately. 

Thioglycollate broth



Aerobic and anaerobic bacteria can be identified by growing them in test tubes of thioglycollatebroth:
1: Obligate aerobes need oxygen because they cannot ferment or respire anaerobically. They gather at the top of the tube where the oxygen concentration ishighest.
2: Obligate anaerobes are poisoned by oxygen, so they gather at the bottom of the tube where the oxygen concentration is lowest.
3: Facultative anaerobes can grow with or without oxygen because they can metabolise energy aerobically or anaerobically. They gather mostly at the top because aerobic respiration generates more ATP than either fermentation or anaerobicrespiration.
4: Microaerophiles need oxygen because they cannot ferment or respire anaerobically. However, they are poisoned by high concentrations of oxygen. They gather in the upper part of the test tube but not the very top.
5: Aerotolerant organisms do not require oxygen as they metabolise energy anaerobically. Unlike obligate anaerobes however, they are not poisoned by oxygen. They can be found evenly spread throughout the test tube.
Thioglycollate broth is a multi-purpose, enriched, differential medium used primarily to determine the oxygen requirements of microorganisms. Sodium thioglycolate in the medium consumes oxygen and permits the growth of obligate anaerobes.[1] This, combined with the diffusion of oxygen from the top of the broth produces a range of oxygen concentrations in the media along its depth. The oxygen concentration at a given level is indicated by a redox sensitive dye like resazurine that turns pink in the presence of oxygen

Diagnostic Bacteriology
LAB DIAGONOSIS OF BACTERIA
· Corynebacterium Diphtheriae
Clinical Manifestations

Corynebacterium diphtheriae infects the nasopharynx or skin. Toxigenic strains secrete a potent exotoxin which may cause diphtheria. The symptoms of diphtheria include pharyngitis, fever, swelling of the neck or area surrounding the skin lesion. Diphtheritic lesions are covered by a pseudomembrane. The toxin is distributed to distant organs by the circulatory system and may cause paralysis and congestive heart failure.

Structure, Classification, and Antigenic Types

Corynebacterium diphtheriae is a nonmotile, noncapsulated, club-shaped, Gram-positive bacillus. Toxigenic strains are lysogenic for one of a family of corynebacteriophages that carry the structural gene for diphtheria toxin, tox. Corynebacterium diphtheriae is classified into biotypes (mitis, intermedius, and gravis) according to colony morphology, as well as into lysotypes based upon corynebacteriophage sensitivity. Most strains require nicotinic and pantothenic acids for growth; some also require thiamine, biotin, or pimelic acid. For optimal production of diphtheria toxin, the medium should be supplemented with amino acids and must be deferrated
Pathogenesis

Asymptomatic nasopharyngeal carriage is common in regions where diphtheria is endemic. In susceptible individuals, toxigenic strains cause disease by multiplying and secreting diphtheria toxin in either nasopharyngeal or skin lesions. The diphtheritic lesion is often covered by a pseudomembrane composed of fibrin, bacteria, and inflammatory cells. Diphtheria toxin can be proteolytically cleaved into two fragments: an N-terminal fragment A (catalytic domain), and fragment B (transmembrane and receptor binding domains). Fragment A catalyzes the NAD+-dependent ADP-ribosylation of elongation factor 2, thereby inhibiting protein synthesis in eukaryotic cells. Fragment B binds to the cell surface receptor and facilitates the delivery of fragment A to the cytosol.

Host Defenses

Protective immunity involves an antibody response to diphtheria toxin following clinical disease or to diphtheria toxoid (formaldehyde-inactivated toxin) following immunization.

Epidemiology

Corynebacterium diphtheriae is spread by droplets, secretions, or direct contact. In situ lysogenic conversion of nontoxigenic strains to a toxigenic phenotype has been documented. Infection is spread solely among humans, although toxigenic strains have been isolated from horses. In regions where immunization programs are maintained, isolated outbreaks of disease are often associated with a carrier who has recently visited a subtropical region where diphtheria is endemic. Large-scale outbreaks of disease may occur in populations where active immunization programs are not maintained.

Diagnosis

Clinical diagnosis depends upon culture-proven toxigenic C diphtheriae infection of the skin, nose, or throat combined with clinical signs of nasopharyngeal diphtheria (e.g., sore throat, dysphagia, bloody nasal discharge, pseudomembrane). Toxigenicity is identified by a variety of in vitro (e.g., gel immunodiffusion, tissue culture) or in vivo (e.g., rabbit skin test, guinea pig challenge) methods.

Control

Immunization with diphtheria toxoid is extraordinarily effective. Diphtheria patients must be promptly treated with antitoxin to neutralize circulating diphtheria toxin.

Introduction

Diphtheria is a paradigm of the toxigenic infectious diseases. In 1883, Klebs demonstrated that Corynebacterium diphtheriae was the agent of diphtheria. One year later, Loeffler found that the organism could only be cultured from the nasopharyngeal cavity, and postulated that the damage to internal organs resulted from a soluble toxin. By 1888, Roux and Yersin showed that animals injected with sterile filtrates of C diphtheriae developed organ pathology indistinguishable from that of human diphtheria; this demonstrated that a potent exotoxin was the major virulence factor.

Diphtheria is most commonly an infection of the upper respiratory tract and causes fever, sore throat, and malaise. A thick, gray-green fibrin membrane, the pseudomembrane, often forms over the site(s) of infection as a result of the combined effects of bacterial growth, toxin production, necrosis of underlying tissue, and the host immune response. Recognition that the systemic organ damage was due to the action of diphtheria toxin led to the development of both an effective antitoxin-based therapy for acute infection and a highly successful toxoid vaccine.

Although toxoid immunization has made diphtheria a rare disease in those regions where public health standards mandate vaccination, outbreaks of diphtheria still occur in nonimmunized and immunocompromised groups. In marked contrast, widespread outbreaks of diphtheria reaching epidemic proportions have been observed in those regions where active immunization programs have been halted.

Clinical Manifestations

There are two types of clinical diphtheria: nasopharyngeal and cutaneous. Symptoms of pharyngeal diphtheria vary from mild pharyngitis to hypoxia due to airway obstruction by the pseudomembrane (Fig. 32-1). The involvement of cervical lymph nodes may cause profound swelling of the neck (bull neck diphtheria), and the patient may have a fever (≥ 103 °F). The skin lesions in cutaneous diphtheria are usually covered by a gray-brown pseudomembrane. Life-threatening systemic complications, principally loss of motor function (e.g., difficulty in swallowing) and congestive heart failure, may develop as a result of the action of diphtheria toxin on peripheral motor neurons and the myocardium. 

Pathogenesis of  corynebacterium diphtheria. 
Structure, Classification, and Antigenic Types

Corynebacterium diphtheriae is a Gram-positive nonmotile, club-shaped bacillus. Strains growing in tissue, or older cultures in vitro, contain thin spots in their cell walls that allow decolorization during the Gram stain and result in a Gram-variable reaction. Older cultures often contain metachromatic granules (polymetaphosphate) which stain bluish-purple with methylene blue. The cell wall sugars include arabinose, galactose, and mannose. In addition, a toxic 6,6′-diester of trehalose containing corynemycolic and corynemycolenic acids in equimolar concentrations may be isolated. Three distinct cultural types, mitis, intermedius, and gravis have been recognized 

Biochemical Properties Useful in Distinguishing Corynebacterium Species Isolated from the Human Oropharynx and Nasopharynx a. 

Most strains require nicotinic and pantothenic acids for growth; some also require thiamine, biotin, or pimelic acid. For the optimal production of diphtheria toxin the medium should be supplemented with amino acids and must be deferrated.

As early as 1887, Loeffler described the isolation from healthy individuals of avirulent (nontoxigenic) C diphtheriae that were indistinguishable from the virulent (toxigenic) strains isolated from patients. It is now recognized that avirulent strains of C diphtheriae may be converted to the virulent phenotype following infection and lysogenization by one of a number of distinct corynebacteriophages that carry the structural gene for diphtheria toxin, tox. Lysogenic conversion from the avirulent to virulent phenotype may occur in situ, as well as in vitro. 
Haemophilus influenzae and Hib Meningitis 
Introduction 
Haemophilus influenzae is a small, nonmotile Gram-negative bacterium in the family Pasteurellaceae. The family also includes Pasteurella and Actinobacillus, two other genera of bacteria that are parasites of animals. Encapsulated strains of Haemophilus influenzae isolated from cerebrospinal fluid are coccobacilli, 0.2 to 0.3 to 0.5 to 0.8 um, similar in morphology to Bordetella pertussis, the agent of whooping cough. Non encapsulated organisms from sputum are pleomorphic and often exhibit long threads and filaments. The organism may appear Gram-positive unless the Gram stain procedure is very carefully carried out. Furthermore, elongated forms from sputum may exhibit bipolar staining, leading to an erroneous diagnosis of Streptococcus pneumoniae 
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 Gram stain of Haemophilus influenzae from sputum. 

H. influenzae is highly adapted to its human host. It is present in the nasopharynx of approximately 75 percent of healthy children and adults. It is rarely encountered in the oral cavity, and it has not been detected in any other animal species. It is usually the non encapsulated strains that are harbored as normal flora, but a minority of healthy individuals (3-7 percent) intermittently harbor H. influenzae type b (Hib) encapsulated strains in the upper respiratory tract. Pharyngeal carriage of Hib is important in the transmission of the bacterium. The success of current vaccination programs against  Hib  is due in part to the effect of vaccination on  decreasing    carriage of the organism
Haemophilus influenzae is widespread in its distribution among the human population. It was first isolated by Pfeiffer during the influenza pandemic of 1890. It was mistakenly thought to be the cause of the disease influenza, and it was named accordingly. Probably, H. influenzae was an important secondary invader to the influenza virus in the 1890 pandemic, as it has been during many subsequent influenza epidemics. In pigs, a synergistic association between swine influenza virus and Haemophilus suis is necessary for swine influenza. Similar situations between human influenza virus and H. influenzae have been observed in chick embryos and infant rats. 

Haemophilus "loves heme", more specifically it requires a precursor of heme in order to grow. Nutritionally, Haemophilus influenzae prefers a complex medium and requires preformed growth factors that are present in blood, specifically X factor (i.e., hemin) and V factor (NAD or NADP). In the laboratory, it is usually grown on chocolate blood agar which is prepared by adding blood to an agar base at 80oC. The heat releases X and V factors from the RBCs and turns the medium a chocolate brown color. The bacterium grows best at 35-37oC  and has an optimal pH of 7.6. Haemophilus influenzae is generally grown in the laboratory under aerobic conditions or under slight CO2 tension (5% CO2), although it is capable of glycolytic growth and of respiratory growth using nitrate as a final electron acceptor
Procedure of Satellitism test to identify Haemophilus influenzae
1. Mix a loopful of suspected colonies of Haemophilus colonies in about 2 ml of sterile physiological saline (or sterile peptone water). Make sure none of the Chocolate agar medium is transferred.

2. Using a sterile swab, inoculate the organism suspension on a
a. Plate of nutrient agar or tryptic soya agar
b. a plate of blood agar

3. Streak a pure culture of S. aureus across each of the inoculated plates

4. Incubate both plates in a carbondioxide enriched atmosphere at 35 to 37oC for 18-24 hours.

5. Examine the culture plates for growth and satellite colonies

Observation and interpretations
The suspected colonies are of Haemophilus influenzae if:

1. Growth is seen in the blood agar but not in the nutrient agar (or tryptic soya agar) plate

2. The colonies near the column of S. aureus growth are larger than those furthest from it

If satellites colonies are present on both blood and nutrient agar plates than the organism is probably a Haemophilus species that requires only factor V, such as H. parainfluenzae. 
· Neisseria meningitidis
 often referred to as meningococcus, is a bacterium that can cause meningitis

 HYPERLINK "http://en.wikipedia.org/wiki/Neisseria_meningitidis" \l "cite_note-Sherris-1" 
[1] and other forms of meningococcal disease such as meningococcemia, a life-threatening sepsis. N. meningitidis is a major cause of illness and death during childhood in industrialized countries and has been responsible for epidemics in Africa and in Asia.[2] The bacteria are round and are often joined in pairs. They are Gram-negative since they have outer and inner membranes with a thin layer of peptidoglycan in between. Cultures of the bacteria test positive for the enzyme cytochrome c oxidase.[3]
It exists as normal flora (nonpathogenic) in the nasopharynx of up to 5–15% of adults.[4] It causes the only form of bacterial meningitis known to occur epidemically. It is the main cause of bacterial meningitis in children and young adults, whereas Streptococcus pneumoniae (aka pneumococcus) is the most common bacterial cause of meningitis in middle-age and older adults, together with Staphylococcus aureus. Meningococci is only known to infect humans and has never been isolated from other animals; this is thought to stem from the bacterium's inability to get iron other than from human sources (transferrin and lactoferrin).[5]
Meningococcus is spread through the exchange of saliva and other respiratory secretions during activities like coughing, sneezing, kissing, and chewing on toys. It infects the host cell by sticking to it mainly with long thin extensions called pili and the surface-exposed proteins Opa and Opc.[6] Though it initially produces general symptoms like fatigue, it can rapidly progress from fever, headache and neck stiffness to coma and death. The symptoms of meningitis are easily confused with those caused by other organisms such as Hemophilus influenzae and Streptococcus pneumoniae.[7] Death occurs in approximately 10% of cases.[5] Those with impaired immunity may be at particular risk of meningococcus (e.g. those with nephrotic syndrome or splenectomy; vaccines are given in cases of removed or non-functioning spleens).
History

In 1884 Ettore Marchiafava and Angelo Celli first observed the bacterium inside cells in the cerebral spinal fluid (CSF).[8] Anton Weichselbaum in 1887 isolated the bacterium from the CSF of patients with bacterial meningitis.[9] He named the bacterium Diplococcus intracellularis meningitidis.[8]
Subtype
Disease-causing strains are classified according to the antigenic structure of their polysaccharide capsule.[citation needed] Serotype distribution varies markedly around the world,[10] with type A being most prevalent in Africa and Asia but practically absent in North America hindered development of a universal vaccine for meningococcal disease. Among the 13 capsular types of N. meningitidis that have been identified, six of these (A, B, C, W135, X, and Y) account for most disease cases worldwide.[11]
Epidemiology:  Approximately 2500 to 3500 cases of N. meningitidis infection occur annually in the United States, with a case rate of about 1 in 100,000. Children younger than 5 years are at greatest risk, followed by teenagers of high school age. Rates in sub-Saharan Africa can be as high as 1 in 1000 to 1 in 100.[7]
Virulence

Lipooligosaccharide (LOS) is a component of the outer membrane of N. meningitidis which acts as an endotoxin which is responsible for septic shock and hemorrhage due to the destruction of red blood cells.[12] Other virulence factors include a polysaccharide capsule which prevents host phagocytosis and aids in evasion of the host immune response; and fimbriae which mediate attachment of the bacterium to the epithelial cells of the nasopharynx.[13]

 HYPERLINK "http://en.wikipedia.org/wiki/Neisseria_meningitidis" \l "cite_note-UllrichM-14" 
[14]
A hypervirulent strain was discovered in China. Its impact is yet to be determined.[7]
Signs and symptoms

Suspicion of meningitis is a medical emergency and immediate medical assessment is recommended. Current guidance in the United Kingdom is that if a case of meningococcal meningitis or septicemia (infection of the blood) is suspected intravenous antibiotics should be given and the ill person admitted to the hospital.[15] This means that laboratory tests may be less likely to confirm the presence of Neisseria meningitides as the antibiotics will dramatically lower the number of bacteria in the body. The UK guidance is based on the idea that the reduced ability to identify the bacteria is outweighed by reduced chance of death.

Septicemia caused by Neisseria meningitidis has received much less public attention than meningococcal meningitis even though septicaemia has been linked to infant deaths.[16] Meningococcal septicaemia typically causes a purpuric rash that does not lose its color when pressed with a glass ("non-blanching") and does not cause the classical symptoms of meningitis. This means the condition may be ignored by those not aware of the significance of the rash. Septicaemia carries an approximate 50% mortality rate over a few hours from initial onset. Many health organizations advise anyone with a non-blanching rash to go to a hospital as soon as possible.[citation needed] Note that not all cases of a purpura-like rash are due to meningococcal septicaemia; however, other possible causes need prompt investigation as well (e.g. ITP a platelet disorder or Henoch-Schönlein purpura).

Other severe complications include Waterhouse-Friderichsen syndrome (a massive, usually bilateral, hemorrhage into the adrenal glands caused by fulminant meningococcemia), adrenal insufficiency, and disseminated intravascular coagulation.[7]
Diagnosis

The gold standard of diagnosis is isolation of N. meningitidis from sterile body fluid.[7] A cerebrospinal fluid (CSF) specimen is sent to the laboratory immediately for identification of the organism. Diagnosis relies on culturing the organism on a chocolate agar plate. Further testing to differentiate the species includes testing for oxidase, catalase (all clinically relevant Neisseria show a positive reaction) and the carbohydrates maltose, sucrose, and glucose test in which N. meningitidis will ferment (that is, utilize) the glucose and maltose. Serology determines the subgroup of the organism.
If the bacteria reach the circulation, then blood cultures should be drawn and processed accordingly.

Clinical tests that are used currently for the diagnosis of meningococcal disease take between 2 and 48 hours and often rely on the culturing of bacteria from either blood or CSF samples. However, polymerase chain reaction tests can be used to identify the organism even after antibiotics have begun to reduce the infection. As the disease has a fatality risk approaching 15% within 12 hours of infection, it is crucial to initiate testing as quickly as possible but not to wait for the results before initiating antibiotic therapy.[7]
Treatment
Persons with confirmed N. meningitidis infection should be hospitalized immediately for treatment with antibiotics. Indeed, because meningococcal disease can disseminate very rapidly, a single dose of intramuscular antibiotic is often given at the earliest possible opportunity, even before hospitalization, if disease symptoms look suspicious enough.[7] Third-generation cephalosporin antibiotics (i.e. cefotaxime, ceftriaxone) should be used to treat a suspected or culture-proven meningococcal infection before antibiotic susceptibility results are available.[17] Empirical treatment should also be considered if a lumbar puncture, to collect CSF for laboratory testing, cannot be done within 30 minutes of admission to hospital.[citation needed] Antibiotic treatment may affect the results of microbiology tests, but a diagnosis may be made on the basis of blood-cultures and clinical examination.[citation needed]
· Mycobacterium Tuberculosis
Tuberculosis is diagnosed by finding Mycobacterium tuberculosis bacteria in a clinical specimen taken from the patient. While other investigations may strongly suggest tuberculosis as the diagnosis, they cannot confirm it.

A complete medical evaluation for tuberculosis (TB) must include a medical history, a physical examination, a chest X-ray and microbiological examination (of sputum or some other appropriate sample). It may also include a tuberculin skin test, other scans and X-rays, surgical biopsy.
Medical history

The medical history includes obtaining the symptoms of pulmonary TB: productive, prolonged cough of three or more weeks, chest pain, and hemoptysis. Systemic symptoms include low grade remittent fever, chills, night sweats, appetite loss, weight loss, easy fatiguability, and production of sputum that starts out mucoid but changes to purulent.[1] Other parts of the medical history include prior TB exposure, infection or disease; past TB treatment; demographic risk factors for TB; and medical conditions that increase risk for TB disease such as HIV infection. Depending on the sort of patient population surveyed, as few as 20%, or as many as 75% of pulmonary tuberculosis cases may be without symptoms.[2]
Tuberculosis should be suspected when a pneumonia-like illness has persisted longer than three weeks, or when a respiratory illness in an otherwise healthy individual does not respond to regular antibiotics.

Physical examination

A physical examination is done to assess the patient's general health and find other factors which may affect the TB treatment plan. It cannot be used to confirm or rule out TB. However, certain findings are suggestive of TB. For example, blood in the sputum, significant weight loss and drenching night sweats may be due to TB.
Microbiological studies



Distinctive clusters of colorless Mycobacterium tuberculosis form in this culture.

A definitive diagnosis of tuberculosis can only be made by culturing Mycobacterium tuberculosis organisms from a specimen taken from the patient (most often sputum, but may also include pus, CSF, biopsied tissue, etc.).[1] A diagnosis made other than by culture may only be classified as "probable" or "presumed". For a diagnosis negating the possibility of tuberculosis infection, most protocols require that two separate cultures both test negative.[1]
Sputum

Sputum smears and cultures should be done for acid-fast bacilli if the patient is producing sputum.[1] The preferred method for this is fluorescence microscopy (auramine-rhodamine staining), which is more sensitive than conventional Ziehl-Neelsen staining.[3] In cases where there is no spontaneous sputum production, a sample can be induced, usually by nebulized inhalation of a saline or saline with bronchodilator solution. A comparative study found that inducing three sputum samples is more sensitive than three gastric washings.[4]
       Various test Perform in Bacteriology

Minimum inhibitory concentration

In microbiology, minimum inhibitory concentration (MIC) is the lowest concentration of an antimicrobial that will inhibit the visible growth of a microorganism after overnight incubation. Minimum inhibitory concentrations are important in diagnostic laboratories to confirm resistance of microorganisms to an antimicrobial agent and also to monitor the activity of new antimicrobial agents.[1] A MIC is generally regarded as the most basic laboratory measurement of the activity of an antimicrobial agent against an organism.[2]
Determination

MIC of an antibiotic is determined by using the following procedure:[1]
1. Preparation of antibiotic stock solution

2. Preparation of antibiotic dilution range

3. Preparation of agar dilution plates

4. Preparation of inoculum

5. Inoculation

6. Incubation

7. Reading and interpreting results
MICs can be determined by agar dilution or broth microdilution, usually following the guidelines of a reference body such as the CLSI, BSAC or EUCAST. There are several commercial methods available, including the well established Etest strips and the recently launched Oxoid MICEvaluator method.

The Etest system comprises a predefined and continuous concentration gradient of different antimicrobial agents, which when applied to inoculated agar plates and incubated, create ellipses of microbial inhibition.[1] The MIC is determined where the ellipse of inhibition intersects the strip, and is easily read off the MIC reading scale on the strip.[2]
Clinical significance

Clinically, the minimum inhibitory concentrations are used not only to determine the amount of antibiotic that the patient will receive but also the type of antibiotic used, which in turn lowers the opportunity for microbial resistance to specific antimicrobial agents. Applying MIC testing to a number of bacterial strains in the same species provides an estimate of the concentration that inhibits 50% (MIC50) and 90% (MIC90) of bacterial isolates and can indicate shifts in the susceptibility of bacterial populations to antibiotics.[3] Currently, there are a few web-based, freely accessible MIC databases.
Antibiotic sensitivity test
	
	




Antibiotic sensitivity Thin wafers containing antibiotic have been placed on an agar plate growing bacteria. Bacteria are not able to grow around antibiotics to which they are sensitive

Antibiotic sensitivity is the susceptibility of bacteria to antibiotics. Antibiotic susceptibility testing (AST) is usually carried out to determine which antibiotic will be most successful in treating a bacterial infection in vivo. Testing for antibiotic sensitivity is often done by the Kirby-Bauer method. Small wafers containing antibiotics are placed onto a plate upon which bacteria are growing. If the bacteria are sensitive to the antibiotic, a clear ring, or zone of inhibition, is seen around the wafer indicating poor growth. Other methods to test antimicrobial susceptibility include the Stokes method, E-test (also based on antibiotic diffusion). Agar and Broth dilution methods for Minimum Inhibitory Concentration determination.[1]
Ideal antibiotic therapy is based on determination of the aetiological agent and its relevant antibiotic sensitivity. Empiric treatment is often started before laboratory microbiological reports are available when treatment should not be delayed due to the seriousness of the disease. The effectiveness of individual antibiotics varies with the location of the infection, the ability of the antibiotic to reach the site of infection, and the ability of the bacteria to resist or inactivate the antibiotic. Some antibiotics actually kill the bacteria (bactericidal), whereas others merely prevent the bacteria from multiplying (bacteriostatic) so that the host's immune system can overcome them. Müeller-Hinton agar is most frequently used in this antibiotic susceptibility test. 
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