
Microbiology 2 practical: Mycobacteria 

 

The genus Mycobacterium 

consists of nonmotile, non-

spore-forming, aerobic rods that 

are 0.2 to 0.6 × 1 to 10 μm in 

size. The rods occasionally 

form branched filaments. 

The cell wall is rich in lipids, 
making the surface hydrophobic 
and the mycobacteria resistant 
to many disinfectants and 
common laboratory stains. 
Once stained, the rods also 

cannot be decolorized with acid solutions; hence the name acid-fast bacteria.  

Because the mycobacterial cell wall is complex, and this group of organisms is 
fastidious, most mycobacteria grow slowly, dividing every 12 to 24 hours and 
requiring as long as 8 weeks before growth in detected in laboratory cultures.  

 
Mycobacteria are a significant 
cause of morbidity and 
mortality, particularly in 
countries with limited medical 
resources. Currently, more than 
130 species of mycobacteria 
have been described, many of 
which are associated with 
human disease . 
Despite the abundance of 
mycobacterial species, the 
following few species or groups 
cause most human infections: 
 M. tuberculosis, M. leprae, M. 
avium complex, M. kansasii, M. 

fortuitum, M. chelonae, and M. abscessus.  
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Bacteria are classified in the 

genus Mycobacterium on the 

basis of  

• their acid-fastness, 
•  the presence of mycolic 
acids containing 70 to 90 

carbons, and  
•  a high (61 to 71 mol%) 
guanine plus cytosine (G+C) 
content in their 
deoxyribonucleic acid (DNA). A 
• lthough other species of 
bacteria can be acid-fast (i.e., 

Nocardia, Rhodococcus, Tsukamurella, Gordonia), they stain less intensely (are 
partially acid-fast), and their mycolic acids chains are shorter.  

 
 

 

Mycobacteria possess a 
complex, lipid-rich cell wall. 
This cell wall is responsible for 
many of the characteristic 
properties of the bacteria (e.g., 
acid-fastness, slow growth, 
resistance to detergents, 
resistance to common 
antibacterial antibiotics, 
antigenicity, clumping). The 
basic structure of the cell wall is 
typical of gram-positive 
bacteria: an inner plasma 
membrane overlaid with a thick 

peptidoglycan layer and no outer membrane. However, the mycobacterial cell wall 
structure is far more complex than that in other gram-positive bacteria.  
Anchored in the plasma membrane are proteins, phosphatidylinositol mannosides, 
and lipoarabinomannan (LAM). LAM is functionally related to the O-antigenic 
lipopolysaccharides present in other bacteria.  
The peptidoglycan layer forms the foundation upon which are attached 
arabinogalactans, a branched polysaccharide consisting of d-arabinose and d-
galactose. The terminal d-arabinose residue is esterified to high molecular weight, 
hydrophobic mycolic acids with attached glycolipid surface molecules. Additional 
lipids, glycolipids, and peptidoglycolipids are also present. The lipid components 
comprise 60% of the cell wall weight.  
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Transport proteins and porins 

are interspersed throughout the 

cell wall layers, and these 

constitute 15% of the cell wall 

weight. The proteins are 

biologically important antigens, 

stimulating the patient's cellular 

immune response to infection. 

Extracted and partially purified 

preparations of these protein 

derivatives (purified protein 

derivatives, or PPDs) are used as skin test reagents to measure exposure to M. 

tuberculosis. Similar preparations from other mycobacteria have been used as 

species-specific skin test reagents.  

Growth properties and colonial 

morphology are used for the 

preliminary classification of 

mycobacteria. As noted earlier, 

M. tuberculosis and closely 

related species in the M. 

tuberculosis complex are slow-

growing bacteria. The colonies 

of these mycobacteria are 

either nonpigmented or a light 

tan color.  

 
 

The other mycobacteria, now 

referred to as "nontuberculous 

mycobacteria" or NTM, were 

classified originally by Runyon 

by their rate of growth and 

pigmentation. The pigmented 

mycobacteria produce intensely 

yellow carotenoids which may 

be stimulated by exposure to 

light (photochromogenic) 
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organisms) 

• The Runyon classification scheme of NTM : 
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(M. kansasii, M. marinum), 
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• slow-growing nonpigmented mycobacteria

(M. avium, M. intracellulare), 

• rapidly growing mycobacteria
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• pigmented or a rapidly growing Mycobacterium should never be mistaken for M. tuberculosis
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organisms; or produced in the absence of light (scotochromogenic organisms).  

The Runyon classification scheme consisted of four groups:  

slow-growing photochromogens (e.g., M. kansasii, M. marinum),  

slow-growing scotochromogens (e.g., M. gordonae-a commonly isolated 

nonpathogen),  

slow-growing nonpigmented mycobacteria (e.g., M. avium, M. intracellulare),  

rapidly growing mycobacteria (e.g., M. fortuitum, M. chelonae, and M. abscessus).  

Currently used methods for the rapid detection and identification of mycobacteria 

have made this scheme less important.  

 

 

 

Although tuberculosis can be 
established in primates and 
laboratory animals such as 
guinea pigs, humans are the 
only natural reservoir. The 

disease is spread by close 
person-to-person contact 
through the inhalation of 
infectious aerosols. Large 
particles are trapped on 
mucosal surfaces and removed 

by the ciliary action of the respiratory tree. However, small particles containing one to 
three tubercle bacilli can reach the alveolar spaces and establish infection.  

 
M. tuberculosis is an 
intracellular pathogen that is 
able to establish lifelong 
infection. The complexity of the 
intracellular existence of this 
bacterium is still not completely 
understood. 
At the time of exposure, M. 
tuberculosis enters the 
respiratory airways and minute 
infectious particles penetrate to 
the alveoli, where they are 
phagocytized by alveolar 
macrophages. In contrast with 
most phagocytized bacteria, M. 

tuberculosis prevents fusion of the phagosome with lysosomes (by blocking the 
specific bridging molecule, early endosomal autoantigen 1 [EEA1]).  
At the same time, the phagosome is able to fuse with other intracellular vesicles, 
permitting access to nutrients and facilitating intravacuole replication. By inactivating 
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• small particles (one to three tubercle bacilli) 

- reach the alveolar spaces - establish 
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• HIV-infected individuals 

• drug-resistant M. tuberculosis strains 

Mycobacterium tuberculosis -

Epidemiology 

• humans are the only natural reservoir.

• close person-to-person contact 

• inhalation of infectious aerosols

• Large particles - trapped on mucosal-

removed by the ciliary action 

• small particles (one to three tubercle bacilli) 

- reach the alveolar spaces - establish 

infection 

• HIV-infected individuals 

• drug-resistant M. tuberculosis strains 

Mycobacterium tuberculosis

Pathogenesis and Immunity 

• intracellular pathogen - lifelong infection

• Exposure - M. tuberculosis respiratory airways alveoli

phagocytized by alveolar macrophages

M. tuberculosis

- prevents fusion of the phagosome with lysosomes - phagosome - fuse with
other intracellular vesicles - phagocytized bacteria - evade macrophage
killing

Mycobacterium tuberculosis

Pathogenesis and Immunity 

• intracellular pathogen - lifelong infection

• Exposure - M. tuberculosis respiratory airways alveoli

phagocytized by alveolar macrophages

M. tuberculosis

- prevents fusion of the phagosome with lysosomes - phagosome - fuse with
other intracellular vesicles - phagocytized bacteria - evade macrophage
killing



the oxidants that are formed, phagocytized bacteria are also able to evade 
macrophage killing mediated by reactive nitrogen intermediates formed between 
nitric oxide and superoxide anions. 

 

In response to infection with M. 
tuberculosis, macrophages 
secrete interleukin 12 (IL-12) 
and tumor necrosis factor alpha 
(TNF-α). These cytokines 
increase localized inflammation 
with the recruitment of T cells 
and natural killer (NK) cells into 
the area of the infected 
macrophages, inducing T-cell 
differentiation into TH1 cells (T-
helper cells), with subsequent 

secretion of interferon gamma 
(IFN-γ). In the presence of IFN-

γ, the infected macrophages 
are activated, leading to increased phagosome-lysosome fusion and intracellular 
killing. In addition, TNF-α stimulates production of nitric oxide and related reactive 
nitrogen intermediates, leading to enhanced intracellular killing. Patients with 
decreased production of IFN-γ or TNF-α, or who have defects in the receptors for 
these cytokines, are at increased risk for severe mycobacterial infections 
 

If a small antigenic burden is 
present at the time the 
macrophages are stimulated, 
the bacteria are destroyed with 
minimal tissue damage. If 
many bacteria are present, 
however, the cellular immune 
response results in tissue 
necrosis. Multiple host factors 
are involved in this process, 
including cytokine toxicity, local 
activation of the complement 
cascade, ischemia, and 
exposure to macrophage-
derived hydrolytic enzymes and 
reactive oxygen intermediates. 

No known mycobacterial toxin or enzyme has been associated with tissue 
destruction.   
The effectiveness of bacterial elimination is in part related to the size of the focus of 
infection. Alveolar macrophages, epithelioid cells, and Langhans giant cells (fused 

epithelioid cells) with intracellular mycobacteria form the central core of a necrotic 
mass that is surrounded by a dense wall of CD4, CD8, and NK T cells and 
macrophages. This structure, a granuloma, prevents further spread of the bacteria. If 
the granuloma is small, then the intracellular bacteria are effectively killed. Large 
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and tumor necrosis 

factor-α (TNF-α).

- increase localized inflammation 

- recruitment of T cells and natural killer 
(NK) cells 

- inducing T-cell differentiation into TH1 
cells (T-helper cells),

-subsequent secretion of 
interferon-γ (IFN-γ)

In the presence of IFN-γ:

- infected macrophages are activated

- increased phagosome-lysosome fusion 
and intracellular killing

TNF-α:

- stimulates intracellular killing

special
immune cells 
form a barrier 
shell (in this
example,
bacilli are
in the lungs)
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necrotic or caseous granulomas become encapsulated with fibrin that effectively 
protects the bacteria from macrophage killing. The bacteria can remain dormant in 
this stage or can be reactivated years later, when the patient's immunologic 
responsiveness wanes as the result of old age or immunosuppressive disease or 
therapy. This process is the reason why disease may not develop until late in life in 
patients exposed to M. tuberculosis.  
 

 

Although tuberculosis can 
involve any organ, most 
infections in immunocompetent 
patients are restricted to the 
lungs. The initial pulmonary 
focus is the middle or lower 
lung fields, where the tubercle 
bacilli can multiply freely. The 
patient's cellular immunity is 
activated, and mycobacterial 
replication ceases in most 
patients within 3 to 6 weeks 
after exposure to the organism.  
The clinical signs and 

symptoms of tuberculosis reflect the site of infection, with primary disease usually 
restricted to the lower respiratory tract. The disease is insidious at onset. Patients 
typically have nonspecific complaints of malaise, weight loss, cough, and night 
sweats. Sputum may be scant or bloody and purulent. Sputum production with 
hemoptysis is associated with tissue destruction - cavitary disease.   
Extrapulmonary tuberculosis can occur as the result of the hematogenous spread of 
the bacilli during the initial phase of multiplication. There may be no evidence of 
pulmonary disease in patients with disseminated (miliary) tuberculosis.  

 
 

The clinical diagnosis is 
supported by : 
• radiographic evidence of 
pulmonary disease   
• positive skin test reactivity 
• the laboratory detection of 
mycobacteria, either with 
microscopy or in cultures.  
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• primary disease  - lower respiratory 
tract (pulmonary tuberculosis)

- nonspecific 

malaise, 

weight loss, 

cough, 

night sweats 

- sputum : scant, or bloody and 
purulent 

- hemoptysis  - tissue destruction 
(cavitary disease)

One or both upper lobes of the lungs 
are usually involved. 

• Extrapulmonary tuberculosis

- hematogenous spread of the 
bacilli during the initial phase of  
multiplication 

(disseminated tuberculosis)
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Laboratory Diagnosis of Mycobacterial 

Disease

• Immunodiagnosis

• Tuberculin skin test (TST)

• Interferon-γ release assays (IGRA)

• Microscopy

• Ziehl-Neelsen (hot acid-fast) stain

• Nucleic Acid-Based Tests

• Nucleic acid amplification tests

• Culture

• Agar- or egg-based media

• Broth-based media

• Identification

• Morphologic properties

• Biochemical reactions

• Analysis of cell wall lipids

• Nucleic acid probes

• Nucleic acid sequencing
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Sputum 

The large majority of specimens 
received for diagnosis are 
sputum samples. If good 
specimens are to be obtained, 
patients must be instructed in 
how to produce sputum. 
Specimens should be collected 
in a separate, ventilated room 
or preferably outdoors. Keeping 
both hands on hips, cough 
forcibly and collect sputum in 
the mouth; spit the sputum 
carefully into a wide-mouthed, 

unbreakable, leak proof container and close the lid tightly. Ideally, a sputum specimen 
should be 3–5ml in volume, although smaller quantities are acceptable if the quality is 
satisfactory. Sputa should be transported to the laboratory as soon as possible. If a 
delay of a few days cannot be avoided, keep specimens cool (refrigerated but not 
frozen) Up to a week in cold conditions will not significantly affect the positivity rate of 
smear microscopy, however, the additional growth of contaminants will result in an 
increased contamination rate on culture media.  
Laryngeal swabs may be useful in children and patients who cannot produce sputum 
or may swallow it. Collect laryngeal swabs in the early morning, before patients eat or 
drink anything. Use a sterile absorbent cotton swab for collection. Transport each 
specimen in a container with a few drops of sterile 0.9% saline solution in order to 
keep the swab wet.  
Other Respiratory Specimens  
- Bronchial secretion (2–5 ml) and BAL (20–40 ml) 
- Pleural effusions (20–50 ml) 
- Transbronchial and other biopsies taken under sterile conditions should be kept 

wet during transportation by adding few drops of sterile 0,9% saline to the tissue. 
Gastric lavages often contain MOTT (mycobacteria other than tuberculosis) and are 
therefore rarely used for adults, they are indicated for children, however, who 
produce almost no sputum. Make the collection early in the morning, when the 
patient has an empty stomach. Neutralize the specimen by adding 100 mg of sodium 
bicarbonate to the gastric aspirate and transport it immediately to the laboratory. 
Extrapulmonary Specimens - The laboratory may receive a variety of specimens for 
diagnosis of extrapulmonary TB –body fluids, tissues, urine etc.  
All liquid specimens should be collected in sterile glass containers without using any 
preservative. Specimens can be inoculated directly into liquid vials and transported to 
the laboratory for culture. Specimens must be transported to the laboratory 
immediately; they should be processed as soon as possible or kept at 2–6 ºC. The 
optimal volumes are at least 3 ml of cerebrospinal fluid and 5–10 ml of blood, 
collected in citrate blood tubes. 
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M. tuberculosis does not retain 

any common bacteriological 

stain due to high lipid content in 

its wall, and thus is neither 

Gram-positive nor Gram-

negative, hence Ziehl-Neelsen 

staining, or acid-fast staining, is 

used. While Mycobacteria do 

not retain the crystal violet 

stain, they are classified as 

acid-fast Gram-positive bacteria 

due to their lack of an outer cell 

membrane. 

Ziehl-Neelsen Staining Procedure 

In the ‘hot’ Ziehl-Neelsen technique, the phenol-carbol fuchsin stain is heated to 

enable the dye to penetrate the waxy mycobacterial cell wall. 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 color against which the red AFB 

can be seen. Among the Mycobacterium species, M. tuberculosis and M. ulcerans 

are strongly acid fast. 

 
M. tuberculosis requires oxygen 
to grow. M. tuberculosis divides 
every 15-20 hours, which is 
extremely slow compared to 
other bacteria, which tend to 
have division times measured 
inminutes (Escherichia coli can 
divide roughly every 20 
minutes). M. tuberculosis is 
grown on a selective medium 
known as Löwenstein-Jensen 
medium. This method is quite 
slow, as this organism requires 
6-8 weeks to grow, which 
delays reporting of results. A 

faster result can now be obtained using Middlebrook mediumor BACTEC. 
 
Mycobacterium tuberculosis on Löwenstein-Jensen medium after 6 weeks of 
cultivation, 37°C. Typical eugonic growth on Löwenstein-Jensen medium: buff to 
yellow, rough wrinkled colonies. The green color of the medium is due to the 
presence of malachite green which is one of the selective agents to prevent growth of 

Mycobacterium tuberculosis – microscopy 

(Ziehl-Neelsen)
• Drop suspension onto slide 

• Air dry, heat-fix 

• Flood slide with Carbol Fuchsin 

• Hold a flame beneath the slide until 
steam appears but do not allow it to boil 
(3x)

• rinse with tap water 

• Flood slide with 3% hydrochloric acid in 
isopropyl alcohol 

• rinse with tap water 

• Flood slide with Malahit green 
(Methylene Blue) 

• Allow to sit 1 minute, rinse with tap water 

• Blot dry 

• View under oil immersion lens 
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most other contaminants. Unlike many other solid cultivation media used in clinical 
microbiology Löwenstein-Jensen medium (or e.g. Ogawa medium) doesn't contain 
any agar (solid consistence is attained by heat coagulation of the egg albumin).  
 

The Mantoux Tuberculin Skin 

Test(TST) is the standard 

method of determining whether 

a person is infected with 

Mycobacterium tuberculosis. 

Tuberculin is purified protein 

derivative (PPD), an extract of 

Mycobacterium tuberculosis, M. 

bovis, or M. avium that is used 

in skin testing in animals and 

humans to identify a 

tuberculosis infection. PPD is a 

poorly defined, complex mixture 

of antigens. 

Tests based upon PPD are relatively unspecific since many of its proteins are found 

in different mycobacterial species. The tuberculin skin test is based on the fact that 

infection with M. tuberculosis bacterium produces a delayed-type hypersensitivity 

skin reaction. The components of the organism are contained in extracts of culture 

filtrates and are the core elements of the classic tuberculin PPD, that is used for skin 

testing for tuberculosis. Reaction in the skin to tuberculin PPD begins when T-cells, 

which have been sensitized by prior infection, are recruited to the skin site where 

they release lymphokines. These lymphokines induce induration (a hard, raised area 

with clearly defined margins at and around the injection site) through local 

vasodilation leading to fluid deposition known as edema, fibrin deposition, and 

recruitment of other types of inflammatory cells to the site of injection. 

 

 

MANTOUX TUBERCULIN SKIN TEST
• Mantoux – in vivo

detection of specific cell
immunity after exposition
to antigen

• Purified protein derivative 
(PPD) tuberculin -
precipitate of species-
nonspecific molecules 
obtained from filtrates of 
cultures.

• - burden of patient by 
antigen

• - possible
immunodeficiency of 
patients (anergy, risk of 

alergic reaction) 

• - memory cells after BCG 
vaccination,

• - exposition to antigen = 
activation of MC  

• - interpretation,  

• - booster dose of antigen, 
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Some persons may react to the TST even though they are not infected with M. 
tuberculosis. The causes of these false-positive reactions may include, but are not 
limited to, the following: Infection with nontuberculosis mycobacteria, previous BCG 
vaccination, incorrect method of TST administration, incorrect interpretation of 
reaction and incorrect bottle of antigen used.  
 

IGRAs measure a person’s 
immune reactivity to M. 
tuberculosis. White blood cells 
from most persons that have 
been infected with M. 
tuberculosis will release 
interferon-gamma (IFN-γ) when 
mixed with antigens 
(substances that can produce 
an immune response) derived 
from M. tuberculosis. To conduct 
the tests, fresh blood samples 
are mixed with antigens and 
controls.  
Positive IGRA: This means that 
the person has been infected 

with M. tuberculosis. Additional tests are needed to determine if the person has latent 
TB infection or TB disease. A health care worker will then provide treatment as 
needed. 
Negative IGRA: This means that the person’s blood did not react to the test and that 
latent TB infection or TB disease is not likely. 
 
IGRAs are the preferred method of TB infection testing for the following: 
People who have received bacille Calmette–Guérin (BCG).  
People who have a difficult time returning for a second appointment to look for a 
reaction to the TST. 
 
QuantiFERON®-TB Gold In-Tube test is a blood test for use as an aid in diagnosing 
Mycobacterium tuberculosis infection (both latent tuberculosis infection and active 
tuberculosis disease). The QFT-G is an indirect test for M. tuberculosis infection that 
is based on measurement of a cell-mediated immune response.  
A cocktail of 3 mycobacterial proteins (26ESAT-6, 27CFP-10, and TB 7,7) stimulate 
the patient's T-cells in vitro to release interferon-gamma, which is then measured 
using 28ELISA technology. The test detects infections produced by the M. 
tuberculosis complex (including M. tuberculosis, M. bovis, and M. africanum 
infections). BCG strains and the majority of other non-tuberculosis mycobacteria do 
not harbor ESAT-6, CFP-10, and TB 7,7 proteins, thus, patients either vaccinated 
with BCG or infected with most environmental mycobacteria should test negative. 
Results should always be interpreted in conjunction with other clinical and laboratory 
findings. 
 

INTERFERON-GAMMA RELEASE ASSAY 

(IGRA)

http://education.questdiagnostics.com/presentations/latent-tuberculosis-infection-important-developments-in-diagnostic-testing?presentation_id=339
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The T-SPOT®.TBtest is a 

unique, single-visit blood test, 

also known as an interferon-

gamma release assay (IGRA) 

for TB infection. The T-SPOT.TB 

test does not cross react with 

the bacille Calmette-Guerin 

(BCG) vaccine and there is no 

association between T-SPOT.TB 

test results and 

immunocompromised status. 

According to the CDC 

Guidelines, IGRAs (e.g. the T-

SPOT.TB test) may be used in place of a TST in most situations and are preferred for 

BCG vaccinated individuals. The T-SPOT.TB test enumerates the response of 

effector T-cells that have been sensitized to Mycobacterium tuberculosis. Interferon-

gamma is captured and presented as spots from T cells sensitized to TB infection.  

Resultsof T-SPOT®.TB test are interpreted by subtracting the spot count in the 

negative (NIL) control from the spot count in Panels A and B.  

 

PCR-BASED TB DIAGNOSTIC TEST

 

The new PCR-based TB diagnostic test called Xpert MTB/RI Fis fast, sensitive, and 
automated. An accurate diagnosis can be obtained in less than 2 hours by adding a 
reagent to a sputum sample and, 15 minutes later, pipeting it into a cartridge that is 
inserted into the diagnostic instrument for 1–2 minutes 
 
 

  

T-SPOT®.TBtest

PBMC - Peripheral Blood Mononuclear Cells
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Mycobacterium tuberculosis –

Treatment, Prevention, and Control

• Prolonged treatment - multiple drugs -to prevent 

development of drug-resistant strains

• Isoniazid (INH), ethambutol, pyrazinamide, and rifampin 

(2 months)

• 4 to 6 months of INH and rifampin or alternative 

combination drugs

• Prophylaxis for exposure - INH (6 to 9 months) or 

rifampin for (4 months); 

• pyrazinamide and ethambutol or levofloxacin are used 

for 6 to 12 months after exposure to drug-resistant M. 

tuberculosis

• Isoniazid -prodrug, activated by a bacterial catalase-

peroxidase enzyme, blocking fatty acid synthesis

• Rifampicin -inhibits bacterial DNA-dependent RNA 

synthesis

• Ethambutol – actively growing TB bacilli, obstruction of 

cell wall formation 

• Pyrazinamide - to inhibit the enzyme fatty acid 

synthase(FAS)

• Levofloxacin - inhibits cell division. This can also affect 

mammalian cell replication  

Antituberculotics –susceptibility testing

https://www.slideshare.net/deshkar/laboratory-diagnosis-of-tuberculosis-pract

https://slideplayer.com/slide/11324304/

Mycobacterium tuberculosis –

Prevention

• Immunoprophylaxis - Bacille

Calmette-Guérin ( BCG) in 

endemic countries

Control of disease through: 

• active surveillance, 

• prophylactic and therapeutic

intervention, 

• careful case monitoring

https://telanganatoday.com/can-bcg-vaccine-curb-covid-19-deaths

 

BCG is a vaccine for tuberculosis (TB) disease. BCG stands for ‘Bacillus Calmette-
Guérin’, and is named after the two French scientists who developed the first TB 
vaccine –Albert Calmette and Camille Guérin. BCG vaccine for percutaneous use 
contains a live strain of a bacterium closely related to the one that causes TB in 
humans. The bacterium is an attenuated, live culture preparation of the Bacillus of 
Calmette and Guerin (BCG) strain of Mycobacterium bovis. It stimulates the immune 
system but does not cause disease. The vaccine is given intradermally, usually in the 
left upper arm. This is the recommended site, so that small scar left after vaccination 
can be easily found in the future as evidence of previous vaccination. 
 
 

 



Mycobacterium leprae

Biology, Virulence, and Disease

• Weakly gram-positive, strongly acid-fast rods

• Lipid-rich cell wall

• Unable to be cultured on artificial media

• Disease primarily from host response to infection

• Tuberculoid (paucibacillary) and lepromatous 

(multibacillary) forms of leprosy 

Mycobacterium leprae -

Epidemiology
• 300,000 new cases were reported in 2005, 

(India, Nepal, Brazil)

• 100 new cases (United States/ annually)

• Lepromatous form of disease, but not the 
tuberculoid form, is highly infectious

• Person-to-person spread by direct contact or 
inhalation of infectious aerosols 

• Humans and armadillos - the only known 
resevoir

 

Mycobacterium leprae

• Leprosy (Hansen disease) 

• incubation period is prolonged 

• symptoms developing as long as 20 years after infection 

• tuberculoid leprosy (paucibacillary Hansen disease) 

• lepromatous leprosy (multibacillary Hansen disease)

 

Mycobacterium leprae

Features Tuberculoid Leprosy Lepromatous Leprosy

Skin

lesions

Few erythematous or hypopigmented 

plaques with flat centers and raised, 

demarcated borders; peripheral nerve 

damage with complete sensory loss; 

visible enlargement of nerves

Many erythematous macules, papules, or 

nodules extensive tissue destruction (e.g., 

nasal cartilage, bones, ears); diffuse nerve 

involvement with patchy sensory loss; lack 

of nerve enlargement

Histopa-

thology

Infiltration of lymphocytes around center of 

epithelial cells; presence of Langhans 

cells; few or no acid-fast rods observed

Predominantly "foamy" macrophages with 

few lymphocytes; lack of Langhans cells; 

numerous acid-fast rods in skin lesions 

and internal organs

Infectivity Low High

Immune 

response

Delayed hypersensitivity reactivity to 

Lepromin

Nonreactivity to lepromin

Immuno-

globulin 

levels

Normal Hypergammaglobulinemia

 

 

 

  



Mycobacterium leprae
Diagnosis

• Microscopy is sensitive for the 
lepromatous form but not the tuberculoid 
form

• Skin testing is required to confirm 
tuberculoid leprosy

• Culture is not useful 

Mycobacterium leprae

• leprosy test 

• injection of an antigen under the skin 

• injection site is labeled and examined 3 

days and 28 days later 

• Positive reaction: 

• A) 10mm or more induration after 48hrs 

• B) 5mm or above nodule after 21days  

 

Mycobacterium leprae –

Treatment, Prevention, and Control

• Tuberculoid form :

• rifampicin and dapsone for 6 months; 

• Lepromatous form:

• clofazimine is added (12 months)

• Controll:

• prompt recognition 

• treatment 

 

Mycobacterium avium Complex

Biology, Virulence, and Disease

• Weakly gram-positive, strongly acid-fast aerobic 

rods

• Lipid-rich cell wall

• Disease primarily from host response to infection

• Disease includes:

• asymptomatic colonization, 

• chronic localized pulmonary disease 

• solitary nodule, 

• disseminated disease (patients with AIDS)

 

Mycobacterium avium Complex -

Epidemiology

• Worldwide distribution

• ingestion of contaminated water or food; 

• inhalation of infectious aerosols (minor 

role in transmission)

• greatest risk:

• immunocompromised 

• long-standing pulmonary disease

Mycobacterium avium

Complex 
M. avium subsp. avium Avian tuberculosis

M. avium subsp. hominissuis Disease in humans and pigs; 

disseminated disease in HIV-infected 

patients; cervical lymphadenitis in 

children; chronic pulmonary disease in 

adolescents with cystic fibrosis and 

older adults with underlying pulmonary 
disease

M. avium subsp. silvaticum Disease in wood pigeons

M. avium subsp. paratuberculosisChronic granulomatous enteric 

disease in ruminants (Johne disease) 

and possibly in humans (Crohn 
disease)

M. intracellulare Pulmonary disease in 
immunocompetent patients

Mycobacterium avium Complex -

Diagnosis

Treatment, Prevention, and Control
• Microscopy and culture - sensitive and specific

• clarithromycin or azithromycin combined with 

ethambutol and rifabutin (prolongrd period)

• Prophylaxis:

• in AIDS patients who have a low CD4 cell count 

consists of clarithromycin or azithromycin or 

rifabutin, (treatment has greatly reduced the 

incidence of disease)

RAPIDLY GROWING

MYCOBACTERIA
• M. fortuitum, 

• M. chelonae, 

• M. abscessus,

• M. mucogenicum

• deep subcutaneous tissues - trauma or 

iatrogenic infections,

• infections associated with :

• intravenous catheter,

• contaminated wound dressing, 

• prosthetic device (heart valve), 

• peritoneal dialysis, bronchoscopy
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