Laboratory Medicine—Mycobacteria
Introduction


Mycobacteria are rods with lipid-rich cell walls resistant to penetration by chemical dyes.  They stain poorly because about 60% of their structure is long-chain fatty acid.  Once they are stained, they cannot be easily decolorized by acid alcohol.  Their cell walls make them impervious to many chemicals.


Most species grow slowly with a generation time of 8-24 hours.  They grow on artificial media.  The species are differentiated by rate and optimal temperature of growth, production of pigments, and biochemical tests.  Nucleic acid probes aid in identification of the species.

Mycobacterium Tuberculosis


About 1/3 of the world’s population is infected with M. tuberculosis.  Eight million new cases occur every year.  Transmission of the disease is facilitated by crowding and poor ventilation.  Individuals in nursing homes, homeless shelters, and prisons are particularly at risk.

Epidemiology of TB


Patients with active TB shed large numbers of organisms by coughing.  The organisms resist drying.  The principle mode of contagion is person-to-person transmission.  Repeated or prolonged contact is usually required for transmission.  

Pathogenicity of TB


After being inhaled, mycobacteria reach the alveoli where they multiple.  Within 2-4 weeks, many are destroyed by the immune system, but some survive.  The virulence of M. tuberculosis is its ability to survive and grow within host cells.  

Clinical Significance


Primary TB occurs in a person who has had no previous contact with the organism.  In most cases, infection becomes arrested.  The only evidence of TB may be a positive PPD.  CXR may sometimes show initial pulmonary nodule and some fibrosis.

Primary Disease – Initial Phase


TB is initially acquired via the respiratory tract.  The initial lesion occurs in a small bronchiole or alveolus in the mid-lung.  Organisms are engulfed by mononuclear phagocytes causing inflammatory reaction.  This phase is usually mild or asymptomatic.

Primary Disease – Tubercule Formation


The productive lesion that develops is called a tubercle.  This has a central area of large, multi-nucleate giant cells containing tubercle bacilli.  Tissue damaged is produced by destruction of both bacilli and phagocytes.  The center of the lesion develops a characteristic expanding, caseous necrosis.

Course of Disease

First, if the lesion is arrested, the tubercle undergoes fibrosis and calcification and the organisms are viable but non-proliferating.

Second, if the lesion breaks down, the caseous material is discharged and a cavity is created that aids in the spread of the infections.  

Reactivation of TB


The reactivation of TB is caused by M. tuberculosis that has survived in a dormant primary tubercule lesion.  The organisms prefer the apices of the lung because there are high amounts of oxygen and warmth.  The amount of organisms can be quite large and many organisms are shed in the sputum.  The patient again become capable of exposing others to the disease.  Immunosuppressed patients are more susceptible for reactivation of TB.  
Purified Protein Derivative (PPD)


Purified protein derivative (PPD) test can be used to document contact with the tubercle bacillus.  It does not confirm that the patient currently has active TB.  PPD is prepared from culture filtrates of M. tuberculosis and is standardized.  A measured amount is injected intradermally in the forearm.  It is then read at 48-72 hours for presence and size of an area of induration at the injection site.

Laboratory Diagnosis


Identification of M. tuberculosis in clinical specimens is by microscopic examination for acid fast bacilli by acid fast stain.  The current smear used is a fluorescent smear.  M. tuberculosis cannot be distinguished from other mycobacteria by smear.  Definitive identification can only be made by growing the organism or using one of the newer molecular methods.


2-8 weeks incubation is required before the organism grows.  The more organisms present in the initial acid fast smear, the faster the organisms can be seen.  Isolation of the organism is essential to determine susceptibility to drugs as well as identification.

Nucleic Acid Amplification


Molecular methods are increasingly important in the diagnosis of TB.  These methods have the potential to shorten the time required to detect and identify M. tuberculosis in specimens.  An amplified M. tuberculosis tests is used, which utilizes enzymes that rapidly make copies of M. tuberculosis 16S ribosomal RNA which is detected using genetic probes.  This amplification is very good sensitivity and specificity.

Treatment


Several agents are effective against M. tuberculosis.  First line drugs include INH, rifampin, ethambutol, streptomycin, and PZA.


A TB patient cannot be discharged from the hospital until they produce three negatives specimens on three consecutive days.  The best specimen is collected in the morning.  Once they produce these negative specimens, they can be discharged from the hospital with medication.    
Prevention

Public health measures such as a PPD test, CXRs, case registries, and contact tracing have helped control TB.  Individuals who are PPD positive but asymptomatic may be treated with a single drug such as INH.  Vaccines include BCG.
M. Bovis


There are tuberculosis-like illnesses in almost all vertebrates caused by mycobacteria adapted to a particular species.  M. bovis, the bovine organism, is one of the few “other” mycobacteria capable of cross-infecting humans.  It causes a disease indistinguishable from M. tuberculosis.  The primary lesion is usually near a cervical or intestinal lymph node.
Atypical Mycobacteria

Some species product pigment which appears in the presence and absence of light.  Some species grow “rapidly” in 7 days or less.  These species are not transmitted person-to-person.  Most are found in soil.  These are also known as MOTT organisms (mycobacteria other than tuberculosis).

Atypical mycobacteria are divided into four categories: photochromagens produce a pigment in the presence of light; scrotochromagens produce a pigment in the absence and presence of light; nonchromogens do not produce a pigment at all; rapid growers grow in 7 days or less.


No probes are available for the rapid growers.  Rapid growers also tend to cause wound infections. 

M. avium-intracellulare complex


Some M. avium-intracellulare complexes cause tuberculosis in birds but are not commonly found in humans.  It is a nonchromogen.  Disseminated diseases caused by MAI are now recognized as a common opportunistic bacterial infection in AIDS patients.  It is more difficult to treat.  It can be identified by a probe.  
M. Kansasii


M. kansasii is a photochromogen that causes pulmonary, lymph node, and other systemic diseases indistinguishable from TB.  It can be identified by a probe.  Most commonly found in the US.  
M. Scrofulaceum


M. scrofulaceum is a scotochromogen that is a common cause of cervical lymphadenitis in children.  Also a rare cause of other granulomatous conditions.  It is recovered from environmental sources.  It is resistant to drugs but surgical excision of infected cervical nodes is curative.  This cannot be identified by a probe.  

