THE GENUS
MYCOBACTERIUM




he mycobacteria, or acid-fast bacilli, are
responsible for tuberculosis and leprosy and a
number of saprophytic species occasionally caus
opportunist disease.

There are about 50 species of mycobacteria, wh
are divisible into two major groups, the slow ¢
rapid growers, atlhough the growth rate of theelat
IS slow relative to that of most other bacteria.

The leprosy bacillus has never convincingly bee
grown in Vvitro.




Mycobacterium tuberculosis

Tuberculosis Is a chronic granulomatous disease

affecting man, many other mammals, birds, fish i
reptiles.

Mammalian tuberculosis is caused by four \
closely related species:

— Mycobacterium tuberculosis (the human tubercle
bacillus)

— Mycobacterium bovis (the bovine tubercle bacillus)
— Mycobacterium microti (the vole tubercle bacillus)
— Mycobacterium africanum




Most human tuberculosis is caused\by
tuberculosis but some cases are duavtobovis,
which Is the principal cause of tuberculosis irtlea
and many other mammals.

The namaM. africanumis given to tubercle bacilli
with rather variable properties and which appe:

be intermediate in form between the human and
bovine types. It causes human tuberculosis and
mainly found in Equatorial Africa.

M. microti Is seldom, If ever, encountered
ET VAT




Tubercle bacilli are able to grow on a wide range of
enriched culture media but Lowenstein-Jensen (LJ)
medium Is the most widely used In clinical practise.
Agar-based media or broths enriched with bovine sg
albumin are also used. Humih tuberculosis strains
produce visible growth on LJ medium in about 2 we
although on primary isolation from clinical material
colonies may take up to 8 weeks to apj

Tubercle bacilli have a rather limited temperature ra
of growth: their optimal growth temperature is 35-3
but they fail to grow at 25 or 41 °C. Most other
mycobacteria grow at one or other, or both, of these
temperatures.




Tubercle bacilli are nemotile, non
sporeforming, noftapsulate straight or
slightly curved rods about 3xOuydn In size.

In sputum and other clinical specimens t
may occur singly or in small clumps and In
liquid cultures human tubercle bacilli often
grow as twisted rope-like colonies termed
serpentine cords.




Like other mycobacteria, the tubercle bacilli abdgate
aerobes bu¥l. bovis grows better in conditions of reduce
oxygen tension.

Thus, when incorporated in soft agar metatuberculosis
grows on the surface whiM. bovisgrows as a band a fe
millimetres below the surface. This provides a ukef
differentiating tes

The human tubercle bacillus also differs from tbgibe
type in its abllity to reduce nitrates to nitrites, production
of large amounts of niacin, its sensitivity to @ireamide.

Mycobacteria are acid- and alcohol-fast bacilli, gthcan
be stained by Zielh-Neelson stain.




M. tuberculosis causes tuberculosis but other species of
mycobacteria also cause infection In the lungssélare
called the "atypical mycobacteria", "non-tuberc@sou
mycobacteria” or "mycobacteria other than tubersslo
MOTT".

Tuberculosis is a killer and ranks as one of thetreerious
Infectious diseases of the developing world. Tlas h
become particularly obvious in patients with All

Tuberculosis is primarly a disease of the lungsnay
spread to other sites or proceed to a generalifedtion
("miliary tuberculosis").

Infection Is acquired by inhalation ®f. tuberculosisin
aerosols and dust. Airborne transmission of tubestsiis
efficient because infected people cough up enormous
number of mycobacteria.




Laboratory diagnosis

The definitive diagnosis of tuberculosis Is
based on the detection of adast bacilli in
clinical specimens by microscopy or culture
techniques

Numerous unsuccessful attempts have bee
made to develop serological tests for the
disease.




Laboratory diagnosis

A provisional diagnosis of tuberculosis is usuatizgde by
demonstrating acid-fast bacilli in stained smeduspoitum or of
gastric washings. For rapid staining of smears esianoratories
employ fluorescence microscopy.

Whether the smear is positive or not, the matshaluld be
cultured since fewer organisms can be detectedhuh®mn
tubercle bacilli can be differentiated from otherd-fast bacilli,
and testing for anti-microbial sensitivity can l@reed out. Solic
culture media are preferred for primary isolatiowl #hey often
contain egg yolk to promote growth. These mediarpftontain
malachite green or other antibiotics to inhibit grewth of othe
organisms. A positive culture usually grows in 2Zlteveeks. A
selective liquid medium with a radiolabelled carlsoibstrate
allows automated detection of growth several dagsier than
with conventional culture.




Laboratory diagnosis

Delayed type hypersensitivity to tuberculin is hyg
specific for tubercle bacilli and this is the basis
the tuberculin test. A positive test reveals prasio
mycobacterial infection but it does not establish {
presence of active disease. Reactivity appearst
1 month after infection and persists for many yee

The tuberculin test (or Mantoux test) is a useful
diagnostic test and epidemiological tool.




Anti-tuberculous agents

The treatment of infection caused Mycobacterium
tuberculosis and other mycobacteria presents an enormc
challenge to medicine and pharmaceutical industry.

They grow and multiply extremely slowly and effeeti
Inhibition takes weeks or mont

A number of anti-tuberculous agents are now avialab

Most are restricted to this use to present resistamerging
In other species and potentially being transfetoed
mycobacteria or because the toxicity of the drugkens
them unattractive for general use.




First-line ther apy

— Treatment regimens may vary between countriesmeige

— First line (or first choice) therapy is combinatiohisoniazid,
ethambutol and rifampicin for 6 to 9 months. Stoepgcin
may be added in treatment of tuberculous mensgiti

Second-linetherapy

— Despite the use of antibiotics in combination, itf@dence of
resistance among mycobacteria is increasing andeansay
not be achieved by the fi-line drugs.

— Infections with mycobacteria other thiwh tuberculosis are
on the increase as opportunist infections in All28gnts ang
these microorganisms tend to be innately moreteggishan
M. tuberculosis.

— Drugs such as paraminosalicylate, pyrazinamide and
thiacetazone are used as second-line therapyugrrésistan
M. tuberculosis. Their selection and administration require
specialist knowledge.




Mycobacterium bovis

M. bovis causes tuberculosis in cattle and is also highly
virulent for man.

In the past man usually get infected through urguaisted
or other dairy products produced from tuberculomss:
After ingestion, the organism penetrates the muob$ae
oropharynx and intestine, giving rise to earlydesi in the
cervical or mesenteric lymph nodes. Subseq
dissemination from these sites principally invol#es bone
and joints. Infection of the vertebra has resuitetthe
hunchbacks of previous generations. When inhalgdog.
dairy farmers, the organism can also cause pulmonar
tuberculosis |nd|st|ngwshable from that caused/by
tuberculosis. Bovine tuberculosis had been virtually
eliminated by the pasteurisation of milk and theual
eradication of tuberculosis in cattle.




Mycobacterium leprae

The leprosy bacillus was first observed microscalbran
leprous tissue by Hansen in 1874, but has notgem b
grown on inanimate culture media despite clainth¢o
contrary. It has been a major limiting factor e s$tudy of
leprosy.

The bacillus is straight or slightly curved, abthg same
size as the tubercle bacillus, but not as stroagig-fast. T
demonstrate the organism, the Ziehl-Neelsen s@inin
method should be modified by the use of a weaker
decolourizer than used for tubercle bacilli.




Mycobacterium leprae

AlthoughM. leprae has never been cultivated, it has long bee
recognised as the aetiological agent of human $pas it is
readily demonstrated in stained smears of exuadiesrsons
with leprosy.

M. lepraeis indistinguishable in morphology and staining
properties from N tuberculosis and leprosy has many clinic

features in common with tuberculosis.

The failure to culture the organism has hampeed it
Investigation and made it difficult to test strafos drug
sensitivity.

The lepromin test may give a positive result inenaiollous
Individuals and occasionally in healthy individudtas mainly
used in determining the prognosis of disease.




Mycobacterium leprae
- pathogenesis

M. leprae causes granulomatous lesions resembling those of
tuberculosis, with epitheloid and giant cells but without caseation

The organisms are predominantly intracellular and can proliferate
within macrophages, like tubercle bacilli.

Leprosy is distinguished by its chronic slow process and by its

mutilating and disfiguring lesions. These lesions may or may n
characteristic as to be diagnostic for leprosy. The organism has &
predilection for skin and nerves. In the cutaneous form of the dist
large firm nodules are distributed widely and on the face they cre
characteristic leonine appearance. In the neural form, segments
peripheral nerves are involved, more or less as random, leading
localised patches of anaesthesia. The loss of sensation in the fin
and toes increases the frequency of minor trauma, leading to
secondary infection and mutilating injuries.




Mycobacterium leprae
- pathogenesis

In either form of the disease, three phases malidaguished:

— Lepromatous (progressive) type — the lesions contain many le
cells, which are macrophages with a characteristic foamy
cytoplasm, in which acid-fast bacilli are abundant. The leprom
test Is usually negative. The disease is progressive and the
Prognosis is poor.

— Intermediate typ~ bacilli are seen in areas of necrosis but
elsewhere, the lepromin test is positive, and the long-term out
IS fair.

— Tuberculoid (healing phase) — the lesions contain few leprae ¢
and bacillli, fibrosis is prominent, and the lepromin test is usua
positive.

The organism may be widely distributed in othesuess such as
liver and spleen without any Iill effect. Deathdegrous patients
are not caused by leprosy itself but by intercurnefections
with other organisms such a tuberculosis.




Smears may be made from any ulcerated nodule oskthg
The leprosy bacilli are typically found tightly pasd within
macrophages, but some extracellular bacilli can laés
seen.

Mycobacterium leprae causes leprosy. Transmission of
Infection Is directly related to over crowding goabr
hygiene. Leprosy Is not highly contagious and prgkx
exposure to an infected source Is necessary, mséeat
children living under the same roof as an open o
leprosy are most at risk.

Mycobacterium leprae cannot be grown in artificial culture
media and little is known about its mechanism of
pathogenicity. The organism grows better at a teatpees
below 37 °C and it groes extremely slowly.

Mycobacterium leprae groes intracellularly, typically withi
skin histiocytes and endothelial cells and the Soheells
of peripheral nerves.




Diagnosis of leprosy

Diagnosis Is accomplished by demonstrati
acid-fast bacilli in scrapings or fluid from
ulcerated lesions.

The lepromin skin test is useful in determin
whether or not the patient is in the
lepromatous stage and thus the prognosis.




Treatment of leprosy

Infection caused bil. lepraeis characterized by
persistence of the microorganism in the tissues for
years, necessitates very prolonged treatment to pre
relapse.

For many years dapsone, a sulphone derivative has

used. This drug has the advantage that it is given
and it Is cheap and effective.

However, widespread use as monotherapy has res
In the emergence of resistance and multidrug regim
are therefore preferable. Rifampicin can be combine
with dapsone. Alternatively clofazime is active agal
dapsone-resistaiM. leprae, but It Is expensive.




In addition to the tubercle and leprosy
bacilli there are many species of
mycobacteria that normally exist as
saprophytes of soil and water.

Some of these, termed environmental
,2atypical® mycobacteria, occasionally
cause opportunist disease in animal a
man.




According Ernest Runyon, these
mycobacteria are divided into four groups:

photochromogenes - pigmentation on exposure tu lig
M. kansasi, M. marinum, M. simiae

scotochromogenes - pigmentation formed in thédar

M. scrofulaceum, M. gordonae, M. szulgai, M. ulcerans,
M.xenopi

nor-chromogene- no pigmenatio
M. avium, M. intracellulare, M. gastri, M. terrae,
M. malmoense

rapid growers
M. chelonae, M. fortuitum, M. phlei, M. smegmatis

All strains in group |, Il and IIl grow slowly.




Diseases due to atypical mycobacteria:

skin lesions following traumatic inoculation of
bacteria,

localized lymphadenitis,
tuberculosis-like pulmonary lesions,

disseminated disease.




Mycobacterium avium complex

TheM. avium complex include$/. avium andM. intracellulare.

M. avium causes tuberculosis in chickens, other birds, and swine
There are many documented cases causédl byium, mostly in
farmers and men with silicosis.

M. intracellureis not usually pathogenic for birds or animéls.
Intracellureis a frequent cause of disseminated infection in patie
with AIDS.

In contrast to the more viruleM. tuberculosis, the identification o
MAC in an isolated sputum culture does not constitute definite
evidence of disease because MAC can colonise healthy persons
Because the presence of MAC In the sputum does not constitute
public health hazard and MAC pulmonary disease is not rapidly
progressive, it is important to obtain evidence to establish MAC
disease before embarking on a prolonged course of therapy. The
diagnosis of disseminated infection can be made by the identifice
of MAC from a sterile site. MAC is generally resistant toftrs-line
antituberculous agents.




Mycobacterium scrofulaceum

M. scrofulaceumis a common cause of lymphadenitis in chilo
aged 1 to 3 years.

Lymphadenitis usually involves a single node oluster of
nodes in the submandibular area. Characteristidhdky/nodes
enlarge slowly over a period of weeks. There arg few |ocal
or systemic symptoms. Untreated, the infection uslially

point to the surface, rupture, form a draining siand
eventually calcify. Infection in other tissues ocaccasionally.
A very few cases resembling progressive primargtcilosis
have been encountered in children. In childrenastatic bone
disease may be prominent. Colonies are usuallpweadrange
even when grown in the dark (scotochromogenic)yre
usually resistant to antituberculosis drugs inovitr




Mycobacterium ulcerans

M. ulcerans, found mainly in Africa and Australia, wil
grow only below 33 °C

It causes chronic deep cutaneous ulcers in man. It

usually proc

It has a uniag

uces lesions in the cooler parts of the b
ue drug sensitivity patte resistance t

INH and ethambutol and susceptibility to streptomyc
and rifampin.

Human disease responds poorly to drug treatment &
extensive excision followed by skin grafting is often

necessarly.




Mycobacterium marinum

M. marinum also grows best below 33 °C

It causes a tuberculosis-like disease in fish and a
chronic skin lesion known as “swimming pool
granuloma” in humans.

Infection Is acquired by injury of a limb around a hc

aguarium or marine environment and can lead to a
series of ascending subcutaneous abscesses.

M. marinum resemble$. kansasii in being
photochromogenic.

M. marinum varies in susceptibility to antimicrobial
agents.




Mycobacterium fortuitum complex

Most of the fast-growing disease-associated mycobacteria are
members of this complex, which may be divided into two accepte
speciesM. fortuitumandM. chelonae.

They abound as saprophytes in soil and water. A wide variety of
clinical symptoms may be encountered. Sporadic infections have
Involved almost every tissue and organ systems, and outbreaks
followed cardiothoracic surgery, peritoneal dialysis, and
haemodialysis. The spectrum of diseases caused by these orc
Includes soft-tissue abscesses, sternal wound infections affexcca
surgery, prosthetic valve endocarditis, disseminated and localise
Infection in haemodialysis and peritoneal dialysis patients, pulmo
disease, traumatic wound infection, and disseminated disease of
with cutaneous lesions.

The most predictably effective therapy for infections due to rapidl
growing mycobacteria is surgical removal of all involved tissues.

rapidly growing mycobacteira vary widely in their susceptibility to
chemotherapeutic agents.




Mycobacterium xenopi

M. xenopi was first isolated in 1959 from a South
African toad.

It had been reported to cause pulmonary infechc
several parts of the world, most prominently in
England.

Contaminated hot water tanks may serve as rese
for infection, especially In institutions that cdos
patients with chronic lung disease.

Most infections resemble pulmonary tuberculosis
IS scotochromogenic and grows optimally at 42 ©




Mycobacterium kansasii

M. kansasii andM. avium-intracellulare account for most of the
human mycobacterial disease attributable to ag@tdaganisms
other than tubercle bacilli.

M. kansasii Is photochromogenic; the overnight change of the
colonies to yellow is followed by the formationred crystals o
B-carotene on exposure to light for several mogesdiglost
strains are sensitive to rifampin and to sevetatiotrugs

M. kansasii has been identified as an agent of disease inyneé
all parts of the world. It characteristically prads a chronic
lung infection that closely resembles pulmonaryetahlosis.
Symptoms are usually milder than tuberculosis.

M. kansasii may infect extrapulmonary tissues often as a res
of Inoculation or haematogenous dissemination.

M. kansasii iIs among the most predictably sensitive of the
mycobacterial species.




