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ABSTRACT

Tuberculosis is prevalent in all the regions of the world
and it affects all parts of the body. It is one of the major
public health problems in the developing countries. Fifty

four species of Mycobacterium are currently recognized, 25

are either obligate or opportunistic pathogens. The diseases
caused by some of these species closely resemble those caused
by M. tuberculosis. Their speciation and differenciation

from Nocardia which is slightly acid-fast are done by cultural
and biochemical techniques. Various anti-tuberculosis druygs
have been developed and when given in optimal combination,
can cure almost every patient suffering from tuberculosis.
However, drug resistance in tuberculosis has been a serious
problem throughout the world especially in areas where the
disease prevalence is high. It is against this background,
that this investigation was carried out to speciate
mycobacterial isolates and identify other organisms involved
in pulmonary disease that mimic tuberculosis. In addition,
the relationship between tuberculin skin reaction and
laboratory techniques in house hold contacts of tuberculosis
patients and the sensitivity patterns of the mycobacterial
isolates to the 'WHO model list' of anti-tuberculosis drugs

were investigated.

Three hundred various clinical samples were collected from
suspected tuberculosis patients whose ages range between
11 to 68 years. The samples consisted of 229 sputa, 26 urine,
6 peritoneal and 36 pleural fluids, 3 pus, 1 bone marrow

and 3 lymph nodes.

The samples were decontaminated employing the Petroff's
modified method of N-acetyl-L-cysteine - Sodium hydroxide,
and concentrated by spinning at 3,000 revolutions per minute
for 20 minutes. Smears prepared from the sediment were
stained by Ziehl-Neelsen, Kinyoun modified and Gram's

techniques and were observed under the microscope.
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Using sterile Pasteur Pipette, Lowenstein-Jensen and Oleic
acid-dextrose - catalase media were inoculated. Samples
from the same patients were also examined for the presence
of Nocardia species by inoculating reconstituted samples
into Sabouraud dextrose and blood agar plates, Tentative
identification of the mycobacterial isolates was by the
determination of speed of growth, chromogenicity and
biochemical tests which include niacin production, nitrate
reduction, semiquantitative catalase production, Tween
hydrolysis, arylsulphatase production and heat-stable catalase
tests. Nocardia was identified employing the Kinyoun meodified
cold-staining method, Gram's staining, pellicle formation
in thioglycollate broth, utilization of paraffin and

hydrolysis of casein.

One hundred and fifty sputa were collected from contacts
of tuberculosis patients who had no BCG scar and who were
Mantoux test positive. The samples were examined by direct
microscopy and culture for the presence of acid-fast bacilli.
A total of one hundred and thirty five mycobacterial isolates
from tuberculosis patients and their contacts were tested
for drug sensitivity against the 'WHO model list' of anti-

tuberculosis drugs.

The 1isolates consisted of 86 M. tuberculosis, 3 M. bovis,

18 M. kansasii, 9 M. avium complex, 9 M. fortuitum, 4 M.

smegmatis and 6 unidentified isolates.

One hundred and forty two (47.33%) of the samples from the
suspected tuberculosis patients were positive for acid-fast
bacilli by the direct microscopic method, while 134 (44.66%)
isolates were recovered culturally. Tentative identification

of the isolates showed 75 M. tuberculosis, 3 M. bovis, 17

M. kansasii, 9 M. avium complex, 9 M. fortuitum, 4 M.
smegmatis and 17 unidentified isclates. BEleven of the
unidentified isolates were identified as Nocardia asteroides,

while the remaining six were unidentifiable.
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Twelve patients were confirmed to habour acid-fast bacilli
by direct microscopic and cultural examinations among the
150 close contacts of tuberculosis patients who were positive
for tuberculin skin test. This represents 8.0 per cent.
Mantoux reaction or its size bore no relationship with direct

microscopic and cultural examinations.

Primary resistance of M. tuberculosis was most frequent to

isoniazid (18.66%) and streptomycin (13.33%), and for
thiacetazone, ethambutol, pyrazinamide and rifampicin, it
was 9.33%, 6.66%, 5.33% and 4.00% respectively. One isolate

of M. tuberculosis showed multiple resistance to isoniazid,

streptomycin, pyrazinamide and thiacetazone and four isolates
showed multiple resistance to two of the drugs. Acquired
resistance of M. tuberculosis was highest to 1soniazid
(27.7%), streptomycin (18.18%) and thiacetazone (l8.18%).
For each of rifampicin, pyrazinamide and ethambutol 1t was

9.09%. Multiple drug resistance in patients with history
of previous therapy was alsoc observed. One patient showed
multiple resistance to all the drugs except ethambutol and
another patient showed resistance to isoniazid, streptomycin

and thiacetazone,

Both primary and acquired resistances were also observed
in the other species. Generally, the rates of primary drug

resistance shown by a particular specie of Mycobacterium

were lower than for acquired resistance to any of the drugs.

Petroff's modified method of decontamination of clinical
samples for the study of mycobacteria was found to be
convenient, easy and gave very good decontaminative effect
on other microorganisms of the samples in this study. The
decontamination efficiency of this reagent range between
86.66 per cent for urine samples and 100 per cent for other
body fluids. The isolation of atypical mycobacteria and

Nocardia asteroides calls for caution in the interpretation

of acid-fast bacilli seen on direct smear because, from this
work it 1is observed that not all acid-fast bacilli seen by

direct microscopy are M. tuberculosis.




It also calls for care in the formulation of chemotherapeutic
regimen for the individual tuberculosis patient in our
hospitals since antituberculosis drugs do not affect Nocardia.
The incidences of both primary and acquired resistances also
require additional care in formulating chemotherapy programmes
by the c¢linicians. 1In developing countries a good history
of previous contact with the organism and drugs is very
important in order to detect defaulters.

There is also the need to monitor the contacts of tuberculosis
patients employing at least the direct microscopy technigue

to determine their infectious status.

Since the laboratories 1in which this work was carried out
are the first and second types of laboratories based on the
classification of Mycobacteriology Laboratories by Centres
for Disease Control, Atlanta, Georgia, U, S. A., the i1solates
are being kept until they can be confirmed and the
unidentifiable isolates are identified. Meanwhile, they
will be subcultured at reqgular intervals to keep them alive.
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CHAPTER ONE

INTRODUCTTION
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l. INTRODUCTLON

Tuberculosis is prevalent in all parts of the world tropical,
subtropical and colder regions (Mudaliar, 1Y81). It atfects
all parts of the body including the brain and the meninges,
the bones, the joints, abdominal and thoracic wviscera
(bavidson and Horowitz, 1970, Lenzine et al. 1977, Wolinsky,
1979, ATS, 198l). Today, it is considered to be one of the
major public health problems in developing countries of the
world (Bordia, 1981, Grange, 1989).

The genus Mycobaterium, the etiologic agent of mycobacteriosis

is ubiquitous in soil, in water and in air, and the disease
is a world wide problem afflicting all races (Lincolyn and
Gilbert 1972, Siddigi et al. 197b) Its prevalence and severity
prompted the studies of Koch and others on the etiology,
diagnosis, and prevention in the late 1800, In the farst
half of the twentieth century, other mycobateria 1solates
from patients with pulmonary disease were often incompletely
described or discarded (Good, 1985). A recent advance 1in
the knowledge of clinical mycobacteriology was the recognition
that acid - fast bacilli other than human or bovine tubercle
bacilli could cause signiticant clinical disease in man (Farer
et al. 1979; wolinsky, 1979; Good, 1985).

Currently, 54 species of Mycobacterium are recodgnized of

which about 25 are either obligate or opportunistic pathogens
(Good, 1985). The disease entities caused by some of these

species closely resemble those caused by M tuberculosis,

and 1in fact have pathologic, and to some extent clinical
simi1larities to tuberculosis, though there are distinct
differences 1in virulence, treatment and prognosis (Xalabarder,
1961l; Goodwin, 1975). Diagnosis of the disease is based on
sputum examination for acid-fast bacilli or X-ray. These
have made it 1impossible to ditfferentiate among the various
species of Mycobacterium or even Nocardia.




The important basis for differentiation between the typical
and atypical mycobaterial infections 1s therefore a biological
one requiring the service of a laboratory diagnostician to

establish the precise mycobacterial agent.

Despite the huge amount of research, there is no single,
reliable and rapid immunoclogical or chemical test for the
diagnosis of active tuberculosis (Grange, 1989). The problem
posed by diagnostic difficulties 1in both 1individual care
and in control programmes are enormous. A rapid diagnosis
is therefore crucial yet so difficult to achieve. The only
sure way of diagnosing tuberculosis at present 1s to find
the tubercle bacillus either by direct microscopy or culture
technique or both (M1tchison, 1972; Grange, 19489) .,
Unfortunately, cultural methods are slow and insensitive
enough 1n multibacillary pulmonary tuberculosis and the
difficulties are greatly magnified in the case of

paucibacillary pulmonary and nonpulmonary disease,

Historically, the first 1mmunodiagnostic test was the
tuberculin test (Lunn, 1983). The problem of this in respect
to diagnosis are enormous: the inability to distinguish active
tuberculosis from past sensitization by tubercle bacilli,
BCG or environmental mycebacteria (Ten Dam and Hitze, 198U0).
In view of the problems encountered with tuberculin test
and with other tests for cell-mediated immunity, much
attention has been directd towards the serodiagnosis of
tuberculosis (Reggiardo and Vazquez, 1981; Daniel and Debanne
1987; Caplin et al. 1989; Grange, 1989). These tests are
aimed at competing with sputum microscopy with respect to
sensitivity, specificity, ease of organisation and quality
control, acceptibility to patients, technical simplicity
and cost (Grange, 1989). Accordingly to date, no test has
satisfied these very rigorous criteria for widespread clinical

usage.

One of the major medical advances of the twentieth century

has been the development of anti-tuberculosis drugs.




Citron (1982) and Mitchison (1984} separately reported that
when given 1in optimal combination, these drugs will cure
al*most every patient suffering from tuberculosis; and that
the application of chemotherapy, together with improved social
conditions, has resulted in a spectacular decline of
tuberculosis in technically advanced countries.

However, drug resistance in tuberculosis is a serious problem
throughout the world especially in those areas where the
disease prevalence is high and in communities where there
is no organised anti-tuberculosis therapy programme and where
follow-up of patients is lacking (Aziz et al. 1989).
Furthermore, in the developing countries there has been little
'improvement because of failure to treat the disease owing

to lack of money and medical manpower (WHO, 1982),

The success of this treatment in develcoped world has been
due to the prevention of the emergence of drug-resistant
tubercle bacilli by the use of combined therapy, in which
more than one drug is given to the patient, at least in the
initial months of the regimen. With this development, that
is, the introduction of effective tuberculosis drugs which
rapidly reverses infectiousness, the management and treatment
of tuberculosis has shifted from the specialized tuberculosis
sanatorium to the general hospital and out-patient clinics
{Johnson and Wildrick, 1974; Goldfogel and Sewell, 1981).
The responsibility for the diagneosis and monitoring of
tuberculosis patients has accordingly also shifted to
laboratories not specialized in mycobacteriology. Many
laboratories now routinely collect and microscopically examine
clinical specimens for acid-alcohol-fast bacilli (AAFB).
This certainly has its shortcoming, particularly in the area
of competency. In addition, 1if a relapse case which was
once diagnosed as pulmonary tuberculcsis supported by an
X-ray and sputum examaination but which did not respond to
the wusual anti-tuberculosis chemotherapeutic regimen and
if repeated excretion of bacilli in sputum was evident by
smear or culture, it is generally labelled hy clinicians
as a 'resistant case', because acid-fast bacilli seen on

direct smear were mistaken for Mycobacterium tuberculosis.




In such cases, atypical mycobacterial infection should be
considered (Kotian et al. 198l). Furthermore, the primary

disease manifested by Nocardia asteroides which 1s slightly

acid-fast, is also pulmonary and varies from filterations
to lobar consolidation and cavitation. This calls for another

caution on direct smear and 1in X-ray diagnosis.

In tuberculosis the ma jor drugs whose potency and
acceptability have resulted in their widespread use are,
isoniazid (INH), rifampicin  (RMP}, pyrazinamide  (PZA),
streptomycin (SM), ethambutol (EMB) and thiacetazone (7TBI)
(Mitchison et al. 1988). Furthermore, this s1x drugs make
up the World Health Organization (WHU) model list of essentcial
antituberculosis drugs (Fox, 1988), and in addition, they

are readily available in Nigeria.

In view of the current recognition of 54 species of

Mycobacterium, the need for 1i1mproved 1solation methods to

recover these from c¢linical specimens, the multiplicity of

in vitro tests required to speciate the isolates and tne

requests for sensibility tests against a broad range of
chemotherapeutic agents and the urgent need to diagnose
tuberculosis rapidly and reliably, this work was designed

Lo:

(1) Isolate and characterize mycobacterial species obtained
from a highly selective and people of all social classes
represented by patients reporting at a chest clinic
of Ahmadu Bello University Teaching Hospital,

(2) Isolate and identify casual organisms other than
Mycobacterium involved in pulmonary disease that mimic
tuberculosis.

(3) Investigate the relationship between tuberculin skin
reaction and laboratory techniques in house hold contacts
of known tuberculosis patients.

(4) Investigate the sensitivity patterns of the mycobacterial
isolates to the "WHO model 1list" of ancituberculosis

drugs.




CHAPTER TWO:

LITERATURE REVIEW



2.1 HISTORICAL BACKGROUND:

The history of tuberculosis shows that the diseasee is of
great antiquity and has made its impact felt throughout ages.
From the various skulls and other bones which have been
recovered from different parts of the world, tuberculosis
was found to be evident in neolithic man (Rao, 198l1). The
protean nature of tuberculosis led ancient practitioners
of medicine to divide phthisis (consumption) into many
supposedly separate diseases referred to by many names, such
as Pott's disease, lupus vulgaris, and scrofula, describing
what is now known to be tuberculosis of the spine, the skin
and the cervical lymph nodes respectively (Farer, et al.
1979). Rao (1981) in his contribution to the history of
tuberculosis, stated that Haby Abbas of Baghdad in 980 A.D.
and Cullen 1in 1779 recognized the infectious nature of
phthisis but not until 1819 Rene Theodore Laennec, a Frenchman
who was himself a consumptive and Villemin (1827 - 1892)
laid the foundations of our present knowledge of the etiology
of tuberculosis. They demonstrated that tuberculosis was
due to a specific agent. And in 1882, Robert Koch (1843
- 1910) disclosed to the world his epoch making discovery
of the tubercle bacilli.

Robert Koch was a physician in Wolsltein (now Wolstzn) a
country town in Germany. After centuries cof speculation
as to the possible infectious nature of tuberculosis, he
proved conclusively using methylene blue staining prepared
in caustic potash that the cause of the disease was an
infection by a specific microorganism which he later isolated.
This was announced on 24th of March 1882 (Chaparas, 1982;
Sakula, 198B2). Later Ziehl introduced carbolic stain instead
of aniline stain, while Neelsen advocated the use of sulphuric
instead of nitric acid (Sakula, 1982). In this way "Ziehl-
Neelsen" (ZN) stain and the "acid-alcohol-fast bacillus"

AAFB were "born".



In 1890, during the Tenth International Medical Congress
which was held 1in Berlin, Koch read a |paper, "On
Bacteriological Investigation" and announced that he had
a substance which hindered the growth of tubercle bacilli,
cured tuberculosis in infected guinea pigs and would probably
be useful in the treatment of human phthisis, especially
in its early stages (Sakula, 1982). This was known later
as the Koch "Phenomenon" - that is, resistance of an infected
animal to reinfection. This was evident in hwis further
publication in which the substance was identified as a
filtelrate from growth of tubercle bacilli on glycerol broth
(Sakula, 1982; Lunn, 1983). This substance came to be known
as 0ld Tuberculin (OT).

0l1d Tuberculin (OT) is the basic filterate of heat-killed
bacillus and contains some impurities. It was used as a
form of therapy and given subcutaneously to tuberculosis
suf ferers., Barly results of this misleading treatment,
suggested that it was a cure for the disease, However, those
s0 treated developed several severe local and generalized
infections (Lunn, 1983). 1In 1908, a French physician Charles
Mantoux, used diluted solutions of tuberculin intradermally
and, after refinements, his well-known tuberculin test was
established ((Sakula, 1982; Lunn, 1983). This test, today
has proved to be of enormous value as a diagnostic tool to
distinguish the infected from the non-infected, especially
when BCG vaccination was later introduced. This paved the

way for subsequent research on allergy and immunity.

The discovery of other species of Mycobacterium soon followed.
In 1898, Professor Theobald Smith of Harvard Published his

findings on human and bovine tubercle bacilli and clearly
demonstrated them to be different organisms (Sakula, 1982).
This was soon followed by the discovery of the chicken
tubercle bacillus by Coni in 1884 and was isolated by Magucci
in 1890 (Cited by RaO, 1981). ’



Bacillus Calmette Guerin (BCG) vaccines owe their origin
to the in vitro attenuation, by Calmette and Guerin, between
the years 1906 and 1919, of a strain of Mycobacterium bovis
(Ra0, 1981; Fine 1988), The bacilli resulting from this
attenuation have since been maintained by different

laboratories, using many different methods, and was widely
used for vaccination in Europe in the 1920s and 1930s. Doubts
arose as to their safety, because of a major accident in
Germany in 1929 when 72 children died of tuberculosis among
251 who had been inoculated with vaccine contaminated with
virulent tubercle bacilli (Fine 1988). Doubts also arose
concerning their efficacy; but they were never assessed in
properly conducted trials until the mid 1930s. And despite
the inconsistent results of these trials, BCG vaccines came
into widespread use during the 1950s and 1960s with the
support and encouragement of the World Health Organization
(Fine, 1988), and it is still in use today for vaccination.

2.2. BRIEF DESCRIPTION OF TUBERCLE BACILLI:

The tubercle bacilli belong to the genus Mycobacterium

(Runyon et al. 1974; Cruickshank et al. 1975). They are
acid-alcohol-fast, aerobic or microaerophilic, nonspore
forming, nonmotile and noncapsulated bacilli. Growth is
slow requiring about four weeks on complex media at restricted
temparature (Kent and Kubica 1985). The type species are

M. tuberculosis and M. bovis. The individual cells of M.

tuberculosis are rod shaped, 2 to 5 micrometer or more long

and 0.4 to 0.6 micrometer wide (Tripathy, 1981).

The tubercle bacilli possess a thick lipoidal cell wall which
has a dual effect (Chaparas, 1982). First, it renders the
organism impermeable, protecting it from adverse environmental
conditions such as heal, dasitcation or that found within
phagocytic cells or within tissues containing a drug or an
antibody, Secondly, the cell wall components participate
in the induction of certain activities, some of wt_'iiclx are
helpful to the host in its effort to contain progression

of the disease, some of which cause tissue destruction, and
some of which involve both,
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The property of acid-fastness following staining with carbol
fuchsin or carbol auramine is due to the presence of mycolic
acid and certain unidentified "firmly bound" 1lipids in the
cell wall (Tripathy, 1981).

Barksdale and Kim (1977) reported that acid-fastness is a
property of the intact cell and that disintegration of the
cell results in loss of this property. In Gram-stained
preparations, tubercle bacilli appear pale violet. Their
Gram positive character is independent of the mordant effect
of iedine and appears to be bound up with the property of

acid-fastness.

Pearson (1988) reported that Much and Khomendo in separate
studies showed that ultra-fine forms of acid-fast bacilli
exist which failed to show any acid-fastness in
Ziehl-Neelsen's staining procedure and were 20 times smaller
than the conventional rods and were sgpherical and filtrable.
These may be found in some tuberculosis abscesses and in
infected lymph nodes and have since been referred to as Much
granules. The existence of these ultra-fine forms makes
the diagnosis of such cases difficult and can be detected
by passaging the granules through animals which cause their
reversion into recognisable mycobacteria.

2edeld CLASSIFICATION:

Gibson, in 1953 drew attention to the acid-fast bacilli
resembling mycobacteria, and showed that the orgainsms could
cause disease in man, are non-pathogenic for the guinea pig
and the degree of acid-fastness varies from strain to strain
and with the immediate environment of the organism. The
same year, Buhler and Pollack reported two cases of pulmonary
infection caused by chromogenic, acid-fast organisms.
Earlier, these other mycobacteria were thought to be
saprophytes and Pinner (1935) had given the name "atypical
mycobacteria" to these saprophytes and proved the association
of certain chromogenic acid-fast bacilli with human -diseases
and emphasized the need for a proper bacterioclogical
assessment (Cited by RaO, 1981). This was followed by other
documentations by Xalabarder (1961), Black & Chapman (1964)



and Schaefer (1Y65) of several clinical diseases with X-ray
findings of both pulmonary and extrapulmonary lesions

attributable to these atypical mycobacteria.

Nunn & McAdam (1988) in their contribution to the
pathogenicity of atyp:cal mycobacteria stated that "Non
tuberculosis mycobacteria (NTM) were only recognised as
pathogens 1in the 1950s when they were found to be causing
mostly localized pulmonary disease 1in middle-aged patients
with pre-existing lung disease", And the firsc
bacteriological assessment 1in the literature was a reportc
of pulmonary infection caused by M. kansasili (Yue and Cohen
1966) .

It 1is interesting to note that shortly before then,
'anonymous' mycobacteria were isolated in Lagos, Nigeria
(Beer and Davis 1965). They cultured 2,852 isolates, 17U
(6%) of which were diagnosed as 'anonymous' mycobacteria
belonging to Runyon's Group 111 and 1V. The geographical
sources of the isolates were Lagos (1.4%), Ibadan (0.6%)
Kano (1.4%) Port-Harcourt (1.5%) and Jos (1.0%).

The disease entities, including the pulmonary lesions produced
by some of the atypical mycobacteria have been pathologically
assessed and have been shown to closely resemble those caused
by M. tuberculosis (Xalabarder, 1961; Kotian et al. 1981).

They showed that the diseases produced by these organism
have roentgenologic, pathologic and to some extent clinical
similarities to tuberculosis, though there are distinct

differences in virulence, treatment, and prognosis.

The group designated as atypical mycobacteria have been called

by many other names; viz, paracubercle bacilli, pseudotubercle

bacilli, unclassified, anonymous, nontuberculosis,
opportunistic, tuberculecid and mycobacteria other than
tubercle bacilli (MOTY) (Wolinsky, 1979). Hanks (1Y68)
proposed the "nomer" NEAMI, for nonepidemic agents of

mycobacterial infections.



The disease assocviated witnh them have been variously termed
pseudotuberculesas, mycobacteriosis, non-tuberculous
mycobacterial infection, and tuberculosis namea atter the
aycobacterial specie for example tuberculosis Kansasii.
However, Wolinsky (1979) is of the opinion that the most
appropriate and least offensive name 15 nontuberculous,
because it 1is best not to call the disease "tuberculosis
due to the pronounced differences between the two infections
in pathogenesis, epidemiology, prognosis and result of

treatment.

Runyon (1959) labelled the atypical mycobacteria as 'anonymous
mycobacteria' and classified them into four major groups.
The classification was based on pigment production and speed
of growth. The groups were labelled photochromogens,
scotochromogens, non-photochromogens and rapid growers.
This basic classification has been upheld by numerous workers
(Wayne et al. 1971; Kubica et al. 1972; Meisser et al. 1974;
Saito et al.l977; and Kent & Kubica, 198b). The
photochromogens were defined as mycobacteria that were
nonpigmented when grown in the dark but acquired a lemon-
yellow colour after exposure either to daylight or artificial
light (Macks, 1976; Kent & Kubica. 1985%). All the species
currently in this group are potentially pathogenic, and
includes four species; viz, M. asiaticum, M. kansasii, M.
marinum, and M. simiae (Tsukamura, 19b67; Wayne & Doubek 19b8;
Kubica & Silcox, 1973; Kubica et al. 1Y73; Runyon, 1974;
Macks, 1Y976; and Kent & Kubica, 1985).

The word scotochromogen was derived from the Greek word,
skotos, meaning "in the dark"; hence the term means an
organism pigmented both in the dark and light (independant
of 1light exposure, although the latter may intensify the
colour) (Wayne, 1967; Kubica et al. 1973). The species
include both potential pathogens eg. M. scrofulaceum, M.

szulgai, M. xenopi, and common saprophytes like M. gordonae
and M. flavescens (Wolinsky, 1979; Kotian, et al. 1981; Kent

& Kubica 1945; Good, 1985). M.flavescens is scotochromogenic,

but it 1is often grouped with rapid growers, being an organism

of intermediate growth rate (Wayne et al. 1971).



The nonphotochromogens are the nonpigmented species, though
the name suggests that some may be pigmented but that the
pigment is not affected by 1light (Good, 19Y85). There are
nine species in this group (See Table 1), of which the

commonly encountered species include M, avium - intracellulare

complex which are opportunistic pathogen for man, and M.
terrae, M. gastri, and M. triviale which are saprophytes
(Wayne 1967, 'I'sukamura, 1967, Kubica and Silcox, 1973, Kubica
et al. 1973). The three groups mentioned above are all slow
growers (Runyon, 1959, Wolinsky, 1979 and Good, 19Y85).

The rapid growers are those that yield fully matured, grossly
visible and nonpigmented colonies in less than seven days
of incubation (Kent & Kubica, 1985)., The twenty five species
in this group are shown in Table I. The species of particular
interest in this group are M. chelonae and M, fortuitum which
are opportunistic pathogens (Good, 1Y85) and M. smegmatis,

M. vaccae and M. parafortuitum which are nonpathogenic to

human but, with a varying frequency can be isolated alone
from human materials submitted for mycobateriological
examipation (Kubica, 1973, Kubica et al. 1975; Saito et
al. 1977; and Wolinsky, 1979).

Recently, a fifth group, that is animal pathogen has been
added (Good, 1985). This group consists of six species,
four of which are slow growers (Table I1).

It is to be mentioned here that mycobacteria and indeed all
bacteria should be precisely identified by species name but
occasionally recent isolates and unknown organisms are rerered
to in the literature by the vernacular names such as
photochromogens and scotochromogens. This according to Good
(1985) 1s to facilitate discussion and ultimate identification
of these organisms. Furthermore, species complexes e.g M,
avium complex, M. terrae complex, have been used to designate
two or more species whose differenciation is of no medical
importance and where more precise characterisation seewms
to be of little clinical value (Runyon, 174; Runyon et al.
1974; Kubica et at. 1975).



M. avium complex has been useful to group M. avium and M.

intracellulare, which are difficult to differenciate with

biochemical reactions, produce indistinguishable
mycobacterioses, have similar drug-susceptibility patterns,
and cross-react with delayed hypersensitivity reactions to
purified protein derivatives (PPD} (Good, 1985). And 1n

Runyon grouping (1974), M. tuberculosis complex otherwise

called classical mycobacteria contains M, tuberculosis, M,

bovis, and M. africanum. Tuberculosis caused by any one
of these three species is indistinguishable in man,
differenciation is however significant for epidemiology and
public health purposes (Good, 1985}, Biochemical

differentiation of M. tuberculosis from M. bovis may not

be difficult (Table 3), but M. africanum which consits of
two groups with separate geographical distribution -~ one
from West Africa with properties of M. bovis and the other

1n Bast Africa with properties of M. tuberculosis may present

difficulty (I'ripathy, 1981). This heterogeneity in
biochemical properties is believed to be a bridge 1n the
evolutionary gap between the human and bovine types (Yates
et al. 1984). Furthermore, the two medically important rapid
growers were grouped into M. fortuitum complex (Runyon, 1974),
but recent studies have 1ndicated that they can be easily
differentiated 1n the diagnostic laboratory (Silcox et al.
198L). In addition M. terrae complex consists of M. terrae,

M. nonchromogenicum and M. triviale and are essentially

nonpathogenic to man, their characteristics have been studied
to some extent by Wolinsky (1979) and Good (1985).

Scotochromogenic mycobacteria that appear intermediate between

M. avium, M. intracellulare and M. scrofulaceum were referred

to as M. avium-intracellulare - scrofulaceum intermediate§

"MALS" (Hawkins, 1977). Strains in this group share similar
biochemical properties (produce a deep pigment, negative
for urease, Tween hydrolysis, reduce nitrate and produce
a column of foam of greater than 45mm in semiquantitative

catalase test).
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However, Schaefer (1965 and 1967) described a
seroagglutination procedure for typing strains of several
species including the MAIS intermediates. Presently, three
types of M avium (M. avium complex, types 1 -3), 25 types

of M. intracellulare (M. avium complex, types 428), 3 types

of M. scrofulaceum (M. avium complex, types 41-43) are

recognised. Other workers have described the strains in
the seroagglutinaticn technique in other species of
Mycobacterium (Goslee and Wolinsky, 1976; Wolinsky, 1979).

2.3.2. CURRENTLY RECOGNISED SPECIES:

In the 9th edition of Bergey's Manual of Determinative
Bacteriology, there are 54 species of mycobacteria (Kent
and Kubica, 1985). The species are listed in Table I, and
grouped on the basis of rate of growth, chromogenicity and
pathogenicity. There are nineteen obligate or opportunistic
pathogens that could be isolated with a variable frequency
from human sources, among which is M. laprae, which does
not grow on ordinary culture media. There are six species
pathogenic to animals and an additional six species among
th2 slow growers that exist as saprophytes. Among the rapidly
growing mycobacteria, there are 23 species which rarely infect
humans, are commonly saprophytic, and wusually are lumped

together as "other rapid growers".

2:3:3e DISTRIBUTION AND SOURCES OF INFECTION

The infectious unit in tuberculosis i.e M. tuberculosis is

carried on airborne droplet nuclei which are produced when
persons with pulmonary tuberculosis sneeze, cough, speak
or sing (Loudon and Roberts, 1968; Loudon and Spohn, 1969;
Gruft et al. 1979). Primary infection by a susceptible host
is usually acquired by inhalation of infected droplets, which
pass down the bronchial tree into the bronchicles and alveoli
beyond the mucociliary layer (ATS, 1980; Chaparas, 1982).
Primary infection of the alimentary tract by M. bovis has
been shown to occur from ingestion of infected wilk and
sometimes from the use of eating utensils or ingestion of
food contaminated with either M. tuberculosis or M. bovis
(Cruickshank, 1975).
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Wolinsky (1979) and Gruft et al. (1980) in their review of
nontuberculous mycobacteria and associated disease, polnted
out that 1in contrast to tuberculosis, pulmonary disease
associrated with nontuberculous mycobacteria is not transmited
from person, but acquired from natural sources from the
environment, for example, contaminated soil and water Good
(1985) also reported that human population 1s constantly
exposed to mycobacteria through ingestion, inhaling aerosols
and inoculation of traumatized skin, This was supported
by the fact that mycobacteria exists and probably multiply
in a wide variety of natural sources, 1ncluding domestic
and wild animals and birds (Singer & Rodda, 1961; Kubica
et al. 1963a; Meisser & Anz, 1977). The water studies of
Bailey et al. (1970); Mc Swiggar & Collins, (1974); Goslee
& Wolinsk (1976); the raw milk studies of Johes et al. (1Y06);
Matthews et al. (1976); Shehu (1988); the soil and dust
investigations of Reznikor et al. (1971); Reznikor & Leggo
(1974) and the animal studies of Alhaji (1976); Pritchard
et al. (1977); Suwankrughasn & Leat (1977) and Anyawale,

(1989) showed that mycobacteria, 1including the potentially
pathogenic species may be found everywhere in the environment
of the earth and thus may serve as a source of human diseases.
Some of these environmental strains have been shown to be
similar to those known to produce disease in man (Wolinsky,
1979). The isolation by Anyawale (1989) of M. avium complex
in animals 1s significant in this regard because it is one
of the two species or complexes of atypical mycobacteria
which has emerged as the predominant agents of disease in
man; the other being M. kansasii (Kotian et al. 1981). It
is also significant to add that M. avium complex has with
a high frequency been incriminated in the complication in
acquired immune disease syndrome (AIDS) patients (Nunn &
McAdam, 1988).

Concurrent infection with two or more species of mycobacteria
has occassionally been reported in the literature (Raleigh
et al., 1975; Good, 1985); and two cases of both M. bovis
and Nocardia asteroides were reported by Alhaji (1976).




TAEBLE 1

Currently recognized Mycobacterium Species

Group Obligate or opportunistic Saprophytes
pathogens
Strict pathogens M. africanum M. leprae
M. bovis M. tuberculosis
M. ulcerans
Photochromogens M. asiaticum M. marinum
M. Xxansasii M. simiae
Scotochromogens M. scrofulaceum M. gordonae
M. szulgai M. flavescens
M. =xenopi
Nonphotochromogens M. avium
M. haemophilum M. gastri
M. intracellulare M. nonchromogenicum
M. malmoense M. terrae
M. shimoidei M. triviale
Rapid growers M. chelonae
M. fortuitum M. agri M. neocaurum
M. aichiense M. parafortuity
M. austroafricanum M. obuense
M. aurum M. phlei
M. chitae M. pulveris
M. chubuense M. rhodesiae
M. diernhoferi M. smegmatis
M. duvalii M. sphagni
M. fallax M. thermoresis—
i M. gadium tible
Animal pathogens M. MHHd:B M. tokaiense
M. komossense M. vaccae
Slow growers M. farcinogens M. microti
M. lepraemurium M. paratuberculosis
Rapid growers M. porecinum M. senegalense

Adapted From

Good

(1985)
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2234 NOCARDIA:

Gordon (1974) described the Nocardia as aerobic, pathogenic,
branched and filamentous bacteria related to the

Mycobacterium. He had 1in 1956 (a) (b), demonstrated that

some species tend to fragment into bacillary and coccoid
forms, some form aerial «chains of either conidia or
arthrospores, Gram positive and that some species are weakly

or partially acid-fast.

Nocardia grows well but slowly on all common laboratory media
including Lowenstein-Jdensen medium, and is usually not killed
by the digestion procedure used on sputa for culture of
tubercle bacilli (Gordon, 1974; Freeman, 1983). Growth rates
are comparable to those of the rapidly growing mycobacteria
and the optimum temperature for growth is 30-37°C. The
species are non-encapsulated and differenciation is by their
biochemical action upon casein, tyrosine, xanthine and starch
agar plates (Gordon & Mildred, 1954); urea agar slants and
tubes of gelatin and bromocresol purple (BCP) milk and by
whether they produce acid from certain sugars (Georg et al.
1961).

They are generally opportunistic pathogens causing severe,
suppurative pulmonary infection, often simulating tuberculosis

(particularly N, asteroides) cutaneous and subcutaneous

abscesses (N. asteroides, & N. brasiliensis);secondary blood

stream invasion often fatal with involvement of the meninges

and brain, kindney and other organs (N. asteroides) (Cyamon

& Palmer, 198l; Freeman, 1983). Pulmonary or generalized
nocardiosis has become 1increasingly prevalent, especially
in patients with severe underlying diseases, and who are
receiving intensive medical theraphy, particularly implicated

are steroids and antineoplastic drugs (Young et al. 1971).

The organism could be found in clinical specimens, lesions
of animals eg bovine mastitis and soil. TransmissSion 1is
by direct 1inhalation of contaminacved dusct or by direct
traumatic contact with contaminated soil or vegetation
(Alhaji, 1976).
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In a study conducted by Alhaji (1976), eleven N. asterocides

were iscolated from 81 tissue specimens collected from cattle

in different areas of the northern part of Nigeria.

2.4 DIAGNOS1S OF TUBERCULOSIS:

Tuberculosis has for a 1long time been recognized as an
infectious disease that usually presents with characteristic
symptoms (Wolinsky, 1979; ATS, 1981). However, many patients
including some with extensive disease, have non-specific
symptoms. (Dongrey et al. 1981; Chandrasekhar et al. 1981).
The asymptomatic patients and the person who does not
recognize symptoms can be identified only through a history
of exposure, an abnormal chest roentgenogram, a significant
reaction to tuberculin skin test, demonstration of acid-fast
bacilli in samples by direct microscopy and cultures
(Cruickshank et al. 1975; ATS, 1981).

Any organ of the body (Siddigi et al. 1976; ATS, 1981)
including the bone and joint (Davidson et al. 1970), meninges,
peritoneunm, pericardiﬁp”larynx and skin can be involved in
tuberculosis. Thus organs involvement may not present with
typical signs and symptoms, and even symptoms of pulmonary
tuberculosis do not form a clear-cut syndrome; they are common
to many non-tuberculous conditions (Dongrey and Bhatia, 1981).
In wview of this a definitive diagnosis of tuberculosis
requires the demonstration of acid-fast bacilli in an acid-
fast staining, cultural growth, isolation and identification
of the Mycobacterium (Kent and Kubica 1985),

The technical procedures for the diagnosis of tuberculosis
by c¢linical features and radiology have been documented by
Achar (1981). However, for the purpose of this review
tuberculin skin test and demonstration of tubercle bacilli
which essentially involves the mycobacteriology laboratory

will be discussed.



2.4.1 TUBERCULIN SKIN TEST:

Mycobacterial 1infection produces delayed hypersensitivity
to certain products of the organism containea in culture
extracts called "tuberculins" (ATS, 1981; Achar and
Viswanathan, 198l). This cell-mediated reaction is manifested
by 1induration due largely to cellular infilteration at the
site of the antigen injection in sensitized persons

(Mackaness, 1968). Such persons are termed "reactors".

Not all reactors are infected with M. tuberculosis or M.
bovis. Infection with mycobacteria other than the classical
mycobacteria may cause cross-reactions to tuberculin prepared

from M. tuberculosis (Ten Dam & Hitze, 1980).

Various purified protein derivatives have been prepared from

Mycobacterium other than M. tuberculosis and these are

variously known as mycobacterins, sensitins, or elicitins
(Edwards et al. 1965; Ten Dam & Hitze, 1980; Pahano et al.
1982; Pust & Erickson, 1989). The antigens that have been
identified and in current use have the following designations:
PPD -8, which 1s the international standard tuberculin derived

from M. tuberculosis (Pust and Erickson, 1989); this has

been replaced by Tween-stabilized tuberculins which 1s known

as PPD-RT-23 1n most of the world, or PPD-T 1in North America;

PPD-G, PPD-F and PPD-Y are derived from M. scroflaceum, M.
fortuitum and M. kansasii respectively (Ogunmekan, 1980;
Pahano et al. 1982); PPD-A, PPD-PL from M. avium and M.

marimum respectively (Ogunmekan, 1980); and PPD-B from M.

intracellulare (Pahano et al. 1982).

Wolinsky (1979) in his review, and in separate studies by
Edwards et al. (1965) and Magnusson (1961) using purified
protein derivatives prepared from various acid-fast bacilli
with guinea pigs as their model animals showed that
mycobacterial sensitins possess a certain type of species
specificity and that humans or animals infected with a given

Mycobacterium usually show stronger reactions to sensitins

produced from homologous Mycobacterium than to sensitins

produced from other species.
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Tuberculin skin test is a diagnostic aid in the evaluation
of the individual patient (detecting reactors) and most useful
in determining the prevalence of tuberculosis infection 1in
populations (Holden et al. 1971) Patients with a positive
reaction should be presumed to be at risk of having active
disease even though there are no signs and symptoms (ATS,
1981). Tne test is also valuable when it is repeated
periodically in the surveillance of tuberculin-negative
persons likely to be exposed to tuberculosis (Thompson et
al. 1979).

A converter 1is defined by American Thoracic Society (ATS,
1981) as a person whose tuberculin reaction has increased
by at least 6mm, £from less than 10mm to 10mm or more in
diameter, within 24 months (period of greatest risk of the
newly infected person to develop disease). It is noteworthy
that the absence of a reaction to tuberculin skin test does
not exclude a diagnosis of tuberculosis (Kent & Schwartz,
1967; Howard et al; 1970; Holden et al. 1971; Comstock &
Woolpert, 19978); and therefore a definitive diagnosis
ultimately requires the demonstration of Mycobacterium from

the appropriate specimen.

2.4.1.1 ADMINISTRATION AND READING:

The methods of performing the tuberculin skin test according
to Achar and Viswanathan (1981) and Lunn (1983) include (i)
Heaf multiple puncture test (ii) Mantoux intracutaneous test

and (iii) Vollmer patch test.

The recommended antigen is purified protein derivative (PPD-
T) tuberculin, stabilized with Tween 80 and standardized
by biological assay to 5 tuberculin units (5TU) containing
0.1 mg of PPD in 0.lml saline (Richards et al. 1979;
Ogunmekan, 1980; Lunn, 1983). And the international standard
technique is the Mantoux (Pust & Erickson, 1989). The
technique is well documented by Atwell et al. 196l; Edwards
et al. 1965 and Lunn, 1983); and the time and technique of
reading postinoculation, the size of the induration have
been described by Wijsmuller (1966) and ATS (1981).



28k INTERPRETATION AND FACYTORS
AFFECTING SKIN TEST REACTIONS:

The significance of a given amount of induration should be
based on data obtained from a large epidemiologic surveys
of patients with documented tuberculosis, mycobacterial
disease caused by other organism, and individuals without
known tuberculous disease (Rust & Thomas, 1975; Ten Dam &
Hitze, 1980). For example in the United States, the available
data indicate that a reaction of 1l0Omm or more is significant
when screening populations for infection (ATS, 1981),
However, when the survey 1is intended to select those
individuals suspected to have tuberculosis or close contacts
of 1ndividuals with tuberculosis, a reaction of 5mm or meore
1s considered significant. Because of this wvariation in
the interpretation of results, ATS (198l) states "the
significance of a reaction (tuberculosis skin test) 1s
determined not by its size but by the clinical circumstances

and the intended use of the result.

Holden et al. (1971), Schaefer (1972) and Lunn (19Y983) outlined
reasons for "anergic" state. False positive tuberculin skin
test could also occur, causes of which have been outlined

by Bernard & Duboczy (1961) and Ten Dam & Hitze (1Y98U).

Levels of tuberculin sensitivity in individuals before and
after Bacille-Calmette-Guerin (BCG) is another factor that
needs mentioning. In a mass BCG vaccination programme, post-
vaccination tuberculin sensitivity could be used to evaluate
the success or otherwise of the programme because the
"Conversion" of tuberculin reaction from negative to positive
after vaccination signals the acquisition of immunity (WHO
1959; Guld, 19b6; Wijsmuller, 196b; Tem Dam & Hitze, 1980).
The tuberculin test reaction after BCG vaccination however,
cannot be distinguished from that due to infection by atypical
mycobacteria (Guld et al. 1968; ATS, 198l). It is therefore
suggested that a history of vaccination 1s obtained from
patients so as not to alter the guidelines -for the

interpretation of the reaction.



- 23 -

The booster phenomenon, that is, the enhanced tuberculin
respons after repeated testing, has long been recognized

in those infected with M. tuberculosis or individuals who

have been vaccinated with BCG (Ferebee & Mount, 1963; Comstock
& Woolpert, 1978; Valenti et al. 1982). This phenomenon
has also been appreciated in those with cross-reacting
sensitivity to non-tuberculous mycobacteria (Knight et al.
1963; Raj Narain et al. 1968; Glassroth & Thompson, 1977;
Richards et al. 1979; Thompson et al. 1979); while repeated
testing of wuninfected persons does not sensitize them to
tuberculin (ATS, 1981). Thompsen et al. (1979) reported
that the booster effect can be seen on a second test done
as soon as a week after the initial stimulating test and
can persist for a year and perhaps longer in infected
individuals. Oon the basis of this, they recommended that
repeated tuberculin testing should be incorporated into a
hospital control programme to permit screening of new
infections from boosted reactions. Persons who do not boost
when given repeat tests at one week, but whose tuberculin
reactions change to positive after one year, should be
considered to have newly acquired tuberculous infection and

managed accordingly.

2ulind DEMONSTRATION OF TUBERCLE BACILLI :

The demonstration of tubercle bacilli in clinical specimens
is essential for the disease, and since the time of Koch,
microscopy has been employed for this purpose (Lincolyn &
Gilbert, 1972). Kent & Kubica (1985) observed that it is
perhaps the easiest and most rapid procedure that can be
performed in the laboratory to detect the presence of acid-
fast bacilli. However, it 1is less sensitive than culture
(Yeager et al. 1967; Bannister et al. 1976; Burdash et al.
1976), and except of recent, acid-fast bacilli seen in direct

smears were often mistaken for M. tuberculosis (Lincolyn

& Gilbert, 1972). 1In spite of these shortcomings microscopy
can be helpful in the following ways in the mycobacteriology
laboratory: (a) as a diagnostic indicator especialiy when
associated with significant clinical manifestation (Mitchson,
1972; Bannister et al. 1976). (b) rapid identification of
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infectious cases, that is, those that are smear positive
(Greenbaum et al. 1980). (c) to follow the progress of
tuberculosis patient on chemotherapy (Gunnels et al. 1974).
(d) it is of vital importance as regards to the patient's
discharge from the hospital, or return to gainful employment
(Cashman et al. 1970). (e) to confirm that cultures growing
o, media are acid-fast (Kent & Kubica, 1985) and; (£) im
determining the appropriate dilutions of sediments for direct
drug susceptibility tests (Canetti et al. 1969; Kent & Kubica,
19851} .

2:.4.2.1 SMEAR PREPARATION AND STAINING METHODS:

Chandrasekhar & Padmanabla (198l1) enumerated the important
points in the preparation of smears, some of which include
the use of new, clean and unscratched slides, selection of
purulent or necrotic material and the preparation of a thin
evenly spread smear, and fixing after air-drying by passing
the smear over a bunsen flame. The current practice is to
use the deposit obtained after the appropriate concentration

and decontamination techniques (Kent & Kubica, 1985).

Commonly used decontaminants are the modified Zephiran
trisodium phosphate technique (Krasnow & Kidd, 1965);
cetylpyridinium chlaride and sodium chloride method (Smithwick
et al. 1975); modified sodium hydroxide method of Petroff
(Cruickshank et al. 1975); sodium hypochlorite or the
household chloride bleach (Smithwick & Stratigos, 1978);
polycarbonate membrane filter (Smithwick & Stratigos, 1981);
glutaraldehyde technique (Goldfogel and Sewell, 1981),

2.4.2.2 CULTURAL PROCEDURE:

Numerous mycobacteriological culture media are available
most of which fall into two general categories of egg-potato-
base or serum (albumin) and agar-base media (Kubica and Dye,
1967; Kent & Kubica, 1985). The most popular egg-based media
are the buffered egg-potato medium of Lowenstein-Jensen and

egg-potato flour medium of the American Trudeau Society;
and among the agar-based media, Middlebrook 7H10, Middlebrook



THll and Dubos oleic-albumin agar are in common use (AlS,
1981; Kent & Kubica, 1985)., Kent & Kubica (1985) recommended
that both an agar-base and an egg-base media be used for
primary 1iscolation of mycobacteria so as to 1increase the

efficiency of isolation.

An atmosphere of 5-10% carbondioxide has been recommended
for the incubation of inoculated media (Whitcomb et al. 19b62).
Their findings showed that it initiated growth in various
Middlebrook agars and stimulated earlier Juxuriant growth

on egg-base media,

2.4.2:3 IDENTIFICATION OF MYCOBACTERIUM:

A multiplicity of mycobacterial species, both saprophytes
and potential pathogens, may be isolated from humans and
the cooperative studies of clinicians and bacteriologist
over the past decade, have made 1t possible to designate
the potential c¢linical significance of most species of

mycobacteria as shown in Table 2 (Wolinsky, 1979; ATS, 1981).

The differential characteristics that are wuseful in the
1dentification of these species are listed in Table 3. The
techniques and interpretation of these tests have been
developed and described 1n several publications (Kubica &
Dye, 1967; Wayne & Doubek 1968; Kubica, 1973; Kent & Kubica,
18985}). Basically, all the schemes of 1dentification begin
with the observation of pigmentation and speed of growth
to make the primary decision on the selection of further
tests. ATS (19Y8l) and Good (1985) have suggested that in
a sltuation whereby an isolate does not match any of the
pattern in Table 3, the tests should be repeated and with
a second failure the 1solate shculd be referred to a reference

laboratory for definitive 1dentification.

The major task of any mycobacteriology laboratory is to

identaify M. tuberculosis, the main causative agent of

tuberculosis. The biochemical characteristics of this
organism have been described by Warren et al. (1Y83) and
Kent & Kubica (1985).



TABLE 2

MYCOBACTERIA RECOVERED FROM VERTEBRATES INCLUDING HUMANS

Potentially Clinically Significant

Usually Not Significant

Group Species Synonyms {(remarks) Species Synonyms
M. tuberculosis *
M. bovis* -
M. africanum* + M. bovis BCG* -
M. microti
M. kansasiir {(Yellow bacillusiM. luciflavum
M. marinum* M. balnei, M. platypoecilus
Photo- M. simiae* M. habana
Chromogen M. asiaticum®*
Scoto- M. scrofulaceun* M . marianum, M. paraffinicum M. gordcnae®* M. aguae, tap water
Chromogen M. szulgai* M. flavescensg*® scotochrome
Nonphoto- M. avium* . M. gastri*
Chromogen M. intracellulare* (Battey bacillusiM. brunense M. nonchromogenicum#*
M. ulcerans¥* M., buruli M. terrae* i}
M. Xenopi®* M. littorale M. trivialex
M. malmoense*
M. haemophilum* (Needs hemin for growth)
M. fortuitum* M . ranae, M. giae, M. minetti M. phlei* M. moelleri
Rapid M. chelonei* M. borstelense M. smegmatis* L
Grower M. chelonei subsp. M. runvonii, M. abscessus M. vaccae¥*
abscessug*
Others M. paratuberculosis M. johnei (needs mycobactin

M. lepraex

M. leprasmurium*

for growth)

Hansen's bacillus {(no growth
on lab media)
Stefansky's bacillus
on lab media)

(no growth

* Indicates species found in humans
+ An organism intermediate between M. tuberculeosis and M. bovis:

status as &Hmwwﬂwﬁ species heing evaluated.
[ ATH
Adapted from Am: Res: Dis (1981) 123: 343 -
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It is required that strains of M. tuberculosis be screened

for catalase activity as this may provide the clinician with
valuable information related to isoniazid resistance even
before drug susceptibility tests are performed, since
isoniazid resistant stains may lose catalase activity when
heated at 68°C for 20 minutes.

2.4.3 RAPID METHODS FOR THE IDENTIFICATION
OF MYCOBACTERIUM:

Satisfactory specificity and sensitivity have been achieved
using microscopy in the diagnosis of pulmonary tuberculosis
particularly in smear-positive cases (Greenbaum et al. 1980).
However, it may take several weeks before a positive sputum
culture is obtained, moresc 1in smear-negative disease and
in extrapulmonary tuberculeocsis, particularly in children
where  haematogenous spread may cause meningitis and

osteomylitis (Ivanyi et al. 1988).

A significant number of patients who may be infected or may
become sources of infections evade detection because of
this difficulty, moreso in poorer countries where
bacteriological culture is not routinely done . In view
of this, various attempts are being made in search for rapid
methods for the identification of mycobacterial species.
In addition to tests 1like niacin, catalase and nitrate
reductase that can be performed and read the same day,
numerous workers have shown that the detection of
B-glucosidase (David & Jahan, 1977) urease, penicillinase,
trehalase and cephalosporinase (David et al. 198l; Frebault
et al. 1982) were of value in distinguishing species of
mycobacteria. Other assays for enzymatic activity by Grange
(1989) also suggest a promising procedure for the rapid

identification of mycobacteria.

Laszlo & Siddigi (1984) have developed techniques for both
rapid detection and differenciation of tubercle bacilli from
opportunistic and saprophytic species by selective
susceptibility to 5 microgram per millilitre p-nitro-acetylamino-
B-hydroxypropiophenone (NAP) in Middlebrook 7H12 medium.
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The identities of opportunistic pathogens and saprophytes
were suggested by growth patterns and c¢ell morphology.
Absolute identification of species could not be made by this
method. Tisdall et al. (1979 and 1982) & Guerrant et al.
(1981) reported that the analysis of fatty acids by gas-liquid
chromatography (GLC) 1is a reliable procedure for the
identification of mycobacteria in the c¢linical laboratory.
They isolated 335 strains from clinical samples and employed
GLC for their analysis. A total of 320 were correctly
identified without further testing. Geuerrant et al. (1981)
analyzed fatty acid mythyl esters obtained by acid
methanolysis and hexane extraction and reported that GLC
is effective for species identification. Specific application
of thin-layer chromatography (TLC) to the identification
of mycobacteria has been recommended by Jenkins (1981).
It may offer a promising tool for the serotyping of

mycobacteria for epidemiological studies.

Serological studies with tuberculin, employing crude or
partially purified mycobacterial extracts have been explored
by numerous workers in a variety of immunological techniques;
and have promising solution to the knotty problem of rapid
diagnosis of tuberculosis patients. Reggiardo and Vazquez
(1981) investigated the possibe use of antigens prepared

from M. tuberculosis in the serological diagnosis of

mycobacteriosis. They employed enzyme-linked immunosorbent
assay (ELISA) and passive haemagglutination techniques, using
three purified serologically active glycolipid antigens (SAG)
from M. tuberculosis BCG. The two techniques appear to be

sensitive and specific (96.6% specificity and 86.4%
sensitivity for ELISA and specificity of 96% and sensitivity
of 86.6% for haemagglutination) in the detection of
mycobacterial diseases in patients and in healthy individuals.
In a similar study by Benjamin et al. (1984) five
mycobacterial antigens were compared in an ELISA for
serodiagnosis of tuberculosis. The antigens were an unheated

sterile culture filterates of M. tuberculosis, tuberculin

PPD from M. tuberculosis (PPba), purified cytoplasmic protein

antigen 5 and 6 from M. tuberculosis and a PPD prepared from
M. kansasii (PPDk).
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Analysis of the titre obtained from each of the antigens
were significantly different in tuberculosis and in control
groups, and the most accurate test was obtained with anigen

5. M. tuberculosis PPD, M. tuberculosis antigen 6 and M.

tuberculosis culture flterate were, in descending order,

less accurate. They recommended the use of antigen 5 in
ELISA for the serodiagnosis of tuberculosis in populations
suspected of having tuberculosis. In an earlier study,
stroebel et al. (1982) and kalish et al. (1983), suggested
the use of antigen 5 for the serodiagnosis of tuberculosis
using ELISA. The suggestion was upheld by Balestrino et
al. (1984), who measured 1lgG antibody to M. tuberculocsis

antigen 5 and tuberculin PPD by ELISA in active pulmonary
tuberculosis and non-tuberculous subjects, and found that

the techniques were reliable.

The characteristics of monoclonal antibodies (MABs) abc to
distinguish tubercle bacilli and other mycobacteria have
been reviewed by young (1988). Affinity chromatography using
MAB directed against plasma membrane antigens of M.
tuberculosis has provided reagents for immunological tests

with limited diagnostic success (Daniel & Anderson, 1978).

The diagnostic potential of serological tests in tuberculosis
has been bedevilled by cross-reactivity of antigens within
the mycobacteria and other bacterial genera (Hattikudur &
Kamat, 1985; young, 1988). In addition, sera from healthy
infants, whose subsequent tuberculin test proved negative,
have been shown to contain antibodies which bind to soluble

extracts of M. tuberculosis (Ivanyi et al. 1988),. These

problems along with the cumbersome procedure in the
preparation of mycobacterial antigens have prevented the
serodiagnosis of tuberculosis (Reggiarde & Middlebrook
1974(a)&(b)). It appears however, that with the present
progress, microscopic and bacteriological analysis of clinical
samples will soon be substituted by more rapid techniques
in the diagnosis of tuberculosis.






