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ABSTRACT

Mycobacterial strains were isolated from patients with diagnoses 

including cervical lymphadenitis, HIV, and Crohn's disease. These 

were collected from different centres and were examined. Of them, 54 

were identified as Mycobacterium scrofulaceum  based on: a.) 

preliminary cultural and biochemical tests, b.)thin-layer 

chromatography of lipids and pigments, and c.) double diffusion. 

Results from these techniques, identified M. scrofulaceum as a clearcut 

separate species and the techniques enabled me to differentiate 

M. scrofulaceum from closely related species such as MAI complex 

and the other scotochromogens.

The next step was to find a reliable, rapid molecular technique for the 

identification of M. scrofulaceum at the species level. A two-step assay 

combining PCR and RFLP analysis was applied to differentiate M. 

scrofulaceum strains. PCR with genus specific primers (Tbll and 

Tbl2) was done and all the strains yielded a DNA product between 

positions 564 and 125 of EcoRl, Hind III, Lambda Marker. RFLP was 

performed on the PCR products. For restriction enzyme analysis two 

enzymes Est Eli and Hae III were used. The restriction patterns 

enabled us to classify M. scrofulaceum into 7 different variants. Most 

of the tested strains had 1 to 2 fragments less compared to a previous 

report based on a single strain. The data obtained showed the method to 

be a rapid and reliable tool for studying variation within 

M. scrofulaceum, but it was unable to discriminate between this 

organism and genetically close species except when combined with



other complementary techniques. It is not applicable to the 

identification of unknown strains from clinical samples suspected to be 

M. scrofulaceum.

In the last step, the IgG level against sonicated antigens of three 

different reference strains of M. scrofulaceum were measured by 

ELISA. The sera come from HIV negative, asymptomatic HIV 

seropositive, and Crohn's disease patients. There was no significant 

response to sonicated strain 159 in any of the 3 groups. The Crohn's 

group showed a higher response to sonicated strains 22 and 1281 and 

the asymptomatic HIV seropositive group showed a very low titre of 

antibodies to all sonicated antigens. If the very high response of the 

HIV negative group to sonicated strain 1281 is ignored, the data show 

that the Crohn's disease patients had significantly raised antibody levels 

to all the M. scrofulaceum sonicates.
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CHAPTER 1

General introduction

The study of mycobacteria started with the identification of the 

tubercle bacillus by Robert Koch, 1882 (Pinner and Pinner, 1932) and 

of the causative agent of leprosy by Armauer Hansen, 1874 (Buchanan 

and Gibbons, 1974).

Because the tubercle bacillus grows as a mould-like pellicle on the 

surface of liquid media, Lehmann and Neumann (1896) gave the name 

Mycobacterium to the genus that at the time contained only two 

species, Mycobacterium tuberculosis and The name

''mycobacterium'\ means fungus-bacterium, but, the mycobacteria are 

not related to fungi (Grange, 1988). Although the leprosy bacillus is 

virtually non-culturable, it is included in the genus because of its 

staining and microscopic appearance, its mycolic acid (Etemadi, 1967) 

and more recently, its DNA constitution.

1.1. Morphology and general properties of mycobacteria:

Mycobacteria are aerobic, non motile bacteria often referred to as 

acid-fast bacilli. They have a unique cell wall structure in comparison 

with other bacteria that gives the genus the property of acid fastness 

i.e. they stain with difficulty, but after staining, they are resistant to 

decolorization with acid and/or alcohol. The property of acid fastness
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is related to waxy materials in the cell wall, and is particularly 

important for recognizing mycobacteria. Mycobacteria are usually 

slightly curved rod-shaped organisms with parallel sides and rounded 

ends, about l-4pm X 0.3- O.bjim in size, which can form small clumps. 

Mycobacteria vary morphologically from species to species; cells of 

Mycobacterium tuberculosis are often arranged in serpentine cords, 

whilst cells of M. xenopi are often filamentous and sometimes form 

branches and aerial hyphae; those of M. avium are often coccoid 

(Runyon, 1974).

The genus contains several nutritional types. Members of the genus 

Mycobacterium  are widespread in nature and comprise both soil- 

dwelling saprophytes and pathogens of humans and animals. Within the 

genus, M. tuberculosis and M. leprae are responsible for two of the 

most dreaded diseases in human history: tuberculosis and leprosy. They 

are still major public health problems in many of the developing 

countries and tuberculosis is increasing. A number of species that 

usually exist as environmental saprophytes are also causes of human 

infections and are now being seen with increasing frequency; amongst 

them is M. scrofulaceum,

1.1.1. Cell wall:

The cell wall is the most distinctive structure of the mycobacteria. 

Chemically, the wall is very complex and is unlike that of either gram- 

positive or gram-negative organisms. It contains a large amount of 

complex lipophilic macromolecules, many of which are unique to the 

genus and are biologically very active. Lipids account for

20



approximately 60% of the dry weight of the wall and confer 

properties that enable the organism to resist adverse environmental 

conditions.

Electron micrographs of thin sections show a thick wall composed of 

three layers enclosing a plasma membrane that is also a three-layered 

structure. The mycobacterial cell walls contain an outer layer 

composed mainly of covalently bound long chain hydroxy acids, the 

mycolic acids (Minnikin, 1983).

The outer layer contains a high proportion of lipids with diverse 

structures which have obvious taxonomic potential. The lipids range in 

polarity from very non-polar waxes to highly polar glycophospholipids 

and consequently it is difficult to devise analytical methods for their 

analysis (Dobson et al., 1985).

Lipids can be divided into "free” lipids, which can be released easily by 

soaking in appropriate organic solvents, and "bound" lipids, which are 

only released by the use of chemical agents capable of cleaving covalent 

bonds (Dobson et al., 1985). The cell envelopes of mycobacteria are 

rich in complex free lipids, ranging in character from inert waxes to 

antigenic glycolipids (Minnikin, 1983). The best studied examples of 

the latter class are the glycopeptidolipid agglutinins (Brennan et al.,

1982) and glycosyl phenolphthiocerol dimycocerosates such as those 

from M. leprae (Hunter et al., 1982). The recognition of such lipids 

has not been easy in the past, but now different techniques are used for 

detection of these lipids such as a combination of thin-layer 

chromatography and immunostaining (Ridell et al., 1986).

21



The backbone of the mycobacterial cell wall consists of two polymers, 

a peptidoglycan and an arabinogalactan. The peptidoglycan is linked to 

the arabinogalactan polymer by phosphodiester linkages between 

muramic acid residues and an arabinose of the arabinogalactan. About 

one in ten of the arabinose residues of the polymer is esterified by a 

molecule of mycolic acid (Minnikin, 1983).

A large number of other materials are also associated with the 

mycolate-arabinogalactan-peptidoglycan complex. Crude cell wall 

preparations contain large amounts of most amino acids, which are 

probably present in the wall as lipoproteins or glycoproteins. These 

peptide-containing constituents are essential for tuberculin activity of 

cell wall preparations. One polypeptide is present in large quantity in 

the wall and is a partly amidated poly-a-L-glutamic acid, which 

accounts for up to 8% of the total weight of the cell wall in some 

strains. It is an important peptide because it is present in human and 

bovine tubercle bacilli but not in saprophytic species (Willett, 1992).

The important physiological roles of lipids in the mycobacteria are: 

1) They are an essential part of the envelope structure of the cell wall, 

accounting for about 60% of the weight of the envelope; 2) they may 

act as storage compounds for reserve supplies of carbon and energy; 

3) they are involved in the structure and function of membrane and 

membranous organelles within the cell. The high content of lipid in the 

cell envelope, where it is principally in the form of very long mycolic 

acids, is responsible for the extreme hydrophobicity of the cells. This 

makes mycobacteria resistant to chemical injury and to attack by lytic 

enzymes within host tissue. The lipoidal cell envelope may act as a
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semipermeable membrane which is partly responsible for the slow 

growth rate of mycobacteria by restricting uptake of nutrients by the 

organism. Many of the lipids within the envelope have been found to 

have immunogenic and antigenic properties, and the specific nature of 

these lipids may be related to interactions between host tissue and an 

invading mycobacterium (Ratledge, 1982).

A characteristic of the cell wall of the mycobacteria, shared with 

members of the genera Corynebacterium and Nocardia, is the presence 

of a type A peptidoglycan which is covalently linked to a 

polysaccharide composed of arabinose and galactose. The presence of 

the arabinogalactan results in immunological cross reactivity among the 

three genera (Ratledge, 1982).

1.1.1.1. Relationship of cell wall components to virulence:

In contrast to some other bacteria, the virulence of pathogenic 

mycobacteria such as Mycobacterium tuberculosis is not related to the 

presence of a capsule. Virulent and avirulent strains cannot be 

differentiated by colony morphology or serological testing. The only 

morphological characteristic associated with virulence is the presence 

of "cording", which can be observed on microscopical examination. 

The bacilli aggregate in long, serpentine chains, with their long axes 

parallel. This correlation with virulence is not absolutely clear, 

because some non-pathogenic strains grow in a similar manner, and 

cording is not limited to M.tuberculosis. Growth in cords is related to 

the presence of a surface lipid, called cord factor, which can be 

extracted by petroleum ether. Cord factor is a mycoside, 6,6'-
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dimycolyltrehalose. When this compound is extracted from cells, they 

lose their vimlence, and also tend to disperse in a liquid medium. The 

mycoside is toxic and inhibits migration of normal polymorphonuclear 

leukocytes in vitro. Organisms recovered from animals have a higher 

content of cord factor than bacilli cultivated on artificial media for 

long periods of time (Boyd and Marr, 1980).

Although the presence of cord factor bears some relation to virulence, 

there are other lipids that are toxic to macrophages which are also 

more abundant in virulent strains. The role of these compounds in the 

pathogenicity of mycobacteria is not known.

Members of the genera Mycobacterium and Corynebacterium contain 

true waxes in their cell walls. These are esters of fatty acids with 

alcohols. Mycosides, which are glycolipids, can also be extracted from 

the cells. Although the true waxes and glycolipids can contain many 

different fatty acids, the mycolic acids are unique to Mycobacterium, 

Nocardia and Corynebacterium, They are very long, branched fatty 

acids present in both the waxes and the glycolipids of these organisms.

1.1.2. Pigmentation:

Many of the mycobacteria produce yellow or orange pigments in the 

dark (scotochromogens ) or on exposure to light ( photochromogens ) 

due to cytochromes or other coloured constituents of the cell. The 

pigments are carotenoids, a class of polyterpene lipids that occur 

widely throughout nature (Minnikin, 1983).
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The structure of mycobacterial carotenoids has been reviewed (David, 

1984; Minnikin, 1983). Carotenoids are linear polyterpenes usually 

containing 40 carbons, but several hundred structural variations 

have been characterized in those from natural sources. Pigments 

containing oxygen functions are termed xanthophylls whereas 

hydrocarbons are called carotenes. Carotenoid pigments were detected 

in many early studies (Goodwin, 1972) of the composition of 

mycobacteria, but it is only during the past 25 years that precise 

carotenoid analysis has been readily achieved. The carotenoid 

composition of M. phlei, for example, has been studied for 50 years 

since the initial report (Chargaff, 1933) and it is instructive to use this 

organism to demonstrate how knowledge of mycobacterial carotenoids 

has progressed.

In a key paper (Goodwin and Jamikom, 1956) the earlier literature 

was reviewed and detailed quantitative analyses of three strains of M. 

phlei were given. The major carotenoid in all three strains of M. phlei 

was found to be leprotene.

A knowledge of carotenoid biosysthesis has been reviewed 

(Minnikin, 1983), and this helps in understanding the complexity of 

natural carotenoid mixtures in mycobacteria.

Pigmentation has been used as an important characteristic in the early 

classification of mycobacteria (Runyon, 1959), and the distinction 

be tween  photo chromogens,  sco toch romogens ,  and 

nonphotochromogens was useful for many years (Wolinsky, 1979b).
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Previous observations (Hartwig, 1960) suggest that the conditions 

under which mycobacteria are incubated significantly affect pigment 

production. Therefore, when using a criterion based on the degree of 

pigment production in the presence and absence of light for grouping 

strains, the conditions of exposure to light and oxygen should be 

carefully controlled for both time and light intensity. Without 

standardization, such variables will lead to errors in interpretation. 

However some other workers believe that pigmentation is rather a 

stable character that is not usually influenced significantly by cultural 

conditions and is therefore of value in identification (Tamok and 

Tamok, 1970).

1.1.3. Nutrition:

Mycobacteria are strict aerobes and are incapable of fermentation. 

When they infect man, they persist in areas of the body in which the 

partial pressure of oxygen is greatest. The organisms grow slowly, 

particularly the pathogenic species. The shortest doubling time is 

approximately 5 hours in rich media; in the body the doubling time is 

approximately 24 to 36 hours (Boyd and Man*, 1980).

The genus is divisible into slow growers (containing the M . 

tuberculosis complex and many opportunist pathogens), and rapid 

growers (mostly environmental saprophytes), and non-cultivable 

species such as M. leprae.

Mycobacteria show a preference for lipids, and egg yolk is a 

constituent of solid media used to grow them, using glycerol as a
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carbon source and ammonium salts as a nitrogen source. Some of the 

saprophytic mycobacteria, which occur in soil, grow more rapidly 

and do not require added growth factors .

1.1.4. Colonies:

Colonial forms of mycobacteria are very different. Some species show 

smooth-to-rough colonial variations, while others have spreading and 

non-spreading forms. Colonies of most strains belonging to the M. 

aviuni'intracellulare complex isolated from clinical material are 

smooth (S) and transparent (T), but on subculture opaque (O) and 

rough (R) colonies appear. Colonies of lysogenic mycobacteria may be 

very mucoid because of the excess synthesis and release of DNA 

(Grange and Bird, 1977).

The colonial morphology of mycobacteria seems to depend on the 

presence or absence of cell surface components, though in only a few 

cases has the material involved been identified (Ratledge, 1982).
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FIG 1:
Typical colonies of scotochromogenic mycobacteria on an LJ 

plate.
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1.1.5. Antigenic structure:

The major mycobacterial antigens are cytoplasmic (soluble), secreted 

(soluble) and cell wall lipid-bound (insoluble). These are classified 

according to their chemical structure (carbohydrate or protein) or by 

their distribution within the genus. The antigens have wide 

applications in identification and typing of the mycobacteria (Stanford,

1983).

By Immunoelectrophoresis or double diffusion in agar gel, up to 15 

lines of precipitation are demonstrable, when ultrasonicates of 

mycobacteria are tested against homologous antisera. By use of the 

more sensitive technique of crossed immunoelectrophoresis, as many as 

90 antigens may be found. Soluble antigens are divisible into 4 

major groups:

(group i) common to all mycobacteria; many of the antigens in this 

group are also found in the nocardiae and some are detectable in 

related genera such as Corynebacterium and Listeria.

(group ii) found in slowly growing mycobacteria;

(group iii ) those which are found in rapidly growing species; some of 

the antigens in this group are also found in the genus Nocardia ; and 

( group iv) comprises specific antigens for each single species of 

mycobacteria.

This antigenic distribution suggests that the mycobacteria originated 

from a common ancestral form, followed by an early division of the 

genus into the slow and rapid growers (Stanford, 1983).
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The mycobacterial cell wall contains immunogenic polysaccharides 

including arabinomannans, and arabinogalactans. Lipoarabinomannan 

is one of the dominant antigens of M. leprae (Grange, 1990). Most of 

the immunological studies on mycobacteria are based on work with 

sonicated antigens, but the antigens actively secreted by live 

mycobacteria may be more relevant to protective immunity or 

immunopathology. Secreted antigens may be detected by growing 

mycobacteria for a few days in medium containing 135]s-methionine, 

separating the bacteria from the culture medium and demonstrating 

antigens in the culture by autoradiography (Abu-Zeid et al., 1988).
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FIG 2.

Antigenic sharing between mycobacteria and related genera 

(Stanford, 1983).

Slow growing mycobacteria 

Rapidly growing mycobacteria

M. leprae, M. vaccae

Nocardia

Corynebacterium, Listeria
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1.2. Environmental mycobacteria:

In addition to human pathogens such as M. tuberculosis and M. leprae, 

the mycobacteria include a number of opportunistic pathogens 

(e.g. M. avium, M. kansasii, M. intracellulare, M. simiae, and M. 

szulgai ) which can cause severe lung disease whenever the normal 

cellular defenses have been temporarily depressed (Willett, 1992). 

These organisms can be isolated from the sputum of individuals with 

no significant disease but are also found in individuals with a clinical 

situation compatible with a tuberculosis-like illness. Normally, 

however, these exist as environmental saprophytes; so they are 

named “environmental mycobacteria”.

Although species of mycobacteria other than M. tuberculosis were 

first observed soon after Robert Koch’s discovery of the tubercle 

bacillus, it was not until the 1950s that they were recognized as human 

pathogens, and despite mycobacteria being among the first bacteria 

described, serious taxonomic studies have only been carried out in the 

last 40 years. Because of the confusion surrounding these organisms, 

different systems of classification have been suggested (Collins, 1962; 

Collins, 1966; Marks, 1972; Marks, 1973; Marks, 1976; Marks and 

Richards, 1962; McMillan and Kushner, 1959; Runyon, 1959w).

In one classification scheme the mycobacteria were separated into two 

groups based on growth at 20^ C and these were then further 

subdivided into more groups on the basis of pigment production,
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organic acid utilization and appearance of growth on different culture 

media (McMillan and Kushner, 1959).

In 1959, a provisional classification was published (Runyon, 1959) in 

which they were termed ^'anonymous mycobacteria^' and 

differentiated according to their ability to produce pigment in the light 

or dark and their rate of growth on artificial media.

Based on this informal classification, mycobacteria were defined as 

either slow or rapid growers. The rapid growers show visible growth 

from dilute inocula within 7 days on subculture, and the slow growers 

require more than 7 days for visible growth. By these criteria and 

pigmentation the genus was divided into the four Runyon groups:

Group I slow-growing photochromogens

Group II slow-growing scotochromogens

Group ni slow-growing nonphotochromogens ( non pigmented )

Group IV rapid growers.

Although useful when described, Runyon's classification has been 

superseded and remains of only historical interest. These organisms are 

now well characterized biochemically and can be speciated readily by 

the clinical laboratory. They are referred to as atypical, 

nontuberculous, MOTT (mycobacteria other than typical tubercle 

bacilli) and by various other epithets (Fogan, 1970). In the UK, they 

are often termed environmental mycobacteria.

Soon after Runyon’s grouping, another classification for 

environmental mycobacteria was suggested (Collins, 1962; Collins,
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1966). In this classification, pigmentation and rate of growth as used by 

Runyon did not feature, because it was assumed these criteria are not 

stable and may be variable even between strains of the same organism. 

The mycobacteria were divided by other criteria such as growth at 

20^C and 44^C, growth in egg medium containing thiacetazone (TSC) 

and the aryl sulphatase test into four different groups as:

A. mostly pathogens

B. mostly nonpathogens

C. pathogens including M. avium group

D. non pathogens

Another suggested system was based on the the Runyon and Collins 

classifications (Marks and Richards, 1962). The previous identification 

criteria were enlarged because it was considered that those were not 

enough to cover the diversity of opportunistic mycobacteria. More tests 

including resistance to anti-tuberculosis drugs were used and seven 

groups described:

1 .Photochromogens

2. Scrofula scotochromogens

3. Isoniazid-sensitive thermophiles

4. Isoniazid-resistant thermophiles

5. Dysgonic mesophilic non-chromogens

6. Eugonic mesophilic non-chromogens

7. Butyrous psychrophilic
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1.2.1. Numerical taxonomy:

In this method, by the use of computer, all possible characters of an 

organism are used in classification. It has been shown how the 

estimation of overall similarity between organisms allows strains which 

differ in some characters, to remain in the same group (Sneath and 

Cowan, 1958).

Numerical taxonomy was first used in the study of mycobacteria by a 

group of investigators in Mexico (Bojalil and Cerbon, 1961; Bojalil et 

al., 1962). The mycobacteria were classified in three groups on the 

basis of their metabolic properties and temperature requirements. This 

work was followed by other investigators such as International 

Working Group on Mycobacterial Taxonomy (IWGMT) formed in 

1967. Studies were carried out on slowly growing scotochromogens 

(Wayne et al., 1971), rapidly growing mycobacteria (Kubica, 1972), 

slow ly grow ing m ycobacteria (T sukam ura, 1976), 

nonscotochromogenic and nonphotochromogenic mycobacteria 

(Meissner, 1974), and re-examination of scotochromogens (Tsukamura 

and Mizuno, 1977). In these studies, many species were confirmed and 

some new species were introduced.

In the group of non-chromogens, there are two species, M. avium 

and M. intracellulare which, though very similar (Runyon, 1967), were 

described as separate species because of differences in host range, 

specific sensitins, agglutinins, growth temperature and differences in 

epidemiology and source of infection. But because they were quite
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similar by common laboratory examinations, it was suggested that they 

should be combined as M. avium-intracellulare (MAI) or the M. avium 

complex (MAC) (Wolinsky, 1979b).

In the group of rapidly growing mycobacteria, there are two 

pathogenic species, M. chelonae and M. fortuitum, which, although 

once grouped as the ''fortuitum complex ”, are quite distinct species 

which can be readily differentiated from each other (Grange, 1988).

1.2.2. Epidemiology:

Environmental mycobacteria are found in all parts of the world. That 

they are common in certain geographic areas has been demonstrated 

by extensive skin testing and by culture from clinical specimens and the 

environment. The organisms have no known primary animal host but 

apparently exist and multiply in soil and water. The species 

distribution depends on location, type of soil, and other climatic and 

environmental factors. The environment supports the existence and 

probably the multiplication of mycobacteria similar to those capable of 

causing disease in man, but the biochemical reactions of environmental 

strains are usually different from those of disease-associated strains. 

Among the scotochromogens, most of those associated with lymph node 

disease in children and chronic pulmonary disease in adults were found 

to exhibit patterns characteristics of the scrofula group 

{Mycobacterium scrofulaceum), while the casual human isolates and the 

environmental strains usually resembled the tap-water subgroup 

(Wolinsky and Rynearson, 1968). There is no evidence of direct 

transmission of these organisms from man to man. Epidemiological
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studies of pulmonary disease associated with basically environmental 

mycobacteria show that most disease of this type occurs only in persons 

whose lungs have already sustained damage. The recent concept is that 

mycobacterial disease caused by these organisms results from two 

coinciding events: 1) a colonization by large numbers of mycobacteria 

and 2) a localized or generalized impairment of the body's defence 

mechanisms (Willett, 1992).

1.2.3. Clinical manifestations:

Environmental mycobacteria were ignored by medical microbiologists 

in the past because they had little vimlence for guinea pigs and rabbits, 

and these animals were used experimentally to differentiate virulent 

mycobacteria from saprophytes (Hsu, 1971). During the past 40 years 

it has become evident that tuberculosis-like diseases due to 

mycobacteria other than tubercle bacilli occur more frequently than 

was earlier assumed. Members of Mycobacterium avium, M. 

intracellulare and M. scrofulaceum are among the most common 

nontuberculous mycobacteria recovered from human disease.

The diseases caused by this group of mycobacteria have pathological 

and, to some extent, clinical similarities to tuberculosis, but there are 

important differences in virulence, treatment, and prognosis. 

Clinically, these mycobacterioses may be classified according to organ 

involvement as: pulmonary disease, localized lymphadenitis, cutaneous 

disease, and disseminated disease which is more commonly associated 

with AIDS.
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M. kansasii and organisms of the M. avium complex, M, chelonae and 

M. fortuitum  are usually associated with pulmonary disease. 

Lymphadenitis, which occurs primarily in children, is usually caused 

by the M. avium complex or M. scrofulaceum, but any of the slowly 

growing species including scotochromogens (Wolinsky, 1962) may 

occasionally be the causative agent. Mycobacterium marinum and M. 

ulcerans are responsible for named skin diseases, swimming pool 

granuloma and Buruli ulcer, respectively. Traumatic inoculation of 

mycobacteria, usually M. chelonae or M. fortuitum are responsible for 

post-injection abscesses and post-cardiac surgery infections. Fatal cases 

of disseminated infection have been reported in young children and 

immunologically deficient adults, in which many different 

mycobacteria have been implicated, including M. kansasii and 

organisms of the M. avium and M. fortuitum complexes (Willett, 

1992).

Mycobacterial disease is of renewed interest today because of the 

prominence of Mycobacterium avium complex infections in acquired 

immune deficiency syndrome (AIDS) patients and because of the 

increase in M. tuberculosis disease in part also due to AIDS. Other 

mycobacteria such as M. scrofulaceum are only occasionally observed 

in AIDS, although these organisms are prevalent in a normal 

population and can cause a self-limiting cervical lymphadenitis 

(Lincoln and Gilbert, 1972).

The occurence and growth of M. avium, M. intracellulare and 

M. scrofulaceum in water and soil and the demonstration that such 

organisms share many characteristics with MAI isolates recovered
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from hospital patients support the contention that the natural 

environment is an important source of these human pathogens.
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1.3. Mycobacterium scrofulaceum
1.3.1. Historical background and general properties:

This organism was first described by Penso et al. who isolated it from 

human skin lesions (leprosy lesions) under the name of M. marianum 

(Penso, 1953).

Prissick and Masson gave the name M. scrofulaceum to orange-yellow 

pigmented mycobacteria isolated from human pathological material, 

namely inflamed glands (lymphadenitis) (Prissick and Masson, 1957). 

The fact that they were isolated in pure culture from closed tuberculoid 

lesions of cervical lymph nodes in children suggested that they were a 

distinct species of Mycobacterium and were the actual cause of the 

lymphadenitis. This distinction was reinforced by the results of 

experimental infection of animals, by the apparent specificity of the 

induced allergic response, and by the distinguishing characteristics 

noted in cultural studies. A number of studies showed that M . 

marianum and M. scrofulaceum were identical (Pattyn et al., 1968), 

but many investigators preferred to use M. marianum because this was 

the original name. However, because of the similarity between M. 

marianum and M. marinum, a quite distinct species described in 1925, 

others have recommended that M. scrofulaceum should be adopted 

(Wayne and Lessel, 1969). Thus, the name M. scrofulaceum was 

retained in spite of the earlier date of the name M. marianum, because 

of its frequent confusion with M. marinum.
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The classification of mycobacteria proposed by Runyon places this 

organism into the second group, “scotochromogens” (Runyon, 1959). 

This group contains all mycobacteria that are pigmented even in the 

absence of light, and which develop slowly (more than four days) on 

Lowenstein-Jensen medium at 37%.

Mycobacterium scrofulaceum is a slow-growing, bright yellow 

pigmented scotochromogen that forms colonies after about 10 days at 

37%  when subcultured on Lowenstein-Jensen medium. These colonies 

are rather small, irregular, smooth and highly mucoid in primary 

cultures, but in old cultures some of them become rough. The colonies, 

which are easily emulsified in saline, are orange in colour, but the 

pigment is variable from light yellow to deep orange, and it usually 

darkens on prolonged exposure to light. The optimum temperature for 

growth is around 37^C and growth occurs at 32^ C, but not at 20^ C. 

The organism can readily convert to a wall deficient form, which is 

difficult to cultivate and is more drug resistant (Korsak, 1975).

A séroagglutination method was developed for the identification and 

classification of atypical mycobacteria based on their ability to form 

smooth colonies and to elaborate specific surface antigens (Schaefer, 

1965; Schaefer, 1967). In these, certain mycobacterial strains were 

tested against specific rabbit antisera. Three different serotypes of M. 

scrofulaceum were proposed: Cause, Scrofulaceum and Lunning. The 

strains were mainly isolated from cervical lymphadenitis in children 

and amongst them the two latter were the most common serotypes 

(68%). A few years later, the arabic number was suggested for 

serotypes to avoid confusion (Wolinsky and Schaefer, 1973). The
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numbers were: 41 for Scrofulaceum, 42 for Lunning and 43 for Cause. 

In time, a fourth serotype was proposed for M. scrofulaceum as 

serotype 44 (Goslee et al., 1976). Later it was recognized that this 

serotype is the same as serotype 27 of the M. avium complex, thus this 

does not count as an established serotype for M. scrofulaceum 

(Wolinsky, 1979a).

Despite the previous work which classified serotypes 26 and 27 as M. 

avium complex (Schaefer, 1965), there is still some confusion as to 

their real status. These two serotypes were identified as M . 

scrofulaceum based on the reaction of specific antibody with their 

alpha antigens (Saito et al., 1990). Some other workers believe that 

these serotypes show the same phenotypic properties as M . 

scrofulaceum on the basis of the catalase serologic test and high 

performance gas liquid chromatography (HPLC) patterns (Wayne et 

al., 1993).

One study reported that most of the M. scrofulaceum strains associated 

with human disease originating in infected lymph nodes of children 

belong to one of types 41-43 (Pattyn et al., 1968; Schroder et al., 

1971). Most of the strains reported from Europe were type 41, with 

smaller number of types 42 and 43. A different report from Cleveland 

shows that from 36 such strains, 18 were type 42 and 7 agglutinated as 

avium complex types (Wolinsky, 1979b).

Scotochromogenic mycobacteria, including some strains identified 

definitely as M. scrofulaceum, are widespread in nature, and have been 

found in raw milk, pooled oysters (Hosty and McDurmont, 1975),
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other dairy products (Matthews et al., 1976), soil and water (Goslee 

and Wolinsky, 1976). M. scrofulaceum used to be the only one of this 

group recognized as pathogenic to man.

1.3.2. Application of Marianum  Antigen for immunotherapy 

of leprosy:

Antigen Marianum was originally prepared in Lyons at the Leprosy 

Research Laboratory of the propagation of the Faith by the late Sister 

Mary Suzanne (Suzanne, 1954). According to Blanc, it was a culture of 

acid-alcohol resistant bacilli from a human leproma which was later 

killed to prepare the antigen. As there is no certainty that the organism 

in culture was indeed Mycobacterium leprae. Sister Mary Suzanne 

proposed the name of Mycobacterium marianum in honour of the 

Blessed Virgin to whom her religious congregation is dedicated. The 

antigen prepared from this strain, originally known as Chauvire 

antigen, has also become known as Antigen Marianum (Blanc and 

Prost, 1955).

The antigen was first used experimentally in the Cameroons in 1952 

and the first report was published in 1953 (Blanc and Prost, 1953). In 

this, it was reported that 73.3% of lepromin-negative lepromatous 

patients and 61% of similar indeterminate cases became lepromin 

positive after a six to twelve months course of antigen.

From these results, it was decided to experiment with the antigen as a 

form of treatment based on an immunological line of attack rather than 

a chemotherapeutic one (Blanc and Prost, 1955). The results were 

reported in 1955. In a series of 457 patients, there were ten deaths but
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these were not attributable to the antigen. Of the remainder, 21.7% 

showed no improvement and in 79.9% the state of the leprosy and the 

general condition improved and in most of this group the 

improvement was of considerable degree.

From these experiments various side effects had been reported despite 

the effectiveness of the Antigen Marianum. Many patients showed a 

local strong reaction at the site of injection with intense irritation and a 

papule which developed rapidly into a nodule attaining as much as 3 cm 

in diameter. The generalised reactions were very marked: headache 

which was intense and persisted for many days; and a high fever which 

persisted for 8 to 10 days. These focal and general phenomena always 

terminated a month after each injection (Blanc and Prost, 1955).

Between 1955 to 1964 many workers tried the antigen in leprosy 

patients in different stages of the disease. Varying results from 

injection of Antigen Marianum given to leprosy patients who received 

sulphones as treatment at the same time were reported (Relvich, 1957). 

No definite difference was observed in the rate of improvement of 

patients who received the antigen and sulphones compared with the 

patients on sulphones only. In this report were also mentioned the 

severe focal and general reactions due to the antigen.

A three-year trial of Antigen Marianum  in the treatment of 

lepromatous leprosy was carried out on 84 patients (Beckett, 1958). 

Based on the final results of trial, it was concluded that Antigen  

Marianum was of no value when given in combination with sulphone in 

the treatment of lepromatous leprosy.
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A detailed report was published on the results obtained with combined 

treatment with sulphone and Antigen Marianum over a 10 year period 

for 885 leprosy patients (Ondoua, 1964). The results showed that 72% 

of lepromatous and 89% of tuberculoid patients benefited from the 

treatment, but the same focal and general reactions were reported in all 

patients with different degrees of severity.

A controlled study of leprosy patients with Marianum Antigen was 

undertaken (Bagalawes et al., 1966). The group which received 

Marianum Antigen showed better clinical improvement than the group 

on sulphone only and also the patients with lepromatous leprosy 

showed a higher proportion of improvement than those with 

tuberculoid leprosy. General reactions and specific lesions such as 

ulcers, maculae and nerve enlargement were reported by them as well. 

So, in spite of many favourable results that accompanied these 

investigations, many workers felt obliged to discontinue the use of 

antigen marianum as a treatment, on account of the severity of the 

focal and general reactions.

1.3.3. Pathogenesis:

M. scrofulaceum is a cause of cervical lymphadenitis but it also causes 

pulmonary disease. Little information has appeared on clinical aspects 

of M. scrofulaceum since the first report of cervical lymphadenitis in 

children caused by chromogenic mycobacteria i.e. M. scrofulaceum 

(Prissick and Masson, 1956; Prissick and Masson, 1957). Primary 

reports have shown that M. scrofulaceum is one of the main causative
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agents of bacterial lymphadenitis. In a study using agglutination 

reaction, it was reported that 90% of mycobacterial isolates from 

cervical lymphadenitis in children were environmental mycobacteria. 

M. scrofulaceum accounted for 40% of the cases (Schaefer, 1965).

In recent years there have been also some reports of M. scrofulaceum 

isolated from lymphadenitis in children and adults (Pang, 1992) based 

on an investigation of mycobacterial lymphadenitis in western 

Australia. This was a trial between 1972-1989. Of the 118 children 

under 7 years of age, the disease was caused by M. tuberculosis in 4%, 

the M. avium complex in 74% and M. scrofulaceum in 20%, whereas 

in the 54 adults aged 15 years and over, the same organisms were 

responsible for 89%, 2% and 4% respectively of their diseases. So the 

results showed that tuberculous lymphadenitis affected mainly adults, 

while non-tuberculous mycobacterial lymphadenitis affected children.

In a recent review of 16 children with lymphadenitis caused by non

tuberculous mycobacteria, it was found that 6 were caused by M. 

scrofulaceum, 4 by M. tuberculosis and 4 were caused by the M. avium 

complex (Gill and Chomyc, 1987).

Cervical lymphadenitis in children is the major clinical manifestation 

of M. scrofulaceum infection. The organism is very widespread in its 

occurrence and has been isolated from cervical lymph nodes in various 

parts of the world. Reports from a number of countries indicate that 

75% of granulomatous cervical adenitis suggestive histologically of 

tuberculosis is actually caused by mycobacteria other than M. 

tuberculosis. In some areas, especially the great lakes region in United
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States, Canada and Japan, M. scrofulaceum appears to be the 

predominant cause of mycobacterial lymphadenitis, but this is not true 

for all regions (Good, 1985). Another report shows that although M. 

scrofulaceum is recognized as the commonest cause of non-tuberculous 

cervical lymphadenitis in many parts of the world, it is relatively rare 

in Great Britain (Grange et al., 1982). A recent investigation from 

Spain shows that the greater part of chronic cervico-facial adenitis is 

caused by M. scrofulaceum and M. avium (Regas et al., 1990).

M. scrofulaceum can cause pulmonary disease in rare circumstances. 

There are some reports of primary infection of the lung in young 

children (Chapman, 1977) and pulmonary disease in adults (Wolinsky, 

1963) due to M. scrofulaceum . A case of generalized mycobacteriosis 

due to M. scrofulaceum was also reported (Korsak, 1975).

There are other recent reports regarding M. scrofulaceum isolated 

from AIDS. This organism accounted for about 2% of the 

mycobacterial infections in a series of 212 AIDS patients in the United 

States (Good, 1985). A recent report points to a case of systemic 

Mycobacterium scrofulaceum infection in an AIDS patient (Delabie et 

al., 1991).

The virulence of M. scrofulaceum was studied by some investigators 

(Demoulin-Brahy, 1971). Rabbits were recommended for

experimental purposes, as they can develop fatal disease after a massive 

inoculation. Mice show the distribution of the bacterium in the organs 

without involvement of the viscera, and guinea pigs are not susceptible.
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As mentioned earlier, M. scrofulaceum is biochemically similar to 

some of the other environmental mycobacteria and distinguishing 

between them sometimes causes confusion. On the other hand, this 

organism is associated with a number of disease conditions such as 

cervical lymphadenitis, AIDS and Crohn’s disease. Since recent 

literature does not show much work on M. scrofulaceum especially 

from a taxonomic point of view, it was thought to be of interest to 

examine this organism by modem taxonomic techniques. The aims of 

the present study are to differentiate M. scrofulaceum from other 

similar mycobacteria and, to study the feasibility of subdividing M. 

scrofulaceum for epidemiological purposes.
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CHAPTER 2

Materials and methods I

2.1. M aterials:

2.1.1. Study strains:

One hundred strains of mycobacteria (mainly M. scrofulaceum ) 

examined in this study were collected from different centres. The 

strains and their sources are listed in tables 1 to 5.

1. 26 strains from the collection of the Department of Medical 

Microbiology, UCL Medical School, London (Table 1). These 

included mostly cultures on LJ medium kept at room temperature and a 

few freeze dried strains, usually the same as those kept on LJ medium.

2. 15 strains from HIV positive patients supplied by the Public 

Health Laboratory Service (PHLS) Mycobacterium Reference Unit, 

University Hospital of Wales, Cardiff (Table 2).

3. 22 strains supplied by the Department of Medical Microbiology, St. 

George’s Hospital, London (Table 3). These strains were originally 

cultured from mesentric lymph nodes from Crohn’s disease patients 

and reisolated from nude mice.

4. 26 strains from HIV positive patients supplied by the routine TB 

laboratory. University College Hospital, London ( Table 4).

5. 10 strains from the environment supplied by Dr. H. Donoghue, 

Department of Medical Microbiology, UCL Medical School (Table 5).
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6. One strain from an HIV positive patient was supplied by the Public 

Health Laboratory, Institute of Pathology, General Hospital, Newcastle- 

upon-Tyne (Table 2).
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TABLE 1.

Strains from the culture collection of the Department 
of Medical Microbiology, UCL Medical School

strain source

1 .1 5 ................ ....... isolated from a case of scrofula in a child, strain NZ-1
2. 2 0 ................ ....... isolated from lymph node, Marks strain 5508
3.FD20
4. 2 2 ................ ....... isolated from a case of scrofula, Marks strain 30705
5.FD22
6. 3 7 ................ ....... isolated from sputum together with M. tuberculosis
7. FD 37
8. 152.............. ....... isolated from a case of scrofula
9 .1 5 9 .............. ....... Schaefer type "Lunning", Marks strain 42
10.167............ .......Forzetting 1084 scrofulaceum , Marks strain 8
11.196............ .......Parvochromogen Collin's strain 5002
12.199............ .......Parvochromogen Collin's strain 4408 from urine
13. 203 ............ ......M. aquae 3 Golenko strain A1
14. 263............ ....... isolated from neck gland, Marks strain 22015
15. FD 263
16. 300............ ....... isolated from sputum
17. 924............ ...... isolated from lymph node in 1973
18. 1276.......... .......Schaefer serotype 41, strain Bridge
19. 1277 .......... .......Schaefer serotype 41, strain 693
20.1278.......... ....... serotype Lunning 42
21. 1280.......... ....... serotype 43 Cause, strain Anderson
22. 1281 .......... ....... serotype 43 Cause, strain Brooks
23. 1283 .......... ....... isolated from skin in leprosy
24. 1289.......... ....... isolated from skin in leprosy in 1973
25. sub 519...... .......  unknown

FD: freeze dried from the same strain.
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TABLE 2.

Strains supplied by University Hospital of Wales.

strain source

1. 5129................................HIV positive patient
2 .5132................................
3. 5139.. 
4.5142.,
5. 6155
6. 6156..
7. 4423 .,
8. 4089
9. 2429.. 
10.1128.
11.6301. 
12. 6349 
13.8105 
14.9764 
15.9766
16. 206.. 
17. HaU.

Hall: supplied by the Public Health Laboratory, General Hospital, 

Ne wcastle-Upon-T yne
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TABLE 3.

Strains supplied by Department of Medical Microbiology, 
St. George's Hospital, London.

1. A A l............................... Crohn's disease patient
2. AB2.................................  "
3.AC 3 .................................  "
4. AD4.................................  "
5.AE 5 .................................  "
6. AF6.................................  "
7. AG7.............................
8.AH 8 .............................
9. A I9..............................
10. AJIO...............................  "
11. 007/S 1A .........................  "
12. 009/SlA.........................  "
13.011/SlA......................  "
14.019/SlA......................  "
15.025/SlA......................  "
16.027/SlA......................  "
17. 016/GlA...................  "
18.018/GlA.....................  ”
19. 024/829..........................  "
20. 029/829..........................  "
21.033/8G........................  "
22. 035/819.......................  "

II
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TABLE 4.

Strains supplied by TB routine laboratory, 
University College Hospital, London.

Strain source

1. 31 ................ .............. HIV patient
2. 1 3 6 ............. II  II

3. 1 7 3 ............. II  II

4. 2 1 0 ............. II  II

5. 260 ............. II  II

6. 3 1 8 ............. II  II

7. 526 ............. II  II

8. 6 1 0 ............. II  II

9. 686 ............. II  II

10. 768 ............. II  II

11. 792 ............. II  II

12. 863 ............. II  II

13. 947 ............. II  II

14. 963 ............. II  II

15. 1044 ........... II II

16. 1302 ........... II  II

17. 1339 ........... II  II

18. 1 4 2 0 ........... II II

19. 1 7 1 7 ........... II II

20. 1861 ........... II II

21. 2303 ........... II  II

22. 2343 ........... II  II

23. 2540 ........... II  II

24. 2768 ........... II  II

25. 2955 ........... II II

26. 2965 ........... II  II
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TABLE 5.

Strains supplied by Dr. H. Donoghue, 
Department of Medical Microbiology, UCL 
Medical School.

strain source

1. JP 121 ............... .............  environment
2. JP 221 ............... II

3. JP 2 2 2  ................ II

4. JP 41 1  ............... II

5. J P 4 1 2 ............... II

6. JP 522  ............... II

7. JP 551 ................ II

8. SP 121 ............... II

9. SP 1 2 2 ............... II

10. 5 8 1 2 ................ II
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2.1.2. Lipid and pigment TLC reagents:

a. Lipid extraction reagent:

Ethanol 17ml

Ether 17ml

Dist. water 6ml

b. Lipid solvent:

«-Propanol 150ml

Ammonia 6ml

Dist. water 44ml

c. Lipid developing reagent:

Phosphomolybdic acid 5g

Ethanol 100ml

d. Pigment solvent:

Hexane 80ml

Diethylether 20ml

Glacial acetic acid 1ml

2.1.3. ELISA reagents:

a. Coating buffer (PBS, pH 7.4):

Sterile nonpyrogenic water 1 1 

NaCl 8g

KH2PO4 0.2g
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N a2 H P 0 4 , 2H 2O 1.135g

KCl 0.2g

b. Washing incubation buffer (PBS/T20, pH 7.4):

Dist. water 11

NaCl 8g
KH2PO4 0.2g

N a2 H P 0 4 , 2H 2O 1.135g

KCl 0.2g

Tween 20 0.5ml

c. Blocking buffer:

Add 1 % BSA to the washing incubation buffer, just before use.

d. C itrate phosphate buffer (pH 4.1):

Sol. A: Citric acid 21.02g/l

Sol. B: Na2HP0 4 , 2 H2O 17.79g/l

Prepare solution A and B separately. Gradually add solution A to B 

until required pH is reached.

e. Substrate (ARTS):

1) 2, 2'-Azino-bis (3-ethylbenzthiazoline-6-solfonic acid) (ABTS)

2) Citrate phosphate buffer (CPB) pH=4.1

3) H2O2 20 vol.

Formula for making substrate working solution:

For 2 plates: 0.0125 g. ABTS + 25 ml CPB + 8.75 ml 20% H2O2

57



f. Stopping solution:

Dist. water 50ml

Sodium fluoride 96mg

g. Peroxidase conjugate:

1. Peroxidase conjugated rabbit immunoglobulins to human IgG (for 

patients' sera).

2. Peroxidase conjugated swine immunoglobulins to rabbit IgG (for 

control sera).

Dilution: 1:2000

For one plate: 5pi peroxidase conjugate + 10ml PBS/T20/1% BSA

2.1,4. ELISA sera:

60 sera belonging to following groups were examined:

1. Asymptomatic HIV seropositive

2. HIV negative

3. Crohn’s disease

The HIV sera supplied by H. Hernandez and the Crohn’s disease sera 

were selected from Professor G.W. Rook’s collection both from 

Department of Medical Microbiology, UCL Medical School.
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2.2. Suppliers:

Sigma:
2, 2'-Azino-bis (3-ethylphenzthiazoline-6-sulfonic acid) (ABTS); 

Agar; Agarose; Arlacel A; Asparagine; Boric acid; Bromophenol blue; 

BSA (Bovine serum albumin); Bst Eli restriction enzyme and 

corresponding buffer; Celite (Diatomaceous earth); Ethidium bromide; 

Gelatin; Guanidinium thiocyanate (GuSCN); Hae HI restriction enzyme 

and corresponding buffer; Isoniazid; Isopropanol; KCl; KH2 PO4 ; 

Lambda EcoRl Hind III molecular weight marker; Malachite green; 
M gCl2 ; Na2 EDTA, 2 H2 O; Naphthyl diamine dihydrochloride; 

Proteinase K; Sodium fluoride; Streptomycin; Sulphanilamide; 

Thiacetazone (TSC); Tris Base; Tris hydrochloride; Triton; Tween 20; 

Tween 80.

BDH:
Acetone; Ammonia; Ammonium ferric citrate; Citric acid; Ethanol; 
Ether; Formalin; Glacial acetic acid; Glycerol; H2 O2 ; Heavy liquid

paraffin; Hexane; Hydrochloric acid; Hydrogen peroxide 20 vols.; 

K2 HPO4 ; KCl; Light liquid paraffin; Magnesium citrate; Magnesium 
sulphate; Methanol; Molybdophosphoric acid; n-Propanol; Na2 C0 g. 

Na2 H P 0 4 . Na2 HP 0 4 , 2 H2 O; NaCl; NaHCOg. Nonidet P40; P- 

Nitrobenzoic acid (PNBA); Phosphorous penoxide ; Sodium azide; 

Xylene.

Stratech Scientific Ltd.:

Mini bead beater; 1mm and 0.1mm glass beads.
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Flowgen Instruments Ltd.:

Puregene DNA isolation kit.

Aldrich Chemical Co.:

Thiophen 2-carboxylic acid hydrazide (TCH).

Mav& Baker Ltd.:

Petroleum ether.

Oswel DNA service:

Primers (Tbll and Tbl2).

Perkin- Elmer:

Taq polymerase; Thermal cycler; 0X174 Hae III molecular weight 

marker.

Koch-Light laboratories Ltd.;

Diethyl ether.

Baver:

Ciprofloxacin.

Lederle:

Ethambutol.

Merrill Dow:

Rifampicin.
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Dvnatech;

Plate reader MR 5000.

Nunc;

ELISA microtiter plate.

LKB Biochrom:

Ultraspec U.

Baxter:

Sterile nonpyrogenic distilled water.

Sartorius:

0 . 2  ji disposable filter.

Whatman:

Silica gel TLC plate.

MSE:

Centrifuges (Micro Centaur; Centaur 1)

Difco:

Middlebrook 7H10 agar

Middlebrook OADC (Oleic acid albumin dextrose catalase) 
I  Middlebrook 7H9 broth
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2.3. Methods:

2.3.1. Cultivation and maintenance of bacteria:

All strains were grown on Lowenstein- Jensen (LJ) medium containing 

glycerol and on Sauton's agar. They were also grown on Middlebrook 

7H11 medium and LJ plates to observe colonial morphology. All slopes 

and plates were incubated at 37®C for 2-3 weeks.

Repeated subculture of some strains was required in order to obtain 

sufficient bacterial mass. Strains originating from Crohn’s disease 

patients showed very poor growth in first culture, so they were 

subcultured on acid LJ and incubated for 4 weeks. All the strains were 

kept at room temperature and subcultured every other month. AU the 
recommended precautions for work with category 3 bacteria were respected.

2.3.2. Preliminary identification:

All strains had been routinely identified according to the protocol in 

use at the PHLS Regional Centre for Tuberculosis Bacteriology, Public 

Health Laboratory, Dulwich Hospital, London. Bacteria were cultured, 

tests were used as foUows:

2.3.2.I. Preparation of bacterial suspension:

The following were placed in a 5 ml bijou bottle: one ml of phosphate 

buffer (pH 7.4); one 1/2 inch panel pin precleaned in acetone and ether 

and a few glass beads (2-3 mm diameter, washed in dilute acid). The 

bottle was capped and autoclaved at 1 2 1 %  for 1 0  mins.
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A suspension was made by placing a lOpl loopful of bacterial growth 

from an LJ culture into the bottle and placing it on a magnetic stirrer 

for 3-4 mins. The bottle was then placed on a plasticine support at an 

angle to allow easy removal of suspension.

The media were inoculated by placing 5 pi of the suspension near the 

top of the slope, using a Jencon-Repette fitted with a sterile plastic 

pipette tip, and allowing the drop to mn down the slope (Yates, 1984).

2.3.2.2. Screening tests:

Lp- nitrobenzoic acid (PNBA):

An LJ slope containing 50mg/l of PNB A was inoculated with 5 pi of 

bacterial suspension and incubated at 37®C for two weeks. The medium 

was then observed for growth.

2. Growth at 25^C: An LJ slope was inoculated with 5pi of bacterial 

suspension, and incubated in a 25®C incubator for two weeks. The 

slope was then examined for any growth.

3. Pigment production: LJ slopes were inoculated in duplicate, each 

with 5pl of bacterial suspension. One slope was immediately placed 

in a light-proof box and incubated. The other was placed in a sloping 

position on a rack in the incubator room so that it faced a 40 W 

fluorescent tube which was permanently on. After a two week 

incubation period the slopes were observed for any sign of growth.

4. Growth in 3 days: An inoculated LJ slope was incubated at 37^C, 

and after 3 days was checked for any growth.
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2.3.2.3. Identification tests:

1. Thiophen 2-carboxylic acid hydrazide(TCH):

5|il of bacterial suspension was inoculated onto an LJ slope containing 

5 mg/1 TCH and incubated at 37^C for two weeks. The slope was then 

observed for any growth.

2. Nitrate reduction:

lOpl of bacterial suspension was inoculated into Middlebrook 7H9 

broth which was incubated at 37%  for two weeks. Two drops of 4% 

potassium nitrate were then added to the broth and the medium was 

incubated at 37^C for 3-4 hours. One drop of concentrated HCl, two 

drops of 0 .2 % sulphanilamide and two drops of 0 .1 % naphthyl diamine 

dihydrochloride were then added to the medium. A positive reaction 

was shown by the presence of a red colour. A small amount of zinc 

powder was added to all negative cultures; the presence of a red colour 

confirmed a negative reaction (based on the modified method of 

Virtanen, 1960).

3. Hydrolysis of Tween 80:

The previously described method (Wayne, 1964) as modified by 

Collins and Lyne (1974) was used. Tween 80 broth was heavily 

inoculated with bacteria and incubated at 37^C for two weeks. A 

positive reaction was indicated by the development of a deep purple 

( The indicator in the medium is phenol red).
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4. Aryl sulphatase test:

lOjLil of bacterial suspension was added to aryl sulphatase broth medium 

and incubated at 37^C for two weeks. Two drops of ammonia solution 

were added to the medium. A positive reaction was shown by the 

development of a pink colour.

5. Growth at 42®C and 44®C:

LJ slopes were inoculated in duplicate with 5\il amounts of bacterial 

suspension. They were placed in waterbaths at 42®C and 44®C for two 

weeks, and any growth was recorded.

6 . TSC (thiacetazone):

LJ slopes containing 5 mg/1 TSC were inoculated with 5pi amounts of 

bacterial suspension and incubated at 37®C for two weeks. The slopes 

were then observed for any growth.

7. Ciprofloxacin:

LJ medium containing 5 mg/1 ciprofloxacin was inoculated with 5 pi of 

bacterial suspension and incubated at 37®C for two weeks. The medium 

was then observed for any growth.

8 . Utilization of ammonium sulphate as sole nitrogen source and 

dextrose as sole carbon source:

A drop of bacterial suspension was inoculated into N medium 

(containing ammonium sulphate and dextrose), and incubated at 37®C 

for two weeks. The medium was then observed for any growth.
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9. Drug susceptibility:

The susceptibility tests were done as previously described (Marks, 

1961) and modified later (Collins and Yates, 1979), using four ‘wild’ 

susceptible strains as controls to calculate the resistance ratio by the 

model resistance method.

The drugs tested were: streptomycin, ethambutol, rifampicin and 

isoniazid (INH). 5|il of bacterial suspension was inoculated onto LJ 

slopes containing three different concentrations of each drug. The 

slopes were incubated at 37^C for two weeks, and then observed for 

any growth.

2.3.3. Microscopic examination:

Films for microscopic examination were made by spreading a small 

portion of the growth in a drop of saturated mercuric chloride solution 

on a glass slide. After drying and fixing, the films were stained by the 

standard Ziehl- Neelsen method.

2.3.4. Lipid thin-layer chromatography (TLC):

a. Preparation of bacteria:

Sauton's agar was used for cultivation (this medium unlike LJ does not 

contain any egg lipids, and thus produces clearer lipid patterns in 

TLC). Duplicate Sauton's slopes were inoculated with a heavy bacterial 

inoculum and incubated at 37%  until sufficient growth had occurred 

(3-4 weeks). Growth was scraped off and transferred into a 

preweighed tube with a tight stopper. Tubes (unstoppered) were placed
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in a vacuum desiccator over phosphorous penoxide (^2 ^ 3 ) to dry. 

Drying normally took 2-3 days (Jenkins, 1980).

a. Extraction of lipids:

A freshly-prepared mixture of ether, ethanol and water was added to 

the dried bacilli. The dry weight of the sample was previously 

determined (15-16 mg), and the volume of extraction solvent calculated 

by multiplying the dry weight by 16 and converting to ml. Normally 

0.2-0.3 ml was used for each sample. The stoppered tubes were left 

overnight in a cool, well ventilated room, unshaken.

b. Loading of plates:

This was done the day following the solvent extraction. Whatman K6  

silica gel TLC plates 250 pm thickness, 20 X 20 cm were used.

Each plate was cleaned by running in 200 ml acetone for about 30 

minutes. Twelve spots were applied to each plate, at 15 mm intervals 

across the plate. Samples were spotted on the plate, leaving a gap of 

about 1 0 - 2 0  mm at each edge. 2 0 pl of each sample was applied as four 

superimposed amounts, each of 5pl, allowing natural drying between.

c. Solvent system:

Different solvent systems have been used by various workers in this 

field such as: n-propanol:n-butanol:water:ammonia (57:20:20:3 v/v) 

(Tsukamura and Mizuno, 1975); n-propanol:ammonia:water(150:6:44
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v/v) (Jenkins 1980); n-butanol:acetic acid:water (120:40:40 v/v) 

(Marks and Szulga, 1965); n-propanol:water:di-isopropyl ether 

(45:10:45 v/v) (Szulga et al., 1966); and n-propanol:water:ammonia: 

di-isopropyl ether (45:9.5:0.5:45 v/v) (Marks and Jenkins 1971).

The method of Jenkins (1980) was chosen as the most suitable after 

preliminary tests. The chromatogram was run to a height of 10 cm in a 

closed tank containing n-propanol, anunonia and water as solvent. The 

solvent front was marked with a pencil and the chromatogram was then 

dried at lOO^C for 30 minutes over a hot plate.

d. Developing agent:

The previous workers in this field all developed chromatograms by 

spraying with a mixture of: 60% sulphuric acid 2  parts and 0 .1 % 

aqueus orcinol 1 part; and heating at lOO^C for 10 minutes to develop 

the spots. Because this method is hazardous and the spots fade quickly, 

an alternative method was used for developing of spots. The dried 

chromatogram was dipped in 5% phosphomolybdic acid in ethyl 

alcohol for 5-6 seconds (Smith, 1969). For development of spots the 

chromatogram was placed in a flat-bottomed pyrex dish on a hot plate 

at 120-130^C for about 3 minutes. The chromatogram was then 

removed from the dish and examined on a light box. The developing 

reagent produced dark green spots which faded slowly and reappeared 

if the chromatogram was reheated.
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2.3.5. Pigment TLC:

Pigment TLC was carried out as described by other workers (Smith, 

1972). The bacilli were cultivated on Sauton's agar and incubated at 

37%  for 3-4 weeks. Approximately 100 mg bacilli (wet weight) were 

harvested, suspended in 0.4 ml of acetone, shaken vigorously for 10 

seconds and allowed to stand for 10 minutes in the dark. After adding 

0.4 ml water they were shaken again. Petroleum ether (0.3 ml) was 

then added and the tube was shaken again for 5 seconds. The solvents 

were left to separate. The pigments were completely extracted into 

petroleum ether (upper layer), the bacteria were almost colourless. The 

upper layer was removed carefully with a small tipped pipette and 

transferred to another tube.

Whatman K6  silica gel TLC plate 250pm thickness, 10x20 cm was 

used. lOOpl of each extract was spotted on the plate as ten 

superimposed amounts of lOpl, allowing natural drying in the dark 

between each application. Extracts were applied 18 mm apart. The 

plate was run in 40 ml hexane, diethylether, glacial acetic acid for 

about 10 minutes in the dark. The plate was removed and the solvent 

front marked immediately in pencil. The plate was dried for a few 

minutes in a dark and cool place because of the sensitivity of pigments 

to both light and heat. The plate was examined immediately on a light 

box before the spots faded.
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2.3.6. Preparation of sonicated antigen for double diffusion 

and ELISA:

For the preparation of the sonicated antigen of M. scrofulaceum, the 

bacilli were grown on Sauton's medium solidified with 1% agar (a 

non-antigenic medium) at 37®C for 3-4 weeks. Harvested organisms (2 

slopes of each) were suspended in PBS (pH 7.4) and sonicated in a 1(X) 

watt ultrasonic disintegrator for 15 minutes with the wave peak 

distance set at 6 - 8  pm. The sonicated antigens were stored at -20^C. 

For the ELISA test, sonicates of reference strains 22, 159 and 1281 

were membrane filtered (0 .2 p) and their protein concentration 

estimated by the method of Warburg and Christian (1941). The antigen 

was standardized to 1 mg/ml protein and stored in small volumes at 

-2 0 % .

2.3.7. Preparation of immunizing injection:

About 6  ml of each concentrated sonicated antigen (reference strains 

22, 159 and 1281) were emulsified with an equal volume of 8.5 parts 

of heavy paraffin and 1.5 parts of Arlacel A (Freunds incomplete 

adjuvant). Weekly for 6  weeks, 1 ml of emulsion was injected 

intramuscularly into each hind leg of 2  rabbits alternating after each 

injection. The rabbits were bled two weeks after the last injection. The 

level of the antiserum was assessed in an immunodiffusion test.
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2.3.8. Double diffusion test:

The method used was that described by other investigators (Stanford 

and Gunthorpe, 1971). This was carried out in disposable plastic petri 

dishes containing a layer 4-5 mm deep of 1% agar +1% sodium azide 

in distilled water (25 ml in each plate). The pH of the agar was 7.0 to

7.2. Wells were cut with a Shandon No. 1812 agar-gel cutter (central 

well with 6  peripheral wells). The peripheral wells were 5 mm 

diameter, the central well 7 mm diameter. The distance between central 

and peripheral wells was 1 0  mm and distance between peripheral wells 

was 1 0  mm.

Antiserum was placed in the central well and the homologous 

ultrasonicates in the top, lower right and lower left wells. 

Ultrasonicates of the strains under examination were placed in the 

remaining three wells, so that heterologous sonicated antigens 

alternated with homologous sonicates and a direct comparison could be 

made between the precipitation pattems of the known and the unknown 

strains. Plates were left at room temperature overnight (without lids) 

for drying and then diffusion was allowed to take place in a moist 

chamber at room temperature for 7 days. The number of precipitation 

lines formed by each strain was then observed with a bench light. The 

plates were photographed against a dark background. The results were 

analysed and the reactions between antisera and different sonicated 

antigens were demonstrated.
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2.3.9. ELISA test:

The indirect method described by workers in this field, modified by 

Nassau and Parsons (with further modification) was used (Engvall and 

Perlmann, 1972; Nassau et al., 1976).

The antigens were diluted in coating buffer (PBS only). 

Experimentally the dilution of 5pg/ ml was found to be the best for the 

test.

The 96 well microtitre plates were coated individually with the 

sonicated antigens and incubated overnight at 4°C in a damp box.

On the following day, the antigens were poured off, the plates dried 

thoroughly on absorbent tissue and blocked with lOOpl blocking 

buffer in each well at 37^C for 2 hours. The blocking buffer was then 

poured off, the plates dried well and washed 3 times with washing 

incubation buffer (PBS/T20). At least 3 minutes incubation at room 

temperature were allowed for each wash. The serum dilution for 

measuring the IgG antibody raised was 1:1000 for all sera. The control 

sera were raised against three different reference strains 2 2 , 1281 and 

159 in rabbits. The plates were loaded with serum samples and 

incubated at 37^C for 2 hours. Wells A1 and A2 of ELISA plate were 

used as blank and the two adjacent wells for each test serum. After 3 

further washes lOOpl peroxidase conjugate was added to each well. 

For control sera, this was peroxidase conjugated swine 

immunoglobulins to rabbit IgG and for patients’ sera peroxidase 

conjugated rabbit immunoglobulins to human IgG was used. The plates 

were incubated overnight at 4^C. On the next day, the plates were
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again washed 3 times and 100|il of substrate (ABTS) was added to each 

well and incubated in the dark at 37®C for 30 minutes.

The enzymatic reaction was stopped by addition of l(X)|il of sodium 

flouride solution to each well. The colour produced was measured in a 

colorimetric plate reader at a wavelength of 630nm.
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CHAPTER 3

Separation of M, scrofulaceum from related species using 

preliminary screening and identification tests.

3.1. Introduction:

In clinical material, three species of scotochromogens are commonly 

found: M. scrofulaceum, M. flavescens and M. gordonae. The first step 

is to distinguish between these three species. Many studies have 

attempted to solve this problem, but M. scrofulaceum was not clearly 

defined for some time. The studies of Wayne and Tsukamura helped to 

clarify the distinction between M. scrofulaceum and M. gordonae 

(Tsukamura, 1970; Wayne, 1970; Wayne et al., 1967). Justification 

for the three species was finally provided by the taxonomic study 

(Wayne et al., 1971) carried out by the International Working Group 

on Mycobacterial Taxonomy (IWGMT). A very large number of 

characteristics were examined in this study. The most important 

difference between M. scrofulaceum and two other mentioned 

scotochromogens is that they are very strongly pigmented 

scotochromogens whereas M. scrofulaceum is less coloured and only 

the old laboratory strains after several subculturings, acquire a more 

luxuriant growth and stronger pigmentation.

M. simiae exhibs the greatest similarity to M. scrofulaceum, and on the 

basis of numerical taxonomy it has been suggested that they be grouped 

together as M. scrofulaceum complex (Boisvert, 1974). These two
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organisms can then be separated by using more sensitive isolation 

techniques. M. scrofulaceum  can be separated from other 

scotochromogens and photochromogens by the use of enzymatic tests.

M. scrofulaceum is phenotypically similar to strains of M. avium and 

M. intracellulare. Because of the variable pigmentation of the species, 

and the similarity of biochemical and cultural properties, surface 

antigens and drug resistance, it has been suggested that M . 

scrofulaceum  could be classified as a member of the M. avium 

complex (Wolinsky, 1979b). In a computer-based taxonomic study, M. 

avium, M, intrace llulare and M. scrofulaceum have been found to be 

one entity (Tsukamura, 1969).

In addition, a study of mycobacterial lipids by thin-layer 

chromatography (Jenkins and Marks, 1972) led to the conclusion that 

organisms classified as M. scrofulaceum should be regarded as 

pigmented types of M. intracellulare. Similar grouping was obtained 

when the name MAIS complex was established for M. avium- 

intracellulare-scrofulaceum (Reznikov and Dawson, 1973; Reznikov 

et al., 1971). In one study the difficulty in classifying many clinical 

strains that produced intermediate in vitro reactions between M. avium 

and M. scrofulaceum was reported (Hawkins, 1977). These strains 

were not typable by séroagglutination. In another study, similar strains 

were isolated, which were called "pigmented Batteys" (Hartwig, 

1960). On the other hand, M. avium and M. scrofulaceum were each 

found to have distinguishing species-specific antigens by 

immunodiffusion analysis (Gunthorpe and Stanford, 1972).
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Difficulty in differentiating between M. avium, M. intracellulare and 

M. scrofulaceum was shown with many previous investigations. In 

one of these, it was reported that all the strains which were identified 

as M. scrofulaceum on the basis of biochemical reactions and 

pigment characteristics showed the same agglutination reaction as one 

of the M. intracellulare serotypes (Wolinsky and Schaefer, 1973).

Further studies showed that, M. scrofulaceum is a distinct and 

separate species from the M. avium-intracellulare (MAI) complex 

mostly on the basis of pigment production. Members of M. avium 

complex are classified as nonphotochromogens. They may gain a pale 

pigment by age but this late pigmentation is not related to exposure to 

the light (Hawkins, 1977).

Studies on skin testing with sensitins is another way to differentiate M. 

scrofulaceum  from the M. avium complex. Sensitins are partially 

purified mycobacterial culture filtrate antigens which can induce 

hypersensitivity after intradermal injection. Sensitins of M . 

scro fu laceum  were first used experimentally in guinea pigs 

(Magnusson, 1967). In one study using Lunning sensitin, some M. 

scrofulaceum strains showed maximum hypersensitivity, while some 

other strains known as Lunning types did not (Wayne et al., 1971).

An investigation showed that M. scrofulaceum produced two classes of 

catalase, a heat-labile and a heat-stable form, whilst the M. avium 

complex failed to produce the heat-stable catalase (Wayne and Diaz, 

1982).
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Another study refers to urease activity of M. scrofulaceum as a means 

of differentiating it from M. avium complex and also mentions 

agglutinating serology as a distinguishing method (Grange, 1988). 

Based on this study, the strains defined as M. scrofulaceum by 

numerical taxonomy, hardly agglutinated with serotypes belonging to 

M. avium complex.

In a series of studies alpha antigens were used as a marker for 

differentiating between M. avium, M. intracellulare and M . 

scrofulaceum. These antigens are homologous proteins which are found 

widely in slowly growing mycobacteria. The nature of them is not yet 

known. In one study cross reaction was found by using alpha antigens 

for differentiating some of the mycobacteria (Yoneda et al., 1965). M. 

avium, M. intracellulare, M. scrofulaceum and M. gordonae fell into 

the alpha-avzwm group on the basis of similarity in alpha antigens.

In another study alpha antigens were used for differentiation of M. 

kansasii and M. marinum (Tasaka and Matsuo, 1984) and of M. avium, 

M. intracellulare, M. scrofulaceum, M. gordonae and M. szulgai 

(Tasaka et al., 1985). The results showed that it is a reliable method 

for differentiating these mycobacteria. Moreover specific antigenic 

determinants of alpha antigens were different for M. scrofulaceum and 

M. avium complex using agar gel diffusion technique. So it was 

concluded that alpha proteins are specific and stable and can be used as 

a valuable marker for identification of slowly growing mycobacteria 

despite the method was unable to distinguish between M. avium and M. 

intracellulare*
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Further molecular studies suggested that M. scrofulaceum  

taxonomically is quite distinguishable from the M. avium complex and 

can justify its position as a separate species (Rogall et al., 1990; 

Wayne and Sramek, 1992).

A recent investigation was carried out by the International Working 

Group on Mycobacterial Taxonomy (IWGMT) (Wayne et al., 1993) to 

correlate standard agglutination serotypes of M. avium, M. 

intracellulare and M. scrofulaceum on the basis of their molecular 

characteristics and cultural properties. By using T-catalase serology 

and specific DNA probes they showed 94% specificity for M. avium 

and M. intracellulare. There was no DNA probe for M. scrofulaceum 

but none of the tested M. scrofulaceum strains in their study reacted 

with nucleic acid probes specific for M. avium and M. intracellulare. 

The standard serotypes of M. scrofulaceum 41-43 were confirmed with 

T-catalase serology and mycolic acid high-performance liquid 

chromatography patterns.

The present chapter is a starting point to find out whether M . 

scrofulaceum represents a clearcut single species distinct from M. 

avium and M. intracellulare. The investigation commenced with the 

ordinary routine tests used for differentiation of any of the 

mycobacteria, with subsequent extension to more discriminative 

techniques.
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3.2. Results :

The results from preliminary screening and identification tests are 

shown in Tables 6  to 9.

Tables 6  and 7 show that the strains were divisible into three main 

groups based on results of screening (Table 6 ) and identification tests 

(Table 7). Group I includes strains that grew on LJ medium containing 

PNBA, produced pigment in both the light and the dark, and were able 

to grow at 25^C. They were unable to grow at either 42®C or 44®C, 

and were TSC and Tween 80 negative. Their nitrate reduction and aryl 

sulphatase tests were negative; they were resistant to ciprofloxacin, 

could grow on a medium containing TCH, but did not grow in N 

medium.

Group II was of strains that differed from group I in susceptibiity to 

ciprofloxacin and hydrolysis of tween 80. Group III differed from 

groups I and II in failing to produce pigment either in the dark or the 

light and in growing at 42®C and 44®C.

For response to anti-tuberculosis agents, the minimal inhibitory 

concentration (MIC) of the drugs that inhibit the growth of the test 

strains was measured. Strains giving a resistance ratio of 1 or 2 were 

recorded as susceptible (S); those giving a resistance ratio of 4 were 

recorded as resistant (R); and those giving a ratio of 8  as highly 

resistant (HR). The borderline (B) strains usually resolved into 

susceptible or resistant. The responses to anti-tuberculosis drugs are
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shown in Table 8. Strains in group I were resistant to rifampicin, 

ethambutol and INH and some of them were susceptible to 

streptomycin. The susceptibility patterns of group II strains were 

completely different from those of groups I or III, since they were 

susceptible to rifampicin, ethambutol and streptomycin. The strains 

in group III were mainly resistant to all four drugs.

Table 9 shows the classification of strains on the basis of these 

preliminary tests. Group I contained almost all strains from the Dept, 

of Medical Microbiology culture collection and strains isolated from 

Crohn’s disease patients. Group II had the least number of strains and 

included all the environmental isolates. Most of the strains isolated 

from HIV patients fell into group III with a few strains in groups I and

II.
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TABLE 6.

Division of the strains on the basis of the 
preliminary screening tests.

Group PNBA
0

25 C light dark

1 + + + +

II + + ± ±

III + + —

PNBA: p amino benzoic acid

TABLE 7.

Division of the strains on the basis of the preliminary identification 
tests.

Group cip 42°C
0

44 C TSC T80 TCH N N O 3  SO 4

1 R - - - - + -  +

II S - - - ± + -  4

III R + + 4 - ± ±

cip: ciprofloxacin 
TSC: thiacetazone
TCH: thiophen carboxyiic acid hydrazide 
T80: hydrolysis of tween 80 
N: growth in N medium 
NO3 : nitrate reduction 
SO4 : Aryl sulphatase test
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TABLE 8.

Response to anti-tuberculosis drugs.

Rifampicin Ethambutol INH Streptomycin

I HR HR HR HR

n S S HR S

ni HR HR HR HR

KEY:
HR: highly resistant 
S: susceptible
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TABLE 9.

Classification of strains based on screening and 
identification tests.

Group I Group n Group m

15* 4423h 1283* 1128h
20* 6349h 1289* 6301h
FD20* AAlc 2429h 9764h
22* AB2C 8105h 97661»
FD22* AC3C 5261» 2061»
37* AD4C 610l> 311»
FD37* AE5C 686h 1361»
152* AF6C 963*> 1731»
159* AG7C JP121C 2101»
167* AH8C JP221C 2601»
196* AI9C JP222C 3181»
199* AJlOc JP41ie 7681»
203* 007/S 1 AC JP412C 7921»
FD263* 009/SlAc JP522C 8631»
300* 011/81 AC JP551C 9471»
924* 019/SlAc SP121C 10441»
1276* 025/SlAc SP122C 13021»
1277* 027/SlAc S812C 13391»
1278* 016/GlAc Hallh 14201»
1280* 018/GlAc 17171»
1281* 024/S29C 18611»
sub519* 029/S29C 23031»
5129h 033/SGc 23431»
5132h 035/819C 25401»
5139h 27681»
5142h 29551»
6155h 29651»
6156h
4089h

* strains from culture collection 
h strains from HIV patients

c strains from Crohn’s disease patients 
e environmental strains
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3.3. Discussion:

The results of the screening and identification tests indicated that these 

were very useful for the initial identification of M. scrofulaceum. Most 

of the strains from culture collection were again identified as M. 

scrofulaceum, but with these tests differentiation of M.scrofulaceum 

from pigmented M. avium-intracellulare (MAI) complex was 

impossible and additional techniques are required.

Group I contained all Crohn's disease strains while most of the cultures 

from HIV patients were in group III. This was the only group which 

showed the standard biochemical characteristics of M. scrofulaceum.

Microscopic examination was not helpful. In spite of differentiating 

the bacillary form of MAI complex from the nearly filamentous form 

of some scotochromogens and rapid growers, it was unable to 

differentiate M. scrofulaceum from MAI complex because the 

microscopic appearance of both was identical.

Susceptibility tests to the commonly used anti-tuberculosis drugs were 

not found to be particularly reliable for distinguishing between the 

MAI complex and M. scrofulaceum, because all of them showed high 

level of resistance. However, group II which contained most of the 

environmental isolates showed resistance only to INH and this suggests 

that environmental strains are more susceptible to anti-tuberculosis 

drugs than clinical isolates. Thus this group could be differentiated 

from M. scrofulaceum with less confusion.
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Based on the previous investigation (Collins, 1980) and those just 

described, it seems that it is impossible to report M. scrofulaceum as a 

separate species on the basis of these methods alone because they fail to 

distinguish clearly between this species and M. avium complex. Thus 

at this stage it is necessary to ask whether M. scrofulaceum is a distinct 

species?
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CHAPTER 4

An approach to differentiation of M,scrofu laceum  from 

MAI group by differences in their pigment and wall lipids.

4.1. Introduction:

Mycobacteria are very rich in lipid content. These lipids are very 

diverse, and systematic studies have failed to characterise them fully. 

Because of this, special techniques are needed which were not 

available for the early studies.

In preliminary studies using a system including sequential solvent 

extraction, fractionation of mycobacterial lipids into different groups 

was achieved, making it easier to study each group further 

(Anderson, 1941).

In later studies, the lipids were treated by mild or strong alkaline 

hydrolysis to obtain different groups of long-chain compounds for 

further analysis (Chanley and Polgar, 1950), and the use of column 

chromatography gave relatively homogeneous lipid fractions 

(Asselineau, 1966).

In the early 1960s, the new spectroscopic and chromatographic 

techniques were introduced. This was a great revolution in lipid 

analysis (Dobson et al., 1985). Fatty acids were first identified by
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hydrolysis and then by using chromatography, special lipids were 

detected in certain species of mycobacteria (Pokomy, 1958). Infrared 

spectroscopy was used by Smith et al. (1962) to demonstrate 

distinctive lipids and gas chromatography was applied by others to 

differentiate mycobacterial lipids (Reiner, 1965).

In spite of the early studies on lipids, their exact analysis was not 

possible until the introduction of thin-layer chromatography (TLC) 

on silica gel. The method was first introduced in 1965 with a practical 

description of the technique (Stahl, 1965).

TLC is, in principle, a modified paper chromatography using a sheet 

(or layer) of cellulose. Paper chromatography was successful for 

demonstration of amino acids, although it was unable to separate non

polar or lipid molecules (Smith and Ersser, 1976). Thin-layer 

chromatography on silica gel is a precise method which can be used as 

a simple routine technique for demonstration of mycobacterial lipids.

Soon after the introduction of the technique, the first of a series of 

papers was published (Marks and Szulga, 1965). In this, the technique 

was used as an aid to classification of mycobacteria.

In one study, using TLC, the different agglutination types of M. avium 

were differentiated by an ether extract of their lipids (Marks and 

Jenkins, 1971). The technique was used widely for classification of 

different groups of mycobacteria such as scotochromogenic 

mycobacteria (Jenkins and Marks, 1972), and the three different 

serotypes of M. scrofulaceum i.e. Cause, Scrofulaceum and Lunning.

87



Another study established the patterns of lipid spots characteristic of a 

number of species of mycobacteria (Jenkins, 1980) allowing strains to 

be identified by unique patterns of spots. These patterns were 

established by the examination of many strains of each species. 

However, the technique was unable to distinguish M. tuberculosis, M. 

bovis and BCG from each other and from opportunist mycobacteria.

Some workers used the technique for the identification of 

nontuberculous mycobacteria using their surface antigens (Brennan et 

al., 1982; Brennan et al., 1978). TLC was also used for the 

classification of mycobacteria on the basis of their pigment content 

(Tamok and Tamok, 1970). Up to six carotenoids were demonstrable 

in extracts of M. phlei, “M. aquae*' and M. scrofulaceum. Thus, it was 

suggested that carotenoid patterns were characteristic for each 

mycobacterial species, and could be used for taxonomic purposes. 

However, the Tamoks were unable to distinguish M. kansasii from M. 

marinum and “M. aquae** from M. scrofulaceum. A two-dimensional, 

thin-layer chromatography has also been developed for the analysis of 

carotenoid pigments (Knowles and Livingston, 1971).

By application of TLC to the majority of mycobacterial species it has 

been shown to be one of the most useful techniques for detecting 

mycobacteria and now has an accepted place among several methods 

used to study them.

In order to differentiate M. scrofulaceum strains from related species 

in present study, which the preliminary screening and identification
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tests were unable to do, in the next step, thin-layer-chromatography of 

mycobacterial lipids and pigments was used.

4.2. Results:

4.2.1. Calculation of R/ value :

The basic measurement in chromatography is that of IV- The furthest 

point reached by the advancing solvent on the plate is termed the 

solvent front. This can be used as a reference point for describing the 

relative distance travelled by different substances in a chromatogram. 

The symbol used to show this relative distance of travel is R/, and is 

defined by the following equation:

distance compound has moved from origin
R /=

distance of solvent front from origin

As the denominator is always larger than the numerator, the R/ is a 

decimal. For convenience it is expressed as a percentage by multiplying 

by 100. Thus, an R/ value of 50 would indicate that the compound had 

advanced half as far as the solvent front; and an R/ value of 25 would 

indicate a compound that advanced one-quarter as far as the solvent 

front (Smith & Feinberg, in paper & thin-layer chromatography, 

1972).

4.2.2. Results of pigment analysis :

The results of pigment TLC are shown in table 10. The strains are 

separated into four different groups, A-D. All the pigment groups
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showed at least 5 pigment spots. Group A shows an identical pattern of 

pigment spots, with R/ values of 11, 29, 78, 85 and 93. The pigment 

spots of strains belonging to group B were at slightly different R/ 

values, with one spot at Rf 53, and none at Rf 29. Group C included 

strains which had pigment spots located at 3 different distances with R/ 

values of 11, 40-42 and 90-93 (double spots very close together). The 

strains in group D had a quite different pattern of pigment spots 

located at various distances (Figure 3).

The minority of strains had no detectable pigment spots and belonged 

to non-pigmented or weakly-pigmented strains. This unclassified group 

consisted of the following strains:

2429, 6349, 173, 260, 526, 610, 768, 792, 963, 1302, 1420, 1717, 

1861, 2343, 2540, 2768, and strain Hall.

Table 11 shows the relationship between strains based on their pigment 

patterns and source. Nearly all strains from the culture collection fell 

into group A with a small number of strains in group B. Strains from 

HIV patients were divided into three groups on the basis of pigment 

patterns. Groups B and D included most of the HIV strains. Crohn's 

disease strains were in group A and C, and environmental strains were 

mainly in group D.

4.2.3. Results of lipid analysis:

Lipid analysis by TLC of the 100 strains divided them into four groups 

based on the Rf values of lipid spots. All the culture collection strains 

and some of those from HIV patients contained less lipid material than
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the environmental isolates, and showed at least one spot fewer in their 

lipid patterns. No attempt was made to identify the component spots of 

these lipid patterns.

Table 12 summarises the results of lipid TLC. All tested strains had an 

identical pattern of lipid spots with Rf values of 18 and 91, but they 

showed different results for Rf values of 27 and 49 (also figure 5).

Table 13 represents the relationship between lipid patterns and source 

of the strains. Strains from the culture collection and those isolated 

from HIV patients, showed the most variety in lipid pattern, while all 

the strains belonging to Crohn's disease patients were in group W and 

the environmental strains showed less variety with only two different 

lipid patterns.

No definite correspondence was seen between classification by pigment 

or by lipid analysis. Table 14 shows the relationship between these 

methods. Based on these results, the only group which showed a close 

correspondence was strains from Crohn's disease patients which were 

in group W of lipid analysis and groups A and C of pigment pattern. 

Strains from the culture collection in group A of pigment analysis 

were distributed in lipid groups of W, X and Y. There was no 

relationship between pigment and lipid patterns among strains from 

HIV patients.
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TABLE 10.

Differentiation of strains by pigment TLC based on Rf  
values.

group/R/ 11 29 40 53 78 85 93

A + + - - + + +

B + - - + + + +

C + - ++ - - - ++

D + + + - - + +
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Figure 3.

Chromatogram of pigment extracted from strains 
belonging to groups A, B, C and D.
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TABLE 11.

Relationship between pigment TLC and source of strains.

Source pigment type

culture collec.' 
strains

15 199 196
20 263 203
FD20 FD263 924
22 300
FD22 1276
37 1277
FD37 1278
152 1281
157 1283
159 1289
167 sub519

1280

HIV patients’ 
strains

4089
210
1044
8105

5129
5132
5139
5142
6155
6156 
4423 
136

686 1128
863 6301
947 9764
1339 9766
2303 206
2955 31
2965 318

Crohn's disease 
patiens’ strains

AAl
AB2
AC3
AD4
AE5
AF6
AG7
AH8
AI9
AJIO

007/31A 
009/31A 
011/31A 
019/31A 
025/31A 
027/31A 
016/GlA 
018/GlA 
024/329 
029/329 
033/3G 
035/819

JP222
JP411

environmental
strains

JP121
JP221
JP412
JP522
JP551
3P121
3P122
3812
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FIG 4.

A thin layer chromatogram showing patterns of pigment 
spots.

0 # G  0 O 0 O  O
1 8 10

Kgy ;
1. 22, 2. 37, 3. 152, 4. 263, 5. sub519, 6. 167
7. 199, 8. 300, 9. 1278, 10. 22.
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TABLE 12.

Differentiation of strains by lipid TLC based on Rf  values.

group/Rf 18 27 49 91

W + + - +

X + - + +

Y + - - +

Z + + + +
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TABLE 13.

Relationship between lipid TLC and source of the strains.

Source lipid group

w
15
22
FD22

culture collection' ! ® ̂  
strains

924
1278
1283

199
203
1276
1280
1281
1289
subS19

20
FD20
37
FD37
152
159
263
FD263
300
1277

HIV patients' strains

6301
260
686
963
1302
1717
1420
2303

5129 31 4423 1286 1339
5132 136 6349 2429 1861
5139 173 8105 1128 2343
5142 210 206 9764 2540
6155 318 610 9766 2768
6156 863 947 526 2955
4089 1044 768

792
2965

Crohn's disease 
patients' strains

AAl 007/SI A
AB2 009/SI A
AC3 O il/S I A
AD4 019/SI A
AE5 025/SI A
AF6 027/SI A
AG7 016/G1A
AH8 018/G1A
AI9 024/S29
AJIO 029/S29

033/SG
035/819

environmental
strains

JP121
JP221
JP222
JP411
JP412
JP551
SP121
SP122

JP522
S812
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Figure 5.

Chromatogram of lipid extracted from strains belonging to groups W, 
X, Y, and Z.
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FIG 6.
A thin layer chromatogram showing patterns of lipid spots

wf  f
t # • -

1 2 3 4 5 6 7 8  9 10

Key :

1. 20, 2. 37, 3. AAl, 4. 1420, 5. 1278, 6. 136, 7. 173,

8. 210, 9. S812, 10. JP522.
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TABLE 14.

Relationship between pigment and lipid TLC.

lipid group pigment type
DA B c

15* 196* 007/s 1 AC 6301*1
22* 924* 009/SlAC 686*1FD22*
167* 011/SlAC 2303*1
1278* 019/51 AC

W 1283*
AAIC
AB2C
AC3C
AD4C
AE5C
AF6C
AG7C
AH8C
A19C
AJIQC

025/S 1 AC
027/SlAC
016/GlAC
018/GlAC
024/S29C
033/SGC
035/819c

199* 203* 1280*
1276* 5129*1 31*1

X
1281* 5132*1 318*1
1289*
sub519*
4Qggh

5139*1
5142*1

863*1
JP121C

210^ 6155*1 JP221C

JP122G 6156*1 JP412C
136*1 JP551C

SP121®
SP122C

20* 4423*1 206*1
FD20* 947*1
37*
FD37* JP522C

Y 152*
159*
263*
FD263*
300*
1277*
8105*1
1044h

S812C

1128*1
9764*1
9766*1Z
1339*1
2955*1
2965*1

* strains from culture collection 
c strains from Crohn’s disease patients

h strains from HIV patients 
e environmental strains

100



4.3. Discussion:

The previous studies on mycobacterial pigment have suggested that 

under defined experimental conditions pigmentation of mycobacteria is 

characteristic constant and diagnostic for certain species and can be 

used in classification of these strains (Runyon, 1959; Runyon, 1965; 

Timpe and Runyon, 1954; Tsukamura, 1965). Characterization of the 

pigments is only possible by qualitative and quantitative analytical 

chemical methods. Thin layer chromatography appears to be a good 

tool for routine analysis and for the isolation of carotenoids.

Chromogenic species may be identified by pigment patterns 

demonstrable by thin-layer chromatography (TLC), although those of 

the photochromogens M. kansasii and M. marinum appear identical.

In one study, it was shown that chromogenic mycobacteria are 

polychromogenic, which means that they are able to synthesize several 

coloured products, and that these products can be used as a valuable 

tool to differentiate the great majority of scoto- and photochromogens 

(Tamok and Tamok, 1970). The results of pigment analysis showed a 

close correspondence amongst strains. According to the preliminary 

tests group 1 contained strains belonging to pigment groups A, B and C 

while groups II and III were mostly divided into pigment group D 

(Table 15).

Lipid chromatography has proved to be very useful in the 

classification of scotochromogenic mycobacteria (Jenkins and Marks,
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1972). Using standard conditions qualitative comparisons of the strains 

based on their lipid patterns was possible. Table 16 shows the 

relationship between lipid patterns and results of preliminary tests. 

Most of the strains in groups I and II of preliminary tests and those 

isolated from Crohn’s diease patients were in group W of lipid analysis 

and this shows a close relationship between these groups. Group X 

consisted mainly of isolates from HIV patients and environmental 

strains and they did not show much correspondence to groups I and II 

of preliminary tests. There were also a few strains from the culture 

collection in group Y. Despite the good correlation of the majority of 

the strains in lipid analysis and the preliminary test (the best were 

Crohn’s disease strains), the present study shows that, lipid patterns do 

not allow differentiation of M. scrofulaceum from closely related 

species, particularly strains belonging to the MAI complex. This was in 

agreement to previous studies (Jenkins and Marks, 1972). These 

observations support the contention of previous investigations based on 

the numerical analysis of many properties, namely that M. avium, M. 

intracellulare and M. scrofulaceum belong to a ’’single complex” 

(Tsukamura, 1969).

The investigations so far suggest that there is still need for a more 

sensitive technique to support the specific taxonomic status of M. 

scrofulaceum and to differentiate it from the M. avium complex.
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TABLE 15.

Relationship between pigment analysis and grouping based 
on preliminary tests.

preliminary pigment type
tests A B C D

15* 1277* 196* 007/S 1 AC
20* 1278* 203* 009/S 1 AC
FD20* 1280* 924* 011/SlAC
22* 1281* 5129*1 019/SlAC
FD22* 4089*1 5132*1 025/S 1 AC

Group I 37* AAIC 5139*1 027/S 1 AC
FD37* AB2C 5142*1 016/GlAC
159* AC3C 6155*1 018/GlAC
167* AD4C 6156*1 024/S29C
199* AE5C 4423*1 029/S29C
263* AF6C 033/SGC
FD263* AG7C 035/819c
300* AH8C
sub519* AI9G
1276* AJIO^
1283* 686*1
1289* JP121®
JP222G JP221C

Group II JP41ie JP412C
JP522C
JP551C
SP121C
SP122®
S812C

210*1 136*1 1128*1
1044*1 6301*1

9764*1
9766*1

Group III 206*1
31*1
318*1
863*1
947*1
1339*1
2303*1
2955*1
2965*1

* strains from culture collection 
h strains from HIV patients

c strains from Crohn’s disease patients 
e environmental strains
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TABLE 16.

Relationship between lipid analysis and grouping based on 
preliminary tests.

preliminary tests lipid group
W X Y Z

15* AH8C 199* 20*
22* A19C 203* FD20*

FD22* AJlQC 1276*
1280*

37*
FD37*

167* 007/51AC 1281* 152*
196* 009/51AC sub519* 159*

Group I
924* 011/51 AC 5129% 263*
1278* 019/51AC 5132% FD263*
AAlc 025/51AC 5139% 300*

1277*
4423%AB2C 027/51AC 5142%

AC3C 016/GlAC 6155% 6349%AD4C 018/GlAC 6156%
AE5C 024/529C 4M9%
AF6C 029/529C
AG7C 033/5GC 

035/819C
686h 1289* 8105% 2429%
963% JP121C JP522® 526%
1283* JP221C 5812?

Group II JP222®
JP411C
JP551C
5P121C
5P122C

610^

6301% 31% 206% 1128%
260^ 136% 947% 9764%
1302^ 173% 1044% 9766%

Group III 1717^
1420^

210%
318%

768%
792%

863% 1339%2303*̂ 1861%
2343%
2540%
2768%
2955%
2965%

* strains from cylture collection 
h strains from HIV patients strains

c strains from Crohn’s disease patients 
e environmental strains
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CHAPTER 5
Differentiation of Af. scrofulaceum  from related species by 

double diffusion analysis.

5.1. Introduction:

Griffith and Wilson (1925) used the agglutination technique to 

differentiate mycobacteria especially human and avian tubercle bacilli. 

The technique can be used to differentiate a number of species 

including strains of M. avium, M. kansasii and M. marinum (balnei ) 

and mycobacteria of the M. intracellulare  (battey) and 

scotochromogenic types (Schaefer, 1965). Its most important use is in 

the separation of serotypes within species, notably M. avium, M. 

intracellulare and M. scrofulaceum.

In early precipitation techniques, the antigen solutions and sera were 

layered in small tubes and the formation of a precipitation ring at the 

interface was taken as a positive reaction. In more recent techniques, 

the interaction between antigen and antibody is allowed to take place in 

a gel, where separate visible precipitation lines can signify a number 

of different antibody/antigen reactions (Stanford, 1969).

Immunodiffusion is a technique based on interaction between antigen 

and antibody and formation of an immune precipitate in a gel matrix.
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Immune precipitation in a gel was first described in 1905 by Bechhold 

in Germany. Some workers tried to use the method for serotyping 

different bacteria during the 1930's, but these attempts were not 

successful until the introduction of the simple diffusion method by 

Audin (1946). Soon after, the double diffusion method was 

introduced in Sweden (Ouchterlony, 1948), and in England (Elek, 

1948).

Double diffusion-in-gel techniques were first used to diagnose 

tuberculosis and to demonstrate the antigenic contents of 

mycobacteria (Parlett and Youmans, 1956). Ouchterlony's technique 

has been used to examine different species and strains of mycobacteria 

by many workers (Lind, 1960).

The main advantage of immunodiffusion is that when several antigen- 

antibody systems are used side by side, it is very easy to demonstrate 

common antigens in two adjacent systems (Stanford, 1969).

Many workers have used this system (Gimpl and Lanyi, 1965; Gimpl 

and Weissfeiler, 1962), but the most extensive investigations based on it 

were those carried out by Stanford and his colleagues in which more 

than 600 strains of mycobacteria were tested using the technique 

(Stanford, 1969; Stanford and Beck, 1968; Stanford and Beck, 1969; 

Stanford and Gunthorpe, 1969; Stanford et al., 1972; Stanford and 

Muser, 1969). On the basis of the results, it was concluded that 

immunodiffusion analysis is an accurate method capable of 

distinguishing any strain of mycobacteria. The technique was also able
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to classify mycobacteria into subgenus, species and even subspecific 

serotypes in some cases (Stanford, 1973; Stanford and Grange, 1974).

Immunodiffusion was used for studying M. scrofulaceum (Gunthorpe 

and Stanford, 1972). Their results showed that the technique was able 

to differentiate nearly all tested mycobacteria and they suggested M. 

scrofulaceum and M. avium are as different from each other as any 

other mycobacterial species (Stanford and Grange, 1974). The 

technique was also used in subdividing the M. avium-intracellulare 

complex (Stanford, 1973). Over 1000 strains of mycobacteria were 

examined in immunodiffusion analysis for determining the nature of 

species amongst mycobacteria at both interspecific and intraspecific 

levels (Stanford and Grange, 1974). The results suggested that the 

method can provide an accurate classification for the mycobacteria.

Double diffusion was used for differentiation of M. avium-M. 

intracellulare strains of diverse origins (McIntyre and Stanford, 

1986). The method was able to separate the strains into three groups 

based on antigenic relationship.

Immunodiffusion has considerable value in species discrimination 

within the genus as other workers have shown. Therefore, this method 

was selected for the final identification of M yco b a c te r iu m  

scrofulaceum from members of the MAI complex.
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5.2. How to judge the results of the double diffusion test:

1. When the ultrasonicated test antigen produces an identical pattern to 

the extract of the strain to which the antiserum was raised, then the two 

strains are of the same species.

2. When a line of one extract antisemm system bends and joins a line in 

the adjacent system, it is assumed that these lines represent the same 

antigen-antibody reaction and the two extracts have that particular 

antigen in common.

3. When lines cross or do not join, the antigens are not identical.

Thus an antiserum should give the maximum number of lines when 

tested against an extract of the strain to which it was raised and to 

strains of the same species, and should not produce lines with extracts 

of other species which are not shared by the autologous strains 

(Stanford, 1969).

5.3. Results:

The mycobacterial strains were divided according to the number of 

precipitation lines produced. Most of the lines were shared by the 

majority of the strains. All strains were found to contain at least 5-6 

demonstrable antigens when tested against antisera raised to themselves 

or to strains of the same species. Four different groups (3 groups were 

M. scrofulaceum strains) were recognized on the basis of identical 

reaction with three antisera which were tested. About half of the strains 

produced identical precipitation lines with antisera 22 and 1281
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(group 1, Table 17). The same table illustrates the different pattems of 

precipitation of strains 159, 018/GlA and 1278 (group 2), which 

showed identical precipitation pattems with antisera 22, 1281 and 159. 

Group 3 consisted of strains 8105 and 318, which only showed an 

identical pattern to antiserum 1281. Group 4 consisted of strains 

which were not identical with any of the other groups, and proved to 

be of other species.

Strain 159 was shown to have 5-6 common antigens with all M. 

scro fu laceum  strains plus 2-3 common antigens with other 

scotochromogens and a few atypical strains. Strains 22 and 1281 had 5- 

6 common antigens with serotype 159 and scotochromogen groups and 

also to some of the MAI complex group. Some of the strains, e.g. AAl, 

AI9, 011/S 1A and 025/S 1A had an extra line and it seems that they 

alone have this extra antigen.
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TABLE 17.

Response of different strains to antisera against 
reference strains 22,159 and 1281.

sonicated antigens antisera

22 159 1281

group 1 + - +

group 2 + 4- +

group 3 - - +

group 4 - - -

Groups 1, 2 and 3: M. scrofulaceum strains 
Group 4: non M. scrofulaceum strains
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TABLE 18.

Groups of M. scrofulaceum based on interaction with 
specific aaii-scrofulaceum sera.

15*, 20*, FD20*, 22*, FD22*, 37*, FD37*, 152*, 

167*, 196*, 199*, 203*, 263*, FD263*, 300*, 924*, 

1276*, 1277*, 1280*, 1281*, 1283*, sub519*, 5129%, 

5132h,5139h, 5142%, 6155%, 6156%, 4423%, AAl^, 

Group 1 AB2C, AC3C, AD4C, AE5C, AF6C, AG7C, AH8<=, AI9C, 

AJIOC, 007/S 1 AC, 009/S 1 AC, 011/SlAC, 019/SlAC, 

025/SlAC, 027/SlAC, 016/GlAC, 024/S29 c, 029/S29 c, 

033/SGC, 035/819 c, 136%, 210%, 686%

Group 2 159*, 1278*, 0 1 8 /GlAC

Group 3 8105%, 318%

* strains from culture collection 
h strains from HIV patients 
c strains from Crohn’s disease patients
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FIG. 7: Double diffusion precipitation test of antiserum to 

M, scrofulaceum strain 22, with the autologous extract (top, 

lower right and lower left wells) and extracts of 5142 

(upper right), 6155 (bottom) and 6156 (upper left) wells.
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FIG. 8: Double diffusion precipitation test of antiserum to 

M. scrofulaceum strain 159, with the homologous extract 

(top, lower right and lower left wells) and extracts of JP121 

(upper right), JP221 (bottom) and JP222 (upper left) wells.
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FIG. 9: Double diffusion precipitation test of antiserum to 

M. scrofulaceum strain 159, with the homologous extract 

(top, lower right and lower left wells) and extracts of 1278 

(upper right), 018/GlA (bottom) and 8105 (upper left).
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FIG. 10: Double diffusion precipitation test of antiserum to 

M. scrofulaceum strain 1281, with the homologous extract 

(top, lower right and lower left wells) and extracts of AG7 

(upper right), AH8 (bottom) and AI9 (upper left) wells.
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5.4. Discussion:

Double diffusion in agar was used for the final conventional 

identification of M. scrofulaceum. The analysis of results shows that 

the largest number of strains fell into group 1 (Table 18), which 

comprised 92.5% of the total number of M. scrofulaceum in this 

study. Group 2 and 3 represented minor groups of bacteria which 

consisted of about 4% and 3.5% of the total numbers of M . 

scrofulaceum  respectively. Double diffusion enabled all M . 

scrofulaceum  strains to be identified and this indicates the great 

sensitivity and usefulness of this method.

The results confirmed that each of the three reference strains of M. 

scrofulaceum examined had a distinctive and well defined antigenic 

pattern, within each group there was a close similarity in antigenic 

structure between the different strains. No difference in serological 

pattems could be demonstrated in cultures that had been maintained in 

the collection for many years, freeze-dried strains or recently isolated 

cultures of the same species. There was no evidence that differences of 

origin had any influence on the antigenic structure of different strains 

of M. scrofulaceum. Strains isolated from cervical lymphadenitis, HIV 

patients and Crohn's disease patients gave identical serological pattems 

which were in agreement with the antigenic analysis of the reported 

mycobacteria (Stanford and Beck, 1968).

Previous studies showed some relationship between séroagglutination 

and lipid pattems (Marks and Jenkins, 1971; Jenkins et al., 1971) and
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in both cases they found that the specific serotypes had specific lipid 

pattems. In a similar comparison, it was tried to find out whether 

there is any correlation between double diffusion and lipid analysis 

(Table 19). The group 1 of double diffusion which included the 

majority of M. scrofulaceum strains, showed three different lipid 

pattems of W (55.5%), X (28%), and Y (16.5%). So it seems that even 

in the same double diffusion group, the lipid pattem is different. None 

of the strains in the double diffusion grouping, fell into the group Z of 

lipid pattem which consisted mainly of nonpigmented strains.

The present study showed that the technique was able to differentiate 

M. scrofulaceum from MAI complex and this was in agreement with a 

previous study (Gunthorpe and Stanford, 1972). The technique was 

also able to identify M. scrofulaceum as a clearcut separate species.
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TABLE 19.

R e la tio n s h ip  b e tw een  d o u b le  d iffu sio n  a n d  lip id  a n a ly s is .

lipid group 1
double diffusion 

group 2 group 3

W

15 AI9C
22* AJIOC
FD22* 007/S 1 AC
167* 009/S 1 AC
196* 011/S 1 AC
924 019/SlAC
1283* 025/S 1 AC
AAlc 027/S lA^
AB2C 016/GlA^
AC3^ 024/S29^
AD4^ 029/S29^
AE5^ 033/SGC
AF6^ O35/8I9C
AG7^ 686^
AH8^

1278
018/GlAC

X

199 
203* . 
1276* 
1280* 
1281* 
sub519" 
5129*' 
5132h 
5139^ 
5142^ 
6155*1 
6156*1 
136*1 
210*1

318*1

Y

20
37*
FD37*
152*
263*
FD263'
300*
1277*
4423*1

8105*1
159

* strains from culture collection 
h strains from HIV patients

c strains from Crohn’s disease patients
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CHAPTER 6

Investigation of IgG serum antibodies to three reference 

strains of M. scrofulaceum in AIDS and Crohn’s disease hy 

ELISA.

6.1. Crohn’s disease and mycobacteria;

Crohn’s disease is a chronic inflammation of the terminal ileum which 

was first described in 1932 (Crohn et al., 1932). The inflammatory 

bowel diseases include tuberculous ileitis, Crohn’s disease and 

ulcerative colitis. The similarities between Crohn’s disease and 

intestinal tuberculosis have made many workers consider the possibility 

of a relationship. Crohn and his colleagues distinguished regional 

ileitis from intestinal tuberculosis by failure to demonstrate tubercle 

bacilli, and the lack of association with pulmonary tuberculosis 

(Stanford et al., 1987).

For several years many investigations have been done to find a 

mycobacterial aetiology for the disease (Chiodini, 1989), and there has 

been considerable interest in the possible role of mycobacteria in 

Crohn’s disease in the last two decades.

In one study (Burnham et al., 1978; White et al., 1978), cell wall 

deficient mycobacteria were suggested as possible causative agents of 

inflammatory bowel disease. A single strain of M. kansasii from the

119



lymph nodes of patients with Crohn’s disease was grown but only after 

8 months incubation. Thus, an association has been postulated based 

on bacteriological and skin test evidence. However, by 

immunofluorescence, M. kansasii antigens were not detected in the 

affected bowel mucosa of patients with Crohn’s disease (Whorwell et 

al., 1978).

In a similar study, a correlation was sought between M. kansasii and 

Crohn’s disease. Irregular acid fast masses resembling cell wall 

deficient forms were isolated from patients with disease, but these 

masses could not be identified as bacteria and attempts to isolate 

classical mycobacteria from them were unsuccessful (Stanford, 1980).

Stanford experimentally induced cell wall deficient forms of M. 

kansasii and inoculated them onto culture media, and abnormal acid- 

fast forms appeared which were indistinguishable from those observed 

in tissue.

Based on these data, it has been suggested that this acid-fast material 

was of mycobacterial or corynebacterial origin, and that Crohn’s 

disease might be associated with or caused by an organism from the 

Mycobacterium-Corynebacterium axis (White, 1980).

In an investigation using culture and DNA hybridization, most of the 

isolated mycobacteria from a series of Crohn’s disease patients were 

MAI complex and M. fortuitum complex with only a single M. kansasii 

isolate (Graham et al., 1987). In a similar study, organisms isolated
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from Crohn’s disease patients were predominantly members of the 

MAI complex (Yoshimura et al., 1988).

In 1984 some studies done on the role of mycobacteria in Crohn’s 

disease pointed to a different mycobacterium species. A series of 

papers was published describing the isolation from Crohn’s disease 

patients an M. paratuberculosis-likc organism identified by 

biochemical tests (Chiodini et al., 1984a; Chiodini et al., 1984b). 

Later, DNA-DNA hybridization studies by Yoshimura and co

workers, 1985, had shown that genetically it is a strain of M. 

paratuberculosis, the cause of Johne’s disease, a chronic granulomatous 

intestinal disease of ruminants (Graham et al., 1987). In another series 

of studies the isolated organisms from Crohn’s disease were identified 

definitively as strains of M. paratuberculosis (Chiodini 1989; Haagsma 

et al., 1988; McClure et al., 1987).

6.2. Serological background on mycobacteria and Crohn’s 

disease:

Serological studies related to mycobacteria and Crohn’s disease used 

mycobacterial antigens in assessing general immunologic functions. 

Many investigators tried to determine whether a specific serum 

antibody response to mycobacteria occurs in patients with the disease.

Sera of Crohn’s disease patients were tested in an agglutination assay 

with antigens from M. paratuberculosis and M. avium, in addition to 

antigens from non mycobacterial species (Matthews et al., 1980). When 

phenol-killed whole cells of the mycobacteria were used as antigen a
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wide cross-reactivity has shown. The majority of sera from Crohn’s 

disease patients and the control groups agglutinated M. paratuberculosis 

and M. avium cells. Thus no clear difference was observed between 

Crohn’s disease patients and controls.

One serological study showed increased amounts of antibody to M. 

kansasii in the sera of cases of inflammatory bowel disease in 

comparison with controls and IgA antibody could be demonstrated in 

some patients against the acid fast material from the cultures (Stanford, 

1980).

Enzyme-linked immunosorbent assay was used to investigate the level 

of antibody classes (IgG, IgA, IgM) in patients with tuberculosis, 

sarcoidosis, and Crohn’s diease (Grange et al., 1980). The soluble 

antigen of Mycobacterium tuberculosis (BCG) was used and the data 

showed that tuberculosis patients had increased levels of IgG, while the 

majority of the patients with sarcoidosis and Crohn’s disease had 

significantly increased levels of IgA and IgM.

The antibody level in Crohn’s disease patients using M . 

paratuberculosis antigen was examined in the enzyme-linked 

immunosorbent assay (Thayer et al., 1984). The data suggested that 

patients with Crohn’s disease had a significant increase in antibody titer 

to a protoplasmic antigen of M. paratuberculosis compared with 

controls. But antigen cross-reactivity was also reported with M. 

kansasii and M. tuberculosis.
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In another investigation (Kobayashi et al., 1988), the sera of patients 

with active Crohn’s disease and several control groups were tested for 

reactivity with two mycobacterial antigens, lipoarabinomannan (LAM) 

and a protoplasmic antigen preparation of M. paratuberculosis, using 

the enzyme-linked immunosorbent assay. No significant increase in 

serum antibodies was found in either classes IgA, IgG, or IgM. It was 

concluded that there could not be mycobacterial infection without an 

increase in anti-LAM.

IgG serum antibodies to mycobacterial PPDs in Crohn’s disease 

patients have been described (Jima et al., 1988). Purified protein 

derivatives (PPD) was prepared from M. tuberculosis, M. kansasii, M. 

phlei, M. paratuberculosis and M. smegmatis. The results showed that 

Crohn’s disease patients have raised antibody titers to all mentioned 

species. When the serologic studies were done with a crude antigen and 

three antigenic fractions of M. paratuberculosis, they found 

insignificantly increased antibody titer in Crohn’s disease patients 

compared with controls. They concluded that this widespread reactivity 

to PPD, probably indicated the sensitization by environmental 

organisms.
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6.3. Mycobacteria and AIDS:

Infectious diseases are particularly frequent during pathological 

disorders leading to immunodeficiency. It is well established that 

individuals infected with the human immunodeficiency vims (HIV) are 

more sensitive to mycobacterial disease. Tuberculosis tends to develop 

in the HIV positive subject before the AIDS defining diseases. Disease 

due to the environmental (atypical) mycobacteria, by contrast, tends to 

occur much later in the course of the HIV infection and usually after an 

AIDS defining diagnosis has already been made (Yates et al., 1993).

Disseminated Mycobacterium avium complex infection which was 

rarely reported before the AIDS epidemic, is now one of the most 

common opportunistic infections diagnosed in HIV infected adults 

(Rutstein et al., 1993).

In recent years the number of cases of disseminated MAI infection has 

continued to increase especially in the patients with AIDS. Several 

studies have shown that disseminated MAI infection occurs in 15-47% 

of patients with AIDS (Scoular and French, 1991).

Based on recent data, Mycobacterium avium is the most frequent 

environmental species to cause AIDS related disease (Yates et al., 

1993). Several other investigations also, represent MAI complex as the 

most predominant cause of nontuberculous infections in AIDS. There 

are also a few reports showing Mycobacterium avium-intracellulare- 

scrofulaceum as a cause of secondary infection in AIDS (Horsburgh
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and Sebk, 1989). The laboratories at the Centres for Disease Control 

have identified mycobacteria from 212 AIDS patients. Over 177 of the 

isolates have been M. avium and 4 were M. scrofulaceum (Good, 

1985).

Another recent study shows that between 1984 and 1992, 407 MAI 

complex and 3 M. scrofulaceum strains were isolated from HIV 

patients in south east England (Yates et al., 1993).

6.4. Enzyme-linked immunosorbent assay technique:

Serologic identification of infections is widely used in medicine and the 

problems of bacteriological diagnosis led to the early application of 

such techniques in tuberculosis. The first report of the serodiagnosis of 

tuberculosis was probably that of Arloing, which was published in 

1898 only 16 years after Koch’s identification of the tubercle bacillus 

(Daniel and Debanne, 1987). In this report, 57% of patients with 

pulmonary tuberculosis showed positive results using the agglutination 

test.

The enzyme-linked immunosorbent assay (ELISA) was first described 

in 1972 (Engvall and Perlmann, 1972). It has been shown that the test 

is a highly sensitive and reproducible technique which does not require 

sophisticated instrumentation and can be applied with inexpensive 

reagents. Besides ELISA, there are two widely accepted assays that use 

labelled antibodies and antigens. They are immunofluorescence, in 

which a flourescent dye is conjugated to the antibody, and radio

immunoassay, in which isotopes are attached to antibodies or antigens
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(Voiler et al., 1976). It was claimed that ELISA is not as precise as 

radio-immunoassay, but it has the advantages that the reagents are not a 

health hazard, are stable and the estimation of results can be made with 

a simple spectrophotometer (Voiler et al., 1976).

ELISA measures the binding of antibody to antigen which is fixed onto 

a solid phase absorbent, often the inner surface of a plastic tube or of a 

plastic microtiter plate well (Daniel and Debanne, 1987).

The technique was used in the diagnosis of tuberculosis using crude 

bacillary antigens (Nassau et al., 1976). It has been suggested the 

technique is a potentially useful tool for the serodiagnosis of 

tuberculosis.

The specificity of ELISA for serodiagnosis of tuberculosis should be 

high; similarly the specificity of that for distinguishing between 

different nontuberculous mycobacterial diseases which is now a basic 

diagnosis problem, must approach 100% (Daniel and Debanne, 1987). 

The main disadvantage of the ELISA technique, based on most studies 

done so far, is that in spite of being sensitive enough to show antibodies 

produced against mycobacterial antigens in many infected individuals, 

it has less specificity. Many workers in this field tried to improve the 

specificity of the test and in recent years a summarized review of these 

studies has been published (Daniel and Debanne, 1987; Grange, 

1984). Application of crude bacillary antigens showed a sensitivity of 

0.565 and a specificity of 0.979 at a serum dilution of 1:500. Using 

1:100 dilution increased the sensitivity of the test but decreased 

specificity (Nassau et al., 1976).
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Application of sonicated antigen (BCG) showed a sensitivity of 0.730 

and specificity of 0.967. Using different concentrations of purified 

protein derivative (PPD) less sensitivity and more specificity was 

shown in some studies (Kalish et al., 1983) and more sensitivity with 

less specificity was found in others (Kiran et al., 1985). From the 

above mentioned reports and other investigations, it can be concluded 

that purified proteins give the best specificity in ELISA. In conditions 

where species specific antigens are available, the specificity of the test 

should be higher (Daniel and Debanne, 1987).

ELISA technique could be used for identification and differentiation of 

mycobacteria, or for serodiagnosis of mycobacterial disease (Grange, 

1984). For this purpose, the antibody levels in various immunoglobulin 

classes to different soluble and insoluble mycobacterial antigens are 

measured. Similar studies have been done using ELISA for measuring 

the level of antibodies against different antigens of M. tuberculosis 

(Benjamin et al., 1984; Friedman et al., 1989; Grange et al., 1980; 

Kalish et al., 1983; Kardijito et al., 1982; Kiran et al., 1985; Nassau 

et al., 1976; Qadri and Smith, 1992).

In recent years, the increasing number of cases of disseminated MAI 

infection in AIDS patients, has led to reports regarding measurement 

of serum antibodies against the MAI complex in such patients (Amano 

et al., 1989; Auer and Schleehauf, 1988; Makarova et al., 1993; 

Okello et al., 1990; Tumeer et al., 1994; Winter et al., 1985).
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Since there is no report about measuring the level of antibodies against 

M. scrofulaceum antigens in AIDS and Crohn’s disease patients so far, 

it seems that this investigation might be of some value, because a 

significant number of M. scrofulaceum samples in present study were 

isolated from HIV and Crohn’s disease patients.

6.5. Results:

The results were expressed as means and standard deviations of optical 

densities. Statview and cricket graph computer software were used for 

data analysis and presentation.

Twenty randomly selected sera from Crohn’s disease patients and 

twenty from asymptomatic seropositive HIV patients were used to 

measure the level of IgG antibodies raised against sonicated antigens of 

three different reference strains of M. scrofulaceum, i.e. 22, 159 and 

1281. The same number of sera from HIV negative persons were used 

as controls for both groups. In addition positive and negative controls 

were included on each plate. The positive control sera were the 

specific sera raised in rabbits against three reference strains of M. 

scrofulaceum.

Figure 11 shows the ELISA results of antibody profiles against 

different serotypes of M. scrofulaceum in the different patient and 

control groups. As shown in the figure the overall highest response to 

all three sonicated antigens belongs to Crohn’s disease patients and the 

most significant one is the response to sonicated j 22 • The 

asymptomatic HIV group had the lowest response to all the sonicated
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antigens compared to the HIV negative control and Crohn’s disease 

patients groups. HIV negative controls showed a very significant 
response to sonicated 1281 compared to the response of the two other 

groups to the same antigen.

Figure 11.
Responses of different groups to sonicates of M. scrofulaceum
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60 - □  Sonicated 159 
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6.6. Discussion:

The ELISA technique was chosen as a very useful and accurate 

technique for studying antibodies to M. scrofulaceum in patients with 

Crohn’s disease and asymptomatic HIV, giving close attention to 

technical details (Grange et aL, 1980).

None of the sera from the asymptomatic HIV group showed 

significantly increased binding to any of the M. scrofulaceum 

sonicated antigens compared to the HIV negative control group. In 

contrast the mean IgG levels to sonicated 1281 in the HIV 

asymptomatic group was significantly lower compared to the HIV 

negative controls (P<0.001). Since the acquired immunodeficiency 

syndrome (AIDS) is a disease in which humoral immune response is 

weak or absent, this may be the reason for the insignificant response. 

Another possible reason is that M. scrofulaceum infection is a rare 

complication of AIDS compared to the more frequent M. avium 

infection. Members of the Mycobacterium avium-intracellulare 

complex and M. scrofulaceum are opportunistic pathogens (Wolinsky, 

1979b), but the most significant proportion of patients with AIDS 

have disseminated M. avium infections (Blaser and Cohn, 1986).

Members of MAI complex and M. scrofulaceum are found in the 

environment (Jucker and Falkinham III, 1990), so the high level of 

IgG antibody in the HIV negative control group to M. scrofulaceum 

sonicated antigen 1281 may be due to exposure to the environment 

rather than related to mycobacterial infection. The serological features
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of MAI infection have been described in many studies, whereas the 

serological characteristics of AIDS-associated M. scrofulaceum 

infection have not been reported and it seems that more investigations 

in this regard could help to clarify the relation between this 

mycobacterium and AIDS.

The most noticeable finding from the results of the present study was 

that IgG antibodies to sonicated antigens of M. scrofulaceum were 

present in remarkably more patients with Crohn’s disease than in 

patients with asymptomatic HIV or control groups. This group showed 

responses to sonicated 22 (P<0.001) and to sonicated 159 and 1281 

(P<0.01) that were very significantly raised compared to the 

asymptomatic group. The results show that in general, patients with 

Crohn’s disease have a higher response to sonicated antigens of M. 

scrofulaceum.

These findings confirm earlier observations regarding the presence of 

anti-mycobacterial antibodies in Crohn’s disease (Grange et al., 1980; 

Matthews et al., 1976). Grange found that antibodies in Crohn’s disease 

patients against M. tuberculosis antigens are of IgA and IgM classes 

rather than IgG. Of course it is doubtful whether the present data 

support a causative role for the organism in Crohn’s disease, but the 

findings could be of some value in screening the anti-mycobacterial 

antibodies in these patients.

Particular concerns in testing for M. scrofulaceum antibodies in 

Crohn’s disease are:
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1) Since the disease is a type of granulomatous disease in which many 

bacteria may be present, these sera might show a generahzed response 

to many kinds of mycobacteria.

2) At present, it is not possible to determine whether the raised level 

of ^nti-scrofulaceum antibodies found in patients with Crohn’s disease 

is a specific immune response to an aetiological agent. Definite 

justification, would require a comparative study using a large number 

of sera from Crohn’s disease, other bowel diseases and from healthy 

control subjects. This should determine whether it is a generalized 

response in individuals with leaky inflamed mucosa or a specific 

indicator of mycobacterial aetiology.

132



SECTION II
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CHAPTER 7

Introduction to Molecular methods:

7.1. Polymerase Chain Reaction (PCR):

The technique of Polymerase Chain Reaction (PCR) was first described 

in 1985 (Mullis and Faloona, 1987). It was first applied in the Human 

Genetics Department at Cetus to amplify human P-globulin DNA and 

to make a prenatal diagnosis of sickle-cell anemia (Erlich, 1989).

The great impact of PCR on biological research may be compared to 

the development of recombinant DNA technology in the 1970s (Griffin 

and Griffin, 1994).

Polymerase chain reaction (PCR) is an in vitro method for the 

enzymatic synthesis of specific DNA sequences. It is used for 

amplification of a segment of DNA located between two regions of 

known sequences. In this method, by using DNA polymerase which 

catalyzes the reaction and the application of two oligonucleotides as 

primers, new molecules of DNA are synthesized. The oligonucleotide 

primers have different sequences and are complementary to sequences 

that lie on opposite strands of the template DNA.

The first step in PCR amplification (in the presence of the two 

oligonucleotide primers and the four deoxyribonucleic acid 

triphosphates) is dénaturation of template DNA which is possible by
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heating. The reaction mixture is then cooled to a temperature at which 

annealing occurs, that is, attachment of primers to their target 

sequences. Finally, in the presence of the DNA polymerase, extension 

of the annealed primers will take place. The cycle of dénaturation, 

annealing and DNA synthesis is then repeated many times. The 

products of the previous round act as templates for the next, thus, 

after several rounds of amplifications a large amount of the desired 

DNA will be produced.

The DNA product of this reaction is a double-stranded segment with 

the variable length in the first round. In the later rounds, DNAs of 

defined length are produced and form the basic product of the 

reaction. Of course in every round longer DNA molecules are 

produced from the original template DNAs, but they accumulate at a 

linear rate and do not significantly contribute to the final target 

sequences.

PCR is very simple and this is one of the most important 

characteristics of the technique. In the original protocols of the 

technique (Mullis and Faloona, 1987; Saiki et al., 1985), the Klenow 

fragment of E. coli DNA polymerase I was used to catalyze the 

extension of the annealed oligonucleotide primers. The disadvantage of 

this enzyme was its inactivity at the temperatures that are usually used 

for the dénaturation step. Thus for each round of synthesis, it was 

necessary to add fresh enzyme. This was only practical for the 

amplification of small segments of DNA (< 200 bp). When the same 

system was used for larger DNA segments, the yield was poor, and the 

DNA products were often heterogeneous in size (Scharf et al., 1986),
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probably because of "mispriming” at the temperatures used for the 

extension step. Moreover, some of the products were "shuffled” and 

consisted of mosaics of different alleles of the target sequences (Saiki et 

aL, 1988).

These problems were solved with the introduction of a thermostable 

DNA polymerase (Saiki et al., 1988). It is purified from the 

thermophilic bacterium Thermus aquaticus and named ""Taq DNA 

polymerase” (Chien et al., 1976). This enzyme, which can resist 

extended incubation at 95®C, is not inactivated by the heat dénaturation 

step and does not need to be replaced. Therefore extension of 

oligunocleotides can be carried out at higher temperatures and 

mispriming is greatly reduced. This results in improvements in the 

specificity and yield of the amplification reaction and in the size of the 

amplified product (Sambrook et al., 1989). Thus, the introduction of 

the thermostable DNA polymerase {Taq polymerase) transformed PCR 

into a single strong reaction which could be performed either manually 

with pre-set waterbaths or automatically with the DNA thermal cycler. 

The reaction components (template, primers, Taq polymerase, dNTFs 

and buffer) could all be assembled and the amplification reaction 

carried out by simply cycling the temperature within the reaction tube 

(Erlich, 1989).

PCR amplification is not an unlimited process. Under normal reaction 

conditions, after 25-30 cycles of amplification the amount of Taq 

DNA polymerase becomes limiting. In conditions where further 

amplification is required, the previously amplified DNA can be diluted 

1000- to 10,000-fold and used as the template for further rounds of
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polymerase chain reaction. By this method, amplification levels of 10  ̂

to 1010 can be achieved during the course of 60 sequential cycles of 

dénaturation, annealing, and primer extension (Saiki et aL, 1988).

In a typical reaction as described above, the double-stranded DNA is 

denatured by briefly heating the sample to 90-95®C. The dénaturation 

temperature is very important; insufficient heating during the 

dénaturation step is a common cause of failure in a PCR reaction. It is 

very important that the reaction reaches a temperature at which 

complete strand separation occurs. A temperature of about 94^C 

should be enough in most cases. When the sample reaches 94®C, it can 

be cooled to the annealing temperature. In this step, the primers are 

allowed to anneal to their complementary sequences by slight cooling 

to 40-50®C. The temperature at which annealing is done depends on the 

length and GC content of the primers. A temperature of 55®C will be 

enough for typical 20-base oligonucleotide primers with about 50% 

GC content; but sometimes higher temperatures are necessary to 

increase primer specificity. The next step is heating to 70-75®C to 

extend the annealed primers with the Taq polymerase. The time of 

incubation at 70-75®C varies according to the length of target being 

amplified and usually needs less than 1 min for each kilobase of 

sequence. Sometimes, it is possible to use the same annealing 

temperature for extension. This simplifies the procedure to a two- 

temperature cycle, and using a temperature greater than 55®C may 

also improve the specificity of the reaction (Erlich, 1989).

The recent development of the PCR by Mullis and Faloona, may prove 

to be the major technical advance in molecular genetics of the past
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decade. Its importance is in the ability to amplify traces of DNA, either 

fragmented or intact, by a simple technique. By its use, it is possible to 

amplify in a few hours over a million copies of a piece of DNA of 50- 

2000 or more base pairs. In theory, a single target molecule in a 

complex mixture of DNA and other substances can be amplified and 

analysed (Eisenstein, 1990).

7.1.1, Application of PCR amplification:

Despite the fact that PCR is a new technique, it has already a wide 

application in genetic and molecular biology. Some examples are: 

diagnosis of genetic disorders, the detection of nucleic acid sequences 

of pathogenic organisms in clinical samples (Kwok et al., 1987, Ou et 

al., 1988), the genetic identification of forensic samples including DNA 

extracted from individual hairs (Almoguera et aL, 1988; Higuchi et 

al., 1988) and so on. In addition, PCR amplification is used to carry 

out a variety of works in molecular cloning and analysis of DNA 

(Brand et al., 1991; Sambrook et al., 1989) such as: generation of 

DNA probes, generation of cloned DNA from mRNA, generation of 

DNA for sequencing and analysis of mutations.

7.1.2. Use of PCR for detection of mycobacteria:

Serious infections due to M. tuberculosis, M. avium, M. intracellulare 

and other mycobacterial species have become extremely common in 

association with severe immunosuppression in persons infected with 

human hnmunodeficiency virus (HIV). The increase in mycobacterial 

infections has prompted the development of more rapid and efficient
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ways of detecting and characterizing mycobacteria in the clinical 

microbiology laboratory (Pfaller, 1994).

Commonly, two procedures are used clinically to diagnose 

mycobacterial infections. The direct identification of acid-fast 

organisms by microscopy is rapid but does not permit the identification 

of the mycobacterial species observed and is not sensitive because large 

numbers of organisms (> 10^/ml ) must be present to be reliably 

detected (Bates, 1979). Culture, when it is positive, permits the 

subsequent identification of the mycobacterial species investigated, but 

the slow growth of mycobacteria in vitro causes a delay of 3 to 6 weeks 

(Boddinghaus et aL, 1990).

On the other hand, Mycobacterium leprae cannot be cultivated and 

serological assays (Fine et al., 1988) and skin tests (WHO, 1988) lack 

the required sensitivity and specificity to use as diagnostic methods for 

this infection. Even satisfactory immunodetection may just be a 

reflection of a past infection which does not give any information on 

the current bacteriological status (De Wit et al., 1991).

Nucleic acid technology provides a different approach. It may begin a 

new era in clinical microbiology provided that it can be established in 

clinical laboratories in addition to the traditional serological, cultural 

and biochemical methods.

It is known that the use of PCR for detecting mycobacteria from 

culture can be very sensitive and specific (Clarridge III et aL, 1993). 

The detection limits of M. tuberculosis by PCR from culture have been
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reported to be from as few as 1 to as many as 1000 organisms 

(Boddinghaus et aL, 1990; Hance et al., 1989; Hermans et aL, 1990).

The polymerase chain reaction is clearly capable of providing detection 

and identification of mycobacteria in clinical samples within a few 

hours of receipt of a sample. Currently available PCR systems may 

detect dead bacteria as well as live organisms (Pfaller, 1994). The 

recovery of mycobacteria from ancient bones is of recent interest. 

DNA appears to survive weU in ancient tissues although it does break 

down into fragments. There are recent reports of recovered 

Mycobacterium tuberculosis DNA (Spiegelman and Lemma, 1993) and 

M. leprae DNA (Rafi et aL, 1994) from ancient bones.

7.1.3. Primers based on 65 kD antigen of mycobacteria:

The primers more than anything else can determine the success or 

failure of an amplification reaction (Erlich, 1989). Most primers will 

be between 20 and 30 bases in length and the optimal amount to use in 

an amplification will vary. Primers with a random base distribution 

and with a GC content similar to that of the fragment being amplified 

are preferred. Use of primers with stretches of polypurines, 

polypyrimidines, or other unusual sequences must be avoided .

Among different genus specific primers which have been prepared for 

diagnosis of mycobacteria, Tbl l  and Tbl2 were recently used for 

identification of mycobacteria at the genus level (Telenti et aL, 1993). 

These primers can amplify a fragment of the gene encoding for the 65- 

kDa heat shock protein of mycobacteria.
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In general the heat shock proteins are expressed in large quantities 

when the cells are exposed to any stress such as high temperature. So 

although their expression may be induced by other forms of stress, the 

term heat shock protein (hsp) is often used (Kaufmann, 1990), but 

“stress protein” is more appropriate.

The 65-kilodalton (kDa) protein has been most intensively studied as 

an antigen of M. leprae. This antigen has been designated the 65k 

antigen or the cell wall protein a (CWP-a) antigen, since it appears to 

copurify with cell walls in some isolation procedures.

The 65 k antigen is one of the major immunoreactive proteins of the 

mycobacteria. It contains epitopes that are unique to a given 

mycobacterial species as well as epitopes that are common to various 

species of mycobacteria.

In recent years, the gene encoding the M. tuberculosis 65 k antigen 

has been isolated, and the nucleotide sequence has been determined 

(Shinnick, 1987). The sequence contains an open reading frame (ORF) 

encoding 540 amino acids.

7.2. Restriction fragment length polymorphism:

The restriction endonuclease analysis (REA) was one of the first 

chromosomal DNA-based typing schemes which was applied to 

infectious disease studies (Jordens, 1991). In fact this is an alternative 

approach to the identification, characterization and sequence 

determination of individual genes, and is also termed restriction
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fragment length polymorphism ( RFLP) analysis (Clark-Curtiss, 1990). 

This technique was developed in 1980 as a means of detecting very 

small differences (i.e. single base pair changes) in chromosomes of 

organisms that are very closely related by other genomic analyses such 

as total chromosomal DNA-DNA hybridizations or sequence 

determinations of highly conserved genes (Botstein et al., 1980). As 

the name shows, DNA restriction endonucleases are used to generate 

numerous fragments from chromosomal DNAs which are separated 

electrophoretically on the basis of size.

In this technique, the chromosomal DNA is isolated from organisms 

and digested with fragment-cutting restriction enzymes. 

Electrophoresis through a gel separates DNA fragments according to 

size and results in a series of bands that form the “fingerprint” 

(Versalovic et al., 1993).

If two ds DNA species of the same length be identical in all base pairs 

but one, and if that base difference is located within the recognition 

site sequence of a restriction endonuclease (RE), then digestion of both 

samples with that restriction endonuclease will produce different 

products. The electrophoresis of the products then shows banding 

differences (McFadden, 1990).

Among closely related DNAs, differences in the length of a particular 

restriction fragment could be due to genotypic variations. These result 

in differences of one or more individual bases such that cleavage sites 

for a given endonuclease could be lost or gained; alternatively, 

differences could be the result of insertions or deletions of blocks of

142



DNA within the fragment (Botstein et aL, 1980). RFLP studies have 

been carried out among members of the M, tuberculosis complex 

(Eisenach et aL, 1986; Eisenach et aL, 1988), the M. paratuberculosis- 

M. avium group (McFadden et aL, 1987), and among isolates of M. 

leprae (Clark-Curtiss and Walsh, 1989; Williams and GiUis, 1989).

Most restriction endonucleases recognize either a 4 bp or 6 bp 

sequence; therefore in any random sequence the frequency of sites will 

be approximately every 256 bp (4^) or 4096 bp (4^) respectively. The 

exact value depending on the relative base composition of restriction 

target site and DNA sample. For small genomes such as those of 

viruses, electrophoresis and staining of restriction fragments produced 

by digestion allows easy detection of RFLPs. However for the larger 

genome sizes like a typical mycobacterial genome of approximately 5 

million basepairs, the number of fragments produced increase. In this 

genome by application of a typical 6 bp restriction endonuclease, about 

1000 fragments would be produced. If the genome be of a good- 

quality DNA, careful electrophoresis on long agarose gels can show 

complex banding patterns, particularly in the high molecular weight 

region. These banding patterns, which are sometimes referred to as 

genomic fingerprints, may be used to differentiate between closely 

related species and even within species (McFadden, 1990).

A variation of REA that has greater resolving power for strain analysis 

is by pulsed field gel electrophoresis. In this variation, chromosomal 

DNA is digested within an agarose matrix by rare-cutting restriction 

endonucleases. The resulting large DNA fragments then migrate 

through an agarose gel within electrical fields of varying polarity
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(Versalovic et al., 1993). The advantage of this technique is that a 

smaller number of digestion products are produced so the finger print 

is easier to interpret.

An alternative way to getting much clearer separation of strains is to 

do the digestion, run the gel and blot it with DNA to an insertion 

sequence that has (usually) multiple copies in the genome. Thus M. 

tuberculosis has 1-20 copies of such a sequence and this is widely used 

in epidemiological studies (Brand et al., 1991).
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CHAPTER 8

Materials and methods II:

The present chapter describes the reagents, chemicals and methods used 

for the molecular study of M. scrofulaceum.

8.1. Materials:

8.1.1. PCR-RFLP reagents:

a. lOX PCR buffer (pH 7.2):

KCl 500mM

Tris hydrochloride (pH 7.6) lOOmM 

MgCl2 15mM

Gelatin 0.1%

Preparation of 10ml:

IM KCl 5ml

Tris hydrochloride 1ml

MgCh 0.15ml

Gelatin 0.01 g

Distilled water 3.85ml

b. lOX Tris-borate (TBE), pH 8.3:

Tris Base 53.5g

Boric acid 27.5g

Na2 EDTA.2 H2O (pH 8) 3.73g

Distilled water to 500ml
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c. 1% Agarose:

Agarose 0.25g

Distilled water 45ml

After boiling for few minutes, add: 

lOX TBE 5ml

Ethidium bromide 2.5|li1

d. Electrophoresis buffer:

Distilled water 270ml

lOX TBE 30ml

Ethidium bromide 15|il

e. Gel loading buffer:

Bromophenol blue 0.25g

Glycerol 30ml

Distilled water 70ml

f. 1%Ethidium Bromide:

Ethidium bromide 0.1 g

Distilled water 10ml

g. Primer dilution:

Primer OD concentration dilution formula 

T bll 14 560pg/ml 1:4.2

(lOjil stock + 32|il dist. H2O) 

Tbl2 19 760pg/ml 1:5.7

( lOpl stock + 47jil dist. H2 O)

( For Tbll and Tbi% with 20 bp length, 20 micromolar is 132pg/l)
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h. Deoxyribonucleotides (d NTPs) dilution:

Stock solution: lOOmM

d NTP lu i

Distilled water 9jil

The working concentration will be then lOmM.

i. Lambda E coRiHind III molecular weight marker:

Concentration: 475 |xg/ml

Solution in lOmM Tris HCl (pH 8) and ImM EDTA.

j. Est EU restriction enzyme dilution:

Distilled water 12pl

Est EU Ipl

Corresponding buffer 2jil

k. Hae III restriction enzyme dilution:

Distilled water 12.5jil

Hae ni 0.5pl

Corresponding buffer 2|il

8.1.2. Eoom’s method reagents:

a. Diatom suspension:

Celite 10g

Distilled water 50ml

HCl (32% w/v) 500pl

Divide into small volumes in screw cap glass bottles and autoclave.
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b. Lysis buffer (L6):

Guanidinium thiocyanate (GuSCN) 120g

O.IM Tris hydrochloride (pH 6.4) 100ml

0.2M EDTA (pH 8) 22ml

Triton 2.6g

c. Washing buffer (L2):

GuSCN 120g

O.IM Tris hydrochloride (pH 6.4) 100ml

d. Elution buffer (pH 7.6):

lOmM Tris hydrochloride 

ImM EDTA 

Recipe for 20 ml:

Tris hydrochloride 0.0314g

EDTA 0.00744g

Distilled water 20ml

8.1.3. Flowgen DNA isolation kit:

DNA hydration solution 

Cell lysis solution 

Protein precipitation solution 

RNase solution
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8.1.4. Clinical samples:

30 paraffin embedded tissue slides prepared from lymph nodes were 

supplied by different hospitals in England.

8.1.5. Mouse tissues:

Five frozen nude mice infected with M. scrofulaceum originating 

from Crohn’s disease patients were supplied by the Department of 

Medical Microbiology, St. George’s Hospital Medical School, London.

8.2. Methods:

8.2.1. Important precautions against contamination in PCR:

A major problem with PCR is contamination of the reaction mixture 

with the products of previous reactions giving false positive results. 

The use of PCR for sensitive detection is complicated by the fact that 

the product of the amplification serves as the substrate for the 

generation of more product. A single PCR cycle produces very large 

numbers of amplifiable molecules that can potentially contaminate 

subsequent amplifications of the same target sequence. This kind of 

contamination has been termed PCR product "carry over" to 

differentiate it from contamination by naturally arising DNA (Kwok 

and Higuchi, 1989).

To control contamination, one must prevent the physical transfer of 

DNA between amplified samples, and between positive and negative
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experimental controls. The following precautions have reduced false 

positive rates and were important for obtaining successful results.

1) To prevent carry over of amplified DNA sequences, sample 

preparation and all work on amplified products including the gel 

running were carried out in a separate room.

2) Pure distilled water and those buffer solutions used in PCR and 

sample preparation that can be autoclaved without affecting their 

performance were autoclaved. The disposable pipette tips and 

microcentrifuge and eppendorf tubes were autoclaved as well. Primers, 

dNTPs and Taq polymerase cannot be autoclaved.

3) All reagents were divided into aliquots. All the processes were 

carried out in an area that was free from PCR-amplified product.

4) The work surface was cleaned and wiped with disinfectant reagents 

before carrying out the work, and all pipetting devices were cleaned 

with 70% alcohol each time to eliminate the possibility of 

contamination.

5) Freshly washed laboratory coats were used each day and during the 

preparation stages and whole PCR work; disposable gloves were worn 

and they were changed frequently. If any splash occurred while 

opening the sample tubes gloves were changed immediately. Changing 

gloves reduces the possibility of the transfer of amplifiable DNA from 

outside the isolation area and between samples.

6) For minimizing the number of sample transfers and the chances for 

sporadic contamination, a PCR mixture was prepared and divided into 

reaction PCR tubes and the template DNA was added to the tube last. 

After addition of each DNA sample the tube was capped before 

proceeding to the next sample. Negative and positive sample controls 

were included with each set of amplifications.
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8.2.2. Sample preparation from bacterial cultures:

The mycobacteria were grown on Lowenstein-Jensen medium at 37®C 

for two weeks. A few colonies were harvested from the medium and 

the DNA was extracted by two different methods to see which one gave 

the better yield:

1) Simple boiling method: the colonies were suspended in 500 pi of 

pure distilled water and boiled for 10 minutes. After centrifugation at 

ll,000g for 30 seconds the supernatant was used for PCR.

2) The colonies were suspended in 100 pi distilled water and, after a 

short centrifugation (about 30 seconds) at ll,000g, the bacteria were 

washed three times with the same amount of distilled water. The 

bacteria were then resuspended in 100 pi distilled water containing 

0.5% Tween 80 and 0.5% NP 40 (Nonidet P 40). The suspension was 

boiled for 10 minutes, and after spinning out the bacterial debris, the 

supernatant was used directly for PCR (Lemma, 1994).

8.2.3. Sample Preparation from paraffin embedded sections:

Tissue was removed from each slide with a sterile blade and 

transferred to a 1.5 ml screw cap eppendorf. For each sample a new 

blade was used. The sample was placed in a 55^C water-bath for 10 

minutes. 400 pi xylene was then added to the sample, it was vortexed 

and left at 55®C for 5 more minutes. The sample was centrifuged at 

1 l,000g for 5 minutes, the xylene was taken off and the pellet was 

washed twice with 200pl 80% ethanol and once with 200pl acetone. 

For each wash, the sample was vortexed and centrifuged at 11,000g for

151



5 minutes. The acetone was then removed and the sample was left with 

the lid loosened to dry in a 56^C oven for one hour.

a. DNA extraction:

200pl of pure distilled water was added to the sample which was then 

boiled for 20 minutes. The sample was allowed to cool and centrifuged 

at ll,000g for 1-2 minutes. The eppendorf containing the sample was 

half filled with glass beads of 1 mm and 0.1 mm diameter in a ratio of 

3:2. The sample was homogenised by agitation using a mini bead beater 

at high speed for 5 minutes. The bottom of the eppendorf was cleaned 

with ethanol and pierced with a 16 gauge sterile needle and put in a 

1.5ml eppendorf tube. Then both eppendorfs were placed in a sterile 

25ml universal tube, which was centrifuged at 11,000g for 2 minutes, 

so that the solution was separated from the beads and transferred to the 

lower eppendorf tube. The extract was then kept at 4®C and purified 

within 24 hours (Fidler, 1993).

b. DNA purification:

The method was the same as previously described (Boom et al., 1990). 

The reaction vessel was prepared by adding 900pl of lysis buffer (L6) 

and 40pl of diatom in a 1.5ml eppendorf tube which was vortexed 

briefly. 50|il of extract was added to the reaction tube, vortexed for 5 

seconds and left at room temperature for at least 10 minutes.

The tube was vortexed again and centrifuged at 11,000g for 15 

seconds. The supernatant was then removed and the pellet was washed 

twice with 500jil of washing buffer (L2), twice with 500pi of 70%
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ethanol and once with 500|il of acetone. For each wash, the sample was 

vortexed and centrifuged at ll,000g for 15 seconds. The acetone was 

then taken off, the lids removed and the pellets allowed to dry at 

56^C for 10 minutes.

lOOjil of TE buffer was then added to the sample, which was then 

vortexed and the tube was incubated in a 56®C water-bath for 10 

minutes. The sample was vortexed again and centrifuged at ll,000g for 

2 minutes. The supernatant was used for PCR.

8.2.4. Sample preparation from infected mouse livers:

The frozen mice were removed from the freezer an hour before the 

experiment and left at room temperature in a safety cabinet to thaw. 

Several pieces were cut from different parts of the liver using a sterile 

blade and transferred to several eppendorf tubes. The tubes were kept 

on ice.

For DNA extraction the following steps of the protocol of Flowgen 

Instruments Ltd. were used:

a. Cell lysis:

A 1.5 ml screw cap eppendorf containing 600jil of cell lysis solution 

was chilled on ice (the solution turned cloudy when cold). 

Approximately 10-20mg of tissue was added to the tube which was 

removed from the ice and the contents were homogenised quickly in a 

Griffith tube. The homogenised tissue was then incubated at lOO^C for 

5 minutes to lyse the bacteria. Proteinase K solution (3jil of 20mg/ml)
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was added to the tissue and incubated at 55®C in a waterbath for a time 

varying from 3 hours to overnight.

b. RNase treatment:

The sample was removed from the water-bath and 3|il of RNase A 

solution was added. The sample was mixed by gently inverting the 

tube 25 times and it was then incubated at 37^C for 15-60 minutes.

c. Protein precipitation:

The sample was cooled to room temperature and 200pl of protein 

precipitation solution was added. It was then vortexed at high speed for 

20 seconds to mix the solution and tissue. The sample was next 

centrifuged at ll,000g for 3 minutes giving a tight pellet of 

precipitated proteins.

d. DNA extraction:

The supernatant containing DNA was transferred to another 1.5 ml 

eppendorf tube containing 600pl isopropanol and mixed gently by 

inverting the tube 50 times until the white threads of DNA formed a 

visible clump. The sample was then centrifuged at ll,000g for 1 

minute to precipitate DNA as a visible small white pellet. The 

supernatant was poured off and 600jil of 70% ethanol was added to the 

DNA pellet which was washed by inverting the tube several times. The 

sample was centrifuged again at 11,000g for 1 minute. The ethanol was
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removed carefully and the tube drained on clean absorbent paper and 

allowed to air dry for 10-15 minutes.

e. DNA hydration;

lOOpl of DNA hydration solution was added to the dry pellet which 

was allowed to rehydrate overnight at room temperature or 

alternatively it was heated at 65®C for 1 hour (according to protocol 

the concentration will be lOOjig/ml if the total yield is 10|ig DNA). 

The DNA extract was stored at 4^C before use.

8.2.5. Amplification:

The composition of the PCR mixture was:

50 mM KCL, 10 mM Tris-HCl (pH 8.3), 1.5 mM MgCl2, 0.1% gelatin, 

O.SpM of each primer, 200 pM of each deoxynucleotide triphosphate 

(dATP, dCTP, dGTP, and dTTP), 1.25 units of Taq polymerase and 5 

pi of DNA template. Besides, glycerol was added as 20% to distilled 

water for a better yield.

Based on the above mentioned composition the PCR mix (50 pi) was 

prepared as follows:

Dist. water + 20% glycerol 32 pi

PCR buffer 5 pi

primer 1 2 pi

primer 2 2 pi

dNTPs 1 pi each (total 4pl)

Taq polymerase 0.25 pi

template 5 pi
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The genus-specific primers which were used were:

T b ll ( 5 -ACCAACGATGGTGTGTCCAT) and 

Tbl2 (5’-CTTGTCGAACCGCATACCCT). These primers amplify a 

439-bp fragment between positions 398 and 836 of the published gene 

sequence (Shinnick, 1987).

After preparation, the PCR mixture (without adding the template) was 

dispensed in small PCR tubes (45 pi in each) and then the templates 

were added to each tube. The reaction mixture was immediately 

covered with a drop of mineral oil to avoid evaporation during the 

amplification steps.

The amplification originally was the same as described by Telenti et 

al. (1993) using a thermal cycler with 45 cycles of dénaturation for 1 

min at 94®C, annealing for 1 min at 60^C and extension for 1 min at 

72®C, followed by 10 min of extension at 72®C. The program was 

then changed to the following which gave a better yield.

Dénaturation

Annealing

Extension

temp: 94®C 

temp: 60®C 

temp: 72®C

time: 1 min 

time: 2 min 

time: 2 min

} 1 cycle

Dénaturation

Annealing

Extension

temp: 95®C 

temp: 60®C 

temp: 72®C

time: 1 min 

time: 1 min 

time: 1 min

} 30 cycle

This was followed by 10 more minutes extension at 72®C.
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When the program was completed, tubes were taken from the thermal 

cycler and the mineral oil was removed carefully from the surface of 

the samples using a pipetter with small disposable tips. The agarose gel 

was prepared and poured into the apparatus to set. The comb was 

positioned, so that the complete wells were formed when the agarose 

was set. The gel was about 3-5 mm thick and it normally took 30 to 45 

minutes to set at room temperature. After the gel had set, the comb was 

removed and the apparatus was put into the electrophoresis tank which 

was filled with sufficient electrophoresis buffer to cover the gel. A 

small amount (1-2 pi) of gel loading buffer was added to 5 pi of each 

product, and the slots of the gel were loaded with 6 pi of each mixture 

using disposable micropipettes. The lid of the tank was replaced and the 

loaded product was electrophoresed at 10 volts/cm for 45 mins or until 

the bromophenol blue had migrated the appropriate distance through 

the gel. Lambda EcoR Hind III marker was used as a molecular size 

standard.

After the electrophoresis was complete, the gel was removed from the 

tank and examined under ultraviolet light. The DNA products, which 

were stained by ethidium bromide (included in the agarose gel and 

electrophoresis buffer), were then visible. The gel was photographed 

and observed for the presence of bands of the appropriate molecular 

size.

157



FiG.12

Position of T b ll and Tbl2 used as genus specific primers in 

nucleotide sequence of M. tuberculosis 65kDa heat shock 

protein gene (Shinnick, 1987).

5’ T b ll

ACCAACGATGGTGTGTCCATCGCCAAGGAGATCGAGCTGGAG 

TGGTTGCTACCACACAGGTAGCGGTTCCT CTAGCTCGACCTC 

398

GATCCGTACGAGAAGATCGGCGCCGAGCTGGTCAAAGAGGTA 

CTAGGCATGCTCTT CTAGCCGCGGCTCGACCAGTTT CTCCAT

GCCAAGAAGACCGATGACGTCGCCGGTGACGGCACCACGACG 

CGGTTCTT CTGGCTACTGCAGCGGCCA CTGCCGTGGTGCTGC

GCCACCGTGCTGGCCCAGGCGTTGGTTCGCGAGGGCCTGCGCA

CGGTGGCACGACCGGGTCCGCAACCAAGCGCTCCCGGACGCGT

ACGTCGCGGCCGGCGCCAACCCGCTCGGTCTCAAACGCGGCA

TGCAGCGCCGGCCGCGGTTGGGCGAGCCAGAGTTTGCGCCGT

TCGAAAAGGCCGTGGAGAAGGTCACCGAGACCCTGCTCAAGG 

AGCTTTT CCGGCACCT CTTCCAGTGGCTCTGGGACGAGTTCC

GCGCCAAGGAGGTCGAGACCAAGGAGCAGATTGCGGCCACCG 

CGCGGTTCC TCCAGCTCTGGTT CCTCGTCT AACGCCGGTGGC
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FIG.12 (continue)

CAGCGATTTCGGCGGGTGACCAGTCCATCGGTGACCTGATCGC

GTCGCTAAAGCCGCCCACTGGTCAGGTAGCCACTGGACTAGCG

CGAGGCGATGGACAAGGTGGGCAACGAGGGCGTCATCACCGT 

GCTCCGCTACCTG TTCCACCCG TTGCT CCCGCAGTAGTGGCA

CGAGGAGTCCAACACCTTTGGGCTGCAGCTCGAGCTCACCGAG

GCTCCTCAGGTTGTGGAAACCCGACGTCGAGCTCGAGTGGCTÇ

GGTATGCGGTTCGACAAG 3’

CCATACGCCAAGCTGTTC 5’

Tbl2 836
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8.2.6. RFLP analysis:

Bst Eli and Hae III restriction enzymes were used. 15 |xl of amplified 

sample was added to the Bst Eli enzyme and corresponding restriction 

buffer and incubated for 2-3 hours in a 60^C water-bath. In addition, 

another 15 p i of product was added to the Hae III enzyme and 

corresponding buffer and incubated for 3 hours in a 37%  water-bath. 

A 1.5% agarose gel was prepared. After digestion, 2 pi gel loading 

buffer was added to each sample and 10-12 pi of the mixture was then 

electrophoresed on 1.5 % agarose gel at 8.8 volts/cm for 1 hr 30 mins.

Hae III 0X174 marker was used as a molecular size standard. The 

DNA fragments were stained by ethidium bromide and visualized by 

ultraviolet light. Gels were photographed, the digestion bands 

measured, a standard curve was prepared and the fragment size 

estimated.
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CHAPTER 9

Investigation of variation within M. scrofulaceum by PCR- 

RFLP combination:

9.1. Introduction:

In recent years, restriction endonuclease analysis (REA) of bacterial 

chromosomal DNA has been used to determine the genetic relationship 

among procaryotes (Marshall et al., 1981; Razin et al., 1983). Similar 

molecular studies have been done for mycobacteria (Collins and De 

Lisle, 1984; Collins and De Lisle, 1985; Collins and De Lisle, 1986; 

Patel et al., 1986; Shoemaker et al., 1986).

The technique involves digestion with a restriction endonuclease 

followed by electrophoretic separation in an agarose gel. The 

restriction pattern will be a fingerprint of the target genome, because 

cleavage occurs at specific sites, generally of 6 base pairs in length. In 

recent years the potential of REA as a taxonomic aid to the 

classification of members of the M. avium-M.intracellulare and M. 

scrofulaceum (MAIS) complex has been investigated (Wards et al., 

1987) and the investigation showed genetic heterogeneity between 

members of mycobacteria tested.

Restriction endonuclease analysis was used for classification of 

Mycobacterium tuberculosis and M. bovis BCG (Collins and De Lisle,
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1984). They regarded the technique as a useful tool for studying the 

epidemiology of M, tuberculosis.

Restriction endonuclease digestion with pronase and RNase was used 

for distinguishing a number of mycobacteria such as M. avium, M. 

intracellulare, M. tuberculosis, M. lepraemurium, M. marinum, M. 

phlei, and M. scrofulaceum. (Patel et al., 1986). The data permitted 

differentiation of each species by the digestion patterns indicating that 

this approach can be used for identifying mycobacterial species.

PCR-RFLP analysis with nucleotide sequences of the dnaJ gene was 

used for differentiation of mycobacterial species (Takewaki et al., 

1994). It has been indicated that the restriction digestion of the PCR 

products can provide a convenient method to classify the mycobacterial 

DNA without nucleotide sequencing. A combination of PCR- REA was 

used (Vaneechoutte et al., 1993), and it was shown that enzymatic 

amplification of the 16S rRNA combined with restriction analysis of 

the amplicon can be used to identify several species of the genus 

Mycobacterium.

PCR-RFLP based on analysis of the polymerase chain reaction 

amplified 16S rRNA gene by restriction enzyme analysis were 

developed for rapid identification of mycobacteria isolated from 

animals (Hughes et al., 1993). Despite some confusion in distinguishing 

by RFLP some species such as M. avium and M. paratuberculosis, 

the result suggested that the combined method offers a more accurate 

and rapid typing system than traditional testing and could ultimately 

eliminate the need for culture.
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The use of PCR coupled with restriction endonuclease analysis of PCR 

products has been recently the focus of interest for separation of 

mycobacteria from nocardiae (Lungu et al., 1994), as well as for 

recognition of individual mycobacterial and nocardial species (Cook et 

al., 1994; Inyaku et al., 1993; Lungu et al., 1994; Plikaytis et al., 

1992; Telenti et al., 1993; Vaneechoutte et al., 1993). This 

methodology has proved to be sensitive, less time-consuming and less 

labour intensive than traditional biochemical methods (Telenti et al., 

1993).

Most recently PCR coupled with restriction endonuclease was used for 

taxonomic separation of rapidly growing mycobacteria (Steingrube et 

al., 1995). They could differentiate 60% of all rapidly growing 

mycobacterial strains by Hae III digests alone and they reported that 

PCR-based technology provides a rapid, accurate system for the 

identification of clinically important species of rapidly growing 

mycobacteria.

In order to understand the genetic variation among different M. 

scrofulaceum  strains and, perhaps, develop a rapid identification 

approach at the species level, the method of Telenti et al. (1993) was 

used. It has been reported that this method enables differentiation of 

M. scrofulaceum to the species level. The technique is based on the 

amplification of the 65 kDa heat shock protein gene by the polymerase 

chain reaction (PCR). It was hoped that amplification by the use of a 

genus-specific mycobacterial primer followed by restriction fragment 

length polymorphism (RFLP) analysis would allow differentiation of
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M. scrofulaceum from related mycobacteria and would indicate the 

variation amongst its different strains.

9.2. Results:

a. Results from M. scrofulaceum cultures:

All M. scrofulaceum strains and a few strains belonging to genetically 

related species were amplified to yield sufficient product to perform 

RFLP in the next step. The isolates were obtained from LJ solid 

medium. The addition of 20% glycerol to the amplification mixture 

was essential for consistent PCR results. Preparation of samples was 

accomplished by simple mechanical disruption of the bacteria by 

boiling. Two oligonucleotides corresponding to portions of the hsp 65 

kDa gene i.e. T b ll and Tbl2 were used as primers for PCR. A 

prominent band of amplified DNA was observed after amplified 

products were separated in 1% agarose gel and stained with ethidium 

bromide fluorescence. The mobility was that expected for the 439 bp 

sequence present in the open reading frame of the gene coding for the 

65 kDa mycobacterial antigens, which contains, at each extremity, 

sequences complementary to the oligonucleotide primers. The band 

position was compared with the fragment positions of EcoR Hind III 

lambda molecular size standard. Figure 13 shows the typical pattern of 

mycobacteria.

In the second step, restriction enzyme analysis enabled separation of 

M. scrofulaceum into 7 different subgroups (Table 20).

Digestion with the two different enzymes yielded two patterns for Bst 

Eli and two patterns for Hae III in the majority of strains. In the first
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instance, by using Bst Eli, the strains could not be separated clearly 

from each other and from many closely related mycobacteria, but by 

the parallel use of Hae III the different restriction patterns indicated 

genetic variation amongst M. scrofulaceum strains.

About 50 % of strains were in subgroup 1 with one missing fragment 

in the Hae HI digest compared to that reported by Telenti et al. (FiG. 

14). Subgroup 2 (FIG. 15) showed a different restriction pattern, and 

included strains with the same single fragment missing in comparison 

to subgroup l(with different base pairing). Subgroup 3 (FIG. 16) 

contained several strains with the same Hae III restriction patterns as 

subgroup 2 but different Bst Eli pattern. Subgroups 4 and 6 each 

contained 2 fragments in Bst Eli and 3 fragments in Hae III 

restriction patterns. The single M. scrofulaceum strain described by 

Telenti et al. had a different pattern and only one of my strains 

showed a similar pattern to his. Subgroup 5 contained two strains with 

one fragment missing in the Hae III restriction pattern (fragment 135) 

in comparison with other strains. Finally subgroup 7 contained one 

strain (strain 4423) with only a single fragment in the Hae III digestion 

pattern.

For comparison, a few strains belonging to closely-related species i.e. 

M. avium, M. kansasii, M. gordonae and M. asiaticum were tested. 

Some of them could be distinguished easily from M. scrofulaceum but 

the technique was unable to distinguish M. scrofulaceum subgroup 2 

from M. avium and M. scrofulaceum subgroup 3 from M. gordonae 

V and M. flavescens II.
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b. Results from Clinical samples: all paraffin embedded tissue gave 

negative results.

c. Results from mouse tissues: PCR on tissue extracts using Boom’s 

method for purification were negative. When the Flowgen method was 

applied to the same samples, four of the livers and three of the spleens 

showed DNA bands (FiG 17). The bands were faint and no fragments 

were found after digestion with restriction enzymes. Table 21 shows 

the results of amplification for mouse livers and spleens.
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TABLE 20.

Classification of M, scrofulaceum based on restriction enzyme patterns 
with Bst E n  and Hae in  enzymes.

groups Bst Eli Hae in strains

1 255/215 155/135 AE5, AF6, AG7, AH8, AI9, AJIO, 
007/SlA, 009/SlA, 011/SlA, 
019/SlA, 025/SlA, 027/SlA, 
016/GlA, 018/GlA, 024/S29, 
029/S29,033/SG, 035/819, 210, 
5129. 5132. 5139. 5142. 6155. 6156

2 255/220 135/110 203*, 159*, 167**, 196*, 199*, 300*,
1276*. 1277*. 1278*. 1280*. 1283*. 136.8105. 
318. AAl, AB2, AC3, AD4

3 255/130 135/110 263**, 152**, 924**, 1281*, sub 519*, 686

4 255/115 155/135/110 37*

5 255/115 155/110 15**, 20**

6 255/220 155/135/110 22**

7 255/215 155 4423

* strains from culture collection
** cervical lymphadenitis strains from culture collection
Strains from HIV patients
Strains from Crohn's disease patients
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Figure 13.

Typical PCR pattern of amplified mycobacterial DNA using 
T b ll and Tbl2 as genus specific primers.

Molecular size standard: Lambda EcoR Hind III.
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Key to Figure 13.

Amplified mycobacterial DNA using T b ll  and T bl2  as 

genus specific primers.

Molecular size standard: EcoR Hind III of Lambda giving a 

band of 439 bps.

21226
5184
4973

4277
3530
2027

1904

1584
1330

983
831

564

439 bp for 
mycobacteria

125
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Figure 14.

Bst EU and HaelII digestion patterns of M. scrofulaceum 

strains belonging to subgroup 1, showing some of the strains 

from Crohn’s disease patients.

Size Marker of (t)HaeIIlX 174 
give the following base pairs

1353
1078
872

603

310
281

71
234
194

118

72

Bst Eli Haelll

First and last wells: Marker 

Second well: negative control
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Figure 15.

Bst E li and HaelII digestion patterns of M. scrofulaceum 
strains belonging to subgroup 2.

Size Marker of ())HaeIIlX 174 
give the following base pairs

Bst Eli Haelll

First and last wells: Marker 

Second well: negative control
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Figure 16.

Bst EU and Hae III digestion patterns of M. scrofulaceum 

strains belonging to subgroup 3 and strains 6155, 210, 5129 

and 5142 from subgroup I.

M 1 2 3 4 5 6 7 8 9  M
Size Marker of (})HaeIIlX 174 
give the following base pairs.

1353
1078
872

603

310
(281
[271

234
194

118

72

Top: Bst Eli 
Bottom: Hae III
M. marker 1. negative control, 2.1281, 
3.6155, 4.210, 5.sub519, 6.5129, 
7.5142, 8.263, 9.152.
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TABLE 21.

Results of amplification of mouse liver and spleen tissues 

using genus specific primers, T b ll and Tbl2.

Mice hver spleen

La +++ 4-4-

Lester + 4-

77 (1) - -

Kate ++ 4-

Baker 4-4- -

The names of the mice are those of strains used at St. George’s 

hospital.

+ represent the intensity of DNA bands after PCR.
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Figure 17.

PCR am plification products belonging to m ycobacteria 

recovered from mouse spleen and liver using T b ll and Tbl2 

as primer.

Size Marker of Lambda EcoR Hind III 
give the following base pairs.

21226
5184
4973

4277
3530
2027

1904
1584
1330

983
831

564

125

First well: Marker 
Second well: positive control 
Third well: negative control
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9.3. Discussion:

The 65 kDa hsp gene which was chosen for this study is highly 

conserved among all mycobacterial species (Buchanan et al., 1987). 

The 65 kDa protein contains both specific and common epitopes for 

various species of mycobacteria (Shinnick, 1987). No significant 

differences were found between two methods of extraction and, in 

duplicate amplification, they showed the same strong band of DNA. 

These included all M. scrofulaceum strains tested and strains of M . 

tuberculosis, M. avium, M. asiaticum, M. gordonae and M. flavescens. 

Primers T b ll and Tbl2 did not amplify any detectable products from 

non M ycobacterium  control species tested. All positives were 

confirmed by repeat analysis and each time controls were used to 

distinguish between a real positive reaction and any possible false 

positive.

The amplified genome fragment restriction analysis technique, which 

has been described for other mycobacterial species (Plikaytis et al., 

1992; Telenti et al., 1993) and is based on the digestion of an 

amplified hsp 65 gene fragment, appears to have a low capacity for 

distinguishing M. scrofulaceum from genetically close species.

This method permitted a comparison of each strain of M . 

scrofulaceum fragment by fragment with other strains in the same 

species and genetically close species. To ensure the correct comparison 

of the RFLP patterns in the same gel and from one gel to another, two 

molecular size standards were used for each gel together with

175



computer-aided analysis to determine the migration distances from 

molecular size standards. By comparison of migration distances of 

different strains with those of the standard, the base pair size of each 

DNA fragment was determined.

RFLP patterns revealed at least 3-4 endonuclease restriction sites for 

each of 54 M. scrofulaceum strains (Table 20). Data based on this 

analysis indicate that the restriction pattern of the PCR products can 

provide a convenient method to sub-divide M. scrofulaceum into 

several subgroups and the method is quite reliable and practical for 

intra-species variations, but is unable to differentiate between M. 

scrofulaceum and the M. avium complex because they have the same 

restriction pattern. I could also not distinguish this organism from M. 

flavescens II , M. gordonae and M. fortuitum, and as any of these 

above mentioned mycobacteria are also likely to demonstrate intra

species variation, differentiation becomes impossible. Furthermore the 

data presented here suggest that the technique cannot be used for 

identification of similar species from clinical samples either.

In comparison with the previously-described M. scrofulaceum 

restriction pattern (Telenti et al., 1993), the band sizes determined in 

this study were approximately 5-10 bp smaller and this may be because 

of the different gel which was used and the different band size 

measurement provided by Data base. On the other hand the majority of 

tested strains in this study showed at least one fragment fewer. The 

only strain among them which had five restriction fragments and was 

similar to the strain which Telenti et al. tested was strain 22 from the 

culture collection. These data on M. scrofulaceum are undoubtedly
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more reliable than the previous report because of the number of strains 

tested. I concluded that the RFLP method was only reliable for 

identification of strains when used in combination with other methods.

For extraction of mycobacterial DNA from frozen mouse tissues, the 

Flowgen method gave better results than Boom’s method, perhaps 

because the amount of DNA was very small and it needed a very 

sensitive method for extraction and purification. Moreover, Boom’s 

technique may have failed to eliminate inhibitors in liver and spleen 

tissues. Since RFLP can only be used for large PCR products, I could 

not use the technique for the small amount of PCR product from 

mouse tissues. Of course having some products in RFLP would not 

prove the presence of M. scrofulaceum in the tissue because some of 

these patterns are present in other species of mycobacteria. However 

we were seeking similarity to one of 7 different patterns of M. 

scrofulaceum.
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TABLE 22.

Classification of M. scrofulaceum strains based on all methods 
examined

groups strains

1 007/SlA, 009/SlA, 011/SlA, 019/SlA, 
025/SlA, 027/SlA, 016/GlA, 018/GlA, 
024/S29, 029/829, 033/SG, 035/819

2 AE5, AF6, AG7, AH8, AD, AJIO,

3 AAl, AB2, AC3, AD4,196*, 167**, 
1278*, 1283*

4 5129.5132.5139.5142. 6155. 6156

5 159*, 199*, 203*, 300*, 1276*, 1277*, 1280*

6 37*, 20**

7 152**, 263**

8 15**, 22**, 1281*, 1289*, sub 519*

* strains from culture collection
** cervical lymphadenitis strains from culture collection
Strains from HIV patients
Strains from Crohn's disease patients

Methods used were: preliminary screening and identification tests; thin-layer 
chromatography of lipids and pigments; double diffusion; PCR-RPLP analysis.
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CHAPTER 10

General discussion and conclusion

Infections due to nontuberculosis mycobacteria have been increasingly 

recognized during recent decades. Species of M. avium, M. 

intracellulare and M. scrofulaceum are among the most common 

nontuberculosis mycobacteria isolated from patients (Davidson, 1979). 

Immunosuppression from disease or drugs is a most important factor 

for the development of mycobacteriosis. In particular disseminated 

disease is frequently encountered in patients with acquired 

inununodeficiency syndrome (AIDS) (Snider et al., 1987). In these 

patients M. avium is the most frequent of the nontuberculosis 

mycobacteria but in some cases as mentioned earlier M. intracellulare 

and M. scrofulaceum  also could be isolated. Furthermore the 

importance of differentiation and classification of M. scrofulaceum is 

due to its frequent isolation from cervical lymphadenitis in children. 

Literature on this matter was cited earlier. Since most of the 

nontuberculosis mycobacteria including M. scrofulaceum are highly 

resistant to conventional antimycobacterial drugs, identification is 

necessary to start appropriate therapy. In many tuberculosis 

laboratories routine identification is based on biochemical reactions; 

these tests require time for results and in some cases are unable to 

differentiate certain nontuberculosis mycobacteria.
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The results from the present study showed that despite the usefulness of 

routine biochemical tests, they are unable to differentiate M . 

scrofulaceum from M. avium complex. Sometimes the highly 

pigmented MAI complex was assumed to be M. scrofulaceum and 

from results of biochemical tests many investigators suggested M. 

scrofulaceum was a pigmented form of M. avium. They used the name 

of MAIS complex because it was assumed that these three organisms 

i.e. M. avium, M. intracellulare and M. scrofulaceum are closely 

related taxonomically. The more sensitive serological techniques 

showed later that this statement is not invariably true and these three 

species are not only separated by pigmentation. Even the quantitative 

catalase and urease tests that seem to differentiate M. scrofulaceum 

from MAI complex, may not be sufficient; as reported earlier some of 

the strains may show intermediate characteristics using biochemical 

tests (Hawkins, 1977).

Preliminary screening and identification tests could separate M. 

scrofulaceum from related photo- and scotochromogenic mycobacteria, 

but for MAI complex additional analysis was necessary.

Lipid TLC has been widely applied by previous investigators and is 

well described but the use of pigment analysis needed more 

experimental support. By lipid and pigment chromatography, I was 

unable to differentiate the M. scrofulaceum from M. avium- 

intracellulare complex. When the results of pigment and lipid TLC 

were combined (Table 14), it could be seen that not all strains in a 

certain lipid category necessarily showed similar pigment patterns and 

these findings suggest that there is no strong relationship between
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these two components of the cell. In the second part, the relation 

between pigment and lipid TLC and source of the strains was 

investigated. As shown in Table 11, pigment chromatography brings all 

Crohn’s disease strains into group A or C and nearly all the strains 

from the culture collection fell into group A as well. Similarly by lipid 

chromatography (Table 13), all the Crohn’s disease strains were 

included in group W, while the other strains did not show a definite 

grouping. These results suggested that as to whether the strains that 

come from a certain clinical sources have something in common. Is it 

possible that in certain species of mycobacterium, specific 

pathogenicity is due to variation in the bacterium? The best similar in 

my study are M. scrofulaceum strains isolated from different patients 

with Crohn’s disease. They all showed identical lipid pattern and less 

diverse pigment pattern in chromatography and their patterns were 

different from those of strains isolated from other clinical sources. On 

the other hand the strains isolated from Crohn’s disease in general 

show a closer relationship to strains from the culture collection rather 

than to M. scrofulaceum coming from HIV patients. This was most 

obvious using pigment analysis, which placed all strains from the 

culture collection and some strains from Crohn’s disease in one 

category, and put the M. scrofulaceum and non M. scrofulaceum 

strains isolated from HIV patients, and, those from the environment, 

in different groups (Table 11).

Results based on preliminary screening and identification tests and TLC 

of pigments and lipids, in spite of their inablility to differentiate M. 

scrofulaceum from the M. avium complex, indicated a relationship 

between the source of the strains and lipid and pigment components.
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They also suggest intra-species variation which needs to be clarified by 

further investigation.

Results of double diffusion showed that 92.5% of the M. scrofulaceum 

strains including reference strains 22, 1281 fell into group 1 (Table 18) 

based on precipitation reactions to antisera 22 and 1281. Few strains 

showed positive reactions with antiserum 159. These findings 

demonstrated the identical antigens in strains from different sources 

and suggested probable antigenic variation in serotype 159. The origin 

of this strain is unknown.

By using the species specific antisera the method was able to identify all 

the M. scrofulaceum strains, and define them as a separate, clearcut 

species. The technique also eliminated the non-scrofulaceum strains 

showing similar biochemical properties which were difficult to 

differentiate from M. scrofulaceum with previous techniques used in 

this study.

Although the double diffusion method confirmed many previous 

investigations in the field and showed it to be a very sensitive 

technique for differentiation between various bacteria, it is only 

applicable for research purposes. As a routine diagnostic technique it is 

time consuming and raising specific antisera against all the 

mycobacteria is expensive. Moreover the common antigens shared 

between closely related species may sometimes cause confusion.
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10. 1. Investigation of intra-species variation:

Variations are a common cause of taxonomic confusion in all branches 

of bacteriology. It occurs naturally in some bacterial species due to 

different genetic hybridization. In mycobacteria, however, it seems that 

such hybridizations does not occur under natural conditions, but under 

laboratory conditions a number of variants may be obtainable by 

different techniques (Grange, 1973).

In an investigation the intra-specific variation of M. fortuitum (ranae) 

has been studied by using immunodiffusion, thin-layer chromatography 

and biochemical tests which could divided the species into two groups 

(Grange, 1973). One of these could be further divided into several 

serotypes.

In an approach to find a quick and reliable method at the molecular 

level to distinguish M. scrofulaceum from related species I decided to 

try the method of PCR-RFLP according to Telenti and co-workers 

(1993). The method was first used for strains from culture, with the 

intention of extending its use to identification of M. scrofulaceum in 

clinical specimens.

The results showed that this method was not able to differentiate M. 

scrofulaceum  from closely related species or from a few less 

obviously related mycobacteria. It also showed some intra-specific 

variations which make the differentiation much more difficult if the 

method is applied to clinical samples.
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M. scrofulaceum showed at least 7 different restriction patterns using 

Bst Eli and Hae III digestion enzymes. Only one of the strains 

represented the same pattern as that previously described (Telenti et 

al., 1993) and some subgroups of M. scrofulaceum showed the same 

restriction pattern as M. fortuitum peregrinum, M. gordonae or M. 

flavescens II . The differences between M. scrofulaceum and these 

mycobacteria in Hae III digestion were very small i.e. only a few base 

pairs. Therefore if the method of interpretation of data is slightly 

changed, the results will approach one of these mycobacteria.

When BST Eli was used as the first enzyme, the strains could not be 

differentiated clearly, but Hae III as second enzyme helped to 

discriminate the mycobacteria from each other, and perhaps one 

possibility for improving the results of the method is the use of more 

restriction enzymes.

Although the technique had low discrimination capacity especially for 

closely related species, it was ideal for studying genetic variation 

within M. scrofulaceum. Table 20 shows that reference strains 22, 

159 and 1281 did not show the same restriction pattern and fell into 

groups 6, 2 and 3 respectively. This represents these known strains as 

three different variants of M. scrofulaceum . The majority of strains in 

this study were of group 1 restriction pattern, but there is no evidence 

that this should be considered the typical restriction pattern for M . 

scrofulaceum  . In this study group 1 included most strains, but it 

remains possible that all the strains collected into this group belong to 

a certain source or they may fall into this group randomly. When
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the strains were correlated to their source ( Table 20), it emerged that 

most of the strains originated from Crohn’s disease and almost all had 

the same restriction pattern. Only a few Crohn’s disease strains fell 

into different restriction group. Similarly most of M. scrofulaceum 

strains isolated from HIV patients showed the same restriction pattern 

as group 1, with a few exceptions. Strains from the culture collection 

were the most diverse in their restriction patterns and they showed 5 

different variants. These strains include isolates of cervical 

lymphadenitis and others from different sources or of unknown origin, 

differ in their place and date of isolation. The M. scrofulaceum strains 

isolated from the HIV or Crohn’s disease patients were isolated at the 

same time and mostly from the same two widely separated hospitals. 

This may be an explanation for the greater diversity of the strains 

from the culture collection. Sometimes strains from a certain place 

may be duplicates from the same patients or even the result of cross

contamination. Another possibility for more variation in strains from 

the culture collection is that some of these are very old and have been 

kept at room temperature for several years. They have been also 

repeatedly subcultured, while the other strains in this study were 

recently isolated. The repeated passage and subculturing of old strains 

may be relevant to their diversity. In other words, does long term 

subculture somehow cause a change in the genetic material or is there 

another unknown reason? More work is needed in this area to reach a 

definite answer.

Table 22 represents an improved grouping for M. scrofulaceum strains 

based on all methods examined. The Crohn’s disease strains are in 3 

different groups in this classification, whereas most of the M .
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scrofulaceum strains isolated from HIV patients showed the same 

properties. This might be related to place of isolation, because the HIV 

strains included in this final classification came from one hospital and 

were isolated over the same time period. Strains from the culture 

collection originating from cervical lymphadenitis showed 4 different 

variants. Other strains from the culture collection coming from other 

sources or of unknown origin were also divisible into 4 different 

groups. This table shows the main subgroups; the few remaining 

isolates giving distinct individual results are not included. This may be 

the grouping from my study showing the most reliable results and it 

opens up the area for more investigation.

In conclusion the present study which started with the aim of finding a 

reliable method to differentiate M. scrofulaceum from related species 

and specifically from the MAI complex, defined M. scrofulaceum as a 

distinct, clearcut species, quite differentiable from the MAI complex 

mostly based on the double diffusion technique. The combined PCR- 

RFLP method was tested as a possible quick and reliable method at the 

molecular level for distinguishing M. scrofulaceum from closely 

related mycobacteria and investigation of intra-species variation. The 

results suggested the PCR-RFLP according to Telenti and co-workers 

is not useful for distinguishing M. scrofulaceum from other similar 

species but is very useful for studying variation within the organism 

and is most useful in combination with other methods. Finally there is 

some evidence that subgroups of M. scrofulaceum may be associated 

with different clinical conditions.
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This will be an interesting area for future investigation which should 

determine what factors in the long term affect mycobacteria and result 

in variation. If applied to other mycobacterial species, this approach 

might help to clarify their genetic nature and establish a relationship 

between genetic variation and pathogenicity.
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Appendices

Preparation recipes for media and tests used for screening 

and identification tests:

Sauton’s medium:

The following chemicals were added to 600ml distilled water 

containing 90ml Glycerol.

Asparagine 18g

Citric acid 6g

K2 HPO4  4.5g

MgS04 0.75g

Ammonium ferric citrate 0.15g

More distilled water was added to make the volume up to 3 litres. It 

was then heated to dissolve and cooled down to room temperature. The 

pH was adjusted to 6.2 with normal NaOH. Agar No. 1, 30g was added 

and the mixture was autoclaved at 121^C for 15 mins. After cooling to 

50-56^C 75ml 40% glucose was added to the mixture which was 

dispensed in sterile containers.

Lowenstein Jensen medium:

A) Mineral salt solution:

Potassium dihydrogen phosphate (anhydrous) 2.4g 

Magnesium citrate 0.6g

Magnesium sulphate 0.24g
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Asparagine 3.6g

Glycerol 12ml

Distilled water 600ml

B) Malachite green 2% aqueous solution 20ml 

Solution B was added to A and autoclaved for 20 minutes at 121%.

C)Beaten egg 20 size 2 eggs

C mixed with A and B and distributed aseptically in sterile containers 

and inspissated by heating in a fan oven at 80^C for 1 hour.

Medium for PNBA test:

p- Aminobenzoic acid (0.5g) was dissolved in 10ml normal NaOH, 

neutralised with HCl and then made up to 100ml with distilled water. 

This was added to LJ medium to give a concentration of 500mgA and 

then inspissated.

Medium for TCH test:

Stock solution of Thiophen-2-carboxylic acid hydrazide was prepared 

in 10 ml dist. water at 10 mg/ml, and autoclaved at 121 for 10 

mins.

The stock was diluted 1:10 for use (1 mg/ml). It was incorporated into 

LJ to give final concentration of 5mg/1. The slopes were then 

inspissated.
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Medium for TSC test:

Stock solution of Thiacetazone was prepared in 10ml dimethyl 

formamide to give lOmg/ml.

The stock was diluted 1:10 for use (Img/ml). It was incorporated into 

LJ medium to give final concentration of 5mg/l. The slopes were then 

inspissated.

Medium for ciprofloxacin test:

Stock solution of ciprofloxacin was prepared in 10ml dist. water to 

give lOmg/ml.

Stock was diluted 1:10 for use (1 mg/ml) and added to LJ medium to 

give a final concentration of 5mg/l. The slopes were then inspissated.

Medium for aryl sulphatase test:

Stock solution: a stock of 0.64% phenolphthalein disulphate potassium 

salt (PDSK) in distilled water was made.

Middlebrook 7H9 broth base 180ml

OADC enrichment 20ml

Stock PDSK 20ml

Medium for Tween 80 test:

M/15 phosphate buffer (pH 7) 100ml

Tween 80 0.5ml
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Neutral red (0.1%) 2ml

Medium for Antibiotic sensitivity tests:

A stock of antibiotic (1% streptomycin and isoniazid, 2% 

Rifampicin, and 0.1% ethambutol) in distilled water was prepared. 

The appropriate amount of stock solution was added to the necessary 

volume of LJ to yield three different test concentrations for each 

antibiotics. The antibiotic containing medium was then

dispensed into 3ml volumes in bijou bottles and the bottles were 

inspissated.

N-medium:

Sodium chloride Ig

Magnesium sulphate. 7 H2O 0.2g

Monopotassium phosphate anhydrous 0.5g

Disodium phosphate, 12 H2O lOg

Ammonium phosphate lOg

Glucose lOg

Distilled water to 1000ml

The chemicals were dissolved by heat and pH adjusted to 6.8-7; then

dispensed in 3ml amounts in bijou bottles and autoclaved at 115^C for

10 mins.

Middlebrook 7H10 agar:

Was prepared according to the manufacturer.
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