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ABSTRACT

The studies recorded in this dissertation which involved the determination of
bactericidal activity and postantibiotic properties of antituberculosis drugs were
performed on eight clinical isolates of Mycobacterium tuberculosis as well as the
H37Rv strain. Their susceptibility to isoniazid (INH), rifampicin (RMP), ciprofloxacin
(CIP), ethambutol (EMB) and streptomycin (SM) was determined on Lowenstein-
Jensen (LJ) and Middlebrook 7H10 agar using recognized critical concentrations as
breakpoints. Results obtained on the two media were similar. Two of the isolates
and the H37Rv strain were susceptible to all drugs and the others had varying

levels of resistance.

The minimum inhibitory concentrations (MICs) of INH, RMP, CIP and EMB for drug-
resistant and drug-susceptible strains of M. tuberculosis determined by the Bactec
and 7H10 agar methods were compared. The Bactec 7H12 broth determined MICs
expressed in ug/ml ranged from 0.025 to 0.1, 0.25, 0.31 to 1.25 and 0.25 to 0.5
for INH, RMP, CIP and EM, respectively, whereas MICs on 7H10 agar ranged from
0.06 to 0.1, 0.25 to 1, 1.25 to 10 and 0.25 to 2ug/ml, respectively. The MICs

were either equal in both media or slightly higher on 7H10 agar.

The minimum bactericidal concentrations (MBCs) of INH, RMP, CIP and EMB
against M tuberculosis H37Rv were also determined using the Bactec system. INH
was found to be the most bactericidal of the drugs tested (with MBC = MIC),
followed by RMP (MBC = 2 X MIC), and then CIP (MBC = 4 X MIC). EMB was the
least bactericidal (MBC = 8 X. MIC).

M. tuberculosis cells were dispersed by sonication and vortexing and the two
methods of dispersion were compared. The sonication method dispersed the cells
much better than the vortex by consistently breaking up clumps of bacilli to smaller
units, resulting in the production of a larger number of colony forming units (CFUs)
on Middlebrook 7H10 agar.



A method for determining the post-exposure regrowth effect using the BACTEC
instrument was developed. The method was used to evaluate the effect of time
and concentration on regrowth. The regrowth effects of RMP, CIP and EMB were
dependent on both time and concentration. For INH, where only two concentrations
were used, no concentration dependence was established but the duration of post-

exposure regrowth of this drug was time dependent.

The Bactec method was compared with the traditional method of viable counts for
the determination of postantibiotic effect (PAE). The values obtained in the Bactec
system were referred to as the control-related effective regrowth time (CERT) as
opposed to PAE, which is determined by the colony count method. CERT and PAE
values are not directly comparable between Bactec and viable count experiments.
The basic differences between PAE and CERT-type experiments is that PAE requires
regrowth of post-exposure surviving bacteria to increase by 1log,, while the CERT
requires regrowth in a liquid medium to a predetermined level, usually 10-fold more
than the original inoculum. Highly bactericidal drugs may reduce the original
inoculum by greater than 1log,, so that the CERT-type experiments regrowth to the
original inoculum concentration, or a concentration 10-fold higher than the exposed

inoculum, may result in a much longer CERT than PAE determined conventionally.

The Bactec method was also used to show whether CERTs induced by drugs in
combination differed from CERTs induced by the drugs alone and in this way
patterns of synergism, addition, indifference or antagonism could be determined.
The CERTs of the combinations of RMP + EMB and INH + CIP were synergistic,
while those of INH + RMP and INH + EMB were additive. Indifference was

observed with the combination of RMP + CIP. No antagonism was demonstrated.
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CHAPTER 1

INTRODUCTION

Tuberculosis is characteristically a chronic infectious disease affecting any tissue
or organ but mainly the lungs. The first signs and symptoms of the disease are
weight loss, persistent cough, night sweats, dyspnea and chest pain. The causative
agent is called Mycobacterium tuberculosis. The organism is acid fast, meaning it
resists decolorisation by acid or alcohol when stained with carbol fuschin. In culture
it grows slowly and produces rough colonies with bacilli compacted into dense
aggregates. When cultured on favourable solid media, colonies become visible in
2 weeks but some strains require 4 to 6 weeks or even longer. Typical microscopic
morphology of M. tuberculosis as seen in acid-fast stains exhibit thin, slightly
curved bacillus measuring 0.3 to 0.6 by 1 to 4 um, deeply red staining with a
distinct beaded appearance. In the preparation of smears from cultures the
individual cells are often difficult to disperse, appearing as irregular aggregates in

parallel strands (Roberts et.al).

The disease has been a tremendous problem for many years to humans and still
continues to be a major hazard especially with the advent of infection with human
immunodeficiency virus (HIV) and the associated acquired immunodeficiency
syndrome (AIDS) (Sepkowitz et al., 1995). The already grave situation was further
aggravated by the emergence of multiple-drug-resistant (MDR) tubercle bacilli
causing several well documented outbreaks (Hobby et al., 1970; Nivin et al., 19398;
CDC, 1990; Edlin et al., 1992). The World health Organisation (WHO) estimates
that there are more than 8 million new cases of tuberculosis per year and that the
2.9 million people killed each year by M. tuberculosis are more than those caused
by any other single infectious pathogen. In 1990 at least 10 million people were
infected globally while 70 000 cases and 3 000 deaths were notified in South

Africa alone (SA Department of Health, 1996). This global emergency underscores



the need for rapid methods of identification of the organism and for the evaluation

of drugs active against the disease.

1.1. Chemotherapy of tuberculosis

1.1.1. Historical perspective

The chemotherapy of tuberculosis started in 1944 when streptomycin (SM) was
introduced as the first antimycobacterial agent (Schatz and Waksman, 1944).
Decline in the incidence of the disease was observed but soon after, resistance to
the drug developed. Para-aminosalicylic acid (PAS) became available and thereafter
isoniazid (INH), ethionamide and pyrazinamide (PZA) and rifampicin (RMP) as well

as several other minor drugs were introduced.

The duration of treatment has been progressively reduced from 18-24 months, with
INH, SM and PAS, to 9 months and now by a more effective short course
chemotherapy (SCC) of 6 months with two or three drugs including INH and RMP
supplemented with PZA during the first two months followed by four months
treatment with INH and RMP (East African/ British MRC, 1974). The SCC is not
only cost effective but it also has two advantages: the completion rate is higher and

drug toxicity is much less (Davidson &Le, 1992).

1.1.2. Antituberculosis drugs

Antituberculosis drugs are divided into 3 groups:

(i) The first-line drugs used in the regimens recommended by WHO for the
treatment of drug-susceptible tubercle bacilli. At present the first-line drugs in use
are INH, RMP, PZA, EMB and SM.

(ii) Second-line drugs used in the treatment of tuberculosis due to resistance to one
or more of the first line drugs. These include ethionamide, thiacetazone, PAS,

cycloserine, kanamycin, amikacin (AMK), and capreomycin.
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(iii) Drugs not used for treatment of tuberculosis but which are included in regimens
of multiple drug-resistance (MDR) tuberculosis. These include quinolones
[ciprofloxacin (CIP), ofloxacin (OFL) and sparfloxacin (SPA)] and the new
macrolides, e.g clarithromycin because of their high concentration in macrophages
and tissues (Grage et.al 1994.). The latter agents are appropriately used for the
treatment of some of the infections caused by mycobacteria other than M.

tuberculosis.

1.1.3. Antimycobacterial action of selected drugs used in the treatment of

tuberculosis

(i) Isoniazid

Isonicotinic acid hydrazid or isoniazid (INH) was first described in 1912 but its
antituberculosis activity was only discovered in the early 1950s (McClatchy, 1991).
INH, a remarkably effective and nontoxic compound, used in combination with one
or two other antituberculosis drugs, has made it possible to treat large numbers of
patients effectively and economically. It achieves its bactericidal effect on M.
tuberculosis by interfering with the metabolism of NAD thereby inhibiting DNA
synthesis. Isoniazid also inhibits the synthesis of mycolic acid leading to a defective
cell wall, which permits the exit of essential structural constituents, resulting

ultimately in the loss of acidfastness and cell death (McClatchy, 1991).

INH is well absorbed in the gastrointestinal tract (Davidson & Le, 1992) and is
highly reactive with various antacids and food components which reduce its
bioavailability. The peak plasma concentration (C,,,,) after oral administration of 300
mg is 3-5 ug/ml. It is well distributed in the body and high quantities of this drug
have been found in the lungs and skin, which suggest that these organs may serve
as storage depots. From 70 to 95 % of a dose of INH is excreted in the urine
within 24 hours, all in the form of metabolites (Holdiness, 1984). It is metabolised

in the liver by acetylation. There is a bimodal distribution into rapid and slow



acetylators, based on the rate of acetylation of INH, amongst patients. Its half-life

varies from 1 to 3 hours, depending on the rate of acetylation (Davidson &Le,
1992).

(ii) Rifampicin

Rifampicin (RMP) is a semisynthetic derivative from rifamycin B produced by
Streptomyces mediteranei. The antituberculosis effect of rifamycin derivatives has
been known since 1965 and rifampicin has been used clinically since 1965
(Davidson & Le, 1992). It is bactericidal against both intra- and extracellular
bacterial populations and is a potent inhibitor of DNA-dependent RNA-polymerase

enzymatic activity in many bacteria (McClatchy, 1991).

RMP has a particularly fast action against slow-growing tubercle bacilli. Following
oral administration, RMP is well absorbed from the gastrointestinal tract and the
rate of absorption increases with time (McClatchy, 1991; Holdiness, 1984). It is
widely distributed in body fluids and tissues. lts C,, has been found to be 4-32
ug/ml following oral administration of 600 mg. The cerebrospinal fluid (CSF)
concentrations are relatively low, but still above the MIC levels, usually reaching
4 % of corresponding plasma concentrations in patients with inflamed meninges.
RMP is deacetylated at the C-25 position, in the liver. This results in a more soluble
water compound with an increased capacity for biliary excretion (Davidson & Le,
1992, Holdiness, 1984). RMP may induce hypersensitivity reactions which are
often associated with the presence of auto-antibodies. It may also be hepatotoxic
in some patients. The elimination half-life of RMP following initial doses ranges
between 2.3 and 5.1 hours, but following repeated administration decreases to 2

to 3 hours due to increased hepatic metabolism (Holdiness, 1984).



(iii) Ethambutol

Ethambutol (EMB) is a synthetic agent active only against mycobacteria. Although
it has considerable anti-TB activity, its main use is as a companion drug to prevent
the development of resistance to more potent agents (Houston & Fanning, 1994).
It acts by interfering with the synthesis and stabilization of RNA (McClatchy, 1991;
Davidson & Le, 1992).

EMB is well absorbed in the gastrointestinal tract following oral administration and
it is distributed rapidly and widely to most cells, body fluids and tissues including
the lung and is localized within pulmonary alveolar and axillary lymph node
macrophages. EMB penetrates the CSF in very few healthy individuals but levels of
1-2 ug/ml are achieved when the meninges are inflamed. It has a C..x,of 2to b
ug/ml after oral administration of 800 mg and a half-life of 2 to 4 hours. The drug
is dialysable and is metabolised by oxidation in the liver (Davidson & Le 1992,

Holdiness, 1984).

Hepatic and renal dysfunction increase peak serum EMB concentrations and half-life
with a corresponding increase in the risk of toxicity. EMB is generally well tolerated
but its major adverse effect is optic neuritis with a decrease in visual acuity,
constriction of visual fields and loss of red/green discrimination (Davidson & Le
1992).

(iv) Fluoroguinolones

The new fluoroquinolones have a broad spectrum antibacterial activity including
activity against mycobacteria (Rastogi & Goh, 1991; Heifets, 1991 (b); Garcia-
Rodriguez & Garcia, 1993). Among the fluoroquinolones tested against
mycobacteria, CIP, OFL and SPA showed highest activities against M. tuberculosis.
These drugs inhibit DNA gyrase and topoisomerase enzymes which is essential for

bacterial replication (Houston & Fanning, 1994; Sullivan et.al, 1995 ).



Fluoroguinolones are used in the treatment of MDR tuberculosis. There iS No cross-
resistance between fluoroquinolones and other antituberculosis agents. Resistance
to these drugs can develop rapidly and they should therefore be restricted to

patients with MDR tuberculosis (Sullivan et.al, 1995).

Fluoroquinolones are well absorbed in the gastrointestinal tract after oral
administration (Kennedy et.al, 1993). They are widely distributed in body fluids and
tissues. The highest concentrations are usually achieved in urine and bile, while low
concentrations are typically found in CSF and aqueous humor (Gerding & Hitt,
1989). In meningitis with inflamed meninges the CSF concentrations are between
40-70 % of the serum concentrations. CIP and OFL penetrate well in human
macrophages killing intracellular multiplying tubercle bacilli (Rastogi & Blom-Potar).
In the case of CIP, a single oral 750 mg dose was shown to produce a C,,, of 2.01

mg/ml (Kennedy et.al, 1993) and its half-life has been shown to be 4.0 hours.

1.1.4. The basis of treatment regimens involving antituberculosis agents

The basis of the management of antituberculosis chemotherapy can be considered
under 3 headings (Mitchison, 1985; Mitchison, 1992): prevention of drug

resistance, early bactericidal activity (EBA), and sterilizing activity.

1.1.4.1. Prevention of drug resistance

Drugs have been graded according to their activity in preventing the emergence of
drug resistance to a second drug, usually INH, as follows: high - INH and RMP,
intermediate - EMB and SM, low - PZA and thiacetazone. The activity of the drugs
is assessed from the results of clinical studies of the treatment of smear-positive
pulmonary tuberculosis in which the drug concerned was given in a 2-drug

combination with INH (Mitchison, 1985).



In vitro studies to assess the prevention of the emergence of drug resistance have
been described in which drugs were used in combination with subinhibitory
concentrations of each drug and then subculturing in a drug-containing medium
(Hobby & Lenert 1972). In this study RMP subinhibitory concentrations enhanced
the bactericidal effect of INH and SM and suppressed the emergence of cells
resistant to these drugs but failed to prevent the emergence of EMB-resistant

microbial cells.

1.1.4.2. Early bactericidal activity (EBA)

The study of EBA was first introduced by Jindani et.al (1980) where a group of
patients were given a wide variety of different regimens of single and multiple drugs
for the first 14 days of treatment. During this period serial colony counts of M.
tuberculosis in the sputum were done to measure the EBA of the regimens. EBA
was defined as the ability of the drug to decrease (or kill) the number of viable
bacilli in the sputum during the first 2 days of initial therapy and is expressed as

log,, decrease in colony forming unit (CFU) per ml sputum/day.

INH was found to have the highest EBA as compared to other drugs (0.72 log;,
CFU/ml sputum/day) when given alone. RMP and EMB had moderate EBA (0.19
log,, CFU/mI sputum/day and 0.25 log CFU/ml sputum/day respectively). The
moderate EBA of EMB has also been reported by Botha et.al (1996) who showed
a decrease in viable count of 0.245 +\-0.046 log,, CFU\ml sputum/day. SM,
thiacetazone and PZA had been found to have a very low, if any, EBA with initial

rates of kill of 0.09 to 0.04 log,, CFU/ml sputum/day.

CIP, one of the most promising agents in the treatment of tuberculosis has been
found to have a useful EBA against M. tuberculosis in man (Kennedy et.al 1993),
which is slightly lower than that of INH. Adult patients with smear-positive

pulmonary tuberculosis were treated with CIP, the mean daily fall during a 7-day
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period was 0.20 log,, CFU/ml/day as compared with 0.25 log,, CFU/ml/day for
INH. This means that INH still remains the drug with the highest EBA.

EBA has no bearing in the duration of treatment, however, it is a good indication
of the period during which a patient may be considered to be infectious to others
(Jindani et.al, 1980). In other words, it measures how effective a drug is in killing
actively growing bacilli. The EBA estimates the activity of a drug against rapidly
dividing extracellular bacilli and is closely related to the conventional in vitro
measure of bactericidal activity, viz. the fall in CFU counts during exposure of a
culture in a logarithmic phase to a drug (Botha et.al, 1996). The ability of a drug
to prevent the emergence of resistance is not related to its EBA since high

bactericidal activity is not essential or even desirable for preventing resistance.

1.1.4.3. Sterilizing activity

Sterilizing activity is the ability of the drug to kill all or virtually all the bacilli in the
lesions as rapidly as possible (Mitchison 1985). It measures the speed in which the
last few viable bacilli are killed. Unlike the EBA, sterilizing activity plays an
important role in chemotherapy by determining how effective the drug will be in

shortening the period of chemotherapy.

When drugs are graded according to their sterilizing activity, RMP and PZA have
been found to have the highest sterilizing activity, followed by INH and SM with
moderate activity and then thiacetazone and EMB with very low, if any, sterilizing
activity (Jindani et.al, 1980). CIP possesses no useful sterilizing activity against

strains of M. tuberculosis (Kennedy et.al, 1993).

In clinical trials, the essential measure of sterilizing activity is the relapse rate found
during a follow up period of at least 30 months after the end of chemotherapy
(Mitchison, 1992). Since large numbers of patients, as well as a long follow up, are

needed to measure relapse rates that are usually low, sterilizing activity is measured
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as the percentage of patients with negative sputum cultures at 2 months after

initiation of treatment.

An in vitro method for assessing sterilizing activity is to measure the bactericidal
activity of the drug against stationary phase tubercle bacilli, whose metabolism has
been halted by prolonged incubation. This type of experiment may approximate the
response of “semi-dormant” bacilli to a drug and reflects the number of the

persisting bacterial populations in lesions [Mitchison, 1992; Heifets, 1991 (b)].

1.1.5. Interaction of antituberculosis agents with M. tuberculosis

In addition to the abovementioned activities of the antimycobacterial agents which
are important in our understanding of antituberculosis chemotherapy, Mitchison
(1985) hypothesized that there are four subpopulations in which the tubercle bacilli
exist in lesions which chemotherapy should address:

(a) Rapidly-growing organisms, which occur in the lesions at the start of treatment.
This population exists in extracellular sites where the bacilli are not closely
surrounded by inflammatory cells. These bacilli are killed actively by INH and to
some extent SM.

(b) Semi-dormant bacilli, which occur in an acidic environment in TB lesions. The
interior environment of phagolysosomes inside macrophages has a normal pH but
this decreases when trapped tubercle bacilli lyse within these vacuoles. PZA is
bactericidal against such organisms (Crowle et al., 1991).

(c) Semi-dormant bacilli that have occasional short spurts of metabolism lasting
perhaps a few hours, RMP is active against these organisms because its bactericidal
action starts very quickly during the occasional spurts of metabolism.

(d) Completely dormant populations. No antimycobacterial agent has been found
to be active against such populations but recently it has been shown that the anti-
anaerobe drug, metronidazole, which is also used against Trichomonas vaginalis and
Entamoeba histolytica is active against dormant M. tuberculosis (Wayne & Sramek,
1994).
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According to this hypothesis, drugs with high EBA kills populations reflected under

(a), while those that have high sterilizing activity are active against populations of

(b) and (c).
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CHAPTER 2

IN VITRO SUSCEPTIBILITY TESTING

Drug susceptibility testing (DST) of antimicrobial agents can be divided into
quantitative and qualitative procedures (Heifets, 1988). The latter is designed to
measure whether a strain is resistant or susceptible to the drug and does not
specify the extent of resistance or susceptibility. The former gives an indication of
the degree of susceptibility or resistance of a strain which can be expressed as a
bacteriostatic or bactericidal concentration or expressed in terms of whether the
strain is very susceptible, intermediately resistant or very resistant. Interpretation
of qualitative tests is based on 3 major components (Heifets, 1991 (a)): correlation
between the minimum inhibitory concentration (MIC) and the concentration of the
drug attainable in vivo (C,,) or sustained concentrations greater than the MIC
under the area of the pharmacokinetic curve (auc >MIC), correlation of the MIC for
the particular isolate and MICs found for other strains of the same species and,

finally, the clinical experience in the use of the agents under consideration.

Standardization of DST of mycobacteria was first described by a group of
specialists of mycobacteriology in 1961 (Canneti et.al, 1961). In their discussion
they outlined 3 main purposes of in vitro susceptibility testing of tubercle bacilli to
chemotherapeutic drugs:

(a) To serve as a guide to the choice of the first course of chemotherapy to be
given to the patient.

(b) To confirm that drug resistance has reemerged when a patient has failed to
show a satisfactory bacteriological response to treatment and, at the same time,
give guidance regarding the choice of drugs for further treatment.

(c) To estimate the prevalence of primary and acquired resistance in the community.

They further defined the terms "sensitive” and "resistant”. Sensitive strains were

defined as those that have never been exposed to the main antituberculosis drugs
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("wild" strains) and that respond to these drugs generally in a remarkably uniform
manner. Resistant strains on the other hand were defined as those that differ from
sensitive strains in their capacity to grow in the presence of high concentrations of
a drug. The term susceptible generally indicates that treatment with a standard
dosage of the antibiotic will eradicate an organism from a patient, assuming

accessibility of the site of infection to the agent.

2.1. Methods used in vitro for DST of mycobacteria

In the literature relating to mycobacterial testing, there are 3 commonly used
methods of measuring the sensitivity of M. tuberculosis to antimycobacterial agents
(i) resistance ratio, (ii) absolute concentration and, (iii) proportion method (Cannetti
et.al, 1963). The term conventional methods is commonly used to refer to these
procedures. The methods can either be direct or indirect. Direct test is only
performed with smear positive specimens and the specimen are diluted according
to the number of organisms seen in the microscopic examination. Indirect tests are
performed using isolates of mycobacteria. All these tests are qualitative because

they only report whether the drug is resistant or susceptible.

2.2. Absolute concentration

This method is widely used in Eastern and Middle Europe. The medium usually
employed is LJ containing 0.75% glycerol. The procedure is performed by
inoculating drug-free and drug-containing media with different drug concentrations,
with an inoculum containing 2 000 to 10 000 organisms (NCCLS, 1990; Canneti
et.al, 1961, Cannetti et.al, 1963). For each drug the lowest concentration at which
the bacilli may no longer be considered susceptible but are to be regarded as
resistant (critical concentration ie. showing growth). If at this concentration growth
is observed to the extent of more than 20 colonies the strain is to be considered

resistant (Canneti et.al, 1961; Cannetti et.al, 1963).
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2.3. Resistant Ratio (RR)

This procedure is performed in the same way as the absolute concentration using
a small series of drug concentrations, but here, the standard strain H37Rv is tested
in each set of tests. For all tests growth is defined as the presence of 20 or more
colonies and the resistance ratio is the minimum concentration of the series
inhibiting growth of the test strain divided by equivalent concentration of the

standard strain H37Ryv, in the same set of tests (Cannetti et al., 1963).

2.4. Proportion method

The proportion method was mostly used in the US and Western Europe but now it
has become the most widely used method worldwide. It consists of calculating the
proportion of resistant bacilli present in a strain and below a certain proportion the
strain is classified as sensitive and above resistant. The critical proportion of
survivors of an inoculum to describe the drug as resistant or sensitive was
suggested as 1% for INH, PAS and RMP and 10% for the remaining
antituberculosis agents. Different critical concentrations of the drugs were defined.
The critical concentration of a drug is the amount that inhibits the growth of most
cells in wild strains of tubercle bacilli without appreciably affecting the growth of

all mutants present (NCCLS, 1990; Inderlied, 1991).

Briefly, the method used LJ as a medium. Appropriate drug concentrations are
incorporated into the medium before coagulation. The drug-containing and drug-free
media are distributed into tubes, coagulated and kept overnight at room
temperature. They are either used immediately or stored at -4°C for up to 2 months.
The inocula are prepared by adjusting the culture to the optical density which
equals to that of a McFarland no1 standard. Cultures are diluted to a higher and a
lower dilution. The lower dilution is the control which represents 1% of the
population and it is inoculated onto the drug-free medium while the higher dilution

is inoculated onto the drug containing medium. The tubes are left for 24 to 48 h
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in a position that allows the inoculum to be adsorbed on to the surface of the
medium, after which they are incubated at 37°C for 4-8 weeks. The strains are
considered susceptible if growth on the test culture is less than the growth in the

control.

The period of incubation was shortened by the discovery of the Middlebrook 7H10
agar (Middlebrook & Cohn, 1958) and the modification of the original version of the
method by the Centres for Disease Control (Vestal, 1972). They recommended the
use of 7H10 agar as the medium for DST and the critical proportion of 1 % rather
than 10 % was accepted for all antituberculosis drugs as a proportion of resistance
to M tuberculosis strains. The incubation period was shortened to 3 weeks. Some
laboratories including those of Heifets’ group adopted 7H11 agar as the medium for
some drugs while the critical inoculum concentration of 1 % for survivors was also
used for all drugs. All the procedures are the same but differ in the media
recommended, the incubation period, critical concentrations and the critical

proportion of M. tuberculosis inocula inhibited.

2.5. Bactec radiometric system

One of the major problems in the treatment of tuberculosis remains the long period
of waiting for the results of drug susceptibility testing after the diagnosis of the
disease. In most instances patients are treated with the standard tuberculosis
regimen and those with resistant organisms might receive inappropriate treatment
that could result in the infecting organism becoming resistant to additional drugs.
Therefore, any method which can reduce this period will be of advantage to the
patient and the prevention of drug-resistant strains. The Bactec radiometric method
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