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ABSTRACT

c

The biological cost of rifampicin resistance mutations in isogenic isolates of a M.
tuberculosis strain and the development of multidrug resistance in serial clinical Beijing

isolates were studied. Rifampicin is a major drug used in the treatment of tuberculosis.
Increasing rifampicin resistance represents a global clinical problem. Most (about 96%)

of the resistance to rifampicin is caused by mutations in a small segment of the rpoB

gene, which encodes the p-subunit of RNA polymerase. The effect of three different

rpoB mutations on the fitness of M. tuberculosis was examined. Rifampicin-resistant

mutatnts were initially isolated from a virulent clinical isolate of M. tuberculosis (strain

Harlingen) at a mutation frequency of 2.3 x 10'8. Mutations in the rpoB gene were

identified by genotypic sequencing and the growth rates of three defined mutants were

measured by competition with the susceptible parent strain in laboratory medium and by

single cultures in a macrophage cell line and in laboratory medium, All mutants exhibited

a decrease in growth rate compared with the susceptible parent in all three assays. The

relative fitness of the mutants varied between 0.29 and 0.96 depending on the mutant and

assay system used. The results revealed that rifampicin resistance is associated with a

cost that is conditional. The Beijing isolates analyzed included eight serial isolates from a

single patient in a space of nine years. The RFLP and spoligotype patterns of all these

isolates were identical. The results from the Beijing isolates showed that Beijing

genotype is associated an increased tendency toward the development of multidrug

resistance once resistance to a single first-line drug develops.
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Chapter 1 Introduction

1.1 A Brief History of Tuberculosis and BCG

Tuberculosis is a disease caused by the bacterium Mycobacterium tuberculosis

that mainly afflicts the lungs. It now affects every country in every continent with the

rate of incidence being highest in certain regions of Asia and Africa. However, until

i about a century ago, tuberculosis (TB) in these regions was almost unknown or

uncommon whereas prior to that the incidence of TB in western Europe and North

America was high (Daniel et al, 1994). Moreover, even the causative agent of TB was

unknown and was thought to be a bad omen or a form of tumor or abnormal gland.

In 1882, Robert Koch described the tubercle bacillus, M. tuberculosis and

demonstrated it to be the cause of TB. This changed the widespread misconceptions

about TB that had been upheld until then. He also pioneered staining and culture

techniques.
The development of the first TB vaccine was rather accidental. Calmette and

Guerin developed the first TB vaccine (that is still in use today) by first growing a

virulent strain of the bovine tubercle bacillus with ox bile in potato-glycerin culture

medium. After 39 passages, they obtained a variant strain with altered colony

morphology. Infection of various animals with this strain not only produced no

evidence of reversion to virulence but also conferred protection from challenge with

virulent strains of bovine and tubercle bacilli (Bloom and Fine, 1994). Subsequent

administration of this strain to children proved to confer a significant level of

protection. This strain has since been used as a vaccine bearing their name (bacille
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Calmette-Guerin, BCG). Since then, a number of BCG vaccine strains grown and

produced under different conditions have been in use (e.g., BCG Glaxo, Danish, BCG

Pasteur). These vaccine strains have variable degree of protective efficacy (BlooAm

and Fine, 1994).
A refined culture filtrate of M. tuberculosis called purified protein derivative

(PPD) has been developed to detect past infection by skin testing. However, because

PPD is unspecific to M. tuberculosis, this complicates interpretation of skin test

results.

1.2. Antituberculosis Chemotherapy, Development of Resistance and

Elucidation of Resistance Mechanisms

The first TB drug to be introduced was streptomycin in the 1940’s. Another

first-line drug, isonicotinic acid hydrazide (INH) was introduced in the early 1950’s.

More first- and second-line drugs were subsequently added, with the last first-line

drug (rifampicin) being introduced in the late 1960’s. Since then, no new drugs have

been introduced. Due to the use of those drugs, tuberculosis appeared to have been

brought under control. However, tuberculosis is once again a major health problem

and variants of M, tuberculosis that are resistant to one or more of the major drugs are

now rampant. As much as drug resistance has hampered tuberculosis control efforts,

it has also given the impetus for a renewed interest in the understanding of the

mechanisms of both drug action and resistance. Thus, within the last decade, several

mutations occurring in drug targets and responsible for resistance to the major drugs

have been elucidated (Table 1 gives a summary of drug action and resistance

mechanisms for the major anti-TB drugs). In tubercle bacilli, there is no known
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mechanism of dmg resistance other than individual chromosomal mutations of genes for

drug targets or modifying enzymes (Heym et al, 1994, Heym et al, 1995, Rastogi and

David, 1993).
Drug-resistant tuberculosis can be either primary or secondary ( acquired)

resistance. Primary resistance occurs because of infection by a resistant M. tuberculosis

strain and is meant to apply to patients who have never taken antituberculosis drugs.

Secondary resistance is that which develops during treatment, especially when treatment

is inadequate. However, WHO recommends the use the terms “ dmg resistance among

new cases’ 5 and “ dmg resistance among previously treated cases” for primary and

secondary resistance respectively (Antituberculosis Dmg Resistance, Report No. 2,

WHO, 2000).

The extensive worldwide spread of TB again, the increase in the percentage

world population at risk for TB (because of increased population density, fast travel,

etc) and the deadly synergy between TB and AIDS complicate the control of TB.

\
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Table 1. Antituberculosis drugs, their targets and mechanisms of resistance

t '

Drug (target or
effect)

Gene (function) Resistance
mechanism(s)

Reference(s)

Isoniazid (inhibits
mycolic acid
synthesis)

KatG (encodes catalase
peroxidase)

Missense mutations in
kalG or deletion of
katG

Zhang etal, 1992
Heym et al, 1993

inhA (mycolic acid
synthesis)

(i) mutations in inhA
structural gene

(ii) overexpression of
inhA

Banerjee et al,
1994
Basso etal, 1998
Larsen et al, 2002
Kremer et al, 2003

ndh (NADH
dehydrogenase)

(i) mutations in ndh
(ii) defect in NADH
dehydrogenase activity

Lee et al, 2001
Miesel etal, 1998

Rifampicin
(inhibits RNA
chain initiation)

rpoB (encodes a subunit
of RNA polymerase)

mutations in codons
507-531 of rpoB

Telenti et al, 1993

Streptomycin
(inhibits initiation
of translation)

rpsL (encodes S12
protein of 30S)

mutations in codons
43 and 87 of rpsL

Nair etal, 1993
Finken etal, 1993

rrs (encodes 16SrRNA) mutation at position
513 in rrs

Meier etal, 1996

Ethambutol (targets
the mycobacterial
cell wall)

embB (encodes
arabinosyl transferases)

point mutations
in embB

Telenti etal, 1997
Sreevastan et al,
1997, Letyetal,
1997

Pyrazinamide
(active against
semi-dormant
bacilli)

pncA (encodes
pyrazinamidase)

point mutations
in pncA

Scorpio & Zhang,
1996, Zhang et

al, 1999

Amikacin Q rrs mutation in
nucleotide 1400

Prammananan
etal, 1998
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