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Abstract

GLOBALLY THE PROPORTION OF TUBERCULOSIS CASES caused by drug-resistant strains is
increasing. Interruptions in the drug supply, improper drug prescription and non-
adherence to treatment protocols promote drug resistance through mechanisms
that are now well understood. The treatment of tuberculosis must take into account
the possibility of drug resistance and include at least 2 drugs, preferably 3, to
which the isolate is proven or anticipated to be susceptible.

In the absence of effective interventions, a tuberculosis (TB) epidemic is be-
lieved to have a life span within a community of several hundred years. Since
the middle of the 20th century, antituberculous drugs have been accelerating

the natural decline in the incidence of the disease within epidemics. Latterly, 2
forces have conspired to reverse this trend. One is a natural phenomenon — HIV.
By destroying the 2 cells most important to the containment of tubercle bacilli
(macrophages and CD4-receptor-bearing lymphocytes), HIV vigorously promotes
progression of recent or remotely acquired TB infection to active disease. The
other force — drug-resistant TB — is, like the discovery of the drugs themselves, a
purely man-made event.1

A patient is said to have drug-resistant TB if the strain causing the disease is re-
sistant to one or more of the first-line drugs (isoniazid, rifampin, pyrazinamide,
ethambutol and streptomycin). First-line drugs are the most effective agents; all but
one, low-dose ethambutol, are bactericidal. Epidemiologically, drug resistance in
TB is classified into 3 types:2

• Primary: Previously untreated patients are found to have drug-resistant organ-
isms, presumably because they have been infected from an outside source of re-
sistant bacilli.

• Acquired: Patients initially have drug-susceptible tubercle bacilli that later be-
come resistant because of inadequate, inappropriate or irregular treatment or,
more important, because of nonadherence to treatment protocols.

• Initial: This type of drug resistance applies to patients who deny previous treat-
ment but whose prior drug use history cannot be verified. In reality this cate-
gory consists of true primary resistance and an unknown amount of undisclosed
acquired resistance.

Unless they have travelled abroad to countries with high prevalence rates, Can-
adian-born TB patients are unlikely to have primary drug resistance. Drug resis-
tance in foreign-born patients who deny previous drug use is best classified as initial
rather than primary, because their drug use histories cannot usually be verified.

Finally, in regions of the world where TB is epidemic and drug susceptibility
testing is not always available, the term “acquired drug resistance” may be mislead-
ing, as it will apply to patients infected with strains that truly acquired drug resis-
tance during treatment as well as patients who were initially infected with or re-
infected with a drug-resistant strain.3 In such regions the term “drug resistance in
previously treated cases” may be more accurate.

Why is drug-resistant tuberculosis an issue?

Globally the proportion of TB cases that are caused by drug-resistant strains is
increasing.1 In developed countries such as Canada, the shift to outpatient care in
the late 1960s may have reduced patient adherence to treatment protocols and in-
creased the likelihood of treatment failure, relapse and acquired drug resistance. In
developing countries, where resources are scarce and access to health care is lim-
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ited, acquired resistance is even more likely to occur. In
those countries, resistant strains may circulate to people
who later immigrate to Canada; when and if reactivation
TB develops in these immigrants, it will be drug-resistant.

What’s new that will help in the management 
of drug-resistant TB?

An understanding of drug-resistance theory and when to
suspect drug resistance will aid in the management of drug-
resistant TB.

Drug-resistance theory

In any large population of tubercle bacilli, there will be sev-
eral naturally occurring drug-resistant mutants.4 Random mu-
tation that confers resistance to 4 of the first-line antitubercu-
lous agents occurs at predictable frequencies in untreated
populations of tubercle bacilli: isoniazid, 1 in 106; strepto-
mycin, 1 in 106; ethambutol, 1 in 106; and rifampin, 1 in 108.

A tuberculous cavity harbouring 107–109 bacilli may con-
tain a few (10–1000) bacilli resistant to isoniazid, a few (≤ 10)
resistant to rifampin, a few (10–1000) resistant to ethambutol
and a few (10–1000) resistant to streptomycin, and so on.
This does not imply that when a sample of this population of
bacilli is cultured in the laboratory it will be found to be re-
sistant to these drugs; for resistance to be reported in the lab-
oratory, ≥ 1/100 of the bacilli must be resistant to the drug.2

The sites of resistance within the mutants are chromoso-
mally located (not plasmid) and are not linked. Accordingly,
the likelihood of a bacillus spontaneously developing resis-
tance to 2 unrelated agents is the product of probabilities;
for example, for resistance to isoniazid and rifampin, 1 in 106

× 1 in 108 equals 1 in 1014. Because the total number of
bacilli in the body, even in cases of advanced cavitary dis-
ease, rarely approaches this number (1014), spontaneous evo-
lution of a multidrug-resistant bacillus is exceedingly rare.

As Iseman and Madsen5 articulated so well,

This is the salient principle of modern tuberculosis treatment.
Because naturally occurring two-drug resistance is very uncom-
mon, therapy with two (or more) drugs prevents the emergence
of progressive resistance in the following manner: some organ-
isms in the population will be resistant to drug A, and some oth-
ers will be resistant to drug B, but none will be simultaneously
resistant to both drugs. Thus drug B will
kill those organisms resistant to drug A,
whereas drug A will kill those resistant to
drug B. In principle this means a two drug
regimen should be adequate to treat the
usual case of drug-susceptible tuberculosis.
Owing to the relative weakness of strepto-
mycin and para-aminosalicylic acid, triple
rather than double therapy was the standard
until the advent of rifampin. The success of
the two-drug (isoniazid and rifampin) “Ar-
kansas” regimen substantially validated the
aforementioned model for drug-susceptible
tuberculosis.6

The emergence of drug resistance is due to the selection
of pre-existing resistant mutants in the original bacterial
population by “drug pressure.” For example, if isoniazid
alone is prescribed (or is the only drug adhered to in a mul-
tidrug regimen) for cavitary pulmonary TB, it will kill all of
the organisms susceptible to it, including those random mu-
tants resistant to drugs such as rifampin, ethambutol and
streptomycin, but it will not kill isoniazid-resistant mutants.
These will continue to multiply and will eventually domi-
nate the population, and isoniazid will be lost to the arma-
mentarium. The likelihood of this occurring is influenced
by the duration of such monotherapy: 25% among people
receiving isoniazid alone for 2 weeks, 60% among those re-
ceiving it for 6 months and 80% among those receiving it
for 2 years.7 If rifampin alone is now added to the regimen,
then by the same mechanism, a multidrug-resistant strain
(i.e., resistant to both isoniazid and rifampin) will emerge;
rifampin will kill all bacteria resistant to isoniazid, but it will
not kill those few random mutants in the new population
that are resistant to both isoniazid and rifampin.

This classic theory of drug resistance in TB posits a se-
quence of events in which the patient effectively receives
monotherapy. It does not explain how drug resistance may
emerge solely because of irregularity in drug-taking and
without monotherapy. Other mechanisms have been pro-
posed to explain resistance under these circumstances.8,9 In
essence, they require several cycles of killing (when drugs
are taken) and regrowth (when drug-taking stops). In each
of these cycles, there is selection favouring the resistant
mutants relative to the susceptible bacterial population. Re-
growth to the size of the original population may occur and
result in an increasing proportion of resistant bacilli at the
start of each cycle.

When to suspect drug resistance

A case of TB should be suspected of being drug-resistant
under the following circumstances:
• The patient was born outside of Canada and is from a

country with a high prevalence of TB, or the patient was
born in Canada but recently resided in a country with a
high prevalence of TB.10–12 As the proportion of people
who fall into the first group increases in Canada, so too
will the proportion of TB cases that are drug-resistant.
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Table 1: Distribution of tuberculosis (TB) cases reported in Alberta and British
Columbia from 1989 to 1998, by birthplace13

Birthplace; no. (and %*) of cases

TB cases Canada Outside Canada Unknown
Total no.
of cases

All cases 1714 (37.2) 2683 (58.3) 209 (4.5) 4606
Culture-positive 1254 (35.3) 2128 (59.9) 171 (4.8) 3553
Drug-resistant 60 (16.4) 305 (83.6) 0 365
Multidrug-resistant 4 (16.7) 20 (83.3) 0 24

*Proportion of the total number in each category of TB cases.



• The patient has previously received antituberculous
drugs. Multidrug-resistant TB is still uncommon in
Canada (Table 1), but it should be suspected in immi-
grants recently arrived from TB-endemic countries
who have a history of antituberculous drug use in their
country of origin.13

• The patient is thought to have become infected through
exposure to a person known to have drug-resistant TB.

• The disease is cavitary pulmonary TB.14,15 Presumably
such cases are more apt to be drug-resistant because
they harbour greater numbers of bacilli.

• Treatment is failing. Failure of TB treatment has been
defined by the World Health Organization as occurring
in the following circumstances: a patient who, while re-
ceiving treatment, remains or becomes again smear-pos-
itive 5 months or more after commencing treatment. It
also occurs in a patient who was initially smear-negative
before starting treatment and who becomes smear-posi-
tive after the second month of treatment.16 The Ameri-
can Thoracic Society considers failure to have occurred
if cultures are still positive 5–6 months into treatment.17

When cultures are available, as is the case in Canada,
they are considered the best determinant of the bacteri-
ologic response to treatment.18 Treatment failure can al-
most always be explained by 1 or more of 5 mechanisms:
improper drug prescription, nonadherence to the pre-
scribed therapy, drug resistance, drug malabsorption

and exogenous reinfection with a drug-resistant strain
during treatment of the original disease.18,19

Although concomitant HIV infection is a risk factor for
drug resistance in the United States,18 it has so far not been
demonstrated to be the case in Canada.9,13,20–22

What’s the bottom line?

In TB control programs, priority must be given to the
prevention, not the management, of drug-resistant disease.
To prevent resistance it is necessary to (a) prescribe, in
proper dosage, at least 2 drugs, preferably 3, to which the
isolate is proven or anticipated to be susceptible, (b) pro-
vide assurances that the prescribed regimen is adhered to
and that those who abscond from treatment are identified
early (best done by supervising the ingestion of each dose),
and (c) never introduce a single drug to a failing regimen.

The treatment of drug-resistant TB assumes the avail-
ability of state-of-the-art drug-susceptibility testing and an
uninterrupted supply of a wide range of drugs. Canada is
fortunate to have both. Of the 5 first-line drugs, testing for
susceptibility to isoniazid, rifampin and ethambutol is per-
formed routinely on all initial isolates and testing for sus-
ceptibility to streptomycin and pyrazinamide is performed
on most initial isolates.

Isoniazid-resistant TB

If an isolate is found to be resistant to a first-line drug, it
will most likely be resistant to either isoniazid or strep-
tomycin, or both, because these drugs have been in use the
longest. Drug susceptibility data for a sample of culture-
positive TB cases reported from Canada between January
1993 and February 1994 are representative of patterns of
drug resistance in Canada (Table 2).23 Because streptomy-
cin can be administered only parenterally and has largely
been replaced by ethambutol, resistance to it is not usually
an important consideration. Streptomycin resistance may
become relevant when other treatment options are limited
because of resistance to or toxicity from the oral agents. On
the other hand, resistance to isoniazid is always important
because the drug is arguably the single most effective anti-
tuberculous agent available. Fortunately, TB cases that are
resistant to isoniazid, regardless of their resistance to strep-
tomycin, may be cured by a number of treatment alterna-
tives. These include the following:
• Initial phase: daily treatment with rifampin, pyrazi-

namide and ethambutol for 2 months. Continuation
phase: daily or intermittent therapy with rifampin, pyra-
zinamide and ethambutol for 7 months.24,25

• Initial phase: daily treatment with rifampin, pyrazi-
namide and ethambutol for 2 months (pyrazinamide is
recommended here, but in most field trials26–28 this drug
was not included in the regimen). Continuation phase:
daily or intermittent therapy with rifampin and etham-
butol for 10 months.26–28
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Table 2: Pattern of resistance to antituberculous drugs in
Canada, as determined from a sample of culture-positive TB
cases reported from January 1993 to February 199423

Resistance

No. of TB
cases

n = 458

   Prevalence
    of resistance
    (and 95% CI)

None (sensitive to all 5
  first-line drugs) 418 –

Any resistance 40 8.7 (6.4–11.6)
SM 25 5.5 (3.6–8.1)
INH 20 4.4 (2.8–6.5)
PZA 7 1.5 (0.7–3.3)
RMP 3 0.7 (0.2–2.1)
EMB 1 0.2 (0.0–1.4)

Single-drug resistance 27 5.9 (4.0–8.3)
SM 14 3.1 (1.7–4.9)
INH 7 1.5 (0.7–3.0)
PZA 6 1.3 (0.5–2.7)

Multidrug resistance* 3 0.7 (0.2–0.8)
INH + RMP 1
INH + RMP + SM 1
INH + RMP + PZA + EMB 1

Other resistance patterns
INH + SM 10 2.2 (1.1–0.9)

Note: CI = confidence interval, SM = streptomycin, INH = isoniazid, PZA = pyrazinamide,
RMP = rifampin, EMB = ethambutol.
*Resistance to at least INH and RMP.



Ideally each of these regimens should be regarded as the
minimum effective therapy and each should be fully super-
vised; certainly the continuation phase cannot be intermittent
if it is not fully supervised. If the prevailing rate of resistance
to isoniazid is 4% or greater among those without a history of
prior antituberculous drug use, then initial treatment regi-
mens should always include at least 4 first-line drugs.17

Disease resistant to other first-line drugs 
that is not multidrug-resistant TB

Although resistance to the first-line antituberculous drugs
other than isoniazid is not common in Canada, the following
generalizations regarding treatment apply. If isoniazid, ri-
fampin and pyrazinamide are not included in the regimen, a
6-month short course of treatment is not recommended. Pa-
tients with isolates resistant to rifampin but susceptible to
isoniazid must be treated for at least 12 months. Those with
isolates resistant to pyrazinamide but susceptible to isoniazid
and rifampin must be treated for at least 9 months. Although
a fluoroquinolone, most commonly levofloxacin, is often
used in place of ethambutol in those whose isolates are resis-
tant to ethambutol or who cannot tolerate the drug, compa-
rable efficacy of these 2 drugs has not been established, and
therefore close monitoring of the clinical, radiologic and
bacteriologic response to treatment is indicated.

Multidrug-resistant TB

Unfortunately, good data are not available on the relative
effectiveness of various regimens and the necessary duration
of treatment for patients with isolates resistant to both iso-
niazid and rifampin, with or without resistance to other
drugs.29–31 Invariably, one must resort to the use of second-
line drugs, which are more expensive, less effective and have
many more side effects than the first-line drugs. Accord-
ingly, they should be administered only by experienced staff,
in specialized units, in close connection with a laboratory
able to conduct cultures and reliable drug-susceptibility
tests; otherwise, the emergence of incurable TB is possible.31

What does the future hold?

Molecular diagnostic techniques promise earlier detec-
tion of drug resistance through rapid identification of the
genetic mutations scripting resistance to specific drugs.
New drugs, currently under study, will help to simplify the
treatment of multidrug-resistant TB. A global commitment
of energy and resources will help to reduce the incidence of
TB in developing countries. These advances will not, how-
ever, obviate the need for proper administration and adher-
ence to drug therapy if further resistance is to be avoided.
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