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CHAPTER 8 
 

DRUG-RESISTANT TUBERCULOSIS 
 
 
Richard Long, MD, FRCPC, FCCP 
Monica Avendano MD, FRCPC 
Dennis Kunimoto MD, FRCPC 
 

KEY MESSAGES/POINTS 

• Globally, the rate of drug-resistant TB is increasing. 

• In Canada, two systems are used to track drug-resistant TB: (i) the Canadian TB Reporting 
System and (ii) the Canadian TB Laboratory Surveillance System. 

• The major risk factors for drug-resistant TB in Canada are previous treatment and foreign 
birth. 

• Drug-resistant TB should be suspected in patients who have (i) previously been treated for 
active TB, (ii) originated from, resided in or travelled to a country where drug-resistant TB is 
prevalent or (iii) been exposed to a person with infectious drug-resistant TB. 

• It is recommended that within programs priority should be given to the prevention, rather than 
the management, of drug-resistant TB. To prevent resistance it is important to (i) prescribe in 
proper dosage an appropriate regimen, (ii) ensure that the prescribed regimen is adhered to 
and that those who abscond from treatment are identified promptly – best achieved by 
supervising the ingestion of each dose – and (iii) never introduce a single drug to a failing 
regimen. 

• In Canada, it is recommended that all initial isolates of Mycobacterium tuberculosis be tested 
for susceptibility to isoniazid (INH), rifampin (RMP), pyrazinamide (PZA) and ethambutol 
(EMB). 

• Further, it is recommended that second-line drug susceptibility tests (DST) should be carried 
out for all isolates that are RMP-resistant, polydrug-resistant (resistant to two or more first-line 
drugs other than INH and RMP) and multidrug-resistant (resistant to INH and RMP with or 
without resistance to other first-line drugs; MDR-TB). Intolerance to these drugs/combinations 
should also lead to second-line DST. 

• For the purpose of these Standards, the third- and fourth-generation fluoroquinolones (FQNs) 
– levofloxacin and moxifloxacin – are considered interchangeable with INH in the treatment of 
INH-resistant TB. 

• It is recommended that the treatment of MDR-TB be individualized, based upon DST results. 
Treatment should include a minimum of four drugs to which the initial isolate is susceptible; if 
at all possible one of these drugs should be an FQN and one an injectable agent (for 
example, amikacin or capreomycin). 

• It is recommended that the initial phase of treatment of MDR-TB be administered for at least 
8 months. 
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• The treatment of MDR-TB is a complex health intervention requiring experience and special 
expertise. Referral to physicians or centres that offer this experience and expertise is strongly 
recommended. 

• The careful monitoring of patients with drug-resistant TB is important to their safe and 
successful completion of therapy. 

• It is recommended that the treatment of LTBI in close contacts of infectious drug-resistant TB 
be based upon the DST results of the source case. 

 

INTRODUCTION 

People with TB are said to have drug-resistant disease if their strain of Mycobacterium 
tuberculosis is resistant to one or more first-line drugs: isoniazid (INH), rifampin (RMP), 
pyrazinamide (PZA) and ethambutol (EMB). The impact of drug resistance on the outcome of 
TB treatment varies according to which drug, or combination of drugs, is resistant and reflects 
the different but complementary role each drug plays in the treatment of TB.1 

Globally, the improper prescription of anti-TB drugs, their proper prescription but unavailability, 
inadequate supervision or, uncommonly, the malabsorption of these drugs has increased the 
prevalence of drug-resistant TB. In low- to middle-income countries the resource-driven use of 
standardized regimens that do not take into account pre-treatment DST results may have 
inadvertently amplified the problem of drug-resistant TB. In a systematic review and meta-
analysis of initial drug resistance and TB treatment outcomes the cumulative incidence of 
acquired drug resistance with initially pan-sensitive strains was 0.8% (95% confidence interval 
[CI] 0.5% to 1.0%) compared with 6% (CI 4% to 8%) with initially single drug-resistant strains 
and 14% (CI 9% to 20%) with initially polydrug-resistant strains.2  

The fourth global report on Anti-tuberculosis drug resistance in the world, produced by the 
World Health Organization (WHO) and the International Union Against Tuberculosis and Lung 
Disease, describes resistance patterns in 81 countries and 2 special administrative regions of 
China from 2002 to 2006.3 The population-weighted mean of resistance to any of INH, RMP, 
EMB or streptomycin (SM) was 17.0% (95% CI 13.6% to 20.4%) in new cases, 35.0% 
(CI 24.1% to 45.8%) in previously treated cases and 20% (CI 16.1% to 23.9%) in all TB cases. 
The global weighted mean of MDR-TB, defined as resistance to at least INH and RMP, the two 
most important anti-TB drugs, was 2.9% (CI 2.2% to 3.6%) in new cases, 15.3% (CI 9.6% to 
21.0%) in previously treated cases and 5.3% (CI 3.9% to 6.7%) in all TB cases. In 2008, an 
estimated 440,000 cases of MDR-TB emerged globally, India and China accounting for almost 
50% of the world’s total cases.4 In the 46 countries that reported continuous surveillance or 
representative surveys of second-line drug resistance in MDR-TB cases, 5.4% were found to 
have extensively drug-resistant (XDR) TB, defined as resistance to INH and RMP as well as any 
fluoroquinolone (FQN) and any one of the second-line injectable agents, amikacin, kanamycin 
or capreomycin.3,4 
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NATIONAL DRUG-RESISTANT TB TRACKING SYSTEMS 

In Canada, two systems are used to track drug-resistant TB. 

PHAC CANADIAN TUBERCULOSIS REPORTING SYSTEM (CTBRS) 

Provincial and territorial TB control programs participate in the CTBRS national surveillance 
system by reporting to the Centre for Communicable Diseases and Infection Control, Public 
Health Agency of Canada (PHAC), all new and re-treatment cases of active TB. Between 2006 
and 2010, drug-resistant TB was reported most commonly in people with a past history of TB 
(“re-treatment cases”) and in foreign-born people (see Table 1).a 

Of 5,807 new active cases of TB, 5.3% had an INH-resistant/RMP-sensitive strain and 0.7% 
had an MDR strain. Of 427 cases of re-treatment TB, 7.5% had an INH-resistant/RMP-sensitive 
strain and 2.3% had an MDR-TB strain.5 Between 2006 and 2010, foreign-born people with TB 
were 1.9 times more likely to have INH-resistant/RMP-sensitive TB and almost 13 times more 
likely to have MDR-TB than Canadian-born people. Higher rates of drug resistance among 
foreign-born people correspond to higher rates of drug resistance in their country or region of 
birth. Countries in which the majority of the population has access to the DOTS strategy (directly 
observed treatment, short course; see Chapter 5, Treatment of Tuberculosis Disease) have 
lower rates of drug resistance.6 In Alberta the prevalence of MDR-TB was higher among  
immigrants who arrived in the decade ending in 2011 than in the decades ending in 1991 or 
2001 (Figure 1).7 In Canada, drug-resistant TB cases present earlier after arrival than drug-
susceptible TB cases (Figure 2).8 Immigrants to Canada from the Western Pacific may be at 
higher risk of MDR-TB due to Beijing/W strains of M. tuberculosis.9 Most TB cases (71.0%) and 
most MDR-TB cases (84.0%) in Canada were reported in three provinces: BC, Ontario and 
Quebec.10 

                                                
a Before 2008, "re-treatment" cases were referred to as "relapse" cases. 
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Table 1.   Pattern of resistance to INH and RMP in the initial isolate of M. tuberculosis 
complex from TB patients in Canada, by disease type and country of birth, 
2006-2010* 

 

  Country of birth  

Resistance 
pattern Disease type Canadian-born Foreign-born Unknown Total 

N % N % N % N % 

Susceptible to INH 
and RMP 

New active 1,733 84.4 3,600 84.7 89 78.8 5,422 84.5 

Re-treatment 163 7.9 211 5.0 8 7.1 382 6.0 

Unknown 76 3.7 82 1.9 10 8.8 168 2.6 

Resistant to INH, 
susceptible to 
RMP 

New active 66 3.2 268 6.3 3 2.7 337 5.3 

Re-treatment 8 0.4 23 0.5 1 0.9 32 0.5 

Unknown 2 0.1 8 0.2 2 1.8 12 0.2 

Resistant to RMP, 
susceptible to INH 

New active 2 0.1 4 0.1 0 0.0 6 0.1 

Re-treatment 1 0.0 2 0.0 0 0.0 3 0.0 

Unknown 1 0.0 0 0.0 0 0.0 1 0.0 

Resistant to INH 
and RMP (MDR-
TB) 

New active 1 0.0 41 1.0 0 0.0 42 0.7 

Re-treatment 0 0.0 10 0.2 0 0.0 10 0.2 

Unknown 1 0.0 3 0.1 0 0.0 4 0.1 

Total 2,054 100.0 4,252 100.0 113 100.0 6,419 100.0 

INH = isoniazid, RMP = rifampin, MDR-TB = multidrug-resistant TB 
*Based on the Canadian Tuberculosis Reporting System of TB cases, Public Health Agency of Canada.5 

Figure 1.   Number of foreign-born people with MDR-TB diagnosed in Alberta by year of 
arrival. The number of cases is represented by the solid line and the trend in 
MDR-TB case counts by the dashed line.7 

 

 
 



6  | CANADIAN TUBERCULOSIS STANDARDS – 7TH EDITION 

0

100

200

300

400

500

600

700

800

900

0 5 10 15 20 25 30 35 40 45 50 55

Time Since Arrival (yrs)

N
um

be
r o

f C
as

es

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

MDR

Non-MDR

Susceptible

Cumulative MDR

Cumulative Non-MDR

Cumulative Susceptible

Figure 2.   Time from arrival in Canada to diagnosis of foreign-born, culture-positive 
tuberculosis cases by drug susceptibility pattern of incident case isolate 
(1997-2008)8 

Time from arrival to diagnosis was calculated by subtracting year of arrival from year of diagnosis. Year of arrival was known for 
6,928 of the 10,589 foreign born cases. Cases with time since arrival between 0 and 55 years displayed. 
Bar graph represents the absolute number of cases diagnosed, and line graph represents the cumulative proportion of foreign-born 
TB cases diagnosed since their time of arrival in Canada. 

PHAC CANADIAN TUBERCULOSIS LABORATORY SURVEILLANCE SYSTEM 
(CTLSS) 

This national laboratory-based surveillance system was established in 1998 to collect timely 
data on TB drug resistance across Canada. Participating laboratories include members of the 
Canadian Tuberculosis Laboratory Technical Network (covering all provinces and territories). 
Please see Table 2 for the overall pattern of TB drug resistance in Canada, 2006 to 2010, as 
reported by this system. For additional reports, see http://www.phac-aspc.gc.ca/tbpc-latb/index-
eng.php for annual Tuberculosis Drug Resistance in Canada reports.10 

Drug resistance is detected by the performance of in-vitro DST on pure cultures of 
M. tuberculosis complex grown from clinical specimens collected from patients (see Chapter 3, 
Diagnosis of Active Tuberculosis and Drug Resistance). Prompt turnaround times for laboratory 
results are of paramount importance in rapid diagnosis and appropriate treatment of drug-
resistant TB. Recent advances in molecular biology have allowed identification of the genetic 
loci and biologic mechanisms of resistance to each of the first-line and selected second-line 
drugs (see next page). 
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Table 2.  Overall pattern of reported TB drug resistance in Canada on initial and follow-
up isolates of M. tuberculosis complex, 2006-2010* 

 

Report year 

 
2006 2007 2008 2009 2010 2006-2010 

Total % Total % Total % Total % Total % Total % 

All isolates 1,389 100 1,267 100 1,356 100 1,331 100 1,276 100 6,619 100 

Susceptible 
isolates 1,263 90.9 1,134 89.5 1,240 91.4 1,204 90.5 1,164 91.2 6,005 90.7 

Any first-line drug resistance† 

Any resistance 
to INH 101 7.3 110 8.7 102 7.5 113 8.5 101 7.9 527 8.0 

Any resistance 
to RMP 24 1.7 13 1 19 1.4 21 1.6 18 1.4 95 1.4 

Any resistance 
to EMB 12 0.9 23 1.8 13 1 17 1.3 10 0.8 75 1.1 

Any resistance 
to PZA 16 1.2 27 2.1 22 1.6 18 1.4 25 2 108 1.6 

Resistant to ≥1 
first line drug 126 9.1 133 10.5 116 8.6 127 9.5 112 8.8 614 9.3 

Monoresistant 107 7.7 111 8.8 94 6.9 98 7.4 88 6.9 498 7.5 

Polydrug-
resistant 3 0.2 11 0.9 7 0.5 11 0.8 6 0.5 38 0.6 

MDR 16 1.2 11 0.9 15 1.1 18 1.4 18 1.4 78 1.2 

INH = isoniazid, RMP = rifampin, EMB = ethambutol, PZA = pyrazinamide, MDR = multidrug resistant 
*Based on the Canadian Tuberculosis Laboratory Surveillance System's drug susceptibility test results for M. tuberculosis clinical 
isolates.10 These numbers are slightly higher than those in Table 1 as they also include drug-susceptibility test results on selected 
follow-up cultures. 
†Some laboratories do not routinely report pyrazinamide or streptomycin resistance. 

DRUG RESISTANCE THEORY 

Traditionally, drug resistance in TB has been classified into three types.11  

1. Primary drug resistance  
When previously untreated patients are found to have drug-resistant organisms, presumably 
because they have been infected from an outside source of resistant bacteria. Primary drug 
resistance is uncommon in Canadian-born people unless they have travelled abroad to a 
country with a high prevalence of anti-TB drug resistance. 
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2. Acquired drug resistance  
When patients who initially have drug-susceptible TB bacteria later become drug-resistant 
as a result of inadequate, inappropriate or irregular treatment or, more importantly, because 
of nonadherence in drug taking. Acquired drug resistance is uncommon in Canadian-born 
people, perhaps because directly observed therapy (DOT) is frequently used to promote 
treatment adherence.12 

 
3. Initial drug resistance 

When drug resistance occurs in patients who deny previous treatment but whose history of 
prior drug use cannot be verified. In reality it consists of true primary resistance and an 
unknown amount of undisclosed acquired resistance. It may be best to classify drug 
resistance in the foreign-born who deny previous drug use as initial rather than primary, 
unless their prior drug use can be verified. The following theory relates to acquired drug 
resistance.† 

An understanding of acquired drug resistance theory is key to the prevention of drug-resistant TB. 
In any large population of M. tuberculosis bacteria, there will be several naturally occurring drug-
resistant mutants.13,14 Random mutations that confer resistance to each of the major anti-TB drugs 
occur at predictable frequencies in nontreated populations of TB bacteria (Table 3). A 2 cm 
diameter TB cavity harbouring 108 (100 million) bacteria may contain a few (~100) bacteria 
resistant to INH, a few (~10) resistant to RMP, a few (~10-100) resistant to EMB, etc. This does 
not mean that when a sample of this population of bacteria is cultured in the laboratory it will be 
determined to be resistant to these drugs: for resistance to be reported in the laboratory, at least 
1% of the bacterial population needs to be resistant to the drug.13,15,16  When 1% or more of a 
bacterial population is resistant to a given drug, clinical success with a regimen that is dependent 
upon that drug is less likely.13,15,16 

Table 3.  Mutation rates (per bacterium, per generation) and average mutant frequencies 
(in an unrelated population of bacteria, the proportions of resistant bacilli) for 
several commonly used drugs15 

Drug Mutation rate Average mutant frequencies 

INH (0.2 µg/mL) 1.84 x 10–8 3.5 x 10–6 

RMP (1.0 µg/mL) 2.2 x 10–10 1.2 x 10–8 

EMB (5.0 g/mL) 1.0 x 10–7 3.1 x 10–5 

SM (2.0 µg/mL) 2.9 x 10–8 3.8 x 10–6 

INH = isoniazid, RMP = rifampin, EMB = ethambutol, SM = streptomycin 

 
                                                
†With respect to the reporting of “disease type” at the time of diagnosis, the terms “new active” and “re-treatment” are 
used (see Appendix A for definition of terms). Drug resistance among new cases is defined by the WHO as “the 
presence of resistant isolates of M. tuberculosis in patients who, in response to direct questioning, deny having had 
any prior anti-TB treatment (for as much as 1 month) and, in countries where adequate documentation is available, 
for whom there is no evidence of such a history”.3 Drug resistance among previously treated (re-treatment) cases is 
defined by the WHO as “the presence of resistant isolates of M. tuberculosis in patients who, in response to direct 
questioning, admit having been treated for tuberculosis for 1 month or more, or in countries where adequate 
documentation is available in a patient for whom there is evidence of such a history”.3 This category includes patients 
who have acquired resistance, have been primarily infected with a resistant strain in the past, been treated and 
subsequently failed or relapsed, as well as patients who have been re-infected.  



9  | CANADIAN TUBERCULOSIS STANDARDS – 7TH EDITION 

The sites of resistance within the mutants are chromosomally located and are not linked. 
Accordingly, the likelihood of a bacterium spontaneously developing resistance to two unrelated 
drugs is the product of probabilities: for example, for INH and RMP resistance, 
1 in 108 × 1 in 1010 equals 1 in 1018. Because the total number of bacteria in the body, even with 
far advanced disease, rarely approaches this number (1018), spontaneous evolution of MDR-TB 
is very rare. As Iseman and Madsen have enunciated so clearly:17 “This is the salient principle 
of modern TB chemotherapy. Because naturally occurring two-drug resistance is very 
uncommon, therapy with two (or more) drugs prevents the emergence of progressive resistance 
in the following manner: some organisms in the population will be resistant to drug A, and some 
others 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 TB.” Because PZA accelerates bacterial killing in the initial phase and 
shortens the duration of treatment, and because bacterial loads may occasionally be very large, 
PZA is usually added to INH and RMP; to prevent acquired resistance to RMP in the event the 
initial isolate of M. tuberculosis (MTB) is resistant to INH, EMB is usually added to INH, RMP 
and PZA.1,18 Thus, the standard short-course therapy recommended includes four drugs: INH, 
RMP, PZA and EMB. If the initial isolate is determined to be fully drug-susceptible, EMB may be 
discontinued (see Chapter 5, Treatment of Tuberculosis Disease). 

If infection (latent TB infection or LTBI) and not disease is present, then it is reasonably safe to 
assume the bacterial load is small, and treatment need only include a single drug, usually INH.18  

The emergence of drug resistance is due to the selection of pre-existing resistant mutants in the 
original bacterial population by “drug pressure.” 15,17 For example, if INH alone is prescribed (or 
is the only first-line drug taken in a multidrug regimen), then it will kill all of the bacteria 
susceptible to it, including those random mutants resistant to drugs such as RMP and EMB, but 
it will not kill INH-resistant mutants. These will continue to multiply and will eventually dominate 
the population because they have a selective advantage in the presence of the drug, and INH 
will be lost to the armamentarium. The likelihood of this happening is influenced by the duration 
of such monotherapy: 25% among those receiving INH alone for 2 weeks, 60% for those 
receiving it for 6 months and 80% for those receiving it for 2 years.19 If RMP alone is now added 
to the regimen, then by the same mechanism an MDR strain (i.e. resistant to both INH and 
RMP) will emerge: RMP will kill all bacteria resistant to INH, but it will not kill those few random 
mutants in the new population that are resistant to both INH and RMP.15,17  

This classic theory of drug resistance in TB posits a sequence of events in which the patient 
effectively receives monotherapy. It does not explain how resistance may emerge solely 
because of irregularity in drug taking and without monotherapy. Other mechanisms have been 
proposed to explain resistance under these circumstances.15,20,21  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. Regrowth back to the size of the original population may occur with the 
consequent presence of increasing proportions of resistant bacteria at the start of each cycle. 
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WHEN TO SUSPECT DRUG-RESISTANT TB22 

The possibility of drug-resistant TB should be considered at the time of selection of the initial 
treatment regimen. Failure to consider the possibility of drug-resistant TB until DST results 
become available weeks later can result in unnecessarily inadequate treatment regimens. 

In patients who have not yet started their anti-TB drugs the most important predictors of drug-
resistant TB are the following: 

1. Previous treatment of TB disease 
Drug-resistant TB should be suspected if the patient was previously treated for smear-
positive or cavitary pulmonary TB; or if the treatment regimen was inadequate or self-
administered; or if the patient was nonadherent. Conversely, if the patient is reported to 
have been lost to follow-up when taking multidrug DOT (i.e. stops all medications at the 
same time) or has relapsed after completion of a directly observed standardized regimen, 
then theoretically the likelihood of the isolate being drug-resistant is lower.23 

To quote the Francis J. Curry National Tuberculosis Center:22 “the soliciting of a history of 
previous TB treatment requires a great deal of patience and attention to detail. In a culturally 
sensitive and confidential setting one must allow plenty of time, utilize an accurate and 
unbiased interpreter (if necessary), and be willing to repeat or rephrase a question to obtain 
the information. One must give the patient encouragement to review accurate information by 
asking and responding in a nonjudgmental manner. One must ask the patient if he/she has 
any written information regarding his or her treatment, any old radiographs, etc.” Patients born 
in Canada may have records of previous treatment at the level of the provincial/territorial TB 
program. Foreign-born people who have been referred for medical surveillance by Citizenship 
and Immigration Canada (CIC) because of inactive pulmonary TB, history of TB or another 
condition that puts them at high risk of active TB may have overseas records of previous 
treatment that CIC can retrieve (see Chapter 13, Tuberculosis Surveillance and Screening in 
Selected High-risk Populations). 

If active TB disease is not adequately excluded beforehand, treatment of LTBI, even if only for 
a month, can result in drug resistance. 

2. Origin from, history of residence in, or frequent or extended (1 month or more) travel 
to a country/region with high rates of drug resistance  
Although drug-resistant TB is more common in the foreign-born than in other population 
groups in Canada, transmission of drug-resistant TB from the foreign-born to the Canadian-
born is relatively uncommon.12,24 
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3. Exposure to an individual with infectious drug-resistant TB, including exposure in 
facilities where drug resistance has occurred, e.g. correctional facilities, homeless 
shelters or other congregate settings  
While some data suggest that drug-resistant bacteria are less transmissible or less 
pathogenic once transmitted than drug-susceptible bacteria,25-34 other data indicate that this 
may not be so and the transmission risk is offset by longer periods of infectiousness in drug-
resistant cases34,35 or compensatory mutations in drug-resistant bacteria.36 Clinical evidence 
of the transmissibility of drug-resistant strains is compelling.37-40 For practical purposes, 
i.e. for the ordering of treatment regimens or for contact tracing, drug-resistant bacteria 
should be considered just as transmissible and just as pathogenic as drug-susceptible 
bacteria. 

4. Exposure to a person with active TB who has had prior treatment for TB resulting in 
treatment failure or relapse and whose DST results are not known  
Depending upon the circumstances of the individual case (e.g. likelihood of resistance to 
more than one first-line drug, severity of disease) an expanded, empiric treatment regimen 
may be indicated from the outset. Although few countries report drug resistance data 
disaggregated by HIV status, the two with the most robust data (Latvia and Donetsk Oblast, 
Ukraine) both showed a significant association between HIV and MDR-TB.3 This association 
may have more to do with environmental factors, such as transmission in congregate 
settings, than biological factors.41 

A drug-susceptible strain of TB may become drug-resistant, or a monoresistant strain may 
become polydrug-resistant (see below) during treatment. This is more likely to occur under 
the following circumstances:  

• when the treatment regimen is inadequate to begin with,15,17 

• when there is intermittent or erratic ingestion of the prescribed anti-TB drugs,15,17 
• when the patient is malabsorbing one or more of the drugs in the treatment regimen,15 
• when the patient has cavitary pulmonary TB – cavities contain large numbers of bacteria 

with correspondingly large numbers of drug-resistant mutants,42 
• when the patient’s disease is sequestered, e.g. TB empyema, a rare condition in which 

differential penetration of anti-TB drugs has been described.43 

Rare instances of mixed infection, with selection of a drug-resistant subpopulation during 
treatment with first-line drugs of a dominant drug-susceptible population, have been 
reported.44,45  Also reported have been instances of reinfection with a drug-resistant strain 
during treatment of disease that is due to a drug-susceptible strain.46 
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Among patients with drug-susceptible pulmonary TB who are treated with standard four-
drug therapy, approximately 80% will have negative sputum cultures after 2 months of 
treatment.47 Progressive clinical and/or radiographic deterioration or failure of smears or 
cultures to convert in a timely fashion should lead to suspicion of treatment failure (defined 
as: [i] sputum smears positive after 5 months or more of treatment or [ii] continued or 
recurrent positive cultures after 4 or more months of treatment in patients in whom 
medication ingestion was confirmed) and acquired drug resistance.47,48 Prior DST results 
should be reviewed and repeat DST performed. Self-administered treatment, if used, should 
be abandoned in favour of DOT and, in the event of possible drug malabsorption, serum 
drug concentrations should be measured.47 Depending upon the circumstances, 
consideration should be given to a change or expansion of the treatment regimen. If a 
decision is made to expand the regimen, then a minimum of two new drugs is 
recommended – it is inadvisable to add a single drug to a failing regimen. It is advisable for 
the new drugs to be chosen from those to which the organism is known to be susceptible 
and/or those that the patient has never received.22 

MANAGEMENT OF DRUG-RESISTANT TB 

For the optimal management of drug-resistant TB, particularly MDR-TB, the following is 
recommended:  the performance of state-of-the-art DST, an uninterrupted supply of first- and 
second-line anti-TB drugs (see below), the capacity to provide DOT, and access to a physician 
and team experienced in the management of drug-resistant TB. Steps to ensure that there is an 
uninterrupted supply of drugs should begin 6 months or more in advance of anticipated need, 
and drug needs should be estimated as accurately as possible.49 

The WHO “gold standard” method for M. tuberculosis DST for first-line drugs uses an 
automated liquid culture system and an indirect or direct test.50 Such phenotypic testing systems 
are most accurate for INH and RMP and less reliable (the extent to which a test result remains 
consistent when repeated under identical conditions) and reproducible (the ability of a test to be 
accurately reproduced or replicated under independent conditions) for PZA, EMB and SM. 
Liquid culture DST for aminoglycosides, polypeptides and FQNs has been shown to have 
relatively good reliability and reproducibility.50 The Clinical and Laboratory Standards Institute, 
which offers practical operating guidelines that lead to consistent laboratory practices, precision 
and efficient use of resources, recommends that after having been tested for first-line anti-TB 
drugs, isolates found to be monoresistant to RMP or to demonstrate resistance to any two of the 
first-line anti-TB drugs should be tested against a panel of second-line drugs.51 When FQNs 
may be added to therapy for cases showing monoresistance to INH (see below), it is also 
recommended that second-line anti-TB drug testing should be performed.51 In anticipation of 
possible INH resistance/intolerance many laboratories are now including routine FQN DST at 
the time of first-line DST. In Canada in 2011, four laboratories conducted second-line anti-TB 
drug susceptibility testing: the provincial laboratories in Alberta, Ontario and Quebec, and the 
National Reference Centre for Mycobacteriology in Manitoba.10,52 

Among patients with the various patterns of drug resistance, definitive, randomized trials of 
treatment have not been performed. Recommendations for treatment are based upon less than 
ideal evidence. With few exceptions the treatment regimens for drug-resistant nonrespiratory TB 
are the same as those for respiratory TB.49 Generally, the regimens assume that the pattern of 
drug resistance has not changed between the time the specimen was collected and the time the 
phenotypic DST results were reported. Unfortunately, this gap can include several weeks during 
which the patient is receiving standard or empiric therapy. If the initial isolate of MTB turns out to 
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be polydrug-resistant or MDR, then the standard or empiric regimen may have not only been 
inadequate in the number and strength of drugs necessary for cure but also have induced 
resistance to other drugs included in the initial regimen (“amplified” resistance). 

There are really only three ways to avoid this scenario: (i) delay treatment altogether until the DST 
results on the initial isolate are available – rarely an acceptable option, (ii) make certain (within 
reason) that the empiric regimen is strong enough to cover the possibility that the pre-treatment 
isolate is highly resistant or (iii) use one of the newer genotypic DST methods that target 
resistance-conferring mutations and provide an indication, early on, of the existence of resistance 
to INH and/or RMP (see below).7 

DIAGNOSTIC CONSIDERATIONS  

In Canada, RMP resistance strongly suggests (85% or more of the time) the presence of MDR-TB 
(see Table 1). Two new WHO-approved molecular tests rapidly detect RMP resistance and by 
doing so signal the likely presence of MDR-TB: the line probe assays (LPAs) and the Xpert 
MTB/RIF test.50 LPAs use a polymerase chain reaction (PCR) hybridization technique to identify 
members of the MTB complex while simultaneously identifying drug-resistant strains through 
detection of the most common single nucleotide polymorphisms associated with resistance. The 
major advantage of LPAs is that they can be performed directly on smear-positive sputum 
samples, giving rapid (approximately 5 hour) drug susceptibility results without the need for 
culture. The disadvantages of LPAs are that they are labour intensive and require highly trained 
personnel, and dedicated laboratory space and equipment. The Xpert MTB/RIF test is a fully 
automated, closed system that performs both sample preparation and real-time PCR, producing 
results (detecting MTB complex while simultaneously detecting RMP resistance [targeting the 
rifampin resistance-determining region of the rpoB gene]) in less than 2 hours. The sensitivity and 
specificity of these two systems for detecting RMP resistance are in the order of 97%-100%.50,53  
 
The WHO currently recommends rapid DST of INH or RMP alone over conventional testing or no 
testing at the time of diagnosis of TB, subject to available resources.54 The basic assumption is 
that rapid DST will reduce the delay to the start of appropriate second-line therapy and thus 
provide benefit to the patient by increasing cure, decreasing mortality, reducing development of 
additional resistance and reducing the likelihood of failure and relapse. Studies supporting this 
assumption are just beginning to emerge.55-57  
With the use of decision analysis modeling,58 it was found that rapid testing for both INH and 
RMP at diagnosis rather than later during treatment was the most cost-effective DST strategy 
available, starting from an MDR-TB prevalence greater than 1% and an INH resistance (other 
than MDR-TB) greater than 2%, both of which apply to foreign-born TB patients in Canada 
(Table 1).8 Origin from, history of residence in or frequent travel to one of the 27 countries† with 
a high MDR-TB burden, especially if residence or travel occurred within recent years, should 
prompt consideration of rapid testing.4  
 
Other patients to consider for rapid testing include those with a history of previous treatment, 
those who are contacts of MDR-TB cases and those who are HIV coinfected.4,7  Most Canadian-
born TB patients would not be good candidates for rapid testing, given the low positive 

                                                
† The 27 countries with a high MDR-TB burden are the WHO member states estimated in 2008 to have at least 
4,000 MDR-TB cases arising annually and/or at least 10% of newly registered TB cases with MDR-TB. These 
countries are Armenia, Azerbaijan, Bangladesh, Belarus, Bulgaria, China, DR Congo, Estonia, Ethiopia, Georgia, 
India, Indonesia, Kazakhstan, Kyrgyzstan, Latvia, Lithuania, Myanmar, Nigeria, Pakistan, Philippines, Republic of 
Moldova, Russian Federation, South Africa, Tajikistan, Ukraine, Uzbekistan and Vietnam. 
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predictive value of these tests in patient groups in which RMP resistance is rare. It is 
recommended that use of rapid tests not obviate the need for culture and phenotypic DST. The 
current status of second-line DST methodology, consensus on reliability and reproducibility, and 
critical concentrations for different methodologies can be found in a WHO policy document on 
the rational use of second-line DST.59 Susceptibility testing to all second-line drugs (cycloserine 
excepted) is available in Canada.10,52 

 
 

RESISTANCE TO INH WITH OR WITHOUT RESISTANCE TO SM 

In Canada, INH resistance is the most common pattern of first-line drug resistance (see 
Tables 1 and 2). Resistance to INH is usually due to a mutation in either the katG or inhA 
gene.60,61 Less commonly it is due to one or more mutations in other genes, such as the ahpC 
gene.15  
 
INH is a prodrug that must be activated by catalase-peroxidase, an enzyme that is regulated by 
the katG gene, in order to be effective against MTB. Mutation of the katG gene results in high 
level resistance to INH (resistance concentration 1.0 μg/mL using solid media [agar proportion 
method], 0.4 μg/mL using liquid media [indirect proportion method]).15,62 When the katG gene is 
not mutated, activated INH acts on several M. tuberculosis genes, of which those in the inhA 
promoter region are the most important.62 Mutations in the inhA gene or inhA promoter region 
result in low-level resistance to INH (0.2 μg/mL using solid media, 0.1 μg/mL using liquid 
media). Isolates that have high-level resistance to INH are usually susceptible to ethionamide; 
isolates that have low-level resistance to INH are usually resistant to ethionamide but 
susceptible to high dose (15 mg/kg or 900 mg thrice weekly) INH (see below).62  
 
In general, on the basis of the research, it is recommended that patients suspected of having 
INH-resistant TB (with or without SM resistance) should, at a minimum, be started on all four 
first-line drugs while DST results are pending. An initial four-drug regimen is also advisable 
whenever the prevailing rate of INH resistance among those in whom there is no history of anti-
TB drug use is 4% or more (see Tables 1 and 2).63  
 
Recommended regimens for the treatment of INH-resistant TB are listed in Table 4.64,65 The 
presence of SM resistance does not affect the efficacy of these regimens. Ideally, each regimen 
should be regarded as the minimum effective therapy, and consideration should be given to 
administering the regimen as DOT (see Chapter 5).  

 
Still unresolved is the question of whether an FQN can be used in an intermittent regimen; in 
theory a thrice weekly regimen of levofloxacin and RMP could be effective as the half-lives of 
these two drugs tend to be similar. A thrice weekly regimen of moxifloxacin and RMP is not 

Direct observation of treatment is especially important in patients with smear-positive 
pulmonary disease or HIV coinfection. Given that a randomized controlled trial 
showed moxifloxacin, a fourth-generation FQN, to be equivalent to INH in the initial 
phase of treatment of smear-positive pulmonary TB, it is assumed that moxifloxacin 
or, by inference, levofloxacin (a third-generation FQN) would be equally efficacious 
and therefore could be interchangeable with INH in the treatment of INH-resistant TB.66 

(Strong recommendation, based on moderate evidence) 
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considered advisable, as the half-life of moxifloxacin is longer than that of RMP, resulting in 
conditions of moxifloxacin monotherapy.65 

 

 

Table 4. Regimens for the treatment of INH-monoresistant TB 
 

Initial phase Continuation phase 

2 months daily (INH) 
RMP/PZA/EMB* 

4-7 months daily or thrice weekly RMP/PZA/EMB64  

2 months daily (INH) 
RMP/PZA/EMB 

10 months daily or thrice weekly RMP/EMB22 

2 months daily (INH) 
FQN/RMP/PZA/EMB† 

4-7 months daily or thrice weekly FQN/RMP/EMB66 

INH = isoniazid, RMP = rifampin, PZA = pyrazinamide, EMB = ethambutol, FQN = levofloxacin or moxifloxacin 
*If treatment was started with a standard 4-drug regimen, INH (particularly if the resistance is of a high level) can be 
 discontinued once phenotypic resistance is documented. 
†If an FQN-containing regimen is used thrice weekly, it should contain levofloxacin and not moxifloxacin. This is because 
levofloxacin has a shorter half-life than moxifloxacin and is less likely to result in a condition of FQN monotherapy.65 

 
 

ISOLATED RESISTANCE TO RMP 

Resistance to RMP is due to point mutations in the rpo gene in the beta subunit of DNA-dependent 
RNA polymerase in 95% of cases.67 Resistance to RMP results in cross-resistance to rifabutin 
(RBT) in most (~80%) and to rifapentine (RPT) in all (100%) cases. With one exception, i.e. the 
occurrence of acquired RMP resistance in HIV-infected patients, RMP monoresistance is 
uncommon. It has been described in AIDS patients taking RBT as prophylaxis against M. avium 
complex and in HIV-coinfected TB patients, in whom the consistent associations are advanced HIV 
disease (CD4 counts in cases of acquired rifamycin resistance have all been <200 cells × 106/L and 
usually <50 cells × 106/L) and the use of an intermittent regimen during the initial phase of 
treatment.68-74 In general, for HIV-coinfected TB patients it is recommended that intermittent 
treatment should be avoided altogether in the initial phase and used selectively in HIV sero-negative 
patients (see Chapter 5). Treatment options for patients determined to be RMP-monoresistant are 
given in Table 5.22,47,75-78  
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Table 5. Regimens for the treatment of RMP-monoresistant TB 
 

Initial phase Continuation phase 

2 months daily INH/PZA/EMB/FQN* 10-16 months daily or thrice weekly 
INH/EMB/FQN22,47,75 

2 months daily INH/PZA/SM  
(or other aminoglycoside/polypeptide 
daily or thrice weekly) 

 
7 months daily or thrice weekly INH/PZA/SM76 

 

2 months INH/PZA/EMB daily† 16 months daily or thrice weekly INH/EMB77,78 

INH = isoniazid, PZA = pyrazinamide, EMB = ethambutol, FQN = levofloxacin or moxifloxacin, SM = streptomycin 
*For treatment in patients with extensive cavitary disease or to shorten the duration of treatment (e.g. 12 months),  
addition of an injectable agent for at least the first 2 months is recommended. 
† An injectable agent may strengthen the regimen in patients with extensive disease. 

 

ISOLATED RESISTANCE TO PZA AND EMB 

Isolated resistance to PZA or EMB is rare. Isolated PZA resistance occurs genotypically in 
M. bovis.15 In 2003, PZA monoresistance was reported in isolates of M. tuberculosis from 
Quebec.79 Patients with these strains had worse clinical outcomes than those with fully 
susceptible strains.80 In patients with disease due to PZA-resistant isolates, the total duration of 
treatment should be 9 months or more. EMB monoresistance will not change the efficacy or 
duration of treatment with standard regimens.22,47 

 
 

RESISTANCE TO TWO OR MORE FIRST-LINE DRUGS  
(POLYDRUG-RESISTANT TB) NOT INCLUDING MDR-TB 

Polydrug-resistant TB is uncommon in Canada (see Table 2); the range of possible resistance 
patterns and treatment options are outlined in Table 6.22,47,49 It is recommended that patients 
with polydrug-resistant TB be treated with daily DOT in the initial phase and daily or thrice 
weekly DOT in the continuation phase.  
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Table 6. Treatment regimens for the management of polydrug-resistant TB22 

 

Pattern of drug 
resistance 

Suggested  
regimen 

Minimum 
duration  

of treatment 
Comments 

INH and PZA RMP, EMB, FQN 9-12 mo A longer duration of treatment should be 
used for patients with extensive disease. 

INH and EMB RMP, PZA, FQN 9-12 mo A longer duration of treatment should be 
used for patients with extensive disease. 

RMP and EMB INH, PZA, FQN  
plus an injectable agent 

for at least the first  
2-3 months 

18 mo A longer course (6 months) of the 
injectable agent may strengthen the 
regimen for patients with extensive 
disease. 

RMP and PZA INH, EMB, FQN  
plus an injectable agent 

for at least the first  
2-3 months 

18 mo A longer course (6 months) of the 
injectable agent may strengthen the 
regimen for patients with extensive 
disease. 

INH, EMB, PZA RMP, FQN  
plus an oral second-line 
agent, plus an injectable 

agent for the first 2-
3 months 

18 mo A longer course (6 months) of the 
injectable agent may strengthen the 
regimen for patients with extensive 
disease. 

INH = isoniazid, PZA = pyrazinamide, RMP = rifampin, EMB = ethambutol, FQN = fluoroquinolone 

 

MDR AND XDR TB 

MDR-TB, and especially MDR-TB that is XDR, represents a grave threat to TB prevention and 
care.81,82‡ It is recommended that people with MDR or XDR TB be treated with second-line drugs, 
here listed as the aminoglycosides (streptomycin, amikacin, kanamycin), polypeptides 
(capreomycin), the FQNs, ethionamide, cycloserine and para-aminosalicylic acid, which on balance 
are weaker, more toxic and more costly than first-line drugs (see Table 7).22, 47,49,84-87 Furthermore, 
the duration of MDR or XDR TB treatment is longer, on average 20-24 months. Four MDR-TB case 
series have been reported in Canada.7,8,88-90 In all of them, a high proportion of cases were foreign-
born (83.3%-95.2%) and undergoing re-treatment (32.9%-67.7%); of those who were HIV tested 
few were HIV coinfected (0.0%-27.7%). See Table 8. MDR-TB has also been reported in HIV-
seronegative Tibetan refugees in Ontario.91 Longitudinal data from Alberta suggest that MDR-TB 
cases that report having arrived in Canada in the near past are more likely to have primary drug 
resistance than those reporting having arrived in the remote past.7  

                                                
‡ At this time there is no evidence that strains referred to as “totally resistant TB” differ from strains encompassed by 
XDR TB. Accordingly, for the foreseeable future the term “totally drug-resistant TB” is discouraged.83 
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Table 7.   Doses of and common adverse reactions to second-line  
anti-tuberculosis drugs22,47,49 

 

DRUG* Usual adult daily dosage 
(pediatric doses) 

Peak serum 
concentratio

n, μg/mL 
Recommended 

regular monitoring Adverse reactions 

Streptomycin 
15 mg/kg 

(20-40 mg/kg daily) 
(MAX 1 gm) 

35-45 

 
Vestibular function, 

audiometry, creatinine, 
electrolytes, 

magnesium and 
calcium 

 
Auditory, vestibular and renal 
toxicity. If possible, avoid in 

pregnancy. Amikacin 
Kanamycin 
Capreomycin 

 
15 mg/kg 

(15-30 mg/kg daily) 
(MAX 1 gm) 

Ethionamide 

250 mg 
BID or TID 

(15-20 mg/kg daily divided BID) 
(MAX 1 gm) 

1-5 
 

Hepatic enzymes, 
glucose, TSH 

GI disturbance, hepatotoxicity, 
endocrine effects, 

neurotoxicity. Avoid in 
pregnancy. 

Para-amino 
salicylic acid 

4 g 
BID or TID 

(200-300 mg/kg daily in  
2-4 divided doses) 

(MAX 10 gm) 

20-60 Hepatic enzymes, 
electrolytes, TSH 

GI disturbance, hepatic 
dysfunction, hypothyroidism. 

Avoid if allergic to aspirin. 

Cycloserine 

250 mg 
BID or TID 

(10-15 mg/kg daily divided BID) 
(MAX 1 gm) 

20-35 
Mental status, 

pharmocokinetics of 
cycloserine 

Avoid in patients with epilepsy, 
mental illness or alcoholism. 

Levofloxacin 

500-1000 mg OD 
(< 5 yrs, 15-20 mg/kg daily 

divided BID) 
(> 5 yrs, 10 mg/kg OD) 

(MAX 500 mg) 

8-12 

 

GI disturbance, headache, 
anxiety, tremulousness, 

prolonged Q-T interval. Avoid 
in pregnant women or growing 

children. 
Moxifloxacin 

 
400-600 mg OD 

(10 mg/kg daily OD) 
(MAX 400 mg) 

2.5-4.5 

Rifabutin 300 mg OD  
Hepatic enzymes, 

complete blood count, 
vision screening 

Hepatotoxicity, uveitis 
thrombocytopenia, 

neutropenia, drug interactions 

Clofazimine 100-300 mg OD 0.5-2.0 Macular pigmentary 
changes, symptoms 

Skin, conjunctiva, cornea, 
body fluid discoloration, GI 
intolerance, photosensitivity 

BID = twice daily, TID = thrice daily, TSH = thyroid-stimulating hormone, GI = gastrointestinal, OD = once daily 
*Kanamycin, capreomycin, ethionamide, para-aminosalicylic acid, cycloserine and clofazimine are not available in Canada, except 
perhaps pursuant to a practitioner’s application for treatment of a patient through the Special Access program, available at: 
http://www.hc-sc.gc.ca/dhp-mps/acces/drugs-drogues/index-eng.php. Monthly monitoring of body weight is especially important in 
pediatric cases, with adjustment of doses as children gain weight.22,85  Pyridoxine may reduce ethionamide and cycloserine 
neurotoxity.86 

http://www.hc-sc.gc.ca/dhp-mps/acces/drugs-drogues/index-eng.php
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Table 8. MDR-TB experience in Canada 
 

Reference Jurisdiction 
(time period) 

No. of 
cases 

No. (%) 
foreign-born 

No. (%) 
re-treatment 

No. (%) 
HIV 

coinfected 

Mean no. of 
first-line drugs to 
which the isolate 

was resistant* 
88,89 AB & BC 

(January 1989  
to June 1998) 

24 20 (83.3)† 16 (66.7) 1/17 (5.9) 3.25 

90 ON 
(January 1986  
to June 1999) 

40 38 (95.0) 26 (65.0) 6/46 (13.0)‡ 3.20 

8 Canada 
(January 1997 to 
December 2008) 

177 163 (92.1) 55/167 (32.9) 9/38 (23.7) NA 

7§ AB 
(January 1982 to 
December 2011) 

31 27 (87.1) 12 (38.7) 0/22 (0.0) 3.35 

AB = Alberta, BC = British Columbia, ON = Ontario 
*First-line drugs included isoniazid, rifampin, pyrazinamide, ethambutol and streptomycin. 
†Two Canadian-born cases were infected with an MDR strain while travelling abroad. 
‡ This study reported only HIV uninfected patients; of all patients over the same time period (n = 82), 46 were HIV tested and 6 were 
positive.  
§This study included 9 cases from reference #88; there were 31 patients and 32 episodes; one patient (the only MDR-TB case with 
XDR TB) had a relapse episode.  
 
 

MAKING A PRESUMPTIVE DIAGNOSIS OF MDR-TB 

Prior to the availability of DST results, MDR-TB should be suspected in the following: 

• patients who have failed treatment with a standard four-drug regimen;  

• patients who were treated for TB in the past and were nonadherent;  

• patients who were treated for INH-resistant TB in the past; and 

• patients who were close contacts of an infectious MDR-TB case. 

 
In a recent study from California, independent predictors of acquired MDR-TB were initial INH 
resistance, initial RMP resistance, HIV infection and cavitary disease in the absence of DOT 
throughout therapy.92 As outlined earlier, the suspicion of drug-resistant TB, and in particular 
MDR-TB, should precede the introduction of any anti-TB drugs. It should follow meticulous 
history-taking and the assembly of all available information concerning previous treatment and 
DST. Patients may recognize drugs as having been taken in the past when they are shown 
pictures of the drugs or the drugs themselves. Previous treatment with second-line drugs is a 
strong, consistent risk factor for resistance to these drugs.93 As informed a prediction as 
possible should be made about precisely which drugs are likely to be effective in the individual. 
Great care should be taken to avoid a circumstance whereby an empiric regimen inadequate in 
the number or effectiveness of drugs allows the emergence of further drug resistance.  
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Once DST results are available for the current episode, it is recommended that any 
unnecessary drugs prescribed in an initial surfeit regimen be stopped. Generally, drugs to which 
there is known in-vitro resistance are not recommended. Exceptions to this may be the use of 
high dose INH in the presence of low-level INH resistance or the use of a fourth-generation FQN 
in the presence of second-generation FQN (ofloxacin) resistance.94-98 Previous use of a drug 
may be associated with reduced clinical response, despite apparent in-vitro susceptibility.19,99 

In a Canadian study, people with MDR-TB were more likely than those with resistant non MDR-
TB, and people with resistant non MDR-TB were more likely than those with drug-susceptible 
TB, to be re-treatment cases.8 Unless they were infected with a drug-resistant isolate from the 
outset (primary resistance), it is presumed that some combination of physician error and patient 
nonadherence to treatment turned fully susceptible organisms, or those with less complex 
resistance patterns, into MDR-TB.100 In this regard it is noteworthy that among patients with 
MDR-TB referred to the National Jewish Medical and Research Center (Denver, Colorado) 
there were an average of 3.9 physician treatment errors per case.100 The most common errors 
were addition of a single drug to a failing regimen, failure to identify pre-existing or acquired 
resistance, and administration of an initial regimen inadequate in number of drugs or duration of 
therapy, or both. MDR-TB patients without a history of previous treatment have a better 
response to treatment than do patients with a history of previous treatment.101-103 

MDR-TB has been associated with reduced rates of cure and treatment adherence and 
increased rates of fatality and relapse.104,105 MDR-TB patients who have XDR TB are yet more 
difficult to manage, their outcomes yet worse.106 

 
 

TREATMENT REGIMENS FOR PEOPLE WITH A PRESUMPTIVE  
OR ESTABLISHED DIAGNOSIS OF MDR-TB 

The following recommendations are based on evidence consisting of multiple observational 
studies, an individual patient data meta-analysis and expert opinion. As such, all recommendations 
below should be considered conditional, based on weak to very weak evidence. They may change 
as new and stronger evidence is published. The major sources for the recommendations are the 
WHO,54,107 the Francis J. Curry National Tuberculosis Centre,22 an individual patient data meta-
analysis108 and the Centers for Disease Control and Prevention in Atlanta.47,109  

• MDR-TB (and de facto XDR TB) should be treated by those with a special interest and 
expertise in the management of drug-resistant TB. 

• Individualized treatment regimens, based upon first- and second-line DST results as 
opposed to standardized regimens, should be used. If there is reason to question whether 
resistance to start-up drugs has developed (for example, to PZA or EMB) then repeat DST 
of these agents should be performed. 
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• To the extent that it is possible, outpatient (ambulatory) care is encouraged.54 This 
recommendation, like the treatment itself and its duration (see below), requires a balance. 
The aim should be to provide treatment that is optimal in terms of relieving symptoms, 
reversing infectiousness, preventing further (acquired) resistance, maximizing cure and 
minimizing mortality while at the same time causing as little inconvenience as possible, 
e.g. hospitalization, side effects, duration of treatment, surgery. Such a balance serves, 
among other things, the purpose of promoting adherence. However, it is often the case that 
a period of hospitalization near the outset of treatment provides an opportunity to achieve 
rapid control of the infection while securing the patient’s future cooperation. Incremental 
doses of poorly tolerated second-line drugs, such as para-aminosalicylic acid, ethionamide 
and cycloserine, can be introduced under direct observation; peripherally inserted central 
catheters can be placed for administration of injectable agents; psychosocial issues can be 
addressed;110 and the patient and family can be educated. This may have the effect of 
reducing complications and improving adherence over the long term, justifying the expense 
of hospitalization.111 

 
 Hospitalization is an especially important consideration when the patient is highly infectious 

(smear-positive) and effective home isolation cannot be provided, when the patient's 
infection is resistant to many more drugs than just INH and RMP, and when he or she is HIV 
coinfected. In other patients, and where the necessary program infrastructure, expertise and 
resources are in place, outpatient care may be possible and has been associated with high 
cure rates and lower costs.112 Ideally, patients who require hospitalization should be 
admitted to specialized centres that meet strict criteria (see Table 9).113 

 

• All treatment should be directly observed. DOT for 5 days per week with self-medication on 
weekends is acceptable if there are no problems with adherence.  

 
• An initial phase of 8 months, followed by a continuation phase of 12-16 months, based upon 

clinical, radiographic and mycobacteriologic response, and the strength and tolerability of 
the regimen, is recommended.54 The minimum total duration of treatment should be 
20 months. 

 
• It is suggested that the initial phase should include four or more drugs that are likely to be 

effective. It is advisable to begin with any first-line agents to which the isolate is susceptible, 
recognizing that prior use of these drugs in a start-up regimen may, if given for long enough, 
have induced further resistance and the relative weakness of phenotypic DST for these 
agents. Then it is recommended that a third- or fourth-generation FQN and an injectable 
agent be added, on the basis of susceptibilities. This should be followed by the addition of 
previously unused second-line drugs starting with ethionamide, if there is susceptibility to it, 
until four to six drugs to which the isolate is susceptible have been prescribed. In adult 
studies, the inclusion of an FQN is associated with improved outcome.114 Ideally, the 
injectable agent should be administered 5-7 days per week (15 mg/kg daily), at least until 
culture conversion (see below), when thrice weekly dosing (25 mg/kg) is acceptable. The 
WHO has recently recommended that adults should be given injectable drugs for 8 months 
because longer durations are associated with better outcomes.54 This may be appropriate 
for older children with extensive disease, but for most children 4-6 months of treatment is 
likely sufficient.115  

 
  



22  | CANADIAN TUBERCULOSIS STANDARDS – 7TH EDITION 

• Administration of injectable agents through a central venous line may avoid irritation and 
persistent pain at the injection site. Whenever drugs such as ethionamide, para-
aminosalicylic acid, clofazimine or cycloserine are used one may begin with a small dose 
and increase gradually to the planned dose over a period of several days.22 The patient may 
otherwise experience severe drug intolerance and refuse to continue to take the drugs. 
Therapeutic drug monitoring to place dosages of second-line drugs in the therapeutic range 
and to minimize toxicity should be performed whenever possible (see Chapter 5).22, 116 In 
general, high-end dosing is preferred.117 The optimum duration and dose and indeed the 
utility of clofazimine therapy is still debated.118 Before therapy is initiated adults and children 
should have their hearing and vision tested as well as their renal and thyroid function. 
Children old enough to cooperate (usually from about 5 years of age) can be assessed 
using Ishihara charts and by pure tone audiometry.119 In designing a treatment regimen for 
MDR-TB, the potential toxicities (see Table 7), cross-resistances and drug interactions (see 
Table 10) should be taken into account.120-122 

 

• The continuation phase should include three or more drugs likely to be effective.22,54 

 

• Antiretroviral therapy is recommended for all patients with HIV and MDR-TB (or other cases 
requiring second-line anti-TB drugs) irrespective of CD4 cell count, as early as possible 
(within the first 8 weeks) after initiation of anti-TB treatment.54 

 

• In addition to being followed closely for adverse events, patients should be instructed to 
report immediately any symptoms that suggest drug toxicity.49  

 
• Special drug considerations: if an isolate is resistant to RMP, testing for in-vitro susceptibility 

to RBT should be requested. If cross-resistance is not present on phenotypic testing (ideally 
confirmed on genotypic testing – most RBT-susceptible isolates have RMP rpoB mutations 
at codons 506-508, 511, 512 and 516; most RBT-resistant isolates have RMP rpoB 
mutations at codons 526 and 531) RBT should be added.123 RBT is as effective as RMP in 
the treatment of drug-susceptible TB,124,125 but data on its use for MDR-TB are limited. 
Although linezolid, an oxazolidinone, is often not listed as a second-line drug, it has been 
used as such with some success. It has theoretic advantages in that it is rapidly and 
extensively absorbed after oral dosing, is readily distributed to well-perfused regions of the 
body and penetrates well into bronchoalveolar tissue. It has activity against M. tuberculosis 
in vitro and inhibits the growth of M. tuberculosis in animal models. Linezolid’s safety and 
tolerability are limited by the dose- and duration-dependent occurrence of reversible 
myelosuppression and peripheral and optic neuropathy.126-130 In general, a once daily dose 
of 300 mg is better tolerated than a once daily dose of 600 mg, which in turn is better 
tolerated than a twice daily dose of 600 mg of linezolid. Observational data suggest that 
pyridoxine (50-100 mg daily) might mitigate the myelosuppression associated with line-
zolid.127 
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When extensive resistance to first- and second-line drugs (XDR-TB) has been documented, 
better outcomes have been reported in those who received more than five drugs.131  In these 
patients or in others, such as MDR-TB patients intolerant of second-line drugs, consideration 
may need to be given to surgery (see below). Several new anti-TB drugs, for example, 
bedaquiline (TMC207), delamanid (OPC67683), SQ109, PA824, AZD5847 and PNU100480, 
have entered human trials and may be available for clinical use within the next few years.79 
Results of Phase II trials of bedaquiline and delamanid have been published; outcomes of 
treatment when these drugs were added to an optimal background regimen were better than 
with placebo.132,133 Compassionate use of and expanded access to new drugs are being 
explored internationally.134 

It is recommended to make it clear to patients, families and staff from the outset that meticulous 
adherence to the prescribed regimen is critical to cure. Patients should be counseled to accept 
minor side effects in order to achieve cure and agree to remain under direct observation with 
each dose supervised; as well, it is recommended that patients receive in their own language 
clear and complete instructions before treatment begins, in addition to consistent psychological 
support during treatment. Traditional roles and responsibilities within families may need to be 
examined, and social support may need to be provided to secure adherence. Strategies for 
reducing treatment default in drug-resistant TB have recently been reviewed.135 

Pregnancy may complicate the management of MDR-TB, and experience with the issues 
involved is necessary. The teratogenic risks of second-line drugs, the use of holding regimens, 
the timing of treatment initiation, the risks of vertical and lateral transmission and the role of 
BCG vaccination in infants have recently been reviewed.22,49,136,137 

Table 9.  Canadian Thoracic Society recommended criteria for specialized centres  
for the management of MDR-TB patients 

 

• Adequate infection control environment: negative pressure rooms, adequate number of air 
exchanges/hour, no recirculation of air and patient access to an enclosed outdoor space. 

• Expertise. 
• Adequate infrastructure to deal with the needs of these patients:  psychosocial support, 

psychiatric and psychological support,113 nutritional needs, counseling, recreational 
opportunities, exercise facilities. 

• Culturally sensitive environment. In Canada the majority of patients with MDR-TB are born 
outside of Canada. 

• Reliable laboratory support. 
• Reliable drug supply. 
• Well-established links with public health. 
• Well-structured program and follow-up in an outpatient clinic after discharge from the hospital. 
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Table 10. Cross-resistance and interactions among anti-TB drugs 
 

 
SURGERY FOR MDR-TB 

The option of resecting diseased lung tissue becomes more attractive as the number of drugs to 
which the patient’s isolate is resistant increases and the likelihood of a pharmacologic cure 
decreases. Unfortunately for many patients the extent of disease and/or the severity of the 
underlying lung function abnormality preclude a surgical option. At the National Jewish Medical 
and Research Center patients were selected for surgery on the basis of extensive drug 
resistance, poor response to medical therapy and disease sufficiently localized to permit 
resection of the bulk of involved lung with enough remaining functioning lung to predict recovery 
without respiratory insufficiency.138,139 

The selection of surgical candidates and the timing of adjunctive surgery should be performed 
on a case-by-case basis. It is recommended that only those patients whose organisms 

Cross-resistance  

• Resistance to amikacin induces cross-resistance to kanamycin and vice versa.120 

• Resistance to SM does not induce cross-resistance with amikacin-kanamycin, or 
capreomycin.120 

• Isolates acquiring resistance to capreomycin are usually susceptible to kanamycin and 
amikacin. 

• Isolates acquiring resistance to amikacin and kanamycin may or may not be resistant to 
capreomycin. 

• Resistance to one FQN induces class-effect cross-resistance to all other FQNs, though 
data suggest that this cross-resistance may not be complete. Some isolates resistant to 
ofloxacin may be susceptible to moxifloxacin.22,97,98 

• Most isolates resistant to RMP (approximately 80%) are also resistant to RBT.120 
Resistance to RPT is universal in RMP-resistant isolates. 

• Cross-resistance to ethionamide may occur when there is low-level resistance to INH.22  

 

Drug interactions 

• RMP has many drug interactions (see Chapter 5, Treatment of Active Tuberculosis). 

• RBT does not induce catabolic enzymes or alter the pharmacokinetics of other drugs to the 
extent that RMP does (about 40% of that seen with RMP). Nevertheless, the potential for 
RBT to affect the metabolism of other drugs needs to be considered.15 Dosage adjustment 
may be necessary in patients taking antiretroviral therapy. 

• INH can result in increased serum concentrations of phenytoin in people taking both drugs. 

• Increased risk of neurotoxicity from cycloserine has been associated with concomitant use 
of INH,121 ethionamide121 and FQNs.122 

• Para-aminosalicylic acid and ethionamide have each been associated with hypothyroidism. 
The probability of hypothyroidism is increased when both agents are used together.15 
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demonstrate drug resistance patterns that predict a high probability of treatment failure should 
be considered for resection. The goal of surgery should be to remove as much diseased lung as 
possible, particularly cavities, while avoiding crippling respiratory impairment.15 The optimal 
timing of surgical intervention is after 3 to 4 months of therapy and sputum culture conversion, 
though the latter may not always be possible.15 Engaging a surgeon experienced in the 
performance of lung resection in TB patients is recommended. The anticipated site of the 
surgical stump should be evaluated bronchoscopically before surgery to establish the absence 
of endobronchial TB, which, if present, is associated with poor healing and a persistent broncho-
pleural fistula.112,140  Surgical outcomes are generally good.139,141-144 Anti-TB drug treatment 
should be continued for 18 to 24 months after surgery.117,139  

MONITORING OF TREATMENT OF MDR-TB PATIENTS  

It is recommended that the monitoring of patients with MDR-TB include a systematic, organized 
approach, such as that outlined in detail by the Francis J. Curry National Tuberculosis Center.22 
Elements of such monitoring should include drug administration, weight and nutrition, drug 
absorption and drug interactions, substance abuse and mental health, respiratory and systemic 
symptoms, symptoms of drug toxicity, blood tests, visual screens, audiology and vestibular 
testing, bacteriology, therapeutic drug monitoring and radiology. Although the exact role of 
therapeutic drug monitoring in the management of MDR-TB has not been extensively studied, 
there are a few situations in which drug concentrations are routinely measured: aminoglycoside 
concentrations, especially in patients who have known renal dysfunction, cycloserine 
concentrations to help predict and minimize central nervous system adverse reactions and 
prevent seizure activity, and EMB concentrations in patient with reduced renal function.22 

With respect to mycobacteriology, the use of sputum smear and culture results, rather than 
sputum smear alone, is recommended for the monitoring of patients with MDR-TB during 
treatment. Hospitalized patients with smear- and/or culture-positive pulmonary disease should 
have sputum submitted at least weekly and remain in airborne isolation until three consecutive 
sputum samples are culture-negative after 6 weeks of incubation in broth or 8 weeks in solid 
media. Otherwise, WHO criteria for culture conversion are recommended: two consecutive 
negative smears and cultures taken at least 30 days apart. Time to conversion is calculated as 
the interval between the date of MDR-TB treatment initiation and the date of sputum collection 
of the first of the two consecutive negative cultures.49 Even after culture conversion specimens 
should be submitted at least monthly to document the stability of the mycobacteriologic 
response. An MDR-TB patient is not considered cured until he or she has completed treatment 
according to the regimen and has at least five consecutive negative cultures from samples 
collected at least 30 days apart in the final 12 months of treatment.49,145 An MDR-TB patient is 
considered to have failed treatment if two or more of the five cultures recorded in the final 
12 months are positive, or if any one of the final three cultures is positive.145 

Patients who have completed treatment of MDR-TB or XDR-TB should undergo clinical, 
radiologic and mycobacteriologic follow-up at 6-monthly intervals for a minimum of 2 years. 
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MANAGEMENT OF CONTACTS OF MDR-TB 

Contacts of patients with MDR-TB should be rapidly identified and evaluated, especially when 
the index case has smear-positive pulmonary TB or laryngeal TB.49 In settings with a high HIV 
prevalence, the incidence of MDR-TB among household contacts has been found to be 
extremely high, most secondary cases occurring shortly after the diagnosis of the source 
case.146 Close contacts of an infectious case, especially those who are under the age of 5 years 
or are immunocompromised, are especially important to screen. After active TB has been 
excluded, contacts who have a tuberculin skin test (TST) result of 5 mm or more of induration or 
TST-negative contacts who are under the age of 5 years or are immunocompromised should be 
evaluated for therapy of latent TB infection (LTBI) (see also Chapter 6, Treatment of Latent 
Tuberculosis Infection). 

There are no randomized controlled trials that have assessed the effectiveness of treatment of 
LTBI in people exposed to MDR-TB.147 In a systematic review of the literature on people treated 
and not treated for LTBI after exposure to MDRTB there were only two observational studies 
that met the inclusion criteria.148 A prospective cohort study found individualized treatment, 
tailored to DST, was effective in preventing active TB in children,149 and a retrospective cohort 
study found INH not to be effective.150 Since then another observational study has found that 
individualized treatment was effective.151 

If the isolate from the source case is susceptible to FQNs then daily, self-administered 
moxifloxacin or levofloxacin for 9 months is recommended for treatment of LTBI. Thrice weekly 
directly observed preventive therapy may be considered. In the event of FQN resistance there is 
no consensus on management, although a two-drug regimen, based upon DST, for 6 to 
12 months could be considered. The risks and benefits of such regimens should be discussed 
with the patient beforehand; when accepted, such regimens should be carefully monitored for 
adverse effects.147, 152,153 Whether they are offered tailored LTBI treatment or not, close contacts 
of infectious MDR-TB cases should be followed clinically for 2 years.154 

 … 
 
 

  



27  | CANADIAN TUBERCULOSIS STANDARDS – 7TH EDITION 

REFERENCES 
 
1. Mitchison DA. Role of individual drugs in the chemotherapy of tuberculosis. Int J Tuberc 

Lung Dis 2000;4(9):796-806. 

2. Lew W, Pai M, Oxlade O, et al. Initial drug resistance and treatment outcomes: systematic 
review and meta-analysis. Ann Intern Med 2008;149: 123-34. 

3. World Health Organization. Anti-tuberculosis drug resistance in the world: Report No.4. 
Geneva: WHO, 2008. Available at: 
http://www.who.int/tb/publications/drs_report4_26feb08.pdf. 

4. World Health Organization. Multidrug and extensively drug-resistant TB (M/XDR-TB): 
2010 global report on surveillance and response. Geneva: WHO, 2010. Available at: 
http://whqlibdoc.who.int/publications/2010/9789241599191_eng.pdf.  

5. Public Health Agency of Canada. Tuberculosis in Canada, 2010. Ottawa: Minister of 
Public Works and Government Services Canada, 2013 (in press). 

6. World Health Organization. Anti-tuberculosis drug resistance in the world: report no. 3. 
Geneva:  WHO, 2004. Available at: 
http://www.who.int/tb/publications/who_htm_tb_2004_343/en/. 

7. Long R, Langlois-Klassen D. Increase in multidrug-resistant tuberculosis (MDR-TB) in 
Alberta among foreign-born persons: implications for tuberculosis management. Can J 
Public Health 2013; 104(1): e22-e27.  

8. Minion J, Gallant V, Wolfe J, et al. Multidrug and extensively drug-resistant tuberculosis in 
Canada 1997-2008: demographic and disease characteristics. PloS ONE 
2013;8(1):e53466. Available at: http://dx.plos.org/10.1371/journal.pone.0053466. 

9. Langlois-Klassen D, Kunimoto D, Saunders D, et al. A population-based cohort study of 
Mycobacterium tuberculosis Beijing-strains: an emerging public health threat in an 
immigrant receiving country? PLoS ONE 2012; 7(6):e384431. 

10. Public Health Agency of Canada. Tuberculosis: drug resistance in Canada – 2011. 
Ottawa: Minister of Public Works and Government Services Canada, 2012. Available at: 
http://www.phac-aspc.gc.ca. 

11. Gangadharam PRJ. Drug resistance in tuberculosis. In: Reichman LB, Hershfield ES, eds. 
Tuberculosis: A Comprehensive International Approach. New York: Marcel Dekker, Inc., 
1993;293-328. 

12. Long R, Chui L, Kakulphimp J, et al. Post-sanatorium pattern of antituberculous drug 
resistance in the Canadian-born population of western Canada: effect of outpatient care 
and immigration. Am J Epidemiol 2001; 153(9):903-11. 

13. Canetti G. Present aspects of bacterial resistance in tuberculosis. Am Rev Respir Dis 
1965; 92(5):687-703. 

14. Grosset J. Bacteriologic basis of short-course chemotherapy for tuberculosis. Clin Chest 
Med 1980;1(2):231-41. 

15. Iseman MD. Drug-resistant tuberculosis. In: Iseman, MD, ed. A Clinician’s Guide to 
Tuberculosis. New York: Lippincott, Williams & Wilkins, 2000; 323-54. 

16. Stewart SM, Crofton JW. The clinical significance of low degrees of drug resistance in 
pulmonary tuberculosis. Am Rev Respir Dis 1964; 89:811-29. 

http://www.who.int/tb/publications/drs_report4_26feb08.pdf
http://whqlibdoc.who.int/publications/2010/9789241599191_eng.pdf
http://www.who.int/tb/publications/who_htm_tb_2004_343/en/
http://dx.plos.org/10.1371/journal.pone.0053466
http://www.phac-aspc.gc.ca/


28  | CANADIAN TUBERCULOSIS STANDARDS – 7TH EDITION 

17. Iseman MD, Madsen LA. Drug-resistant tuberculosis. Clin Chest Med 1989;10(3):341-53. 

18. Toman K. Tuberculosis case finding and chemotherapy. Questions and answers. Geneva: 
World Health Organization, 1979. 

19. Costello HD, Caras GJ, Snider DE Jr. Drug resistance among previously treated 
tuberculosis patients, a brief report. Am Rev Respir Dis 1980; 121(2):313-16. 

20. Lipsitch M, Levin BR. Population dynamics of tuberculosis treatment: mathematical 
models of the roles of non-compliance and bacterial heterogeneity in the evolution of drug 
resistance. Int J Tuberc Lung Dis 1998;2(3):187-99. 

21. Mitchison DA. How drug resistance emerges as a result of poor compliance during short 
course chemotherapy for tuberculosis. Int J Tuberc Lung Dis 1998;2(1):10-15. 

22. Francis J. Curry National Tuberculosis Center and California Department of Public Health. 
Drug-resistant Tuberculosis: A Survival Guide for Clinicians (2nd edition), 2008. 

23. Caminero JA. Management of multidrug-resistant tuberculosis and patients in retreatment. 
Eur Respir J 2005;25:928-36. 

24. Kunimoto D, Sutherland K, Wooldrage K, et al. Transmission characteristics of 
tuberculosis in the foreign-born and the Canadian-born populations of Alberta, Canada. Int 
J Tuberc Lung Dis 2004;8(10):1213-20. 

25. Middlebrook G, Cohn ML. Some observations on the pathogenicity of isoniazid-resistant 
variants of tubercle bacilli. Science 1953;118(3063):297-99. 

26. Cohn ML, Kovitz C, Oda U, et al. Studies on isoniazid and tubercle bacilli: the growth 
requirements, catalase activities, and pathogenic properties of isoniazid-resistant mutants. 
Am Rev Tuberc 1954;70(4):641-64. 

27. Riley RL, Mills CC, O'Grady F, et al. Infectiousness of air from a tuberculosis ward. 
Ultraviolet irradiation of infected air: comparative infectiousness of different patients. Am 
Rev Respir Dis 1962; 85:511-25. 

28. Pym AS, Domenech P, Honore N, et al. Regulation of catalase-peroxidase (KatG) 
expression, isoniazid sensitivity and virulence by furA of Mycobacterium tuberculosis. Mol 
Microbiol 2001;40(4):879-89. 

29. Siminel M, Bungezianu G, Anastasatu C. The risk of infection and disease in contacts with 
patients excreting Mycobacterium tuberculosis sensitive and resistant to isoniazid. Bull Int 
Union Tuberc Lung Disease 1979; 54:263(abstract). 

30. Snider DE Jr, Kelly GD, Cauthen GM, et al. Infection and disease among contacts of 
tuberculosis cases with drug-resistant and drug-susceptible bacilli. Am Rev Respir Dis 
1985; 132(1):125-32. 

31. van Soolingen D, Borgdorff MW, de Haas PE, et al. Molecular epidemiology of 
tuberculosis in the Netherlands: a nationwide study from 1993 through 1997. J Infect Dis 
1999; 180(3):726-36. 

32. Garcia-Garcia ML, Ponce de Leon A, Jimenez-Corona ME, et al. Clinical consequences 
and transmissibility of drug-resistant tuberculosis in southern Mexico. Arch Intern Med 
2000; 160(5):630-36. 

33. Godfrey-Faussett P, Sonnenberg P, Shearer SC, et al. Tuberculosis control and molecular 
epidemiology in a South African gold-mining community. Lancet 2000;356(9235):1066-71. 



29  | CANADIAN TUBERCULOSIS STANDARDS – 7TH EDITION 

34. Burgos M, de Reimer K, Small P, et al. Differential transmission of drug-resistant and drug 
susceptible Mycobacterium tuberculosis. In: Abstracts of the 36th Tuberculosis and 
Leprosy Research Conference, July 15-17, 2001: 206-11 (Abstract). 

35. Munsiff SS, Nivin B, Sacajiu G, et al. Persistence of a highly resistant strain of 
tuberculosis in New York City during 1990-1999. J Infect Dis 2003;188(3):356-63. 

36. Cohen T, Sommers B, Murray M. The effect of drug resistance on the fitness of 
Mycobacterium tuberculosis. Lancet Infect Dis 2003;3(1):13-21. 

37. Schaaf HS, Marais BJ Hesseling AC, et al. Childhood drug-resistant tuberculosis in the 
Western Cape Province of South Africa. Acta Paediatr 2006;95:523-8 

38. Moss AR, Alland D, Telzak E, et al. A city wide outbreak of a multiple-drug-resistant strain 
of Mycobacterium tuberculosis in New York. Int J Tuberc Lung Dis 1997; 1:115-21. 

39. Drobniewski F, Balabanova Y, Nikolayevsky V, et al. Drug-resistant tuberculosis, clinical 
virulence, and the dominance of the Beijing strain family in Russia. JAMA 2005;293:2726-
31. 

40. Gandhi NR, Moll A, Sturm AW, et al. Extensively drug-resistant tuberculosis as a cause of 
death in patients co-infected with tuberculosis and HIV in a rural area of South Africa. 
Lancet 2006; 368:1575-80. 

41. Wells C, Cegielski P, Nelson L, et al. HIV infection and multidrug-resistant tuberculosis – 
the perfect storm. J Infect Dis 2007; 196:S86-107. 

42. Canetti G. The J. Burns Amberson Lecture: present aspects of bacterial resistance in 
tuberculosis. Am Rev Respir Dis 1965; 92:687-703. 

43. Long R, Barrie J, Stewart K, Peloquin C. Treatment of tuberculous empyema with 
simultaneous oral and intrapleural antituberculosis drugs. Can Respir J 2008; 15:241-43. 

44. Braden CR, Morlock GP, Woodley CL, et al. Simultaneous infection with multiple strains of 
Mycobacterium tuberculosis. Clin Infect Dis 2001; 33:e42-47. 

45. Warren RM, Victor TC, Streicher EM, et al. Patients with active tuberculosis often have 
different strains in the same sputum specimen. Am J Respir Crit Care Med 2004;169:610-
14. 

46. Small PM, Shafer RW, Hopewell PC, et al. Exogenous reinfection with multidrug-resistant 
Mycobacterium tuberculosis in patients with advanced HIV infection. N Engl J Med 1993; 
328:1137-44. 

47. Blumberg HM, Burman WJ, Chaisson RE, et al. American Thoracic Society/Centers for 
Disease Control and Prevention/Infectious Diseases Society of America. Treatment of 
tuberculosis. Am J Respir Crit Care Med 2003;167(4):603-62. 

48. World Health Organization/International Union Against Tuberculosis and Lung 
Disease/Royal Netherlands Tuberculosis Association. Revised International Definitions in 
Tuberculosis Control. Int J Tuberc Lung Dis 2001;5(3):213-15. 

49. World Health Organization. Guidelines for the programmatic management of drug-
resistant tuberculosis (WHO/htm/tb/2006.361). Geneva: WHO, 2005. 

50. O’Grady J, Maeurer M, Mwaba P, et al. New and improved diagnostics for detection of 
drug-resistant pulmonary tuberculosis. Curr Opin Pulm Med 2011;17(3):134-41. 

51. Clinical and Laboratory Standards Institute. Susceptibility testing of mycobacteria, 
Nocardiae, and other aerobic actinomycetes; approved standard, M24-A. CLSI, 2011. 



30  | CANADIAN TUBERCULOSIS STANDARDS – 7TH EDITION 

52. Sharma M, Thibert L, Chedore P, et al. Canadian Multicenter Laboratory Study for 
Standardized Second-line Antimicrobial Susceptibility Testing of Mycobacterium 
tuberculosis. J Clin Microbiol 2011;49(12):4112-16. 

53. Boehme CC, Nabeta P, Hillemann D, et al. Rapid molecular detection of tuberculosis and 
rifampin resistance. N Engl J Med 2010; 363:1005-15. 

54. Falzon D, Jaramillo E, Schünemann HJ, et al. WHO guidelines for the programmatic 
management of drug-resistant tuberculosis: 2011 update. Eur Resp J 2011; 38(3):516-28. 

55. Barnard M, Warren R, Van Pittius NG, et al. GenoType MDTDRsl Line Probe Assay 
shortens time to diagnosis of extensively drug-resistant tuberculosis in a high-throughput 
diagnostic labaratory. Am J Respir Crit Care Med 2012;186:1298-1305. 

56. Shin SS, Asencios L, Yagui M, et al. Impact of rapid drug susceptibility testing for 
tuberculosis: program experience in Lima, Peru. Int J Tuberc Lung Dis 2012; 16(11):1538-
43. 

57. Jacobson K, Theron D, Kendall E, et al. Implementation of GenoType® MTBDRplus 
reduces time to multidrug-resistant tuberculosis therapy initiation in South Africa. Clin 
Infect Dis 2012; 56(4):506-8. 

58. Oxlade O, Falzon D, Menzies D. The impact and cost-effectiveness of strategies to detect 
drug-resistant tuberculosis. Eur Repir J 2012:39(3):626-34. 

59. Policy guidance on drug-susceptibility testing (DST) of second-line antituberculosis drugs. 
World Health Organization, Stop TB Department, 2008. Available at: 
http://whqlibdoc.who.int/hq/2008/WHO_HTM_TB_2008.392_eng.pdf. 

60. Zhang Y, Heym B, Allen B, et al. The catalase-peroxidase gene and isoniazid resistance 
of Mycobacterium tuberculosis. Nature 1992;358(6387):591-93. 

61. Piatek AS, Telenti A, Murray MR, et al. Genotypic analysis of Mycobacterium tuberculosis 
in two distinct populations using molecular beacons: implications for rapid susceptibility 
testing. Antimicrob Agents Chemother 2000; 44(1):103-10. 

62. Caminero J, Sotgiu G, Zumla A, et al. Best drug treatment for multidrug-resistant and 
extensively drug-resistant tuberculosis. Lancet Infect Dis 2010; 10(9):621-9. 

63. Bass JB Jr, Farer LS, Hopewell PC, et al. Treatment of tuberculosis and tuberculosis 
infection in adults and children. Am J Respir Crit Care Med 1994; 149(5):1359-74. 

64. Hong Kong Chest Service/British Medical Research Council. Five-year follow-up of a 
controlled trial of five 6-month regimens of chemotherapy for pulmonary tuberculosis. Am 
Rev Respir Dis 1987; 136(6):1339-42. 

65. Drusano GL, Sqambati N, Eichas A, et al. Effects of administration of moxifloxacin plus 
rifampin against Mycobacterium tuberculosis for 7 of 7 days versus 5 of 7 days in an in 
vitro pharmacodynamics system. MBio 2011; 2(4): e00108-11. 

66. Dorman SE, Johnson JL, Goldberg S, et al. Substitution of moxifloxacin for isoniazid 
during intensive phase treatment of pulmonary tuberculosis. Am J Respir Crit Care Med 
2009; 180:273-80. 

67. Telenti A, Imboden P, Marchesi F, et al. Detection of rifampicin-resistance mutations in 
Mycobacterium tuberculosis. Lancet 1993;341(8846):647-50. 

68. Bishai WR, Graham NM, Harrington S, et al. Brief report: rifampin-resistant tuberculosis in 
a patient receiving rifabutin prophylaxis. N Engl J Med 1996; 334(24):1573-76. 

http://whqlibdoc.who.int/hq/2008/WHO_HTM_TB_2008.392_eng.pdf


31  | CANADIAN TUBERCULOSIS STANDARDS – 7TH EDITION 

69. Nettles RE, Mazo D, Alwood K, et al. Risk factors for relapse and acquired rifamycin 
resistance after directly observed tuberculosis treatment: a comparison by HIV serostatus 
and rifamycin use. Clin Infect Dis 2004; 38(5):731-36. 

70. Burman W, Benatar D, Vernon A, et al. Use of antiretroviral therapy during treatment of 
active tuberculosis with a rifabutin based regimen (Abstract 136). Program and abstracts 
of the 10th Conference on Retroviruses and Opportunistic Infections. Boston: Foundation 
for Human Retrovirology, 2003; 106. 

71. Sonnenberg P, Murray J, Glynn JR, et al. HIV-1 and recurrence, relapse, and reinfection 
of tuberculosis after cure: a cohort study in South African mineworkers. Lancet 
2001;358(9294):1687-93. 

72. el-Sadr WM, Perlman DC, Matts JP, et al. Evaluation of an intensive intermittent-induction 
regimen and duration of short-course treatment for human immunodeficiency virus-related 
pulmonary tuberculosis. Terry Beirn Community Programs for Clinical Research on AIDS 
(CPCRA) and the AIDS Clinical Trials Group (ACTG). Clin Infect Dis 1998;26(5):1148-58. 

73. Li J, Munsiff SS, Driver CR, et al. Outcome of HIV-infected tuberculosis patients treated 
with rifabutin or rifampin-based regimens, New York City, 1997-2000 (late-breaker 
abstract). Program and abstracts of the International Union Against TB and Lung Disease 
(IUATLD) World Conference on Lung Health. Paris, October 30-November 2, 2003. 

74. Vernon A, Burman W, Benator D, et al. Acquired rifamycin monoresistance in patients with 
HIV-related tuberculosis treated with once-weekly rifapentine and isoniazid. Tuberculosis 
trials consortium. Lancet 1999;353(9167):1843-47. 

75. World Health Organization. Guidance for national tuberculosis programmes on the 
management of tuberculosis in children. WHO/HTM/TB/2006.371, 
WHO/FCH/CAH/2006.7. Geneva: WHO, 2006. 

76. Hong Kong Chest Service, British Medical Research Council. Controlled trial of 6-month 
and 9-month regimens of daily and intermittent streptomycin plus isoniazid plus 
pyrazinamide for pulmonary tuberculosis in Hong Kong. Am Rev Respir Dis 1977; 
115:727-35. 

77. McDonald FW. Study of triple versus double drug therapy of cavitary tuberculosis. 
Study 29. Preliminary report. 27th Pulmonary Disease Research Conference, VA Armed 
Forces, Washington, DC, 1968. 

78. Bobrowitz ID. Ethambutol-isoniazid versus streptomycin-ethambutol-isoniazid in original 
treatment of cavitary tuberculosis. Am Rev Respir Dis 1974; 109(5):548-53.  

79. Nguyen D, Brassard P, Westley J, et al. Widespread pyrazinamide-resistant 
Mycobacterium tuberculosis family in a low-incidence setting. J Clin Microbiol 2003; 
41(7):2878-83. 

80. Yee DP, Menzies D, Brassard P. Clinical outcomes of pyrazinamide-monoresistant 
Mycobacterium tuberculosis in Quebec. Int J Tuberc Lung Dis 2012; 16:604-09. 

81. Gandhi N, Nunn P, Keertan D, et al. Multidrug-resistant and extensively drug-resistant 
tuberculosis: a threat to global control of tuberculosis. Lancet 2010; 375(9728):1830-40. 

82. Nathanson E, Nunn P, Uplekar M, et al. MDR tuberculosis – critical steps for prevention 
and control. N Engl J Med 2012;363(11):1050-8. 

83. Cegielski P, Nunn P, Ekaterina V, et al. Challenges and controversies in defining totally 
drug-resistant tuberculosis. Emerg Infect Dis 2012; 18(2): doi: 10.3201/eid1811.120526. 



32  | CANADIAN TUBERCULOSIS STANDARDS – 7TH EDITION 

84. Nathanson E, Gupta R, Huamani P, et al. Adverse events in the treatment of multidrug-
resistant tuberculosis: results from the DOTS-plus initiative. Int J Tuberc Lung Dis 
2004;8(11):1382-84. 

85. Seddon JA, Furin JJ, Gale M, et al. Caring for children with drug-resistant tuberculosis. 
Practice based recommendations. Am J Respir Crit Care Med 2012; 186:953-64. 

86. Swash M, Roberts AH. Reversible pellagra-like encephalopathy with ethionamide and 
cycloserine. Tubercle 1972; 53 132-36. 

87. Loebstein R, Koren G. Clinical pharmacology and therapeutic drug monitoring in neonates 
and children. Pediatr Rev 1998; 19(12):423-28. 

88. Hersi A, Elwood K, Cowie R, et al. Multidrug-resistant tuberculosis in Alberta and British 
Columbia, 1989 to 1998. Can Respir J 1999;6:155-60. 

89. Long R, Nobert E, Chomyc S, et al. Transcontinental spread of multidrug-resistant 
Mycobacterium bovis. Am J Respir Crit Care Med 1999; 159:2014-17. 

90. Avendano M, Goldstein RS. Multidrug-resistant tuberculosis: long term follow-up of 
40 non-HIV-infected patients. Can Respir J 2000; 7(5):383-89. 

91. Marras TK, Wilson J, Wang EE, et al. Tuberculosis among Tibetan refugee claimants in 
Toronto: 1998 to 2000. Chest 2003; 124(3):915-21. 

92. Porco TC, Oh P, Flood JM. Anti-tuberculosis drug resistance acquired during treatment: 
an analysis of cases reported in California, 1994-2006. Clin Infect Dis Advance access 
published, December 7, 2012. 

93. Dalton T, Cegielski P, Akksilp S, et al. Prevalence of and risk factors for resistance to 
second-line drugs in people with multidrug-resistant tuberculosis in eight countries: a 
prospective cohort study. Lancet 2012; 380(9851):1406-17. 

94. Katiyar SK, Bihari S, Prakash S, et al. A randomised controlled trial of high-dose isoniazid 
adjuvant therapy for multi-drug resistant tuberculosis. Int J Tuberc Lung Dis 2008; 
12(2):139-45. 

95. Schaaf HS, Victor TC, Venter A, et al. Ethionamide cross- and co-resistance in children 
with isoniazid-resistant tuberculosis. Int J Tuberc Lung Dis 2009; 13:1355-59. 

96. Woods GL, Lin SYG, Desmond EP. Susceptibility test methods: mycobacteria, nocardia, 
and other actinomycetes. In: Versalovic J, Carroll KC, Jorgensen JH, et al, eds. American 
Society of Microbiology. Manual of Clinical Microbiology (10th edition). Washington (DC): 
ASM Press, 2011; 2015-39. 

97. Kam KM, Yip CW, Cheung TL, et al. Stepwise decrease in moxifloxacin susceptibility 
amongst clinical isolates of multidrug-resistant Mycobacterium tuberculosis: correlation 
with ofloxacin susceptibility. Microb Drug Resistance 2006:12:7-11. 

98. Cheng AFB, Yew WW, Chan EWC, et al. Multiplex PCR amplimer conformation analysis 
for rapid detection of Gyr A mutations in fluoroquinolone-resistant Mycobacterium 
tuberculosis clinical isolates. Antimicrob Agents Chemother 2004; 48:596-601. 

99. Goble M, Iseman MD, Madsen LA, et al. Treatment of 171 patients with pulmonary 
tuberculosis resistant to isoniazid and rifampin. N Engl J Med 1993; 328(8):527-32. 

100. Mahmoudi A, Iseman MD. Pitfalls in the care of patients with tuberculosis: common errors 
and their association with the acquisition of drug resistance. JAMA 1993; 270(1):65-8. 



33  | CANADIAN TUBERCULOSIS STANDARDS – 7TH EDITION 

101. Telzak A, Sepkowitz K, Alpert P, et al. Multidrug-resistant tuberculosis in patients without 
HIV infection. N Engl J Med 1995; 333:907-11. 

102. Park SK, Kim CT, Song SD. Outcome of chemotherapy in 107 patients with pulmonary 
tuberculosis resistant to isoniazid and rifampin. Int J Tuberc Lung Dis 1998; 2(11):877-84. 

103. Geerlings WA, van Altena R, de Lange WCM, et al. Multidrug-resistant tuberculosis: long-
term treatment outcome in the Netherlands. Int J Tuberc Lung Dis 2000; 4:758-64. 

104. Palmero DJ, Ambroggi M, Brea A, et al. Treatment and follow-up of HIV-negative 
multidrug-resistant tuberculosis patients in an infectious diseases reference hospital, 
Buenos Aires, Argentina. Int J Tuberc Lung Dis 2004;8(6):778-84. 

105. Noeske J, Nguenko PN. Impact of resistance to anti-tuberculosis drugs on treatment 
outcome using World Health Organization standard regimens. Trans R Soc Trop Med Hyg 
2002; 96(4):429-33. 

106. Mitnick CD, Shin SS, Seung KJ, et al. Comprehensive treatment of extensively drug-
resistant tuberculosis. N Engl J Med 2008; 359(6):563-74. 

107. Guidelines for the programmatic management of drug-resistant tuberculosis, emergency 
update 2008. Geneva: World Health Organization, 2008 (WHO/HTM/TB/2008.402). 

108. Ahuja SD, Askin D, Avendano M, et al. Multidrug resistant pulmonary tuberculosis 
treatment regimens and patient outcomes: an individual patient data meta-analysis of 
9153 patients. PLoS Med 9(8):e1001300.   

109. Centers for Disease Control and Prevention. TB Elimination: Treatment of drug-resistant 
tuberculosis. National Center for HIV/AIDS, Viral Hepatitis, STD, and TB prevention, CDC, 
2012.Available at: 
http://www.cdc.gov/tb/publications/factsheets/treatment/drugresistanttreatment.htm.  

110. Vega P, Sweetland A, Acha J, et al. Psychiatric issues in the management of patients with 
multidrug-resistant tuberculosis. Int J Tuberc Lung Dis 2004;8(6):749-59. 

111. Rajbhandary SS, Marks SM, Bock NN. Costs of patients hospitalized for multidrug-
resistant tuberculosis. Int J Tuberc Lung Dis 2004;8(8):1012-16. 

112. Burgos M, Gonzalez LC, Paz EA, et al. Treatment of multidrug-resistant tuberculosis in 
San Francisco: an outpatient-based approach. Clin Infect Dis 2005;40(7):968-75. 

113. Turett GS, Telzak EE, Torian LV, et al. Improved outcomes for patients with multidrug-
resistant tuberculosis. Clin Infect Dis 1995;21(5):1238-44. 

114. Johnston JC, Shahidi N, Sadatsafavi M, et al. Treatment outcomes of multidrug-resistant 
tuberculosis: a systematic review and meta-analysis. PloS One 2009;4(9):e6914. 

115. Ettehad D, Schaaf HS, Seddon JA, et al. Treatment outcomes for children with multidrug-
resistant tuberculosis: a systematic review and meta-analysis. Lancet Infect Dis 
2012;12:449-56. 

116. Li J, Burzynski JN, Lee YA, et al. Use of therapeutic drug monitoring for multidrug-
resistant tuberculosis patients. Chest 2004; 126(6):1770-76. 

117. Mukherjee JS, Rich ML, Socci AR, et al. Programmes and principles in treatment of 
multidrug-resistant tuberculosis. Lancet 2004; 363:474-81. 

118. Dey T, Brigden G, Cox H, et al. Outcomes of clofazimine for the treatment of drug-
resistant tuberculosis: a systematic review and meta-analysis. J Antimicrob Chemother 
October 10, 2012; doi:10.1093/jac/dks389. 

http://www.cdc.gov/tb/publications/factsheets/treatment/drugresistanttreatment.htm


34  | CANADIAN TUBERCULOSIS STANDARDS – 7TH EDITION 

119. American Speech-Language Hearing Association. Audiologic management of individuals 
receiving cochleotoxic drug therapy (guideline). Available at: 
http://www.asha.org/docs/pdf/GL1994-00003.pdf. 

120. Crofton J, Chaulet P, Maher D, et al. Guidelines for the management of drug-resistant 
tuberculosis. Geneva: World Health Organization, 1997. 

121. Medical Economics Staff, PDR Staff, eds. Physicians’ Desk Reference 2003 (57th edition). 
Oradell, NJ: Medical Economics Co., 2003. 

122. Yew WW, Wong CF, Wong PC, et al. Adverse neurological reactions in patients with 
multidrug-resistant pulmonary tuberculosis after co-administration of cycloserine and 
ofloxacin. Clin Infect Dis 1993; 17(2):288-89. 

123. Chikamatsu, K, Mizuno K, Yamada H, et al. Cross-resistance between rifampicin and 
rifabutin among mutli-drug resistant Mycobacterium tuberculsosis strains. Kekkaku 2009; 
84(9)631-3. 

124. Gonzalez-Montaner LJ, Natal S, Yongchaiyud P, et al. Rifabutin for the treatment of 
newly-diagnosed pulmonary tuberculosis: a multinational, randomized, comparative study 
versus rifampicin. Rifabutin Study Group. Tuber Lung Dis 1994; 75(5):341-47. 

125. McGregor MM, Olliaro P, Wolmarans L, et al. Efficacy and safety of rifabutin in the 
treatment of patients with newly diagnosed pulmonary tuberculosis. Am J Respir Crit Care 
Med 1996; 154(5):1462-67. 

126. Migliori GB, Eker B, Richardson MD, et al. A retrospective TBNET assessment of linezolid 
safety, tolerability and efficacy in multidrug-resistant tuberculosis. Eur Respir J 2009; 
34:387-93. 

127. Shecter C, Scott C, True L, et. al. Linezolid in the treatment of multi-drug resistant 
tuberculosis. Clin Infect Dis 2010:50:49-55. 

128. Cox H, Ford N. Linezolid for the treatment of complicated drug-resistant tuberculosis: a 
systematic review and meta-analysis. Int J Tuberc Lung Dis 2012; 16(4):447-61. 

129. Lee M, Lee J, Carroll MW, et al. Linezolid for treatment of chronic extensively drug-
resistant tuberculosis. N Engl J Med 2012; 367:1508-18. 

130. Sotgiu G, Centis R, D’Ambrosio L, et al. Efficacy, safety and tolerability of linezolid 
containing regimens in treating MDR-TB and XDR-TB: systematic review and meta-
analysis. Eur Respir J 2012; 40(6):1430-42.  

131. Lemaine V, Riekstina V, Holtz TH, et al. Clinical outcome of individualized treatment of 
multidrug-resistant tuberculosis in Latvia: a retrospective cohort study. Lancet 
2005;365:318-26. 

132. Diacon AH, Pym A, Grobusch M, et al. The diarylquinoline TMC207 for multidrug-resistant 
tuberculosis. N Engl J Med 2009;360:2397-405. 

133. Gler MT, Skripconoka V, Sanchez-Garavito E, et al. Delaminid for multidrug-resistant 
pulmonary tuberculosis. N Engl J Med 2012; 366:2151-60. 

134. Horsburgh CR Jr, Haxaire-Theeuwes M, Wingfield C, et al. Compassionate use of and 
expanded access to new drugs for drug-resistant tuberculosis. Int J Tuberc Lung Dis 
2013; 17(2):148-52. 

http://www.asha.org/docs/pdf/GL1994-00003.pdf


35  | CANADIAN TUBERCULOSIS STANDARDS – 7TH EDITION 

135. Toczek A, Cox H, Cros PD, et al. Strategies for reducing treatment default in drug-
resistant tuberculosis: systematic review and meta-analysis. Int J Tuberc Lung Di. 2013; 
17(3):299-307. 

136. Nitta AT, Milligan D. Management of four pregnant women with multidrug-resistant 
tuberculosis. Clin Infect Dis 1999; 28:1298-1304. 

137. Drobac PC, del Castillo H, Sweetland A, et al. Treatment of multidrug-resistant 
tuberculosis during pregnancy: long-term follow-up of 6 children with intrauterine exposure 
to second-line agents. Clin Infect Dis 2005; 40(11):1689-92. 

138. Iseman MD, Madsen L, Goble M, et al. Surgical intervention in the treatment of pulmonary 
disease caused by drug-resistant Mycobacterium tuberculosis. Am Rev Respir Dis 1990; 
141:623-25. 

139. Treasure RL, Seaworth BJ. Current role of surgery in Mycobacterium tuberculosis. Ann 
Thorac Surg 1995; 59(6):1405-7; discussion 1408-9. 

140. Lalloo UG, Naidoo R, Ambaram A. Recent advances in the medical and surgical treatment 
of multi-drug resistant tuberculosis. Curr Opin Pulm Med 2006; 12:179-85. 

141. Chan ED, Laurel V, Strand MJ, et al. Treatment and outcome analysis of 205 patients with 
multidrug-resistant tuberculosis. Am J Respir Crit Care Med 2004; 169:1103-09. 

142. Shiraishi Y Katsuragi N, Hidefumi K, et al. Aggressive surgical treatment of multidrug-
resistant tuberculosis. J Thorac Cardiovasc Surg 2009; 138:1180-4. 

143. Kang M, Kim H-K, Choi Y-S, et al. Surgical treatment for multi-drug resistant and 
extensive drug-resistant tuberculosis. Ann Thorac Surg 2010:89:1597-602. 

144. Marrone MT, Venkataramanan V, Goodman M, et al. Surgical interventions for drug-
resistant tuberculosis: a systematic review. Int J Tuberc Lung Dis 2013:17(1):6-16. 

145. Laserson KF, Thorpe LE, Leimane V, et al. Speaking the same language: treatment 
outcome definitions for multidrug-resistant tuberculosis. Int J Tuberc Lung Dis 2005; 
9(6):640-45. 

146. Vella V, Raculnuto R, Guerra C, et al. Household contact investigation of multidrug-
resistant and extensively drug-resistant tuberculosis in a high HIV prevalence setting. Int J 
Tuberc Lung Dis 2011; 15(9):1170-75. 

147. Fraser A, Paul M, Attamna A, et al. Drugs for preventing tuberculosis in people at risk of 
multiple drug-resistance. Cochrane Database Syst Rev 2006 Apr 19; (2):CD005435.  

148. Fraser A, Paul M, Attamna A, et al. Treatment of latent tuberculosis in persons at risk for 
multidrug-resistant tuberculosis: systematic review. Int J Tuberc Lung Dis 2006; 10(1):19-
23. 

149. Schaaf HS, Gie RP, Kennedy M, et al. Evaluation of young children in contact with adult 
multidrug-resistant pulmonary tuberculosis: a 30-month follow-up. Pediatrics 2002; 
109(5):765-71. 

150. Kritski AL, Marques MJ, Rabahi MF, et al. Transmission of tuberculosis to close contacts 
of patients with multidrug-resistant tuberculosis. Am J Respir Crit Care Med 
1996;153(1):331-35. 

151. Denholm J, Leslie D, Jenkin A, et al. Long-term follow-up of contacts exposed to mutidrug-
resistant tuberculosis in Victoria, Australia, 1995-2010. Int J Tuberc Lung Dis 2012; 
16(10):1320-25. 



36  | CANADIAN TUBERCULOSIS STANDARDS – 7TH EDITION 

152. Papastavros T, Dolovich LR, Holbrook A, et al. Adverse events associated with 
pyrazinamide and levofloxacin in the treatment of latent multidrug-resistant tuberculosis. 
Can Med Assoc J 2002; 167(2):131-36. 

153. Younossian AB, Rochat T, Ketterer J-P, et al. High hepatotoxicity of pyrazinamide and 
ethambutol for treatment of latent tuberculosis. Eur Respir J 2005; 26(3):462-64. 

154. van der Werf MJ, Langendam MW, Sandgren A, et al. Lack of evidence to support policy 
development for management of contacts of multidrug-resistant tuberculosis patients: two 
systematic reviews. Int J Tuberc Lung Dis 2012; 16(3):288-96. 


	TABLE OF CONTENTS
	DRUG-RESISTANT TUBERCULOSIS
	KEY MESSAGES/POINTS
	INTRODUCTION
	NATIONAL DRUG-RESISTANT TB TRACKING SYSTEMS
	PHAC Canadian Tuberculosis Reporting System (CTBRS)
	PHAC Canadian Tuberculosis Laboratory Surveillance System (CTLSS)

	DRUG RESISTANCE THEORY
	1. Primary drug resistance
	2. Acquired drug resistance
	3. Initial drug resistance

	WHEN TO SUSPECT DRUG-RESISTANT TB22
	1. Previous treatment of TB disease
	2. Origin from, history of residence in, or frequent or extended (1 month or more) travel to a country/region with high rates of drug resistance
	3. Exposure to an individual with infectious drug-resistant TB, including exposure in facilities where drug resistance has occurred, e.g. correctional facilities, homeless shelters or other congregate settings
	4. Exposure to a person with active TB who has had prior treatment for TB resulting in treatment failure or relapse and whose DST results are not known

	MANAGEMENT OF DRUG-RESISTANT TB
	Diagnostic Considerations
	Resistance to INH With or Without Resistance to SM
	Isolated Resistance to RMP
	Isolated Resistance to PZA and EMB
	Resistance to Two or More First-line Drugs  (Polydrug-resistant TB) Not Including MDR-TB
	MDR and XDR TB
	Making a Presumptive Diagnosis of MDR-TB
	Treatment Regimens for People with a Presumptive  or Established Diagnosis of MDR-TB
	Surgery for MDR-TB
	Monitoring of Treatment of MDR-TB Patients
	Management of Contacts of MDR-TB


	DRUG*
	Reference
	REFERENCES

