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Multi-drug resistant tuberculosis: An iatrogenic problem
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Summary

The occurrence of resistance to drugs used to treat tuberculosis (TB), and particularly multi-
drug resistant TB (MDR-TB) defined as resistance to at least rifampicin and isoniazid, has
become a significant public health dilemma in a number of countries and an obstacle to
effective global TB control. HIV-associated MDR-TB understanding is vital in providing
strategies for treatment of HIV and drug-resistant TB. Better understanding on the basis of
drug action and resistance is a key to development of diagnostic strategies, novel drugs, and
treatment programs, and to find an approach to study the pathogenicity of drug resistant
strains. The effectiveness of strategies such as DOTS-Plus in the management of MDR-
TB patients under program conditions should be tested in operational field clinical trials
following strictly standardized definitions and nomenclature.
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1. Introduction

Tuberculosis (TB) is the leading cause of death from a
curable infectious disease (1). On the basis of results
of surveys of the prevalence of infection and disease,
assessment of the effectiveness of surveillance systems,
and death registrations, there were an estimated 8.9
million new cases of tuberculosis in 2004, fewer than
half of which were reported to public-health authorities
and WHO. About 3.9 million cases were sputum-
smear positive which is the most infectious form of the
disease (2-4).

Drug resistance can be simply defined as the
temporary or permanent capacity of organisms and their
progeny to remain viable or to multiply in the presence
of the concentration of the drug that would normally
destroy or inhibit cell growth (5). Clinically, drug
resistance can be divided into four types (Table 1).

Anti-tuberculosis drug resistance is classified
according to the following three definitions (6):
(i) Confirmed mono-resistance: Tuberculosis in
patients whose infecting isolates of M. tuberculosis
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are confirmed to be resistant in vitro to one first-
line anti-tuberculosis drug; (ii) Confirmed poly-
resistance: Tuberculosis in patients who's infecting
isolates are resistant in vitro to more than one first-line
anti-tuberculosis drug other than both isoniazid and
rifampicin; and (iii) Confirmed multi-drug resistant TB
(MDR-TB): Tuberculosis in patients whose infecting
isolates are resistant in vitro to at least isoniazid and
rifampicin.

2. Site of drug-resistant tuberculosis disease
(pulmonary and extrapulmonary) (7)

In general, recommended treatment regimens for drug-
resistant forms of TB are similar, irrespective of site.
Defining site is important primarily for recording and
reporting purposes.

Pulmonary tuberculosis: Tuberculosis involving
the lung parenchyma. Tuberculosis intrathoracic
lymphadenopathy (mediastinal and/or hilar) or
tuberculous pleural effusion, without radiographic
abnormalities in the lungs, therefore constitutes a case
of extrapulmonary TB. A patient with both pulmonary
and extrapulmonary TB should be classified as a
pulmonary case.

Extrapulmonary tuberculosis: Tuberculosis of
organs other than the lungs, e.g. pleura, lymph nodes,
abdomen, genitourinary tract, skin, joints and bones,
meninges. The definition of an extrapulmonary
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Table 1. Four types of drug resistance

Type of drug resistance

Definition

Natural drug resistance
in the past.

Primary drug resistance

When neither the patient with naturally resistant bacilli nor his source of infection has had chemotherapy

The presence of drug resistance to one or more anti-TB drugs in a TB patient who has received either no or

less than one month of prior TB chemotherapy.

Acquired drug resistance

Resistance to one or more anti-TB drug which arises during the course of treatment usably as a result of

non adherence to the recommended regimen or faculty prescribing. This is found in a patient who has
received at least one month of anti-TB treatment and was referred to as secondary resistance in the past.

Initial drug resistance

Drug resistance in a patient who denies history of previous chemotherapy. In reality it consists of true

primary resistance and an undisclosed acquired resistance.

case with several sites affected depends on the site
representing the most severe form of disease.

3. Epidemiology of drug resistance (8-11)

In India, it is reported that 1-3.4% of new patients
have had multi-drug resistant TB (8). Studies on
acquired resistance have shown rates of resistance to
isoniazid ranging from 34.5-67%, for streptomycin
around 25% and for rifampicin from 2.8-37.3%.

In western countries, the incidence of MDR-TB
has gradually increased (9). However, drug resistant
TB is not uniformly distributed in the US but more
prevalent in large urban areas and coastal or border
communities. At Bellevue Hospital Centre which treats
approximately 10% of all the TB patients in New York
City, combined resistance to isoniazid and rifampicin
increased from 2.5% in 1971 to 16% in 1991. The
hazards of even brief courses of monotherapy were
illustrated in a study by the CDC which found
resistance to isoniazid in 25% of isolates from
patients who had previously received up to 2 weeks
of isoniazid alone. Isoniazid resistance increased to
more than 60% among patients receiving 6 months
of monotherapy and to more than 80% after 2 years.
The main contributing factors to the "epidemic" of
MDR-TB in certain cities in the west has been the
combination of HIV infection, homelessness, drug
addiction and overcrowding leading to rapid spread of
the disease.

4. Factors responsible for developing drug resistance

Factors responsible for the development of drug
resistance can be clinical, biological or social (Table
2). It is to be noted that one of the most important
factors is unreliable treatment regimens prescribed by
doctors. These include giving fewer drugs or giving a
single drug in a regimen which is failing. This leads to
development of resistance to that drug and also other
important factors. Out of ignorance and due to lack of
proper health education and motivation some patients
do not take drugs regularly, and irregular chemotherapy

Table 2. Type of factors associated with drug resistance

Type of factors Factors associated with drug resistance
1. Clinical Unreliable treatment regimens by doctors
factors e Lesser number of drugs
« Inadequate dosage duration
Addition of a single drug to a failing regimen
Easy availability of drug in private sector
Poor drug supply
Poor quality of drugs
2. Biological Initial bacillary population
factors Local factors in host favorable for multiplication

of bacilli
Presence of drug in insufficient concentrations

3. Sociological
factors

Irregular intake/inadequate duration
Neglect of disease

Ignorance

Lack of health education

leads to the development of drug resistance.
5. Mechanisms of Resistance

Mycobacteria have unique characteristics which endow
them with natural resistance to many commonly used
antibacterial agents. The hydrophobic cell envelope of
Mycobacteria poses a barrier to many drugs (12). The
bacilli also have transporters which flush out the drugs
(13). Moreover, they can hydrolyze or modify the drug
by synthesizing necessary enzymes. This explains why
only a few drugs are effective against M. Tuberculosis
and why they can develop resistance to anti-TB
drugs through chromosomal mutations. Resistance to
isoniazid can occur due to mutations in the katG, InhA,
and kasA genes, whereas resistance to rifampicin can be
affected by mutations in the rpoB gene (15-18).

6. Multi-drug resistant TB (MDR-TB)

Multi-drug resistant TB is defined as the disease
caused by M. tuberculosis that is resistant to at least
isoniazid and rifampicin with or without resistance to
other anti-TB drugs (19). Resistance to isoniazid and
streptomycin only is probably the most common form
of resistance world wide to more than one drug. This
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is not strictly multi-drug resistance. Therefore, another
separate term is needed to define this combination
of resistances. Resistance to streptomycin, isoniazid
and another drug or drugs other than rifampicin is
probably very uncommon. MDR-TB is naturally a
man-made problem, since poor prescriptions, poor
case management, lack of coordinated education,
and haphazard treatment result in drug resistance.
Besides, poor patient compliance (e.g. patients' pick-
and-choose attitude about medicines from prescribed
regimens) is a major hurdle. If treatment failure is
observed clinically and the sputum remains positive
even after 3-4 months of treatment, then drug resistance
should be suspected. Since a culture and susceptibility
testing facility is available only in a few places, the
exact epidemiological implication of MDR cannot be
assessed.

7. Extensive drug resistant-tuberculosis (XDR-TB)

Extensive drug resistant-tuberculosis (XDR-TB) has
been reported in all regions of the world (20). XDR-TB
is defined as resistance to at least rifampicin, isoniazid,
a second-line injectable drug (capreomycin, kanamycin
or amikacin), and fluoroquinolone (21). Control of
drug resistant tuberculosis requires a strong health
infrastructure to ensure delivery of effective therapy
coupled with surveillance and monitoring activities to
enable timely intervention to limit transmission and
spread of the disease.

8. Magnitude of the MDR-TB problem

The appearance of MDR-TB has followed the pervasive
use of rifampicin since the 1970s. The number of
incident cases (including new and re-treatment cases)
occurring worldwide in 2003 alone was estimated to
be 458,000 (95% confidence limits, 321,000-689,000)
by The WHO Stop TB (22). Widespread cases of
MDR-TB could be two or three times higher than
the number of incident cases (23). Data on drug
resistance using standard methodology to establish
the global magnitude of resistance to four first-line
antituberculosis drugs, such as, isoniazid, rifampicin,
ethambutol, and streptomycin, were given by the
WHO/IUATLD Global Project on Antituberculosis
Drug Resistance Surveillance (24,25). The standard
methodology includes representative sampling of
patients with an adequate sample size, standardized
data collection distinguishing between new and
previously treated patients, and quality-assured
laboratory drug sensitivity testing (DST) supported by
a network of supranational TB reference laboratories.
By 2003, three rounds of the global project had been
completed covering 109 countries or regions within
large countries (26). In spite of these surveillance data,
the magnitude of drug resistance is not yet known in

many areas of the world with high burdens of TB,
such as, most of China, India, Indonesia, Nigeria, and
countries of the former Soviet Union. Nevertheless,
evidence from half the world's nations confirms that
drug resistance is a serious problem worldwide. Many
areas of the world face endemic and epidemic MDR-
TB, and in some areas the incidence of resistance
is alarmingly high as documented by a third global
report on antituberculosis drug resistance surveillance.
In patients never previously treated, the median
prevalence of resistance to any of the first-line drugs,
most commonly streptomycin and/or isoniazid, was
10.7% (range 0-57.1%); 20 survey sites exceeded 20%.
The median prevalence of MDR-TB was 1.2% (range
0-14.2%); 11 sites exceeded the 6.5% threshold for
extreme values, including in the former Soviet Union.
In patients previously treated, the median prevalence
of any resistance was 23.3% (range 0-82.1%) and of
MDR-TB, 7.7% (range 0-58.3%).

Drug resistance was strongly associated with
previous treatment. In previously treated patients, the
probability of any resistance was over 4-fold higher,
and that of MDR-TB over 10-fold higher, than that
in untreated patients. The overall prevalence of drug
resistance was often related to the number of previously
treated cases in the country. Among countries with a
high burden of TB, previously treated cases ranged
from 4.4% to 26.9% of all patients registered in DOTS
programs. In the two largest high-TB burden countries
(China and India) re-treatment cases accounted for
more than 20% of sputum smear-positive cases (27).

9. Extra pulmonary MDR-TB and MDR-TB
treatment

Treatment of MDR-TB requires prolonged and
expensive chemotherapy using second-line drugs of
heightened toxicity. If resistance to the second-line
drugs also arises then the disease becomes virtually
untreatable. The treatment strategy is the same for
patients with pulmonary and extrapulmonary MDR-
TB. If the patient has symptoms suggestive of
central nervous system involvement and is infected
with MDR-TB, the regimen should use drugs that
have adequate penetration into the central nervous
system (28,29). Rifampicin, isoniazid, pyrazinamide,
protionamide/ethionamide and cycloserine have good
penetration; kanamycin, amikacin and capreomycin
penetrate effectively only in the presence of meningeal
inflammation; p-aminosalycilic acid and ethambutol
have poor or no penetration.

10. MDR-TB in the era of HIV
An alarming increase in infection due to the human

immunodeficiency virus (HIV) has accelerated this
situation and it is believed that, as of now, about 3.5
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million people in India are infected with HIV (30).
There is a grave concern in India regarding the
increase in HIV-associated TB and the emergence of
MDR-TB in both magnitude and severity of the TB
epidemic. HIV co-infection is an important challenge
for the prevention, diagnosis and treatment of drug-
resistant TB, especially in the case of MDR-TB. The
local epidemiological prevalence of HIV, MDR-TB,
and HIV-associated MDR-TB is important in guiding
strategies for treatment of HIV and drug-resistant
TB. All Drug Resistance-TB control programs are
therefore strongly encouraged to determine the
extent of the overlap between the MDR-TB and HIV
epidemics (31).

11. Diagnosis of MDR-TB in HIV-infected patients

The appearance of MDR-TB in the HIV-infected
patient does not differ from that of drug-susceptible
TB in the HIV-infected patient (32). The diagnosis of
TB in HIV-positive people is more difficult and may be
confused with other pulmonary or systemic infections.
The presentation is more likely to be extrapulmonary
or sputum smear-negative than in HIV-uninfected TB
patients. This can result in misdiagnosis or delays in
diagnosis and, in turn, higher morbidity and mortality.
The use of X-ray and/or cultures improves the ability
to diagnose TB in HIV patients and is recommended
where available. In areas where MDR-TB is known
to be a problem in HIV-positive patients, and where
resources permit, all HIV patients with TB should be
screened for MDR-TB with DST. Rapid diagnostic
techniques for MDR-TB should be employed when
possible since HIV-infected patients with TB on
inadequate antituberculosis treatment, or no treatment,
for even short periods of time are at a high risk for
death (33).

12. Diagnosis/rapid detection of MDR-TB

Multi-drug resistant TB should be suspected in patients
if:

* Patient has taken treatment for tuberculosis in the
past.

* [soniazid resistance prevalence in community is
more than 4%.

* There is likelihood of patient being exposed to
MDR-TB.

* There is poor response to drug treatment as
indicated by

a. Prolonged fever or cough,

b. Sputum conversion failure despite four months of
standard short course chemotherapy.

Mycobacteria grow slowly and hence drug susceptibility
tests take about 10-12 weeks. Rapid testing methods are
necessary to detect drug resistance early and institute

appropriate drug treatment. Culture sensitivity methods
can detect drug resistance in about a week using a
phage-based method with luciferase-incorporated
phage (34,35); the BACTEC method is a radiometric
technique based on detection of radio labeled CO, as a
measure of growth index for microorganisms (36,37);
and genotypic techniques involving rapid genotypic
analysis of Mycobacteria to detect gene mutations
causing drug resistance are also available (38,39).

13. Prevention of multi-drug resistant tuberculosis
(40,49)

There are two main approaches to prevent multi-drug
resistance:

(a) Identification and treatment of patients with
multi-drug resistant tuberculosis. The aim is to identify
their disease and to prevent further transmission.

(b) Identification of persons with tubercular
infection and their prophylactic treatment. The aim is to
prevent the 5-10% risk of subsequent development of
disease.

The accepted guidelines for preventing the
transmission of tuberculosis in health care settings with
special focus on HIV related issues are:

(a) Patients with active tuberculosis must be
identified quickly by using the most sensitive and rapid
laboratory methods available.

(b) Confirmed or even suspected infectious
tuberculosis patients should be placed immediately in
isolation.

(c) Effective antitubercular therapy should he started
immediately in diagnosed patients.

(d) Cough inducing procedures (e.g. bronchoscopy,
sputum induction, administration of aerosol treatment)
in confirmed or suspected tuberculosis patients should
be carried out in isolated rooms.

(e) Patients and health care workers exposed to
multi-drug resistant infectious tuberculosis patients
should be evaluated regularly for the presence of
infection/disease.

(f) Patterns of drug resistance should be evaluated
regularly in the community.

14. Basic principle of chemotherapy in multi-drug
resistant tuberculosis (41-43,50)

1. Treatment should be in a specialized center with
standard laboratory facilities.

2. An appropriate regimen for individual patient
needs design experience and skill.

3. The regimen should contain at least five drugs
including three new drugs, depending upon potency
of available drugs and the resistance pattern and
previous history of treatment. Any first line oral agent
to which the isolate is sensitive should be used. One
injectable, one fluroquinolone and as many second-
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line bacterostatic agents as needed should be used
to make up the five drug regimen in the initial phase
of treatment. When five adequate agents are given
consider use of additional drugs. Previously used drugs
to which bacilli may still be sensitive may be added to
the regimen especially if they are powerful.

4. Never add a single drug to a failing regimen.

5. It is effective to combine two potentially
ineffective drugs because of cross resistance. Cross
resistance has been reported between thioamide
and thioacetazone, kanamycin/amikacin with
streptomycin (41,42). rifampicin with rifapentine, and
rifabutin (> 70% strain) among various derivatives
of fluoroquinolones. Cross resistance has also been
reported between ethionamide and isoniazid, viomycin
and kanamycin, viomycin and capreomycin/amikacin
are still sensitive to capreomycin.

6. All the drug should be given in a single daily dose
preferably, expert PAS is usually given in two divided
doses in order to avoid the problem of intolerance.
Among thioamides, prothioamide is better tolerated
than ethionamide.

7. Intermittent therapy is usually not effective and
should be avoided in multi-drug resistance tuberculosis.

8. No drug should be kept in reserve and the most
powerful drugs (bactericidal) should be used initially
and in maximum combinations to ensure that the first
battle is won and won permanently.

9. Therapy should be under direct observation
preferably for 3-4 months or until sputum conversion.

10. Surgical treatment should be considered as an

adjunct to chemotherapy wherever applicable, as results
of chemotherapy are very unpredictable.

11. All measures should be taken to persuade and
encourage patients not to stop treatment despite all its
discomfort as it is the last treatment that stands between
the patient and death.

15. Drugs used in MDR-TB and their toxicities

The second-line drugs used for treatment of multi-
drug resistance tuberculosis are given in Table 3
with their dosages in decreasing potency from top
to bottom against mycobacterium tuberculosis. It is
generally thought that, reserve drugs are frequently
associated with very high rates of unacceptable adverse
reactions, which need frequent interruption and change
of regimen, but in clinical practice it is observed that
they are not very toxic. The authors reported that
41%, experienced some side effects but only 21.1%
of the patients required stoppage or change of drug
in the study of 39% MDR-TB. Thus, it is practically
possible to treat the MDR-TB patients with these drugs
(44). Second-line reserve drugs, their toxicities and
management are given in Table 4.

16. Regimen for multi-drug resistant tuberculosis

World Health Organization (WHO) has a recommended
regimen (41,42) without availability of sensitivity
results (Table 5) and with availability of sensitivity
results (Table 6).

Table 3. Second-line drugs used for treatment of MDR tuberculosis

Daily dosage (mg)

Drugs Average daily dosage — - Type of antimycobacterial activity
Minimum Maximum

Aminoglycoside 15 mg/kg 750 1,000 Bactericidal against activity
Kanamycin multiplying organisms
Amikacin
Capreomycin

Thioamides 10-20 mg/kg 500 750 Bactericidal
Prothionamide
Ethionamide

Fluroquinolone
Ciprofloxacin 15-20 mg/kg 1,000 1,500 Weakly bactericidal
Ofloxacin 7.5-15 mg/kg 600 800
Sparfloxacin 6-8 mg/kg 400 600
Levofloxcin 500 750

Bacteriostatic second-line drugs Bactericidal
Cycloserine 10-20 mg/kg 500 750
p-Aminosalycilic acid 200-3,000 mg/kg 10g 12,000

Others drugs
Clofazimine 4-5 mg/kg 100 200 Bacteriostatic
Coamaxyclav 750 2,000 Weakly bactericidal
Clarithromycin 10-15 mg/kg 1,000 mg/kg Bacterial (pH dependent)
Azithromycin 10 mg/kg 500 mg/kg

Rifabutin
Thiacetazone
High dose Isoniazid

May be used against some isolates of MDR-TB resistant rifampicin but sensitive to rifabutin.
High rate of site effects in HIV patients.
Animal model supports use but conflicting clinical data.
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17. Surgery for MDR-TB (49)

Surgery should be considered in patients with
persistent culture positive MDR-TB despite effective
medical treatment. If the patient has localized disease,

Table 4. Toxicities and their management

reasonable lung function and only two or three (weak)
drugs available, surgery should be seriously considered.
Resection surgery is done as an adjunct to medical
treatment (45). Published data has shown that overall
cure rate was substantially higher (81-56%) when

Drug Symptoms Reaction
Kanamycin Hearing loss Change to capreomycin
Lower the dose of drug
Discontinue suspected drug if can be done without compromising regimen
Ethionamide Psychotic symptoms Initiate antipsychotic drugs
Cycloserine Hold suspected agent for short period (1-4 weeks)

p-Aminosalycilic acid
Ethionamide

Cycolserine

Nausea and vomiting

Seizures

lower the dose of drug
Discontinue suspected drug if it can be done without compromising regimen

Rehydration

Initial anti-emetic therapy

Lower the dose of drug

Discontinue suspected drug if can be done without compromising regimen

Start anticonvulsant therapy

Increase pyridoxine to 300 mg/day

lower the dose of drug

Discontinue suspected drug if can be done without compromising regimen

Table 5. Regimen before (or without) sensitivity results

Initial phase

Continuation phase

Drugs Minimum duration in months Drugs Minimum duration in months
Aminoglycoside® 6 Ethionamide 12-18
Ethionamide 6 Fluroquinolone” 12-18
Fluroquinolone” 6 Pyrazinamide 12-18
Pyrazinamide 6 Ethambutol +/— 12-18
Ethambutol +/— 6

* Kanamycin, amikacin, or capreomycin. ® Ciprofloxacin or ofloxancin.

Table 6. Regimen for multi-drug resistant tuberculosis when sensitivity results available

Initial phase Continuation phase
Resistance to
Drugs Minimum duration in months Drugs Duration in months
Isoniazid Aminoglycoside® 6 Ethionamide” 12-18
Rifampicin Ethionamide® 6 Fluroquinolone® 12-18
Fluroquinolone* 6 Pyrazinamide 12-18
Pyrazinamide 6 Ethambutol +/— 12-18
Ethambutol +/— 6
Isoniazid Aminoglycoside® 6 Ethionamide” 18
Rifampicin Ethionamide® 6 Fluroquinolone* 18
Streptomycinc' Fluroquinolone® 6 Cycloserine® 18
Ethambutol Cycloserine* 6
Resistance to all drugs Aminoglycoside® 6 Fluroquinolone® 18
Fluroquinolone* 6 Two of these
Two of these Ethionamide” 18
Ethionamide” 6 p-Aminosalycilic acid 18
p-Aminosalycilic acid 6 Cycloserine® 18
Cycloserine® 6

Susceptibility test to
reserve dugs available

Tailor regimen according to Susceptibility pattern”

* Kanamycin or amikacin, or capreomycin. " If Ethionamide is not available or poorly tolerated (even at a dose of 500 mg/day) use ofloxacin.
¢ Ciplofloxacin or ofloxacin. ¢ Streptomycin, if still active, if resistant to streptomycin, use kanamycin or capreomycin. ¢ p-Aminosalycilic acid if

cycloserine is not available or too toxic.  Individualized regimen is feasible in designated centers of excellence.
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Table 7. Relationship of the principles essential DOTS and the DOTS-Plus strategies

DOTS strategy

DOTS-Plus strategy

Political and administrative commitment

Good-quality diagnosis by sputum microscopy

Directly observed treatment

Systematic monitoring and accountability

Uninterrupted supply of good-quality first-line drugs for
standardized treatment through outpatient therapy

Sustained political and administrative commitment

Accurate, timely diagnosis through quality-assured culture and drug
susceptibility Testing

Directly observed treatment

Standardized recording and reporting system that enable performance
monitoring and evaluation of treatment outcome

Uninterrupted supply of quality assured first and second-line drugs;
appropriate treatment strategies utilizing second-line drugs under strict
supervision

DOTS-Plus is an essential component of the presented National Tuberculosis Control Program to be implemented through program

communications.

surgery was more frequently and aggressively applied
(46). Feasibility and success of surgery appears to be
substantially enhanced by nutrient support (47).

18. DOTS-Plus

The first WHO endorsed DOTS-Plus programs began
in 2000 (48). The Green Light Committee (GLC) was
established to promote access to high quality second-
line drugs for appropriate use in TB control programs.
The DOTS Plus strategy is part of the comprehensive
DOTS strategy recommended by the WHO. The
Revised National Tuberculosis Control Program
(RNTCP) views the treatment of MDR-TB patients as a
"standard of care" issue. Recognizing that the treatment
of MDR-TB cases is very complex, the prescribed
regimen follows the internationally recommended
DOTS Plus guidelines and is available from designated
RNTCP DOTS Plus sites. These sites will be located
in a limited number of highly specialized centers, at
least one in each large state, and will have ready access
to a state level accredited culture and DST laboratory,
and the Intermediate Reference laboratory (IRL) under
RNTCP. These sites should have sufficient qualified
staff available to manage MDR-TB patients, using
standardized second-line drug regimens given under
daily DOT, with consistent follow-up protocols.

19. Conclusion

The management of MDR-TB is a challenge that
should be undertaken by experienced clinicians at
centers equipped with reliable laboratory services for
mycobacterial cultures and in vitro sensitivity testing
because it requires prolonged use of costly second-
line drugs with a significant potential for toxicity.
The judicious use of drugs; supervised standardized
treatment; focused clinical, radiological, and
bacteriologic follow-up; and surgery at the appropriate
juncture are key factors in the successful management of
MDR-TB. Genotypic techniques involve rapid genotypic

analysis of MDR-TB and newer effective anti-TB drugs
are still a distant dream. Innovative approaches such as
DOTS-Plus show promise for the management of MDR-
TB patients and appear to be a hope for future.
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