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Antituberculosis drug resistance: A global threat
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SJ, Chaulet P, Nunn P, for the World Health Organization-
International Union Against Tuberculosis and Lung Disease
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Columbia University, New York, USA; International Union
against Tuberculosis and Lung Disease, Paris, France; Laboratory
Center for Disease Control, Ottawa, Ontario, Canada; Division of
Tuberculosis Elimination, Centers for Disease Control and Pre-
vention, Atlanta, USA; Denver Public Health Department and the
University of Colorado Health Sciences Center, Denver, USA;
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Global surveillance for antituberculosis-drug resistance, 1994-
1997. N Engl J Med 1998;338:1641-9.

SUMMARY
This report describes the prevalence of resistance to the four first-line
antituberculosis drugs in 35 countries participating in the World
Health Organization-International Union Against Tuberculosis and
Lung Disease global project on antituberculosis drug resistance
surveillance between 1994 and 1997. The data were collected from
cross-sectional surveys and surveillance reports. Participating coun-
tries followed guidelines to ensure the use of representative samples,
accurate histories of treatment, standardized laboratory methods, and
common definitions. A network of reference laboratories provided
quality assurance. The median number of patients studied in each
country or region was 555 (range 59-14 344). Among patients with
no prior treatment, a median of 9.9% of Mycobacterium tuberculosis
strains were resistant to at least one drug (range 2%-41%). Resis-
tance to isoniazid (7.3%) or streptomycin (6.5%) was more common
than resistance to rifampicin (1.8%) or ethambutol (1%). The preva-
lence of primary multidrug resistance was 1.4% (range 0%-14.4%).
Among patients with a history of treatment for one month or less, the
prevalence of resistance to any of the four drugs was 36% (range
5.3%-100%) and the prevalence of multidrug resistance was 13%
(range 0%-54%). The overall prevalences were 12.6% for single-
drug resistance (range 2.3%-42.4%) and 2.2% for multidrug resis-
tance (range 0%-22.1 %). Particularly high prevalences of multidrug
resistance were found in the former Soviet Union, Asia, the Domini-
can Republic and Argentina. The combined prevalence of multidrug
resistance in Delhi (13.3%; 95% confidence interval 11.9-14.8)
approached that of the Baltic countries. Resistance to antituberculo-
sis drugs was found in all 35 countries surveyed, suggesting that it is
a global problem.

COMMENT
In the mid-1940s, streptomycin was introduced for the treatment
of tuberculosis.' It was soon obvious that monotherapy with
streptomycin was associated with in vivo resistance to the drug
which resulted in treatment failure." The discovery of p-amino
salicylic acid and isonicotinic acid hydrazide shortly thereafter
and their addition to streptomycin monotherapy marked the

beginning of the era of 'multiple drug treatment' of tuberculosis.
The introduction of newer and more effective drugs such as
rifampicin and pyrazinamide in subsequent years reduced the
duration of treatment from 24 months to 6 months. The fully
supervised sanatorium-based treatment also gave way to unsuper-
vised domiciliary treatment. All these developments indicated
that tuberculosis could be contained and possibly eradicated.
However, the reality today is a stunning contradiction to the opti-
mism of earlier days. Tuberculosis seems to have struck back with
a vengeance and multidrug-resistant tuberculosis (MDR-TB) is a
major public health problem.

According to the World Health Organization, in 1990 an
estimated one-third of the human population (about 1700 million
people) had evidence of infection with Mycobacterium tubercu-
losis and about one-third of all the tuberculosis cases in the world
were in India.v' Reliable data on the epidemiology of tuberculosis
as a whole and MDR-TB in particular are lacking from India.t It
has been felt that MDR-TB is on the increase and is likely to reach
menacing proportions. The level of initial drug resistance is consi-
dered to be an important epidemiological indicator to assess the
magnitude of transmission of resistant Mycobacterium tuberculo-
sis in a community. Data on drug resistance would therefore be
extremely valuable to evolve an effective antituberculosis treat-
ment policy.

In this study, drug resistance was reported in all countries and
regions surveyed. Among patients with no history of prior anti-
tuberculosis treatment, a median of 9.9% of Mycobacterium
tuberculosis strains were found to be resistant to at least one drug.
Among patients with histories of prior treatment for> 1 month,
prevalence of resistance to any drug ranged from 5.3% to 100%
and prevalence of multidrug resistance (defined as resistance to at
least both isoniazid and rifampicin) ranged from 0% to 54%.
These findings suggest that measures to control tuberculosis
worldwide are under grave threat. Furthermore, this study has also
contributed to the establishment of an expanding global multi-
national system, one of the first in microbiology, for the surveil-
lance of drug resistance and a working consensus on definitions
and terminology. This could serve as a model for research and
surveillance of drug resistance in other diseases. Several method-
ological problems inherent in other studies of this nature such as
non-representative sampling, non-standardized laboratory results
and failure to distinguish between primary and acquired drug
resistance seem to have been overcome in this study.

Various factors such as genetic predisposition, history of past
treatment, history of human immunodeficiency virus (HIV) infec-
tion and acquired immunodeficiency syndrome (AIDS), inject-
able substance abuse, failure of the public health system and delay
in diagnosis have been implicated in the causation of MDR-TB.
Though there is some evidence to postulate a genetic predisposi-
tion as the basis for development of MDR-TB, it has not been
conclusive.

A review of the published literature strongly suggests that the
most powerful predictor of the presence of MDR-TB is a history
of treatment for tuberculosis. Irregular, incomplete and inade-
quate treatment is the commonest means of acquiring drug resis-
tant organisms. The causes for this are many. In fact, only about
one-third of patients in India, treated under the National Tubercu-
losis Programme (NTP), complete their course of chemotherapy.'
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Also, in a study conducted in south India, only 43% of the patients
receiving short-course chemotherapy (SCC; n=2306) and 35% of
those receiving non-SCC (n=105) completed 80% or more of their
treatment. 8 The changeover from fully supervised sanatorium
treatment to unsupervised domiciliary treatment has affected
compliance significantly. Poor compliance with treatment is an
important factor in the development of acquired drug resistance.

Other causes such as the use of a single drug either due to
ignorance or due to the use of penicillin/streptomycin combina-
tions, use of rifampicin for other diseases, economic constraints,
use of unreliable drugs with poor bioavailability, and erratic drug
supply to patients all seem to contribute to the development of
MDR-TB. Abuse of antituberculosis drugs by unqualified per-
sons or practitioners of alternative systems of medicine resulting
in bizarre regimens for inadequate periods is a problem frequently
encountered in India. The directly observed treatment -short course
(DOTS) strategy might be the solution to ensure compliance with
antituberculosis treatment. 9,10

Patients with acquired drug resistance can transmit drug-
resistant organisms to their contacts in whom primary MDR-TB
can develop. Most, but not all, such outbreaks have occurred in
HIV-infected individuals. HIV-infected individuals have a very
high risk of developing active tuberculosis. With the HIV prob-
lem increasing worldwide, the risk of tuberculosis is further
amplified. Treatment of MDR-TB has been difficult and may only
give response rates of the order of 50% with a high mortality rate
and persistent positive cultures. Only two-thirds of HIV-sero-
negative patients with MDR-TB respond to optimal antitubercu-
losis treatment and the cure rate in them has been 56%. Among
those infected with HIV and tuberculosis, the mortality has been
70%_80%.11,12All these factors point to a global disaster in the
making. If proper control measures are not actively pursued, the
prospect of returning to the era of untreatable tuberculosis seems
to be a frightening certainty.

A modern application for an ancient remedy

Soignet SL, Maslak P, Wang Z-G, Jhanwar S, Calleja E, Dardashti
LJ, Corso D, DeBlasio A, Gabrilove J, Scheinberg DA, Pandolfi
PP, Warrell RP. (Developmental Chemotherapy Service, Leu-
kaemia Service, Department of Medicine, Departments of Human
Genetics and Pediatrics, Division of Pharmacy, Memorial Sloan-
Kettering Cancer Center and the Cornell University Medical
College, New York, USA.) Complete remission after treatment of
acute promyelocytic leukemia with arsenic trioxide. N Engl J Med
1998;339: 1341-8.

SUMMARY
The major drawback of cancer chemotherapy is the recurrence of the
disease in patients who initially achieved remission. Acute
promyelocytic leukaemia (APL) comprises 10%-15% of all cases of
acute myelogenous leukaemia (AML) in adults. Despite the addition
of all-transretinoic acid (ATRA) to the chemotherapeutic regime, the
relapse rate is about 20%. In APL a reciprocal chromosomal translo-

277

REFERENCES
Schatz A, Bugie E, Waksman SA. Streptomycin, a substance exhibiting antibiotic
activity against Gram-positive and Gram-negative bacteria. Proc Soc Exp Bioi Med
1994;55:66-9.

2 Medical Research Council investigation. Streptomycin treatment of pulmonary
tuberculosis. BM] 1948;2:769-82.

3 Mitchison DA. Development of streptomycin resistant strains of tubercle bacilli in
pulmonary tuberculosis: Results of simultaneous sensitivity tests in liquid and solid
media. Thorax 1950;5:144-61.

4 Sudre P, ten Dam G, Kochi A. Tuberculosis: A global overview of the situation
today. Bull World Health Organ 1992;70:149-59.

5 Raviglione MC, Snider DE Jr, Kochi A. Global epidemiology of tuberculosis:
Morbidity and mortality of a worldwide epidemic. ]AMA 1995;273:220-6.

6 Datta M, Mohan A. Epidemiology of tuberculosis. In: Pande JN (ed). Respiratory
medicine in the tropics. New Delhi:Oxford University Press, 1998:192-202.

7 Tripathi SP. Can we control tuberculosis in India by the year 20007 In: Can we
control tuberculosis by the year 20oo? Proceedings of a symposium held in
Bangkok, Thailand, 1-4 November 1993. Amsterdam:Excerpta Medica, 1994:17-
19.

8 Datta M, Radhamani MP, Selvaraj R, Paramasivan CN, Gopalan BN, Sudeendra
CR, et al. Critical assessment of smear-positive pulmonary tuberculosis patients
after chemotherapy under the district tuberculosis programme. Tuber Lung Dis
1993;74: 180-6.

9 Bayer R, Wilkinson D. Directly observed therapy for tuberculosis: History of an
idea. Lancet 1995;345:1545-8.

10 Iseman MD, Cohn DL, Sharbaro JA. Directly observed therapy for tuberculosis-
we can't afford not to try it. N Engl J Med 1993;338:576-8.

11 Goble M, Iseman MD, Madsen LA, Waite D, Ackerson L, Horsburgh CR Jr.
Treatment of 171 patients with pulmonary tuberculosis resistant to isoniazid and
rifampicin. N Engl ] Med 1993;328:527-32.

12 Etemadi A, Farid R, Stanford JL. Immunotherapy for drug-resistant tuberculosis.
Lancet 1992;340: 1360-1.

ALLADI MOHAN

Department of Emergency Medicine
Sri Venkateswara Institute of Medical Sciences

Tirupati
Andhra Pradesh

SANDEEP SETH

Department of Cardiology
All India Institute of Medical Sciences

New Delhi

cation of the retinoic acid receptor a (RAR-a) gene on chromosome
17 and the promyelocytic leukaemia gene (PML) on chromosome 15
takes place. The resulting fusion gene PML-RAR-a codes for a
chimaeric protein which arrests myeloid maturation at the promyelo-
cyte stage.

Soignet et al. studied the effect of low-dose arsenic trioxide in 12
patients diagnosed to have APL by cytogenetic analysis, fluores-
cence in situ hybridization for a patient with t(15;17) translocation
and by reverse transcriptase-polymerase chain reaction (RT-peR)
assay of the PML-RAR -n fusion transcript. All the patients included
had relapse after standard therapy which included ATRA and cyto-
toxic drugs. At the time of entry to the study, all the patients had
complications related to relapse ofleukaemia, such as respiratory and
chronic renal failure.

The patients were treated with arsenic trioxide in doses ranging
from 0.06 to 0.2 mg/kg per day. Initially, the patients received 10-15
mg of arsenic trioxide intravenously as a fixed dose diluted in 500 ml
of 5% dextrose over a period of 2-4 hours once a day. Later, the dose
was adjusted to 0.15 mg/kg daily until visible leukaemic blast cells
and promyelocytes were eliminated from the bone marrow and the
residual blast count was no more than 5% of the mononuclear cells
in the marrow. Patients who achieved complete remission were given


