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FOREWORD
ANTI-TUBERCULOSIS DRUG RESISTANCE IN THE WORLD

9

The present report of the global project on anti-tuberculosis drug resistance is
much welcomed because it demonstrates that the joint efforts of the World Health
Organization (WHO) and the International Union Against Tuberculosis and Lung Disease
(IUATLD) were successful. It gives the results of the survey conducted between 1996 and
1999, three years after the first survey, with the aim at collecting worldwide information on
drug resistance of Mycobacterium tuberculosis. It was conducted in 58 different geographical
settings. It is a great step forward compared with the information of the first survey collect-
ed from 35 geographical settings. A step of that size was possible only because of the excel-
lent management of WHO and precise work,validated by numerous quality controls, of the
microbiologists who participated in the survey. Without their intensive and meticulous
work, the survey would not have been possible. It is therefore my duty and my pleasure to
recognise their work and to congratulate them. Physicians also should be congratulated.
They provided the key information on previous history of drug treatment that permits to
classify the patients as new cases if they had no previous history of treatment; and as previ-
ously treated cases if they had previous history of treatment, in other words if they have
failed to be cured after one or several episodes of therapy. The distinction is of crucial im-
portance because it is well known for the last fifty years that failure to be cured is often as-
sociated with, if not caused by the selection of drug resistant mutants, high prevalence of
drug resistance being the main characteristic of previously treated patients. Failing to iden-
tify those previously treated patients among all patients would result in confused  informa-
tion on drug resistance in a given setting. The collection of reliable clinical data is therefore
essential for surveys on drug resistance. In addition, it is intimately linked with the sam-
pling of the patients to be included in the survey. To prevent, or at least limit, the possible
bias in sampling, two suggestions might be made: first, to collect prospectively and not ret-
rospectively the clinical information; second, to enrol consecutive patients and not to enrol
separately new cases and previously treated cases. Doing so would provide the proportion
of previously treated patients among the tuberculosis patients, an essential     indicator for
the quality of the control programme in a given population. In the present report, the read-
ers might be amazed by the decision to abandon the terms "primary" and "acquired" drug
resistance. Two convincing reasons are given for such a decision. Despite the well accepted
definition of primary drug resistance as resistance of a strain isolated from a patient who
has never been treated with anti-tuberculosis drugs, we should recognise the extreme diffi-
culty to ascertain the absence of previous treatment. Thus, the term "resistance among new
cases of tuberculosis" has been preferred to primary resistance. This is not a revolutionary
change but the choice of a more objective and less interpretative definition. More subtle is



the move from acquired resistance to "resistance among previously treated cases". Every
one would agree that a patient who fails anti-tuberculosis therapy is likely to have acquired
drug resistance. But how to be certain without performing drug susceptibility test on each
initial isolate that the patient strain was fully susceptible at the initiation of treatment?
Systematic drug susceptibility testing being neither recommended nor possible in a majori-
ty of settings, the initial susceptibility of the patient strain is usually unknown, and the re-
sistance observed in case of treatment failure might be due to either "primary" or "acquired"
resistance, or to a mixture of both. In order not to interpret the drug resistance found in a
previously treated patient as resulting only from its previous treatment, the term "resistance
in previously treated patients" has been chosen. Again, it is not a revolutionary choice but it
leads to a more objective and less interpretative definition of drug resistance in previously
treated patients. I will second both changes. I should say a few words on the real target of
the survey, the worldwide prevalence of drug resistance but will limit my comments on the
combined resistance to the two major anti-tuberculosis drugs, isoniazid and rifampicin,
known as multidrug resistance or MDR. At first glance, the results of the second survey are
satisfactory because no clear increase in the prevalence of MDR happened since the first
survey: the median prevalence of MDR in strains isolated from new cases was 1.4% (range 0
to 14.4%) in the first survey and 1% (range 0 to 14.1%) in the second survey; and the median
prevalence of MDR in strains isolated from previously treated cases was 13% (range 0 to
54%) in the first survey and 9.3% (range 0 to 48.2%) in the second survey. At more serious
examination, the readers will notice that in a number of geographical settings, the preva-
lence of MDR strains is worrysome not only because it is high but also because it was high
in the first survey and still high in the second survey, indicating that more preventive and
curative interventions are needed in these settings. Although, on a median basis, the pre-
sent prevalence of drug resistance is not alarming, several indicators are quite frightening
and should be understood as telling us that the DOTS strategy should be implemented
everywhere and at any cost, and the surveillance of drug resistance should not only contin-
ue but even extended. 

Prof. Jacques Grosset
Laboratoire de Bacteriologies
Faculte de Medicine Pitie-Salpetriere
Paris, France
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SUMMARY
ANTI-TUBERCULOSIS DRUG RESISTANCE IN THE WORLD

11

BACKGROUND

In 1997, the World Health Organization (WHO), the International Union Against
Tuberculosis and Lung Disease (IUATLD) and several partners worldwide released the first
report of the Global Project on Anti-tuberculosis Drug Resistance Surveillance (DRS) (herein
referred to as the “Global Project”). This report presented data from 35 geographical set-
tings* (surveyed between 1994 and 1996) using standard epidemiological and laboratory
guidelines. These data covered 16% of the World’s notified tuberculosis (TB) cases.

The first report of the Global Project showed that drug-resistant Mycobacterium tuber-
culosis (M. tuberculosis) was present in all geographical settings surveyed and that multidrug-
resistant tuberculosis (MDR-TB), defined as resistance to at least isoniazid (INH) and ri-
fampicin (RMP), was a problem in certain settings. A prevalence of greater than 3% of
MDR-TB among new cases was found in six geographical settings (Argentina, Dominican
Republic, Estonia, Latvia, Côte d’Ivoire, and Ivanovo Oblast in the Russian Federation. 

These findings prompted WHO to establish the DOTS-PLUS research initiative aim-
ing to assess the feasibility and cost-effectiveness of programmatic interventions to manage
patients with MDR-TB in middle- and low-income countries. The data from this initiative
will be used to guide the design of comprehensive policy guidelines for the management of
MDR-TB in settings with limited resources.

Trends in drug resistance could not be evaluated in the first phase of the Global
Project, as only one data point from the 35 geographical settings surveyed was available.
Thus, the need to expand surveillance to other geographical settings and to continue the
monitoring of settings already covered for the assessment of trends of drug resistance was
considered high priority.

This second report of the Global Project describes the progress of this international
collaborative effort. This report contains data from 72 geographical settings involved in the
Global Project between 1994 and 1999. These data are distributed as follows: 
i) information collected in the period 1996–1999 on the prevalence of drug resistance

from 58 geographical settings;
ii) trends on drug resistance from 28 geographical settings, 20 of which were originally in-

cluded in the first report;
iii) data from 17 geographical settings on the levels of drug resistance according to place of birth;
iv) individual patient data from 11 geographical settings to assess determinants of drug resistance;
vi) ecological data from all 72 geographical settings that have participated in the Global

Project since 1994. 

* Geographical settings refer to countries, territories, or geographic sub-units within countries such as states, provinces, oblasts, or regions.



EVOLUTION OF THE WHO/IUATLD GLOBAL PROJECT

The methods for surveillance of drug resistance focus around three major princi-
ples: 1) surveillance must be based on a sample of TB patients representative of all cases in
the geographical setting under evaluation; 2) drug resistance must be clearly distinguished
according to the type of patient (i.e., never treated, previously treated) in order to allow cor-
rect interpretation of resistance data; and 3) optimal laboratory performance must be at-
tained using a quality assurance programme including an international exchange of strains
of M. tuberculosis.

Methods have been revised according to the recommendations of members of the
WHO/IUATLD Working Group on Anti-tuberculosis Drug Resistance Surveillance created in
1994. The terms “primary” and “acquired” drug resistance are no longer used in this report.
The use of these terms for surveillance purposes was recommended in the WHO/IUATLD
Guidelines for Surveillance of Drug Resistance in Tuberculosis. However, increasingly there
were suggestions to abandon their use because of the difficulty to determine the exact na-
ture of drug resistance. Acquired drug resistance was defined as the acquisition of resis-
tance to anti-tuberculosis drugs by the organisms through selective multiplication of the
spontaneously emerged resistant mutant fraction of the bacterial population as a result of
inadequate chemotherapy. Primary drug resistance, on the other hand, develops in patients
who become infected with a resistant strain without ever having been treated with anti-tu-
berculosis drugs. In daily practice, however, it is extremely difficult to assess the level of pri-
mary drug resistance. For example, patients may decide not to disclose prior treatment for
different reasons, thus leading to a possible overestimation of primary resistance. Also, pa-
tients who fail anti-tuberculosis therapy may do so because their disease-causing strain was
initially resistant and not because they “acquired” resistance during the course of treat-
ment. In view of these issues, in this report the terms “primary” and “acquired drug resis-
tance” have been abandoned. Instead, the terms “resistance among new cases” and “resis-
tance among previously treated cases” are used. The term “new cases” refers to TB patients
who have never received anti-tuberculosis drugs or received them for no more than one
month of treatment. The term “previously treated cases” refers to patients who have re-
ceived at least one month of anti-tuberculosis therapy in the past. Previously treated cases
include relapses, treatment failures, patients returning after defaulting, and chronic cases.
In order to prevent misclassification of previously treated cases as new cases, double-check-
ing of the patients’ histories, combined with a thorough review of their medical records, is es-
sential.

The Global Network of Supranational Reference Laboratories (SRLs) now comprises
23 SRLs and 4 regional sub-networks (Africa, Asia, Europe, and Oceania) that include several
national reference laboratories (NRLs). A new coordinating centre of the network was appoint-
ed in 1999 at The Prince Leopold Institute of Tropical Medicine, Antwerp, Belgium. Two new
SRLs have been incorporated in the Global Network since 1997, the Instituto de Salud Publica
of Chile and the Massachusetts State Laboratory in the United States of America. 

As the Global Project continues to grow, overall coverage cannot be estimated in a
straightforward manner because of the changes in population and TB incidence. Also, sever-
al geographical settings have completed at least two surveys and others perform continuous
surveillance. Whilst population and TB incidence do not change appreciably over short periods
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of time, estimates of coverage should, however, be interpreted as gross ballpark figures that are
subject to a certain degree of uncertainty. Coverage of the Global Project was calculated using
notified TB cases and population figures for 1997. The last surveillance data point of each geo-
graphical setting was used, as was the specific population of the administrative units (states,
provinces, oblasts) surveyed in large countries. As a result, the Global Project has covered geo-
graphical settings that account for approximately 33% of the world population and 28% of the
reported TB cases worldwide. A total of 68 104 TB cases were examined for drug resistance in
this phase (1996–1999) of the Global Project; the median number per setting was 661 [range =
41 (Northern Ireland)–12 675 (United States)]. 

MAIN FINDINGS

1. Magnitude of anti-tuberculosis drug resistance

New cases

Fifty-four geographical settings provided data on new TB cases. The prevalence of
resistance to at least one anti-tuberculosis drug among new cases in this new phase of the
Global Project ranged from 1.7% in Uruguay to 36.9% in Estonia (median = 10.7%). MDR–TB
ranged from 0% in eight geographical settings to 14.1% in Estonia (median = 1%). High
prevalences were observed in Henan Province (China) (10.8%), Latvia (9%), the Ivanovo (9%)
and Tomsk Oblasts (6.5%) (Russian Federation), and the Islamic Republic of Iran (5%).
Prevalences > 4% of any RMP resistance among new cases were found in Henan and
Zhejiang Provinces (China), Estonia, the Islamic Republic of Iran, Latvia, Mozambique,
Ivanovo and Tomsk Oblasts (Russian Federation), Thailand, and Tamil Nadu State (India). 

Trends from 24 settings showed a statistically significant increase (p < 0.05) in re-
sistance to at least one drug in Estonia and Denmark. Germany, New Zealand and Peru also
showed significantly higher proportions (p < 0.05) in any drug resistance in the more recent
year of surveillance compared with previous years. A statistically significant increase in
MDR-TB prevalence was observed only in Estonia, from 10.2% in 1994 to 14.1% in 1998 (p =
0.02). France (0.5% vs. 0%) and the United States (1.6% vs. 1.2%) reported significantly
downward trends (p < 0.05) in MDR-TB prevalence. No significant differences were observed
in Latvia and Ivanovo Oblast, although high prevalences (9%) were still found in the latest
year of surveillance in both settings.

Previously treated cases

Forty-eight geographical settings provided data on previously treated cases.
However, the total number of cases examined in individual settings varied from 2 in Finland
to 994 in Poland (median = 64). Resistance to at least one drug ranged from 0% in Finland
to 94% in Uruguay (median = 23.3%). The prevalence of MDR-TB among previously treated
cases ranged from 0% in four geographical settings to 48.2% in the Islamic Republic of Iran
(median = 9.3%). Trends from 20 settings showed that there was no statistically significant
increase in the prevalence of any drug resistance. A statistically significant decrease
(p < 0.05) in resistance to at least one drug was observed in Cuba, England & Wales, Peru
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and the Republic of Korea. With regard to MDR-TB prevalence, Estonia showed a significant
increase from 19.2% in 1994 to 37.8% in 1998 (p = 0.04), whereas significant decreases (p <
0.005) were observed in the Republic of Korea and Latvia. 

All cases (combined)

Data on the combined prevalence of anti-tuberculosis drug resistance were avail-
able from 52 geographical settings. Prevalence of resistance to at least one drug ranged
from 2.9% in New Caledonia to 40.8% in Estonia (median = 11.1%). MDR-TB ranged from 0%
in Finland and New Caledonia to 18.1% in Estonia (median = 1.8%). Twelve geographical
settings showed prevalences of MDR-TB exceeding 5%. Of the geographical settings that
provided two or more data points, Germany (7.7% vs. 10.2%) and New Zealand (4.8% vs. 12%)
reported statistically significant increases (p < 0.001) in any drug resistance in the most re-
cent year for which surveillance data were available compared with the previous year. The
Netherlands, on the other hand, reported a significant downward trend (14.1% vs. 11%, p = 0.02).
A statistically significant increase in MDR-TB prevalence was observed in Ivanovo Oblast,
from 7.3% in 1996 to 12.3% in 1998 (p = 0.02). 

2. Relationship of drug resistance with TB control indicators

This analysis included data from the 72 geographical settings studied in the Global
Project since the beginning in 1994. Response variables were the prevalence of any drug re-
sistance and MDR-TB among new cases. Predictive factors included information on TB pro-
gramme indicators and TB statistics. In univariate analysis with weighted logistic regres-
sion, the prevalence of any drug resistance was positively associated with the proportion of
previously treated cases registered in the geographical setting (t = 19.1, p < 0.05) and inversely
related to the proportion of cases under short-course chemotherapy (SCC) (t = – 9.88, p < 0.05).
In multivariate analysis, the prevalence of any drug resistance was positively associated
with the proportion of previously treated cases registered in the geographical setting, but
inversely associated with the proportion of TB cases under short-course chemotherapy
(SCC), the proportion of TB cases under directly observed therapy (DOT), and the gross na-
tional product (GNP) per capita income. 

Variables strongly associated with MDR-TB in univariate analysis with weighted lo-
gistic regression were: a higher proportion of previously treated cases registered in the geo-
graphical setting (t = 14.4, p < 0.05), a lower proportion of treatment success achieved
(t = – 9.32, p < 0.05), and a lower GNP per capita income (t = – 12.7, p < 0.05). In
multivariate analysis, MDR-TB was also positively associated with the proportion of previ-
ously treated cases registered, but inversely associated with the proportion of TB cases
under DOT, the proportion of treatment success achieved, the proportion of TB patients
infected with HIV, and GNP per capita income. 

3. Impact of migration on drug resistance

Seventeen geographical settings provided data on new TB cases. Significantly high-
er proportions (p < 0.05) of resistance to at least one drug were observed in the foreign-
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born TB patients compared with indigenous patients in Canada, Denmark, Finland,
Germany, the Islamic Republic of Iran, Netherlands, Sweden, England & Wales, and the
United States. Nine geographical settings showed prevalences of MDR-TB below 1% in both
indigenous and foreign-born. MDR-TB was significantly higher (p < 0.05) in the foreign-born
compared with indigenous only in the Islamic Republic of Iran and the United States. Israel,
Norway, and Puerto Rico also reported higher prevalences of MDR-TB in the foreign-born
compared with indigenous, although the differences were not statistically significant.

4. Impact of age, HIV, and prior TB treatment on the magnitude of drug
resistance

Individual data from new and previously treated cases from 11 geographical set-
tings were evaluated. The lowest prevalences of any drug resistance and of MDR-TB were
observed in the groups aged 0–14 and > 65 years. Patients > 65 years of age had a lower
prevalence of resistance to RMP (1.0%) and ethambutol (EMB) (1.3%), compared to patients
aged 35–44 years (3.9% and 2% respectively) and 15–24 years (3.1% and 1.6% respectively).
Patients with any drug resistance (OR = 4.2, 95% CI: 3.7, 4.7; p < 0.001) and MDR-TB (OR =
10.5, 95% CI: 8.5, 12.9; p < 0.001) were more likely to have had prior TB treatment. Data on
HIV status were available from a limited number of settings. Analysis showed that HIV
seropositivity was associated only with MDR-TB. In multivariate analysis, prior treatment for
TB was strongly associated with any drug resistance and MDR-TB. Having received TB drugs
for a total period of time of 6–11 months (OR = 7.6, 95% CI: 2.6, 22.4; p < 0.001) or ≥12 months
(OR = 13.7, 95% CI: 4.5, 41.6; p < 0.001) was positively associated with MDR-TB prevalence.
The association between HIV positivity and MDR-TB did not hold when length of prior treat-
ment was added to the model.

CONCLUSIONS

1. DRUG-RESISTANT TB varied widely across regions. MDR-TB among new cases is a severe
problem in Estonia, Latvia, the Oblasts of Ivanovo and Tomsk in the Russian
Federation, as well as in Henan Province, China, and the Islamic Republic of Iran.
Other areas of concern were Zhejiang Province in China, Tamil Nadu State in India, and
Mozambique. The finding of high prevalences of any RMP resistance among new cases
in these settings suggests that MDR-TB may become a more significant problem in the
future. The data also showed that MDR-TB prevalence has not significantly increased in
geographical settings which are implementing sound TB control. However, some of
these findings were based on limited data, usually only two data points. Therefore,
these findings may not show the early emergence of new drug resistance. In areas
where endogenous reactivation disease is the major contributor, rapid changes in the
patterns of drug resistance should not be expected. On the other hand, where primary
disease and exogenous re-infection are the major contributors to the burden of dis-
ease, changes in the patterns of drug resistance may be seen rapidly. The presence of
drug-resistant TB in all geographical settings participating in the Global Project under-
lines the importance of expanding and strengthening TB control efforts worldwide.
Containing and decreasing resistance at the lowest possible prevalence levels through
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the implementation of sound TB control should be the goal of every country.
2. SEVERAL GEOGRAPHICAL SETTINGS with good TB control programmes showed significant de-

creases in the prevalence of any drug resistance among previously treated cases.
Assuming that case finding and cure rates are maintained at their highest levels, de-
creasing trends should continue. Nevertheless, drug resistance prevalence among pre-
viously treated cases should be interpreted with caution. In several settings, previously
treated cases were only enrolled until the enrolment of new cases was completed. This
issue may largely influence the size of the sample of previously treated cases, thus af-
fecting the precision of the estimates. Indeed, in several settings involved in the Global
Project, the samples of previously treated cases varied largely from one survey to an-
other in the same area. On the other hand, a high prevalence of MDR-TB in a setting
with small number of previously treated cases may reflect good TB control, because of
a reduction in the number of non MDR-TB previously treated cases. Although the
prevalence of MDR-TB may appear high, the absolute number of cases is actually low.

3. INCREASING THE USE OF DOT AND SCC, and decreasing the number of previously treated
cases, is likely to prevent the emergence of drug resistance and MDR-TB, as suggested
by the ecological analysis. Socio-economic improvement may also influence the course
of drug-resistant TB through a decline in the incidence of TB, as was seen in Europe
during the second half of the 19th century and the first half of the 20th century, before
the introduction of chemotherapy. The multivariate models obtained suggest that oth-
er factors not measured or measurable in this study may influence the magnitude of
drug-resistant TB. 

4. IMPORTATION OF DRUG-RESISTANT M. TUBERCULOSIS into low TB incidence countries is a prob-
lem. Among the indigenous population, drug-resistant TB was significantly lower than
in the foreign-born population in most of the low incidence countries studied.
However, most of the imported resistant strains are not MDR. This may suggest that
the majority of immigrants with MDR strains were originally from countries with low
prevalence of MDR-TB. A high influx of drug-resistant strains other than MDR-TB into
low incidence countries should not have major impact on the TB control efforts of the
host country. Many of these strains are likely to be resistant to streptomycin (SM),
which has not been used by most low-incidence countries for many years. However, if a
continuous influx of immigrants from countries with high prevalence of MDR-TB is es-
tablished, TB control efforts in the host country may be affected.

5. THE DATA PRESENTED IN THIS REPORT confirm that prior anti-tuberculosis therapy is a strong
predictor of drug resistance. Rates of drug-resistant TB in subjects > 65 years of age
may be due to a combination of reactivation of old infections and exogenous re-infec-
tion with new circulating strains. Resistance to EMB and RMP (both of which have
been more recently introduced in TB programmes) in new TB cases were observed
among all age groups, including subjects > 65 years of age, suggesting that recent ex-
ogenous infection with drug-resistant strains may occur in older patients. The lower
prevalence of drug resistance and MDR-TB observed in younger age groups may also
reflect recent decreases in the circulation of drug-resistant strains. However, to adequately
assess this hypothesis, further serial surveys of individual countries will be needed.
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RECOMMENDATIONS

1. SURVEILLANCE OF DRUG-RESISTANT TB should continue to be a priority in order to detect ar-
eas of emerging resistance in a timely fashion. Consistent, longitudinal data on drug
resistance will help to quantify the magnitude of the problem and provide information
on trends. It is therefore very important that countries make sustained efforts to imple-
ment continuous surveillance for drug-resistant TB. If continuous surveillance is not
possible, surveys should be carried out at least every 3–5 years.

2. THE GLOBAL PROJECT SHOULD BE URGENTLY EXPANDED to cover the 22 countries that account
for 80% of the incident cases of TB worldwide. While data are available from at least
some areas in 11 of these countries, coverage needs to be expanded in order to define
more precisely the magnitude of drug-resistant TB.

3. IN ORDER TO PREVENT DRUG-RESISTANT TB, countries should urgently implement and/or ex-
pand TB control under adequate structured programmes (i.e., political commitment in
order to guarantee correct operation of the programme, constant supply of drugs, diag-
nosis based on bacteriological examination, proper recording and reporting of cases
and treatment results, and finally use of SCC under DOT, at least during the initial in-
tensive phase of treatment). The use of fixed-dose combination drugs of proven quality
and bioavailability should also be considered as a means to prevent drug resistance.

4. TREATMENT REGIMENS with second-line drugs should be considered in settings where
MDR-TB is relatively high (i.e., > 3% among new cases). However, it is essential that
this recommendation be implemented only if TB control strategies consistent with in-
ternational standards are also in place. From a public health point of view, attempts to
introduce second-line drugs for MDR-TB in a setting that is unable to guarantee ac-
ceptable cure rates of drug-susceptible TB cases will most likely lead to disastrous con-
sequences. Drug resistance to second-line drugs will emerge rapidly, resulting in
greater harm than benefit.

5. PARTICULARLY IN LOW TB INCIDENCE COUNTRIES, where a substantial fraction of TB cases are
foreign-born, drug-resistant TB should be properly stratified according to place of ori-
gin. Otherwise, trends cannot be interpreted. It is therefore imperative that in future
the Global Project institutionalizes and encourages the collection of drug-resistant TB
data according to place of origin of patients.

17 A
N

T
I-

T
U

B
E

R
C

U
L

O
S

IS
 D

R
U

G
 R

E
S

IS
T

A
N

C
E

 I
N

 T
H

E
 W

O
R

L
D



19

1.1 THE THREAT OF ANTI-TUBERCULOSIS DRUG RESISTANCE
In 1994 the World Health Organization (WHO), the International Union Against

Tuberculosis and Lung Disease (IUATLD), and several partners launched the Global Project
on Anti-tuberculosis Drug Resistance Surveillance (DRS) (herein referred to as the “Global
Project”). Results of the first phase (1994–1997) of this project were released in 1997.1,2

Although drug-resistant tuberculosis (TB) had been recognized immediately after the intro-
duction of effective chemotherapy in 1947,3–7 the Global Project was the first attempt to col-
lect accurate, standardized and representative data worldwide. Data from 35 geographical
settings* confirmed that drug-resistant TB was ubiquitous. The Global Project also con-
firmed the existence of multidrug-resistant tuberculosis (MDR-TB), defined as resistance to,
at least, isoniazid (INH) and rifampicin (RMP), in all countries surveyed (except Kenya).
Some of these geographical settings had a prevalence of MDR-TB in new cases exceeding
3%.1,2   While the existence of MDR-TB was known, previous reports, including those of
several outbreaks in TB patients infected with the human immunodeficiency virus (HIV) in
the United States8–15 and in Europe,16–18 were not representative of the wider population of
TB patients.19 Of all patterns of drug resistance, MDR-TB is the one that focused internation-
al attention because of the reduced response to standard short-course chemotherapy (SCC)
with first-line drugs, leading to higher mortality and treatment failure rates and increased
periods of transmissibility.20–22

The detection of geographical settings with a high prevalence of MDR-TB prompted
WHO to establish an initiative known as “DOTS-PLUS”, to study the feasibility and cost-ef-
fectiveness of treatment regimens with second-line drugs for the management of this vari-
ant of TB in countries with limited resources.23,24 This initiative was conceived to protect the
efficacy of DOTS (directly observed treatment, short-course), the WHO strategy for the con-
trol of TB which, if implemented correctly, has been shown to be effective in curing up to
85% of all TB cases under programme conditions.25–27 Pilot projects are currently underway
to gather data to design evidence-based policy guidelines for the management of MDR-TB.

Despite the success of the first phase of the Global Project in bringing together accurate
and representative data on the magnitude of anti-tuberculosis drug resistance in 35 geographical
settings, several questions remained unanswered. Thus, continuation and expansion of the
Global Project were considered a priority for WHO, IUATLD and their numerous partners.

1.2 THE NEED TO EXPAND THE GLOBAL PROJECT
The overall goal of the Global Project is to improve the performance of National

Tuberculosis Programmes (NTP) through policy recommendations. The specific objectives

* Geographical settings refer to countries, territories or geographic sub-units within countries such as states, provinces, oblasts,
or regions
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are: (i) to collect data on the extent of anti-tuberculosis drug resistance in a standardized
manner by country, particularly in those countries identified as priorities for assistance; (ii)
to help countries develop a system of surveillance of drug resistance; (iii) to improve the di-
agnostic capacity of laboratories; and (iv) to revise policy on anti-tuberculosis treatment
based on the analysis of the results.

The main goal of the first phase of the Global Project was to obtain an overview of
the prevalence of anti-tuberculosis drug resistance using standard, internationally-accept-
ed, methods. This goal was successfully achieved in 35 geographical settings in five conti-
nents around the world.1,2 However, it was clear that the coverage of the Global Project
needed to be expanded, since several of the most populous countries, e.g., People’s
Republic of China (China), India, and the Russian Federation, where the burden of TB is very
high, were only surveyed in one or two administrative units. Thus, the magnitude of the
problem was not fully ascertained. Furthermore, not all regions of the world were surveyed
during the first phase of the Global Project; in particular, no country from WHO’s Eastern
Mediterranean Region participated.

In addition, only one data point on anti-tuberculosis drug resistance from each ge-
ographical setting was available in the first phase of the Global Project. Thus, the assess-
ment of trends was not possible. Since the current recommendation of the Guidelines for
Surveillance of Drug Resistance in Tuberculosis is to do continuous surveillance or repeat
the surveys every three to five years,28,29 many of the geographical settings participating in
the first phase required more time to assess trends.

Other important questions related to anti-tuberculosis drug resistance also needed
to be answered. The report released in 1997 included only aggregated data from each set-
ting;1 no inference could be drawn regarding potential determinants of anti-tuberculosis
drug resistance based on individual patient data. Likewise, the effect of migration on the
levels of anti-tuberculosis drug resistance had also been suggested for assessment.30,31

In view of the above, the second phase (1996–1999) of the Global Project focused
on the following topics: 
• expansion to other geographical settings in order to obtain a more detailed 

understanding of the magnitude of anti-tuberculosis drug resistance in the world; 
• assessment of trends of drug resistance;
• assessment of the impact of migration on the prevalence of anti-tuberculosis drug

resistance;
• thorough analysis of determinants of drug resistance based on individual patient data;
• correlation of drug resistance with indicators of TB control.

The findings are summarized in this second report of the Global Project.

1.3 MECHANISMS OF AND FACTORS ASSOCIATED WITH 
ANTI-TUBERCULOSIS DRUG RESISTANCE*
Resistance of Mycobacterium tuberculosis (M. tuberculosis) to anti-tuberculosis drugs is a

man-made amplification of a natural phenomenon. Wild strains of M. tuberculosis that have
never been exposed to anti-tuberculosis drugs are almost never resistant, though natural
resistance to specific drugs has been documented for M. bovis (pyrazinamide [PZA]).
However, for the purpose of drug resistance surveillance, the interest focuses on the ran-
dom process of genetic mutations that leads to the emergence of clinical resistance to anti-
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tuberculosis treatment.
During bacterial multiplication, resistance develops through spontaneous mutation

and with a frequency that has been defined. Mutations resulting in resistance of M. tuberculosis
to RMP occur at a rate of 10–10 per cell division and lead to an estimated resistance preva-
lence of 1 in 108 bacilli in drug-free environments; the rate for INH is approximately 10–7 to
10–9, resulting in resistance in 1 in 106 bacilli.32 Bacillary populations greater than 107 are
common in lung cavities in infected patients.5 Thus, resistant organisms (or mutants) evolve
in the absence of antimicrobial exposure, but they are diluted within the majority of drug-
susceptible mycobacteria. The presence of antimicrobials provides the selective pressure
which favours a resistant cell which then multiplies to become predominant, especially in
patients with a large load of bacilli, e.g., those with extensive cavitation disease.33,34

Exposure to a single drug–due to irregular drug supply, poor drug quality, inappro-
priate prescription and/or poor adherence to treatment–suppresses the growth of bacilli
susceptible to that drug but permits the multiplication of drug-resistant organisms.3,4 This
phenomenon is called acquired resistance. Subsequent transmission of such bacilli to other
persons may lead to disease which is drug-resistant from the outset, a phenomenon known
as primary resistance (Figure 1). Every drug active against M. tuberculosis is bound to select for
resistance.5

Multiple drug resistance due to spontaneously occurring mutations is virtually im-
possible, since there is no single gene involved in such a process, and mutations resulting in
resistance to the various different classes of drugs are genetically unlinked. For example, the
likelihood of spontaneous mutations resulting in resistance to both INH and RMP is the
product of the individual probabilities, i.e., 1 in 1014 (106x108).35 This is in fact one of the
essential reasons for the use of multidrug regimens in the treatment of tuberculosis.36,37

The emergence of drug-resistant M. tuberculosis in a population has been associated
with a variety of management, health provider and patient-related factors.38 In many coun-
tries, management factors may include the lack of availability of a standardized therapeutic
regimen, or poor implementation compounded by frequent or prolonged shortages of drug
supply in areas with inadequate resources or political instability. Use of anti-tuberculosis
drugs of unproven quality is an additional concern, as is the sale of these medications over
the counter and in the black market.

The emergence of drug resistance may involve departures by providers from the
correct management of individual cases. Difficulties occur in selecting the appropriate
chemotherapeutic regimen, sometimes due to lack of recognition of prior treatment, and ig-
norance of the importance of standardized regimens.39,40 In addition, providers may not
monitor patients appropriately while on therapy. Patients’ non-adherence to prescribed
treatment also contributes to the development of drug resistance.41–44 Non-adherence is dif-
ficult to predict from demographic or social characteristics but is less likely to occur if di-
rectly observed therapy (DOT) is in use.45

Finally, a crucial element in the emergence of drug resistance is the lack of a prop-
erly organised system to ensure prompt diagnosis and effective treatment.46 For this reason,
the level of anti-tuberculosis drug resistance in a population is an indicator of the effective-
ness of a NTP.
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Fig. 1. The development and spread of 
drug- and multidrug-resistant tuberculosis
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2 METHODS
Methods used in the Global Project have been extensively described. For this re-

port, therefore, the methods are only summarized, while changes and new developments
are described in detail. For more detailed information, the reader is encouraged to consult
the following publications: Anti-tuberculosis Drug Resistance in the World: the WHO/IUATLD Global
Project on Anti-tuberculosis Drug Resistance Surveillance (WHO/TB/97.229);1 the New England Journal of
Medicine 1998; 338:1641–1649;2 the WHO Guidelines for Surveillance of Drug Resistance in Tuberculosis
(WHO/TB/96.216);28 the International Journal of Tuberculosis and Lung Disease 1998; 2:71–89;29 and
the International Journal of Tuberculosis and Lung Disease 1997; 1:231–238.47

2.1 BACKGROUND OF THE GLOBAL PROJECT
WHO and the IUATLD developed a set of standardized methods of surveillance in

1994. They also established an international Working Group in the same year. The Working
Group delineated a system to ascertain the global magnitude of the problem of anti-tuber-
culosis drug resistance. This system comprised two components: 1) standardized
surveys/surveillance implemented on representative samples of TB patients at country or re-
gion-within-country level, i.e., state-wide, province-wide; and 2) proper bacteriological
methodology in national laboratories through an international system of proficiency test-
ing. Guidelines for the performance of anti-tuberculosis drug resistance surveillance were
developed.28,29 These guidelines introduced standard definitions and the procedures to im-
plement drug resistance surveillance. They are currently available in Chinese, English,
French, Italian, Russian, and Spanish. 

2.2 UPDATE ON THE SUPRANATIONAL REFERENCE LABORATORY 
(SRL) NETWORK
The WHO/IUATLD supranational reference laboratory (SRL) network was created in

1994, to ascertain the accuracy of the susceptibility test methods used in different laborato-
ries across the world, and to allow comparability of the surveillance data gathered in coun-
tries participating in the Global Project. Today, the network has evolved and 23 SRLs active-
ly participate. While in 1994–1998 the Canadian Laboratory Centre for Disease Control
(LCDC) acted as the coordinating centre, a new network coordinating centre was appointed
in 1999, namely The Prince Leopold Institute of Tropical Medicine, Antwerp, Belgium. Two
new SRLs have been incorporated while two others are no longer part of the network. Other
laboratories are in the process of evaluation to become SRLs. As of September 1999, the
network has SRLs located in the Americas (Argentina, Chile, and United States), Europe
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Issues on sample size, identification and transportation of cultures, and analysis
(Bayesian analysis) of the results, are explained in detail in several publications.47–50 The number
of SRLs which participated in all consecutive rounds of strain exchange is shown below.

Quality assurance indicators for DST of M. tuberculosis in the WHO/IUATLD SRL network 47

• Ability to detect true resistance

• Ability to detect true susceptibility

• Ratio between the number of correct
results and the total number of results

• The rate of true resistance to total resistance

• The rate of true susceptibility to 
total susceptibility

• Intra-laboratory agreement between duplicate
cultures expressed as percent agreement

Sensitivity

Specificity

Predictive value for resistance

Predictive value for susceptibility

Reproducibility or Reliability

Efficiency or Accuracy

(Belgium, Czech Republic, France, Germany, Italy, The Netherlands, Portugal, Spain,
Sweden, United Kingdom), Africa (Algeria, South Africa), Asia (India, Japan, and the
Republic of Korea), and Oceania (Australia) (see Table 1). 

Due to the success of the SRL network, requests from many laboratories around the
globe to participate in the network became increasingly difficult to handle. As a result, WHO
and IUATLD stimulated the creation of regional sub-networks of laboratories within this
global network. For the purpose of proficiency testing one or various SRLs located in specif-
ic geographic regions coordinate the distribution of the strains received from the global co-
ordinating centre (Belgium SRL) to other laboratories not directly linked with the global co-
ordinating centre. As of 1999, sub-networks exist or are underway in Africa (coordinated by
the SRL in South Africa), Asia (coordinated by the SRL in the Republic of Korea), Europe
(coordinated by the SRLs in France, Germany, Sweden, and United Kingdom), and Oceania
(coordinated by the SRL in Australia). This umbrella system has brought into the network
more than 100 laboratories worldwide. 

Inter-laboratory testing of the proficiency of drug susceptibility testing (DST) is con-
ducted regularly on an annual basis within the network. Six rounds of strain exchange have
been carried out between 1994 and 1999. Up to 1998, in each round, the then coordinating
centre in Canada sent two identical sets of ten clinical isolates of M. tuberculosis (20 cultures)
to all SRLs. In 1999 this exercise was conducted for the first time by the newly appointed co-
ordinating centre (Belgium SRL). The SRLs are asked to test the susceptibility pattern of the
reference strains with their usual methodology, and classify the cultures as resistant or suscep-
tible. The susceptibility results of M. tuberculosis strains are compared to a ‘gold standard’ that
is derived from the results obtained by the majority of the laboratories (judicial criterion).
Sensitivity, specificity and reproducibility of susceptibility testing are calculated for each
laboratory and for each of the four drugs tested, i.e., INH, RMP, streptomycin (SM), and
ethambutol (EMB).47
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METHODS2
Number of SRLs participating in six rounds of strain exchange for DST

Round 1 Round 2 Round 3 Round 4 Round 5 Round 6
(1994) (1995) (1996) (1997) (1998) (1999)

16 18 20 22 22 23

Methods of laboratory diagnosis of anti-tuberculosis drug resistance used in the Global Project

• Absolute concentration method
• Resistance ratio method
• Proportion method and its variants
• BACTEC 460® radiometric method

2.3 METHODS OF LABORATORY DIAGNOSIS OF 
ANTI-TUBERCULOSIS DRUG RESISTANCE
Four DST methods have been standardized and are widely used throughout the

world to measure drug resistance of M. tuberculosis.51–53 In general, participating laboratories
used the DST method with which they were most familiar: this was to eliminate variability
due to disruption of routine testing through changing to a new testing procedure. The
Global Project focuses on resistance to four of the first-line anti-tuberculosis drugs, INH,
RMP, EMB and SM.

2.4 REVISED TERMS TO IDENTIFY DRUG RESISTANCE
Since its initiation in 1994 the Global Project had used the terms “acquired drug resis-

tance” and “primary drug resistance”. For the purpose of this report, and in the light of discus-
sions in several international fora, these terms will not be used any longer. In fact, these
terms suggest the exact causative nature of drug resistance, which is rarely possible to as-
sess. For instance, for several reasons patients may not disclose prior TB treatment. If this
occurs, the term “primary drug resistance” may be used inappropriately, as resistance may have
been acquired during the previous concealed treatment. On the other hand, patients who
fail treatment may do so because their strain was initially resistant and not because it ac-
quired resistance during treatment. In view of this, the terms “drug resistance among new cases”
as a proxy of primary resistance, and “drug resistance among previously treated cases” as a proxy of
acquired resistance, will be used throughout this report. Countries are encouraged to dou-
ble-check the patient history and thoroughly evaluate medical records and charts to prevent
misclassification of previously treated cases as new cases. This will prevent an overestima-
tion of the prevalence of drug resistance among new TB cases. 



2.4.1 Drug resistance among new cases (formerly “primary drug
resistance”)
Drug resistance among new cases is defined as the presence of resistant strains of M.

tuberculosis in new TB cases who, in response to direct questioning, deny having had previous
anti-tuberculosis treatment or having been treated for more than a month and, in countries
where adequate documentation is available, no evidence of such treatment history exists.

2.4.2 Drug resistance among previously treated cases (formerly “acquired
drug resistance”)
Patients diagnosed with TB and started on anti-tuberculosis treatment, whose disease

is due to bacilli which have developed drug resistance to one or more of the medications used
during treatment, are said to have developed “acquired (or secondary) drug resistance”. This
can only be demonstrated if the baseline susceptibility of the infecting strain to a given drug
was documented before treatment with the specified drug was given.54 Such an approach is
only possible—and only to some extent—in countries with the resources to perform such de-
terminations and document the results systematically. In most settings, however, documenta-
tion of drug susceptibility before the initial treatment is not feasible.

The term “drug resistance in previously treated cases” will thus be used to indicate
resistance in TB cases who have already received at least one month of anti-tuberculosis
therapy, as documented in the tuberculosis registry, medical records, or by the patient’s ac-
count, and who are started on a retreatment regimen. The following categories apply: pa-
tients who relapse after having successfully completed treatment in the past; patients who
failed treatment; patients who return after treatment default; and chronic patients. These
definitions and terms are in line with those described in the WHO Framework for Effective
Tuberculosis Control.55

2.4.3 Combined prevalence of drug resistance
Combined prevalence of drug resistance is that measured in all cases regardless of

prior drug treatment, in a given year. To obtain estimates of the combined prevalence of
drug resistance, for geographical settings reporting data from new and previously treated
cases separately, we used the same approach as outlined in the first report.1,2 For geographi-
cal settings conducting surveillance in 100% of their TB patients, we added the data from
new and previously treated cases. For geographical settings conducting surveys, regardless
of the different sampling schemes for new and previously treated cases, we also combined
their separate reports. However, the contribution of drug resistance in previously treated
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Definitions of drug resistance

• Drug resistance among new cases (formerly: “primary drug resistance” ) is the 
presence of resistant strains of M. tuberculosis in a newly diagnosed patient 
who has never received TB drugs or has received them for less than one month 
of treatment.

• Drug resistance among previously treated cases (formerly “acquired drug resistance”) is
that found in a patient who has previously received at least one month of TB therapy.



cases was weighted by the proportion of previously treated cases among all cases registered
for treatment in the NTP in the year of the survey, instead of using the proportions of the
two subgroups as reported. These proportions were obtained directly from the geographical
settings or from reports available to WHO through the NTPs.

2.5 SURVEY AREAS AND SAMPLING STRATEGIES
New surveillance/survey projects presented in this report were carried out between

1996 and 1999 (Table 1). Data on trends are based on geographical settings with at least two
data points between 1994 and 1999. Specific details from some of the participant geograph-
ical settings follow. As in the first report, England & Wales, Scotland, and Northern Ireland
are analysed separately, since they reported their data separately for the years of study. A
new study is reported from Italy, a country that was excluded from the global analysis in the
first report because only HIV-infected patients had been studied. The results from Henan
Province (in China) for 1996 are included in this report, having been put on hold for verifica-
tion in the first report. Final data from the Thailand survey are presented since the results
presented in the first report were preliminary and limited to 131 cases. Final data from
Colombia, Guangdong Province (China), Nepal, and Venezuela were not available at the
time this report was written; thus, the results included in this report should be considered
preliminary.

2.5.1 Target survey areas
For each survey, the target population was made up of all registered smear-positive

TB cases in the survey area. In most countries, the survey area was the entire country (Table
2). In Sierra Leone, the survey area excluded some centres a priori because of problems pri-
marily related to access (i.e. remote regions, war zones, etc.). Surveys in some large coun-
tries, such as China, India, Mexico, the Russian Federation, and South Africa, were restrict-
ed to one or more large administrative units (e.g., province, state, oblast). Also, in the
Central African Republic, Morocco and Spain, the surveys were limited to the cities of
Bangui, Casablanca and Barcelona, respectively. In France, the surveyed area was again
composed of selected sentinel sites. Denmark data did not include Greenland and Faroe
Islands. In Uganda, the survey only included three of the nine regions of the country. These
were the regions assisted by the German Leprosy Relief Association (GLRA). 

2.5.2 Sample size and sampling strategies
Table 2 presents sampling methods used by the geographical settings participating

in this phase of the Global Project. Sample size calculation for surveys followed the princi-
ples outlined in the WHO/IUATLD Guidelines for Surveillance of Drug Resistance in
Tuberculosis.28,29 Sample size was calculated from the expected prevalence of RMP resis-
tance in new TB cases, or the drug with the lowest prevalence of resistance, estimated from
previous studies or based on data available from the NTP. In the absence of previous data,
the educated guess of investigators was used.56 Annex 1 provides additional details and ex-
amples of sampling methodology.28,29 Previously treated cases were sampled but no calcula-
tion of sample size was made, because of the small proportion of this population in the to-
tal pool of TB cases. Thus, sampling of previously treated cases was in most instances limit-
ed to the period needed to complete the sample size of new TB cases.
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Table 1. WHO/IUATLD Network of Supranational Reference Laboratories
and functioning National Reference Laboratories (1996–2000)

Supranational Reference Laboratory Country or territory Status National Reference Laboratory

Queensland Diagnostic and Australia Ongoing surveillance The SRL itself
Reference Laboratory for New Zealand Ongoing surveillance TB Reference Laboratory, Green Lane Hospital, Auckland
Mycobacterial Diseases, Brisbane, Australia Tamil Nadu, India Completed survey Tuberculosis Research Centre, Madras

INPPAZ - Instituto Panamericano de Argentina Ongoing Administracìon Nacional de Laboratorios e Institutos de 
Proteccion de Alimentos y Zoonosis, Salud (ANLIS), Buenos Aires
Buenos Aires, Argentina Chile Completed survey Instituto de Salud Pública de Chile, Santiago de Chile

Cuba Ongoing surveillance Instituto de Medicina Tropical “Pedro Kourí”, Havana
Nicaragua Completed survey Ministerio de Salud, Managua
Peru Completed survey Instituto Nacional de Salud, Lima
Uruguay Completed survey Comision Honoraria para la Lucha Antituberculosa y 

Enfermedades Prevalentes, Montevideo
Venezuela Ongoing survey Laboratorio Nacional de Referencia El Algodonal

Laboratory Centre for Disease Control. Canada Ongoing surveillance The SRL itself
Ottawa, Canada

Instituto de Salud Pública de Chile, Chile. Colombia Ongoing survey Instituto Nacional de Salud, Bogota

National Institute of Public Health. Czech Republic Ongoing survey The SRL itself
Czech Republic Slovakia Ongoing survey National Institut of TB and Respiratory Diseases, Bratislava

Institut Pasteur, Paris, France Bangui, Central African Republic Completed survey Institut Pasteur de Bangui
France Ongoing surveillance National Reference Centre for the Surveillance of TB, Paris
Guinea Completed survey Laboratoire de Reference des Mycobacteries, Conakry
Morocco Completed survey Institut Pasteur de Maroc, Casablanca
New Caledonia Completed survey Laboratoire de bacteriologie, institut Pasteur de Nouvelle  Caledonie
Oman Completed survey National Reference TB Laboratory, Darsait
Nigeria Ongoing survey Nigerian Institute of Medical Research, Lagos
Ivanovo Oblast, Russian Fed. Ongoing surveillance Central Tuberculosis Research Institute, Moscow

National Reference Center for Germany Completed survey The SRL itself
Mycobacteria, Borstel, Germany Slovenia Ongoing surveillance University Clinic Respiratory Diseases and Allergy, Laboratory

for Mycobacteria, Golnik

Kuratorium Tuberkulose in der Welt Nepal Ongoing survey GENETUP National Tuberculosis Centre and Laboratory,
E. V., Gauting, Germany Kathmandu

Armauer-Hansen Institute, Sierra Leone Completed survey The SRL itself
Wurtzburg, Germany Uganda Completed survey Central Tuberculosis Laboratory, Kampala

Istituto Superiore di Sanità, Rome, Italy Italy Completed survey Istituto Villa Marelli, Milan
Albania Planning stage Institute of TB and Lung Diseases

Research Institute of Tuberculosis, Japan Cambodia Planning stage To be determined
Islamic Republic of Iran Completed survey National Research Institute of Tuberculosis and Lung 

Disease, Tehran
Malaysia Completed survey Institute of Respiratory Medicine, Kuala Lumpur
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Mongolia Ongoing survey National Centre for Tuberculosis, Ulaanbaatar
Philippines Planning stage To be determined
Singapore Completed survey Central Tuberculosis Laboratory, Department of Respiratory

Medicine, Ten Tock Seng Hospital, Singapore

Korean Institute of Tuberculosis, Republic of Korea Completed survey The SRL itself
Republic of Korea Shandong Province, China Completed survey Provincial Reference Laboratory, Shandong

Hong Kong SAR, China Completed survey Tuberculosis Reference Laboratory, Yung Fung 
Shee Memorial Centre, Hong Kong SAR

Henan Province, China Completed survey Henan Anti-tuberculosis Institute, Henan 
Guandong Province, China Ongoing survey Provincial Reference Laboratory, Guandong
Zhejiang Province, China Completed survey Provincial Reference Laboratory, Zhejiang
Thailand Completed survey Laboratory of Tuberculosis Division (DCDC), Ministry of Health, Bangkok

National Institute of Public Health Netherlands Ongoing surveillance Various laboratories under coordination by SRL itself
and Environmental Protection (RIVM), Poland Completed survey Microbiology Department, National TB and Research
Bilthoven, Netherlands Institute, Warsaw

National Institute of Public Health, Mozambique Completed survey National Reference Laboratory of Mozambique, Maputo
Norway (Linked to Swedish Institute for
Infectious Disease Control, Sweden)

Servicio de Microbiologia, Hospitals Barcelona Completed survey The SRL itself
Universitaris Vall d’Hebron, Barcelona, Spain

Medical Research Council National TB Mpumalanga Province, Completed survey The SRL itself
Research Programme, South Africa South Africa

Nationwide, South Africa Planning stage The SRL itself
Zambia, South Africa Planning stage Lusaka Chest Disease Laborator, Lusaka

Swedish Institute for Infectious Denmark Ongoing surveillance Statens Serum Institute, Copenhagen
Disease Control (SIIDC), Stockholm, Sweden Estonia Ongoing surveillance Tuberculosis Reference Laboratory, Tartu

Finland Ongoing surveillance Mycobacterial Reference Laboratory, National Public Health
Institute, Turku

Latvia Ongoing surveillance State Centre of Tuberculosis and Lung Diseases, Riga
Norway Ongoing surveillance National Institute of Public Health, Oslo
Sweden Ongoing surveillance The SRL itself

Public Health Laboratory Service England & Wales Ongoing surveillance The SRL itself
(PHLS) Mycobacterium Reference Northern Ireland Ongoing surveillance Northen Ireland Reference Laboratory, Belfast
Unit, London, UK Scotland Ongoing surveillance Scottish Mycobacteria Reference Laboratory, Edinburgh

Belgium Ongoing surveillance Institut Pasteur de Bruxelles
Gambia Ongoing survey MRC Laboratory, Banjul
Israel Ongoing surveillance Public Health Laboratory, Tel Aviv
Switzerland Ongoing surveillance National Center for Mycobacteria, University of Zurich

Centers for Disease Control and United States of America Ongoing surveillance Multiple laboratories following national standards
Prevention (CDC), Atlanta, United Botswana Completed survey National Health Laboratory, Gaborone
States of America Mexico Completed survey Instituto National de Diagnóstico y Referencia

Epidemiólogicos (INDRE), Mexico City
Puerto Rico Ongoing surveillance Laboratorio Central de Tuberculosis, San Juan

Massachusetts State Laboratory, Tomsk Oblast, Russian Fed. Completed survey Central Tuberculosis Research Institute, Moscow
Boston, United States of America
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Table 2. Sampling methodology in the Global Project

COUNTRY
REPORT

PROJECT STATUS
TOTAL DURATION

TARGET AREA SAMPLING METHOD
FRACTION

YEAR (MONTHS) SAMPLED (%)*
Australia 1996 Ongoing surveillance 12 Country-wide All cases 100
Belgium 1997 Ongoing surveillance 12 Country-wide All cases 100
Botswana 1999 Completed survey 22 Country-wide Random 10
Canada 1997 Ongoing surveillance 12 Country-wide All cases 100
Central African Republic (Bangui) 1998 Completed survey 3 City-wide All cases 100
Chile 1997 Completed survey 6 Country-wide Proportionate cluster 50
China (Henan Province) 1996 Completed survey 9 Province Proportionate cluster 11
China (Guangdong Province) 1998–99 Ongoing survey 12 Province Proportionate cluster 5
China (Hong Kong SAR **) 1996 Ongoing surveillance 12 Province All cases 100
China (Shandong Province) 1997 Completed survey 12 Province Proportionate cluster 5
China (Zhejiang Province) 1998–99 Ongoing survey 12 Province Proportionate cluster 4
Colombia 1999 Ongoing survey 12 Country-wide Cluster 10
Cuba 1998 Ongoing surveillance 12 Country-wide Proportionate cluster 33
Czech Republic 1999 Completed survey 12 Country-wide All cases 100
Denmark 1998 Ongoing surveillance 12 Country-wide All cases 100
England & Wales 1997 Ongoing surveillance 12 Country-wide All cases 100
Estonia 1998 Ongoing surveillance 12 Country-wide All cases 100
Finland 1997 Ongoing surveillance 12 Country-wide All cases 100
France 1997 Ongoing surveillance 12 Sentinel sites All cases 100
Germany 1998 Completed survey 12 Sentinel sites Random 66
Guinea 1998 Completed survey 10 Sentinel sites Random 15
India (Tamil Nadu State) 1997 Completed survey 3 State Proportionate cluster 100
Islamic Republic of Iran 1997–98 Completed survey 12 Country-wide Random 10
Israel 1998 Ongoing surveillance 12 Country-wide All cases 100
Italy 1998–99 Completed survey 12 Half of the country Cluster 23
Latvia 1998 Ongoing surveillance 3 Country-wide All cases 100
Malaysia 1996–97 Completed survey 17 Peninsular Malaysia Cluster 9
Mexico (Baja California,
Oaxaca and Sinaloa) 1997 Completed survey 7 3 of 31 States All cases 50
Morocco (Casablanca) 1997–98 Completed survey 6 City-wide Cluster 25
Mozambique 1998–99 Completed survey 9 Country-wide Proportionate cluster 7
Nepal 1999 Ongoing survey 6 Country-wide All cases 100
Netherlands 1996 Ongoing surveillance 12 Country-wide All cases 100
New Caledonia 1995–96 Completed survey 21 Country-wide All cases 100
New Zealand 1997 Ongoing surveillance 12 Country-wide All cases 100
Nicaragua 1997–98 Completed survey 20 Country-wide Proportionate cluster 20
Northern Ireland 1997 Ongoing surveillance 12 Country-wide All cases 100
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* Sampled fraction of all eligible tuberculosis patients in the target area
** Special administrative region
*** German Leprosy Relief Association

Norway 1996 Ongoing surveillance 12 Country-wide All cases 100
Oman 1998–99 Completed survey 12 Country-wide All cases 100
Peru 1999 Completed survey 8 Country-wide Proportionate cluster 7
Poland 1996–97 Completed survey 12 Country-wide All cases 100
Puerto Rico 1997 Ongoing surveillance 12 Country-wide All cases 100
Republic of Korea 1998–99 Completed survey 4 Country-wide All cases 100
Russian Fed. (Tomsk Oblast) 1998–99 Complete survey 12 Province All cases 100
Russian Fed. (Ivanovo Oblast) 1998 Ongoing surveillance 12 Province All cases 100
Scotland 1997 Ongoing surveillance 12 Country-wide All cases 100
Sierra Leone 1997 Completed survey 6 Nearly country-wide Random 15
Singapore 1996 Completed survey 12 Country-wide All cases 100
Slovakia 1998 Completed survey 12 Country-wide All cases 100
Slovenia 1997 Ongoing surveillance 12 Country-wide All cases 100
South Africa (Mpumalanga Prov.) 1997 Completed survey 6 Province Proportionate cluster 43
Spain (Barcelona) 1997–98 Completed survey 24 City-wide Cluster 59
Sweden 1997 Ongoing surveillance 12 Country-wide All cases 100
Switzerland 1997 Ongoing surveillance 12 Country-wide All cases 100
Thailand 1996–97 Completed survey 12 Country-wide Proportionate cluster 13
Uganda (GLRA supported zones *** ) 1996–97 Completed survey 18 3 Zones Cluster 3
United States of America 1997 Ongoing surveillance 12 Country-wide All cases 100
Uruguay 1997 Completed survey 12 Country-wide All cases 100
Venezuela 1998 Ongoing survey 6 Country-wide Proportionate cluster 100
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Sampling strategies for Drug Resistance Surveillance

• Country-wide, ongoing surveillance of the population
• Surveys with 100% sampling during a specified time period
• Surveys with a simple random sample of TB patients
• Surveys of randomly selected clusters (i.e. diagnostic centres) of patients 
• Surveys with cluster sampling proportional to the population

2.6 BACTERIOLOGICAL METHODS USED IN SURVEYS/SURVEILLANCE
The majority of laboratories used Löwenstein-Jensen (L-J) culture medium. A few

others used the Ogawa culture medium. Identification of the strains was based on the
niacin production test, the nitrate reduction test, the aminobenzoic acid (500 mg/l) and the
thiophene carboxylic acid (2 mg/l) resistance test. Some countries use also hybridization
probes. Species other than the pathogenic species of the M. tuberculosis complex were ex-
cluded from analysis.

Drug resistance tests were performed using the economic variant of the proportion
method on L-J medium,51 the absolute concentration method, the resistance ratio method,
or the radiometric Bactec 460 method (Table 3). The proportion method was the most fre-
quently used (62% of the participating settings) in this phase of the Global Project.
Resistance was expressed as the percentage of colonies that grew on critical concentrations
of the drugs (i.e. 0.2 mg/l for INH, 2 mg/l for EMB, 4 mg/l for dihydrostreptomycin sulphate
and 40 mg/l for RMP when L-J medium was used). The criterion for resistance to a particular
drug was growth of 1% of the population on medium containing the critical concentration.
The results of the tests were then recorded on standardized laboratory forms (see Annex 1),
copies of which were collected by each national coordinator and reported to WHO. 

Proficiency testing was conducted between participant settings and the corre-
sponding SRLs, as in the first phase of the Global Project.1,2 Table 3 lists the number of
specimens exchanged and the overall agreement (i.e. concordance of results) between na-
tional reference laboratories (NRLs) of participant geographical settings and SRLs for the
four drugs evaluated. In most cases, significant discrepancies were clarified before imple-
menting the survey.

2.7 COLLECTION OF DATA
All newly registered patients with smear-positive TB were eligible for inclusion, in-

cluding children, foreign-born persons, hospitalized patients, and those with known HIV co-
infection. As in the previous phase of the Global Project, HIV testing was not a systematic
component of these surveys. Geographical settings that performed HIV testing as part of the
survey were advised to follow international guidelines on counselling and confidentiality.57

Reports from Australia, Belgium, Canada, and Israel did not distinguish between resistance
in new and previously treated cases, and only the combined prevalence of drug resistance is
presented and analysed. Belgium reported resistance data for INH and RMP, since testing
for EMB and SM was not systematically performed.

In several surveys (Benin, Henan and Shandong Provinces in China, Morocco, New
Caledonia, Oman, Peru, and Uganda), re-interview and double-checking of the patients’ his-
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tories was undertaken to reduce the possibility of misclassification of previously treated
cases as new cases. In this phase of the Global Project, version 2 of the WHO software
“Surveillance of Drug Resistance in Tuberculosis” (SDRTB 2.0) was used for data entry, man-
agement and analysis at the local level. Most industrialized countries use their own soft-
ware for surveillance. Aggregated (all geographical settings) and individual (selected geo-
graphical settings) data were provided to WHO for global analysis. Demographics, including
sex and age, prior history of TB therapy and HIV test results, were the variables recommend-
ed for collection.

2.7.1 Data collection by place of origin
For the first time, data according to the place of origin of patients were requested

in this phase of the Global Project. A simple data collection form was designed (Annex 1)
for projects to provide information on the magnitude of any drug resistance and MDR-TB
according to indigenous and foreign-born populations. Responses to this request were
mainly from low TB incidence countries. 

2.7.2 Statistical analysis
Descriptive statistics of the study population and bivariate analyses were calculat-

ed in Epi-Info 6 and SPSS/Windows 7.5.2. Median values were calculated for the prevalence
of drug resistance in new cases, previously treated cases, or combined, for individual drugs
and pertinent combinations. In addition to median values, mean values were weighted by
the estimated number of smear-positive cases in each geographical setting using the SPSS
weighting procedure. This procedure weights cases for analysis based on the value of the
weight variable. The distribution of the prevalence of the different patterns of drug resis-
tance was illustrated using box-plots, which display the median, quartiles and outliers. The
latest data point available for each geographical setting was used in box-plots, maps, and
figures.

Estimation of coverage of the Global Project was done using TB cases reported to
WHO,58–62 and population figures for year 1997 as estimated by the United Nations
Population Division “World Population Prospects; 1998 Revision”. For geographical settings re-
porting more than two data points, only the latest one was used for these calculations.
Also, for surveys carried out in administrative units of large countries (states, provinces,
oblasts) only notified TB cases and population of these administrative units were used. It is
important to acknowledge that estimates regarding coverage are approximations. They
should be interpreted with caution because of the changes in population and in the inci-
dence of TB over time. Nevertheless, while there is a certain degree of uncertainty about
these estimates, TB incidence and population figures do not change grossly between years. 

Standard chi-square and Fisher’s exact two-tailed test were used to compare differ-
ences between indigenous and foreign-born cases with TB (new and previously treated) for
any drug resistance and MDR-TB.

2.8 TRENDS IN DRUG RESISTANCE SURVEILLANCE
In order to assess current trends in anti-tuberculosis drug resistance prevalence,

geographical settings surveyed in the first phase of the Global Project were encouraged to
repeat the surveys or to provide new data if a surveillance system was in place.
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Table 3. Laboratory and performance at each of the NRLs in the Global Project

COUNTRY CULTURE METHOD DST METHOD
PT* NRL/SRL Specificity for PATIENTS

STRAINS AGREEMENT (%) RMP DST TESTED
Australia Löwenstein-Jensen & Bactec Bactec 20 100 100 750
Belgium Löwenstein-Jensen & Bactec Proportion 20 90 100 791
Botswana Löwenstein-Jensen Resistance ratio 18 94 100 783
Canada Various Bactec 20 98 100 1593
Central African Republic (Bangui) Löwenstein-Jensen Proportion 24 97 100 497
Chile Löwenstein-Jensen Proportion 20 100 100 881
China (Henan Province) Löwenstein-Jensen Proportion 292 91 92 1372
China (Guangdong Province) Löwenstein-Jensen Resistance ratio 30 96 97 524
China (Hong Kong SAR **) Löwenstein-Jensen Absolute concentration 30 94 100 5207
China (Shandong Province) Löwenstein-Jensen Proportion 30 96 100 1229
China (Zhejiang Province) Löwenstein-Jensen Proportion 30 95 100 942
Colombia Ogawa Proportion 20 97 100 201
Cuba Löwenstein-Jensen Proportion 60 98 100 327
Czech Republic Löwenstein-Jensen & others Proportion 20 98 100 363
Denmark Löwenstein-Jensen & Bactec Bactec 20 98 100 444
England & Wales Löwenstein-Jensen & Bactec Resistance ratio 20 96 100 3242
Estonia Löwenstein-Jensen & Bactec Proportion + Bactec 65 90 100 459
Finland Löwenstein-Jensen Proportion 20 95 100 412
France Löwenstein-Jensen & Bactec Proportion 20 100 100 852
Germany Löwenstein-Jensen & Bactec Proportion + Bactec 20 98 100 1711
Guinea Löwenstein-Jensen Proportion 26 95 100 571
India (Tamil Nadu State) Löwenstein-Jensen Resistance ratio 20 99 100 400
Islamic Republic of Iran Löwenstein-Jensen Proportion 260 94 100 722
Israel Löwenstein-Jensen Resistance ratio 20 95 100 307
Italy Löwenstein-Jensen Proportion + Bactec 20 98 100 810
Latvia Löwenstein-Jensen Absolute concentration 35 95 100 1013
Malaysia Ogawa Absolute concentration 84 98 100 1017
Mexico (Baja California,
Oaxaca and Sinaloa) Löwenstein-Jensen Bactec 20 98 100 441
Morocco (Casablanca)*** Löwenstein-Jensen Proportion 510 100 100 510
Mozambique Löwenstein-Jensen Proportion 70 90 100 1150
Nepal Löwenstein-Jensen Proportion 77 92 97 131
Netherlands Various Absolute concentration 20 91 100 1214
New Caledonia Löwenstein-Jensen Proportion 8 95 100 105
New Zealand Löwenstein-Jensen & Bactec Bactec 20 98 100 200
Nicaragua Löwenstein-Jensen Proportion 9 100 100 564
Northern Ireland Löwenstein-Jensen & Bactec Resistance ratio 20 100 100 41
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* Number of strains exchanged between NRL and SRL for proficiency testing (PT)
** Special administrative region
*** All strains collected in Morocco were re-tested at the SRL due to the high discordant results on the quality control exercise. Values for agreement

and specificity are those of SRL
****German Leprosy Relief Association

Norway Löwenstein-Jensen Bactec 20 98 100 282
Oman Löwenstein-Jensen Proportion 9 91 100 133
Peru Löwenstein-Jensen Proportion 16 100 100 2139
Poland Löwenstein-Jensen & Bactec Proportion 40 96 100 3970
Puerto Rico Bactec Proportion & Bactec 20 92 100 172
Republic of Korea Löwenstein-Jensen Proportion 20 97 100 2653
Russian Fed. (Tomsk Oblast) Löwenstein-Jensen Absolute concentration 121 82 96 649
Russian Fed. (Ivanovo Oblast) Löwenstein-Jensen Absolute concentration 39 95 97 276
Scotland Bactec Bactec 17 100 100 307
Sierra Leone Löwenstein-Jensen Proportion 130 95 100 130
Singapore Löwenstein-Jensen & Bactec Bactec 20 99 100 1131
Slovakia Löwenstein-Jensen Proportion 20 94 90 746
Slovenia Löwenstein-Jensen Proportion 10 100 100 326
South Africa (Mpumalanga Prov.) Löwenstein-Jensen Proportion 20 89 91 761
Spain (Barcelona) Löwenstein-Jensen & Bactec Proportion 20 95 100 384
Sweden Löwenstein-Jensen & Bactec Bactec 20 94 100 380
Switzerland Various Various 20 99 100 362
Thailand Löwenstein-Jensen Proportion 30 91 97 1137
Uganda (GLRA supported zones ****) Löwenstein-Jensen Proportion 121 98 100 419
United States of America Various Various 20 92 100 12675
Uruguay Löwenstein-Jensen Proportion 20 98 100 500
Venezuela Löwenstein-Jensen Proportion 13 90 100 245

... continued
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Twenty-eight geographical settings provided two or more data points between 1994
and 1999, following the same surveillance/survey methodology.

2.8.1 Statistical analysis of trends
Analysis focused on drug resistance found in new cases, previously treated cases

and in the combined prevalence of drug resistance. The following patterns of drug resis-
tance were highlighted: any drug resistance, MDR-TB, any INH resistance, and any RMP re-
sistance. Chi-square standard test was used for the comparison of two data points (propor-
tions), and chi-square for trends was used for the comparison of three or more data points.

2.9 ECOLOGICAL ANALYSIS OF DRUG RESISTANCE AND NATIONAL
TUBERCULOSIS PROGRAMME CHARACTERISTICS
In the first phase of the Global Report the prevalence of drug resistance in each ge-

ographical setting was correlated with characteristics of the NTP.1 One of the limitations of
this analysis was the lack of sufficient statistical power to perform sub-analyses. The greater
number of geographical settings available in the two phases of the Global Project combined
(n = 72) increased substantially the statistical power to detect differences. Therefore, a new
ecological analysis was done to compare aggregated data on drug resistance at group level
(by geographical setting) with indicators of TB control and development.63–65 For geographi-
cal settings with more than two data points, the data collected in the most recent year of
surveillance were used for this analysis. 

2.9.1 Variables included in the ecological analysis
Outcome (dependent) variables examined in this report included:

• proportion of any drug resistance among new cases
• proportion of MDR-TB among new cases.

Potential explanatory (independent) variables examined in this report included:
• notified TB incidence rate; 58–62

• proportion of all cases presenting to treatment that were previously
treated [i.e. failures, patients returning after default, relapses and chronic cases];

• treatment success;

Geographical settings for which two or more data points in drug-resistant TB were analysed

• AFRICA Sierra Leone, Botswana
• AMERICAS Canada, Chile, Cuba, Peru, Puerto Rico, United States of 

America
• EUROPE Barcelona (Spain), Belgium, Czech Republic, Denmark, 

England & Wales, Estonia, Finland, France, Germany,
Ivanovo Oblast (Russian Federation), Latvia, Netherlands, 
Northern Ireland, Scotland, Sweden, Switzerland

• ASIA Nepal, Republic of Korea
• OCEANIA Australia, New Zealand
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METHODS2
• proportion of TB patients under treatment with SCC;
• proportion of TB patients under DOT;
• proportion of TB patients treated with fixed-dose combination (FDC) tablets;
• gross national product (GNP) per capita income;
• estimated proportion of TB patients infected with HIV.

Median values of any drug resistance and MDR-TB among new cases were estimated
according to WHO geographical regions* and to WHO/ DOTS control category.**

These data were obtained from the participating countries through a standardized
questionnaire (see Annex 1) and from the publications “Global Tuberculosis Control” 1997, 1998,
and 1999.58–60

Data reported to WHO in 1994, 1995, and 1996 were used to derive a three-year av-
erage treatment success in each participant setting. Patients registered in DOTS and non-
DOTS areas were added to obtain the total number of patients registered in a given set-
ting/area. Then, patients who were not evaluated (unknown outcome) were excluded. If the
total number of patients evaluated was less than 10% of all smear-positive cases registered
for the setting, the data were excluded since they were judged not to be representative.

2.9.2 Statistical analysis of ecological data
Initially, associations between continuous predictors and drug resistance values

were evaluated by the Spearman’s correlation coefficient (rs). Scatterplots were generated to
illustrate selected correlations. Weighted logistic regression modelling was used to explore
the contribution of different variables to the prevalence of any drug resistance and of MDR-
TB (separate modelling for both response variables) in new TB cases. Since the prevalence
of any drug resistance and of MDR-TB take the form of proportions in each geographical
setting, these variables are strictly bounded (i.e., no percentage > 100% or < 0%) and thus
follow a binomial distribution (i.e. number of TB cases with any drug resistance out of the
total number of cases tested). Therefore, to ensure linearity we used the logit link function to
regress the explanatory or independent variables on the response or dependent variable.
Modelling was weighted using the individual sample sizes (of each geographical setting) as
weights in order not to lose information of the size of the sample from which such propor-
tions were estimated. If only the percentages of any drug resistance or MDR-TB are used as
dependent variables, sample sizes are not taken into account.66

Each variable was modelled by univariate logistic regression and plotted against
the response variable in order to explore its individual contribution as well as departures
from normality and variance instability. As a result, three variables were transformed: GNP
per capita income and TB incidence into the logarithmic scale; and the proportion of pa-
tients under SCC into the arcsine or angular transformation.

Multivariate weighted logistic regression modelling was used to obtain adjusted
estimates. Several models were explored using the backward elimination method in order
to find the model that best fitted the data. To assess the goodness of fit of the models and
account for over-dispersion (i.e., random variation), we divided the Pearson χ2 value by the

* AFR for sub-Saharan Africa, AMR for the Americas, EMR for the Eastern Mediterranean region, EUR for Europe, SEAR
for South-East Asia, and WPR for the Western Pacific Region

** Category 0 for countries not reporting to WHO, category 1 for countries not implementing DOTS and TB notification rate
>10/100 000, category 2 for countries implementing DOTS in <10% of the population, category 3 for countries implementing
DOTS in 10%–90% of the population, category 4 for countries implementing DOTS in >90% of the population, and 
category 5 for countries not using DOTS and TB notification rates < 10/100 000
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degrees of freedom and compared the resulting scaled deviances for terms in the model us-
ing an F-Test instead of χ2 (as in conventional ANOVA).

2.10 EFFECT OF DEMOGRAPHICS AND OTHER INDIVIDUAL PATIENT’S
DATA ON DRUG RESISTANCE

2.10.1 Participant countries and procedures
Population-based patient data from 11 geographical settings, surveyed within the

WHO/IUATLD Global Project between 1994 and 1998, were used to assess the effects of de-
mographic characteristics (age, sex), prior history of anti-TB treatment, and HIV on the dy-
namics of drug-resistant TB. Data were available from Bolivia, Dominican Republic,
Republic of Korea, Lesotho, Nepal, Peru, Portugal, Sierra Leone, Swaziland, Barcelona
(Spain), and Shandong Province (China). These geographical settings provided (before a
pre-established deadline) detailed individual-level data on the patients enrolled in their
drug resistance studies. Some other geographical settings also provided individual data.
However, since these data arrived late, they could not be included in this analysis.

Patients also reported the number of past episodes of treatment and number of
months of treatment during each episode. This information allowed the calculation of the
total time a patient was on prior TB treatment. In addition, clinical and laboratory records
were reviewed and abstracted to detect previous treatment for TB. 

At each site, data were entered into the WHO software for drug resistance, SDRTB-
2. Data were then sent to WHO for review and merging into a global database.
Inconsistencies and apparent data entry errors were discussed and clarified with the survey
coordinators of each geographical setting when necessary. Since SDRTB-2 allowed the in-
vestigators to adapt the original entries to the local conditions, including translation to lan-
guages other than English, for the purpose of this analysis electronic data provided in other
languages were not used.

2.10.2 Statistical analysis of determinants of anti-tuberculosis
drug resistance
Statistical analysis was performed using STATA (Stata statistical software. Release 5.0.

College Station, Texas: Stata Corporation, 1997). Simple proportions and 95% confidence inter-
vals (95% CI) were calculated; differences between proportions were assessed by standard
chi-square; differences between means of continuous variables were assessed by Student’s
t-test. Separate univariate and multivariate logistic regression analyses were performed to
determine variables associated with resistance to one or more drugs and with MDR-TB.
These analyses were performed for all available individuals (n = 9 615), as well as for a sub-
set of individuals for whom information was available on prior HIV test results (n = 463), in
order to assess the association between HIV and drug resistance. Odds ratios (OR) and 95%
CI were calculated to measure the association between variables at the univariate and mul-
tivariate level.
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3.1 PHASE 2 OF THE GLOBAL PROJECT (1996–1999)
This new report of the Global Project provides data on anti-tuberculosis drug resis-

tance from 58 geographical settings. Of these, 28 provided data for the assessment of trends
including 20 that originally participated in the first phase of the Global Project. 

The number of projects does not match the number of countries. Ten of the 58 pro-
jects were carried out in three countries: five in China (the provinces of Henan, Shandong,
Guangdong, Zhejiang, and Hong Kong Special Administrative Region), two in the Russian
Federation (Ivanovo and Tomsk Oblasts), and three in the United Kingdom of Great Britain
and Northern Ireland (England & Wales, Scotland, and Northern Ireland). For clarity, howev-
er, projects will be referred to as representing geographical settings, i.e., 58 geographical
settings provided new data in the period 1996–1999. Tables 4 and 5 show the characteristics
of TB control and other variables of the 58 geographical settings that participated in this
phase of the Global Project. The flowchart below shows the distribution of projects that pro-
vided data on anti-tuberculosis drug resistance in this phase of the Global Project.

Fifty-four geographical settings provided data on the level of drug resistance among
new cases, forty-eight among previously treated cases, and four (Australia, Belgium,
Canada, and Israel) provided only combined data, i.e., they did not differentiate between
new and previously treated cases. The surveillance/surveys conducted in this second phase
of the Global Project tested 68 104 [median = 661, range = 41 (Northern Ireland)–12 675
(United States)] subjects with TB. The TB cases tested in this period represented approxi-
mately 610 000 (18%) of 3.3 million TB cases reported to WHO in 1997 and 1.5 billion (26%)
of 5.8 billion inhabitants of the world in 1997 (Figure 2).

3
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Table 4. Tuberculosis indicators in countries participating in the Global Project, 1996–1999*

COUNTRY

WHO region Country/region Estimated cases Notification Estimated smear Smear positive WHO TB Estimated TB/HIV co-infection Treatment
population(*’000) on country/region rate all cases positive rate notification rate control rate and % of TB cases HIV+ success (%)

(per 100 000) (per 100 000) (per 100 000) (per 100 000) strategy Co-infection rate TB cases
(100 000) HIV+(%)

Australia Western Pacific 18 310 8.0 5.4 3.6 1.1 5 4.0 1 NA
Belgium Europe 10 170 16.0 12.7 7.2 4.3 1 10.0 4 80.0
Botswana Africa 1 487 503.0 455.7 226.4 180.0 4 4781.0 50 70.3
Canada the Americas 30 008 7.0 6.6 3.1 1.7 5 10.0 2 NA
Central African Rep. (Bangui) Africa 620 237 139.9 91.3 75.7 1 2119.0 48.5 65.0
Chile the Americas 14 622 29.0 26.5 13.0 10.2 4 21.0 1 80.0
China (Henan Province) Western Pacific 92 000 100.0 34.4 45.0 10.2 2 12.0 0 91.0
China (Guangdong Province) Western Pacific 70 137 52.0 52.3 23.5 37.4 4 12.0 0 94.3
China (Hong Kong SAR) Western Pacific 6 311 103.0 105.0 41.0 33.6 1 18.0 0 89.0
China (Shandong Province) Western Pacific 88 100 90.0 28.7 40.5 14.8 4 12.0 0 94.3
China (Zhejiang Province) Western Pacific 44 223 43.0 42.5 19.1 12.3 2 12.0 0 90.0
Colombia the Americas 40 773 55.0 21.1 24.5 16.9 2 47.0 2 NA
Cuba the Americas 11 036 18.0 11.1 7.9 6.7 4 1.0 0 91.0
Czech Republic Europe 10 295 20.0 17.4 8.9 5.3 4 3.0 1 90.0
Denmark Europe 5 295 11.0 10.1 4.9 2.6 1 8.0 1 81.0
England & Wales** Europe 52 211 11.3 11.2 7.6 7.6 1 6.0 2 NA
Estonia Europe 1 454 50.0 56.4 22.6 20.8 1 1.0 0 62.0
Finland Europe 5 100 13.0 11.1 5.5 3.6 1 1.0 0.5 NA
France Europe 56 000 19.0 11.5 8.2 4.3 1 2.0 13 NA
Germany Europe 82 200 15.0 12.7 6.5 3.8 1 6.0 2 NA
Guinea Africa 7 165 171.0 56.8 75.4 46.9 4 340.0 10 77.0
India (Tamil Nadu State) South East Asia 61 753 400.0 200.0 85.0 43.0 2 188.0 4.4 45.0
Islamic Republic of Iran Eastern Mediterranean 60 776 55.0 17.7 24.8 8.6 3 0.0 0 87.0
Israel Europe 5 900 8.0 10.8 3.6 4.4 4 4.0 1 91.4
Italy Europe 57 241 10.0 8.5 4.4 3.3 3 19.0 8 83.0
Latvia Europe 2 458 82.0 88.7 37.1 27.2 4 1.0 0 70.2
Malaysia Western Pacific 16 500 112.0 64.4 50.1 46.1 4 108.0 2 83.6
Mexico (Baja California, Oaxaca and Sinaloa) the Americas 94 732 40.0 25.0 17.8 17.2 2 31.0 3 76.0
Morocco (Casablanca) Eastern Mediterranean 3 297 122.0 152.5 54.7 65.6 4 8.0 2 90.0
Mozambique Africa 16 917 254.0 100.0 106.6 71.6 3 2303.0 30 67.0
Nepal South East Asia 22 847 211.0 105.6 94.8 49.5 3 51.0 1 79.6
Netherlands Europe 15 494 10.0 10.8 4.4 2.3 4 11.0 13 82.0
New Caledonia Western Pacific 200 89.0 111.0 40.0 24.5 4 0.0 0 83.0
New Zealand Western Pacific 3 618 5.0 9.0 2.0 1.6 5 2.0 0 90.0
Nicaragua the Americas 4 421 95.0 64.5 42.7 37.8 4 32.0 1 80.0
Northern Ireland Europe 1 663 3.8 3.2 1.7 1.0 1 6.0 2 95.0
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WHO region Country/region Estimated cases Notification Estimated smear Smear positive WHO TB Estimated TB/HIV co-infection Treatment
population(*’000) on country/region rate all cases positive rate notification rate control rate and % of TB cases HIV+ success (%)

(per 100 000) (per 100 000) (per 100 000) (per 100 000) strategy Co-infection rate TB cases
(100 000) HIV+(%)
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Norway Europe 4 381 6.0 5.0 2.6 2.4 4 4.0 1 84.0
Oman Eastern Mediterranean 2 287 13.0 12.6 6.0 4.8 4 3.0 2 89.5
Peru the Americas 25 232 265.0 141.5 118.7 97.2 4 131.0 2 93.0
Poland Europe 38 649 45.0 36.1 20.2 9.0 1 5.0 0 88.0
Puerto Rico the Americas 3 807 10.0 6.8 4.1 3.3 4 76.0 50 70.0
Republic of Korea Western Pacific 46 430 87.0 94.0 38.9 22.3 4 2.0 1 82.0
Russian Federation (Tomsk Oblast) Europe 955 106.0 75.2 47.7 36.0 3 5.0 1 78.1
Russian Federation (Ivanovo Oblast) Europe 1 271 52.0 47.7 23.4 15.2 4 5.0 1 56.7
Scotland Europe 5 214 8.3 8.3 6.4 6.4 1 6.0 2 NA
Sierra Leone Africa 4 600 315.0 76.6 138.5 49.9 3 517.0 10 78.0
Singapore Western Pacific 3 044 48.0 64.1 21.7 17.0 3 24.0 1 83.0
Slovakia Europe 5 383 35.0 24.3 15.6 7.4 4 0.0 0 85.0
Slovenia Europe 1 987 30.0 25.0 13.5 7.9 4 1.0 1 89.0
South Africa (Mpumalanga Prov.) Africa 3 020 208.0 120.0 158.6 99.0 3 2540.0 45 78.3
Spain (Barcelona) Europe 1 509 49.0 48.5 18.5 18.5 3 48.0 20 75.0
Sweden Europe 8 844 5.0 5.2 2.2 1.2 5 4.0 0 86.0
Switzerland Europe 7 114 11.0 10.5 4.8 2.4 1 21.0 25 79.0
Thailand South East Asia 59 460 142.0 51.2 62.6 22.2 2 561.0 10 74.0
Uganda (GLRA supported zones)*** Africa 9 920 320.0 87.0 127.8 54.5 4 1532.0 50 61.0
United States of America the Americas 267 636 7.0 7.4 2.9 2.6 4 21.0 20 91.2
Uruguay the Americas 3 170 31.0 22.0 13.8 13.3 4 32.0 2 86.0
Venezuela the Americas 23 242 42.0 26.3 18.9 14.8 4 88.0 3 80.2

... continued

* Estimates shown are those of WHO (JAMA 1999; 282:677–686) available upon request. Estimates for administrative sub-units are based on the 
assessment of local authorities. For Uganda, Morocco, Mexico, and the Central African Republic estimates are country-wide.

** For England & Wales smear positive notification includes smear+ and smear– 
***Geman Leprosy Relief Association
NA = not available
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RMP Treatment
Use of

COUNTRY
NTP*

intro- in private
Use of

DOT***
FDC

established
duction sector**

SCC (%) tables
(%)

Table 5. Tuberculosis control strategies in the countries participating
in the Global Project, 1996–1999

Australia 1950 1968 3 96 None 0
Belgium No NTP 1967 3 NA Low 4
Botswana 1975 1986 1 100 High 0
Canada No NTP 1969 1 NA NA NA
Central African Republic (Bangui) 1995 1980 1 100 None 100
Chile 1973 1982 2 100 High 0
China (Henan Province) 1991 1972 3 41 Low 20
China (Guangdong Province) 1992 1980 1 100 High 0
China (Hong Kong SAR) 1979 1970 2 96 High 5
China (Shandong Province) 1980 1981 1 100 High 0
China (Zhejiang Province) 1994 NA 1 100 High 0
Colombia 1960 1981 NA 90 High 100
Cuba 1963 1982 1 100 High 0
Czech Republic 1982 1980 3 80 High 100
Denmark No NTP 1969 1 99 None 0
England & Wales No NTP 1969 1 100 None NA
Estonia 1997 1974 1 NA Low 30
Finland 1953 1972 1 100 None 0
France No NTP 1967 3 100 None 50
Germany No NTP 1969 3 100 NA 20
Guinea 1990 1986 1 100 High 100
India (Tamil Nadu State) 1962 1983 3 90 NA 0
Islamic Republic of Iran 1989 1961 3 100 Low 0
Israel 1997 NA 1 100 High 0
Italy 1995 1971 2 90 High 20
Latvia 1995 1975 1 92 High NA
Malaysia 1961 1978 2 96 High 0
Mexico (Baja California, Oaxaca and Sinaloa) 1939 1988 3 79 High 100
Morocco (Casablanca) 1954 1969 2 100 High 100
Mozambique 1977 1984 1 75 High 100
Nepal 1965 1990 3 17 Low 0
Netherlands 1953 1965 3 100 Low NA
New Caledonia 1989 1966 1 100 High 100
New Zealand No NTP 1969 2 96 Low 100
Nicaragua 1950 1978 1 97 High 100
Northern Ireland No NTP 1969 1 100 None 100
Norway 1900 1968 1 100 None 15
Oman 1981 1982 1 100 High 0
Peru 1990 1980 2 100 High 100
Poland 1963 1969 1 96 High 76
Puerto Rico 1953 1971 3 90 None 0
Republic of Korea 1962 1984 3 99 None 0
Russian Federation (Tomsk Oblast) 1997 NA 1 85 High 70
Russian Federation (Ivanovo Oblast) 1995 1987 1 100 High 100
Scotland No NTP 1969 1 100 None 100
Sierra Leone 1990 1990 3 100 High 100
Singapore 1958 1975 2 15 Low NA
Slovakia 1982 1972 1 78 High 0
Slovenia 1952 1973 1 85 High 30
South Africa (Mpumalanga Province) 1982 1979 2 100 High 100
Spain (Barcelona) 1982 1968 2 90 Low 90



RMP Treatment
Use of

COUNTRY
NTP*

intro- in private
Use of

DOT***
FDC

established
duction sector**

SCC (%) tables
(%)

43 A
N

T
I-

T
U

B
E

R
C

U
L

O
S

IS
 D

R
U

G
 R

E
S

IS
T

A
N

C
E

 I
N

 T
H

E
 W

O
R

L
D

RESULTS3

Fig. 2. Estimated coverage of the Global Project in its 
second phase, 1996–1999*

* National Tuberculosis Programme
** TB treated in the private sector: 1, virtually all treated in the public sector; 2, up to 15% 

of patients treated in the private sector; 3, more than 15% treated in the private sector 
*** Directly observed therapy
**** German Leprosy Relief Association
NA = Not available

* Coverage was estimated by using population figures and notified TB incidence in 1997. 
For administrative units (state, province, oblast) surveyed within large countries, 
denominators included population and TB incidence of such units

... continued

WORLD COUNTRIES
(n=212 countries)

WORLD’S POPULATION
(n=5 850 million people)

WORLD’S TB BURDEN
(n=3.4 million cases)

76% 82%74%

24% 18%26%

Sweden No NTP 1970 1 NA None 0
Switzerland No NTP 1967 3 60 Low 90
Thailand 1966 1985 2 100 None 20
Uganda (GLRA supported zones)**** 1990 1990 1 100 High 100
United States of America 1953 1971 3 95 Low NA
Uruguay 1980 1970 2 100 High 0
Venezuela 1936 1982 2 100 High 100



Botswana 1998 638 93.7 6.3 5.3 .8 .2 .0 .9 .5
Central African Rep. (Bangui) 1999 464 83.6 16.4 10.8 3.7 1.7 .2 5.6 1.1
Chile 1997 732 90.7 9.0 6.3 2.6 .1 .0 2.7 .4
China (Henan Province) 1996 646 65.0 35.0 13.3 10.2 7.3 4.2 21.7 10.8
China (Guangdong Province) 1999 461 87.0 13.0 8.0 2.8 1.1 1.1 5.0 2.8
China (Hong Kong SAR*) 1996 4 424 87.8 12.2 8.5 2.6 .9 .3 3.8 1.4
China (Shandong Province) 1997 1 009 82.4 17.6 9.8 5.3 1.7 .9 7.8 2.9
China (Zhejiang Province) 1999 802 85.2 14.8 8.4 3.1 2.2 1.1 6.5 4.5
Colombia 1999 201 86.6 13.4 8.0 5.0 .5 .0 5.5 .5
Cuba 1998 284 95.4 4.6 4.2 .4 .0 .0 .4 .0
Czech Republic 1999 311 96.5 3.5 1.3 .6 .3 1.3 2.3 1.6
Denmark 1998 412 86.9 13.1 8.7 3.9 .5 .0 4.4 .5
England & Wales 1997 3 053 92.8 7.2 5.0 1.7 .3 .3 2.2 .8
Estonia 1998 377 63.1 36.9 13.5 8.2 6.6 8.5 23.3 14.1
Finland 1997 410 95.6 4.9 4.4 .5 .0 .0 .5 .0
France 1997 787 90.7 9.3 8.0 1.3 .0 .0 1.3 .0
Germany 1998 1 455 91.1 8.9 6.1 1.8 .5 .5 2.7 .9

OVERALL RESISTANCE TO:
POLY-

RESISTANCE
COUNTRY

Year Patients
Suscept. Resist. 1 Drug 2 Drugs 3 Drugs 4 Drugs Any MDRtested
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3.1.1 Drug resistance among new cases of tuberculosis
Of the 58 geographical settings, 54 provided data for new cases of TB (Tables 6 and

7, Figure 3). Of these, resistance to any drug was highest in Estonia (36.9%), followed by the
province of Henan (China) (35%), Ivanovo Oblast (Russian Federation) (32.4%), and Latvia
(29.9%). The lowest levels were observed in Uruguay (1.7%), New Caledonia (2.2%), Slovakia
(2.7%), and Switzerland (3.1%). The median prevalence in this second phase of the Global
Project was 10.7% (range: 1.7%–36.9%).* 

The median prevalence of MDR-TB was 1% (range: 0%–14.1%).** The highest preva-
lence observed (Table 6) was in Estonia (14.1%), followed by Henan Province (China)
(10.8%), Latvia (9%), Ivanovo Oblast (9%) and Tomsk Oblast (6.5%) in the Russian
Federation, and the Islamic Republic of Iran (5%). No MDR-TB was reported in Cuba,
Finland, France, New Caledonia, Northern Ireland, Switzerland, Uruguay, and Venezuela.
Nine (17%) geographical settings had levels of MDR-TB among new cases > 3%. Table 6 also
shows the prevalence of drug resistance according to the number of drugs. Single drug re-
sistance ranged from 1.3% in the Czech Republic to 17.9% in Sierra Leone. Resistance to all
the four drugs tested ranged from 0% in 24 geographical settings to 8.5% in Estonia. 

Table 7 shows the prevalence of drug resistance according to specific drugs. Henan
Province (China), Estonia, Latvia, Ivanovo Oblast (Russian Federation), Tomsk Oblast (Russian
Federation), Tamil Nadu State (India) and Mozambique, all had prevalences > 15% of any INH re-
sistance. Prevalences of any RMP resistance > 4% were found in Henan Province (China), Estonia,
Latvia, Ivanovo Oblast (Russian Federation), Tomsk Oblast (Russian Federation), the Islamic
Republic of Iran, Zhejiang Province (China), Thailand, Mozambique, and Tamil Nadu State (India).

* Median prevalence for any drug resistance among new cases in the 35 settings surveyed in the first phase of the Global Project was 9.9%
** Median prevalence of MDR-TB among new cases in the 35 settings surveyed in the first phase of the Global Project was 1.4%

Table 6. Prevalence of drug resistance among 
new TB cases, by country/geographical setting, 1996–1999



Guinea 1998 539 85.3 14.7 9.8 4.3 .6 .0 4.8 .6
India (Tamil Nadu State) 1997 384 81.3 18.8 10.4 3.6 2.9 1.8 8.3 3.4
Islamic Republic of Iran 1998 666 84.1 15.9 8.1 3.9 1.2 2.7 7.8 5.0
Italy 1999 683 87.7 12.3 9.5 2.2 .6 .0 2.8 1.2
Latvia 1998 789 70.1 29.9 9.0 11.9 5.2 3.8 20.9 9.0
Malaysia 1997 1 001 95.2 4.8 4.2 .5 .0 .1 .6 .1
Mexico (Baja California, Oaxaca and Sinaloa) 1997 334 85.9 14.1 10.5 1.5 .9 1.2 3.6 2.4
Morocco (Casablanca) 1998 510 91.4 8.6 3.5 3.9 1.2 .0 5.1 2.2
Mozambique 1999 1 028 79.3 20.8 12.2 5.8 2.3 .5 8.7 3.5
Nepal 1999 104 94.2 5.8 4.8 .0 1.0 .0 1.0 1.0
Netherlands 1996 1 042 89.7 10.3 6.2 2.7 .2 .1 4.0 .6
New Caledonia 1996 93 97.8 2.2 2.2 .0 .0 .0 .0 .0
New Zealand 1997 179 88.8 11.2 8.4 2.8 .0 .0 2.8 1.1
Nicaragua 1998 564 84.4 15.6 12.1 2.3 1.1 .2 3.5 1.2
Northern Ireland 1997 41 95.1 4.9 4.9 .0 .0 .0 .0 .0
Norway 1996 138 89.1 10.9 7.2 2.9 .7 .0 3.6 2.2
Oman 1999 133 95.5 4.5 3.0 .0 .8 .8 1.5 .8
Peru 1999 1 879 82.0 18.0 11.9 3.7 1.6 .8 6.1 3.0
Poland 1997 2 976 96.4 3.6 2.4 .7 .5 .0 1.2 .6
Puerto Rico 1997 160 88.8 11.3 6.9 2.5 .6 1.3 4.4 2.5
Republic of Korea 1999 2 370 89.4 10.6 6.8 2.6 1.0 .2 3.8 2.2
Russian Federation (Tomsk Oblast) 1999 417 71.0 29.0 10.6 10.6 4.1 3.8 18.5 6.5
Russian Federation (Ivanovo Oblast) 1998 222 67.6 32.4 16.2 9.0 3.2 4.1 16.2 9.0
Scotland 1997 299 96.3 3.7 3.0 .7 .0 .0 .7 .3
Sierra Leone 1997 117 75.2 24.8 17.9 6.0 .9 .0 6.8 .9
Singapore 1996 980 95.2 4.8 4.0 .5 .2 .1 .8 .3
Slovakia 1998 589 97.3 2.7 2.0 .5 .2 .0 .7 .3
Slovenia 1997 290 97.6 2.4 1.7 .0 .0 .7 .7 .7
South Africa (Mpumalanga Province) 1997 661 92.0 8.0 5.9 1.2 .5 .5 2.1 1.5
Spain (Barcelona) 1998 315 96.5 3.5 3.2 .0 .0 .3 .3 .3
Sweden 1997 356 92.1 7.9 5.3 2.0 .6 .0 2.5 .6
Switzerland 1997 322 96.9 3.1 3.1 .0 .0 .0 .0 .0
Thailand 1997 1 137 74.5 25.5 16.8 6.3 1.5 .9 8.7 2.1
Uganda (GLRA supported zones**) 1997 374 80.2 19.8 12.8 6.7 .3 .0 7.0 .5
United States of America 1997 12 063 88.0 12.0 8.3 2.6 .6 .4 3.7 1.2
Uruguay 1997 484 98.3 1.7 1.7 .0 .0 .0 .0 .0
Venezuela 1998 221 95.9 4.1 2.7 1.4 .0 .0 1.4 .0
MEDIAN 474 89.3 10.7 7.0 2.5 .6 .1 3.6 1.0
minimum 41 63.1 1.7 1.3 .0 .0 .0 .0 .0
maximum 12 063 98.3 36.9 17.9 11.9 7.3 8.5 23.3 14.1
WEIGHTED MEAN *** 1 313.5 84.1 15.9 9.4 3.6 1.8 1.1 6.5 2.8

OVERALL RESISTANCE TO:
POLY-

RESISTANCE
COUNTRY

Year Patients
Suscept. Resist. 1 Drug 2 Drugs 3 Drugs 4 Drugs Any MDRtested
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* Special administrative region
** German Leprosy Relief Association
*** Arithmetic mean weighted by no. of TB cases in the country/geographic setting

... continued
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Table 7. Prevalence of drug resistance to each drug among
new TB cases, by country/geographical setting, 1996–1999

Botswana 1999 638 3.6 4.4 .2 .6 .0 .2 1.6 2.2
Central African Republic (Bangui) 1998 464 4.1 9.5 .2 1.3 .0 2.4 6.5 11.0
Chile 1997 732 1.2 3.8 .1 .7 .0 .0 4.9 7.4
China (Henan Province) 1996 646 5.1 24.0 1.4 14.6 .5 7.7 6.3 26.0
China (Guangdong Province) 1999 461 4.8 9.3 .4 3.5 .0 2.4 2.8 6.1
China (Hong Kong SAR*) 1996 4 424 2.6 6.1 .0 1.6 .5 1.6 5.3 8.2
China (Shandong Province) 1997 1 009 3.8 11.3 .6 3.8 .1 1.7 5.4 12.2
China (Zhejiang Province) 1999 802 2.7 8.9 1.6 6.5 .2 1.5 3.7 9.0
Colombia 1999 201 3.0 8.5 .0 .5 .0 .5 5.0 10.0
Cuba 1998 284 .7 .7 .0 .0 .0 .4 3.5 3.9
Czech Republic 1999 311 1.0 3.2 .3 1.9 .0 1.3 .0 2.3
Denmark 1998 412 1.7 6.1 .0 .5 .0 .0 7.0 11.4
England & Wales 1997 3 053 2.9 5.0 .1 .9 .0 .3 3.6 6.6
Estonia 1998 377 2.7 26.0 .3 14.3 .3 11.1 10.3 32.4
Finland 1997 410 4.1 4.6 .0 .5 .0 .0 .2 .7
France 1997 787 2.3 3.6 .3 .3 .1 .1 5.3 6.6
Germany 1998 1 455 3.2 5.7 .3 1.4 .2 1.2 2.4 4.7
Guinea 1998 539 4.5 9.3 .2 .7 .0 .6 5.2 9.5
India (Tamil Nadu State) 1997 384 7.6 15.4 .5 4.4 .5 7.0 1.8 6.8
Islamic Republic of Iran 1998 666 2.7 9.8 .9 6.2 .3 4.7 4.2 9.8
Italy 1999 683 2.9 5.6 .9 2.2 .4 .9 5.3 7.0
Latvia 1998 789 7.2 28.1 .0 9.0 .0 4.6 1.8 21.9
Malaysia 1997 1 001 1.0 1.6 .4 .5 .4 .5 2.4 3.0
Mexico (Baja California, Oaxaca and Sinaloa) 1997 334 4.2 7.2 .6 3.6 .3 3.0 5.4 7.2
Morocco (Casablanca) 1998 510 2.7 7.8 .2 2.4 .0 .2 .6 4.5
Mozambique 1999 1 028 7.9 16.5 1.8 5.3 .0 .5 2.5 10.5
Nepal 1999 104 1.0 1.9 .0 1.0 .0 .0 3.8 4.8
Netherlands 1996 1 042 3.5 6.3 .3 1.1 .4 .5 2.1 4.8
New Caledonia 1996 93 .0 .0 .0 .0 .0 .0 2.2 2.2
New Zealand 1997 179 6.7 9.5 .0 1.1 .6 .6 1.1 2.8
Nicaragua 1998 564 5.9 9.4 .5 1.8 .2 .7 5.5 8.7
Northern Ireland 1997 41 2.4 2.4 .0 .0 .0 .0 2.4 2.4
Norway 1996 138 4.3 8.0 .0 2.2 .0 .7 2.9 4.3
Oman 1999 133 1.5 3.0 .8 1.5 .0 1.5 .8 2.3
Peru 1999 1 879 3.6 9.0 .7 4.0 .8 2.6 6.8 11.7
Poland 1997 2 976 1.5 2.7 .1 .7 .0 .1 .8 1.8
Puerto Rico 1997 160 3.1 6.9 .6 3.1 .6 3.1 2.5 5.6
Republic of Korea 1999 2 370 4.9 8.6 .7 3.0 .0 1.1 1.2 3.1
Russian Federation (Tomsk Oblast) 1999 417 2.4 19.4 .5 7.9 .2 7.0 7.4 24.9
Russian Federation (Ivanovo Oblast) 1998 222 7.2 22.1 .0 15.8 2.7 9.9 6.3 18.0
Scotland 1997 299 3.0 3.7 .0 .3 .0 .0 .0 .3
Sierra Leone 1997 117 3.4 10.3 .0 .9 .0 .0 14.5 21.4
Singapore 1996 980 2.6 3.4 .1 .4 .0 .3 1.3 1.9
Slovakia 1998 589 1.4 2.0 .0 .3 .0 .2 .7 1.0
Slovenia 1997 290 .3 1.0 .0 .7 .0 .7 1.4 2.1
South Africa (Mpumalanga Province) 1997 661 3.5 5.6 .2 1.7 .0 .5 2.3 3.8
Spain (Barcelona) 1998 315 1.9 2.2 .0 .3 .0 .3 1.3 1.6
Sweden 1997 356 3.1 5.6 .0 .6 .0 .0 2.2 4.8
Switzerland** 1997 322 2.8 2.8 .0 .0 .0 .0 .3 .3
Thailand 1997 1 137 6.2 12.5 2.0 5.8 3.0 8.0 5.6 11.2
Uganda (GLRA supported zones***) 1997 374 3.2 6.7 .3 .8 2.4 6.1 7.0 13.4
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United States of America 1997 12 063 4.4 8.0 .4 1.7 .5 1.6 3.0 5.9
Uruguay 1997 484 .4 .4 .4 .4 .0 .0 .8 .8
Venezuela 1998 221 1.4 1.8 .0 .5 .0 .5 1.4 2.7
Median 474 3.0 6.2 .2 1.2 .0 .6 2.5 5.2
minimum 41 .0 .0 .0 .0 .0 .0 .0 .3
maximum 12 063.0 7.9 28.1 2.0 15.8 3.0 11.1 14.5 32.4
WEIGHTED MEAN **** 1 313.5 4.7 10.6 .6 3.9 .5 3.5 3.6 8.5
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* Special administrative region
** SM value for Switzerland corresponds to pyrazinamide, since SM is no longer tested
*** German Leprosy Relief Association
**** Arithmetic mean weighted by no. of TB cases in the country/geographic setting

3.1.1.1 Magnitude of the problem in Mainland China
DRS have been launched in six provinces of Mainland China: Henan, Guangdong,

Hubei, Liaoning, Shandong, and Zhejiang. Data are not yet available from Hubei and
Liaoning. Data from the other four are presented here. Shandong and Guangdong imple-
mented the WHO/DOTS strategy in 1992 as part of the Infectious and Endemic Disease
Control (IEDC) Project sponsored by the World Bank and WHO.26 This project runs in 13
provinces of China. Henan and Zhejiang, the other two provinces surveyed, are not part of
the IEDC project. Up to 1999, 4 067 TB patients, including 2 918 new cases, had been tested
for drug-resistant TB. Data from Guangdong are preliminary, as the required sample size
had not been achieved at the time this report was written. The four provinces surveyed rep-
resent 294 460 262 people (24% of the total population of China) and 112 469 TB cases (27%
of the notified TB cases of China). 

The prevalences of any drug resistance among new TB cases in Guangdong and
Shangdong, the two provinces implementing the IEDC project, were 13% and 17.6% respec-
tively, while in Henan and Zhejiang the prevalences were 35% and 14.8%. The IEDC
provinces both showed prevalences of MDR-TB below 3% (2.8% in Guangdong and 2.9% in
Shandong), while in the non-IEDC provinces, prevalences exceeded 3% (4.5% in Zhejiang
and 10.8% in Henan). When the IEDC provinces (Guangdong and Shangdong) were com-
pared with the non-IEDC (Henan and Zhejiang), the differences were significant (p < 0.0001)
for both any drug resistance and MDR-TB. However, such differences were largely due to the
high prevalence of resistance found in Henan Province.

... continued
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Fig. 3. Prevalence of MDR-TB and any other drug resistance
among new TB cases, 1996–1999
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RESULTS3
3.1.2 Drug resistance among previously treated cases of tuberculosis

Of the 58 geographical settings participating in this new phase of the Global Project, 48
provided data on the prevalence of drug resistance among previously treated cases (Tables 8 and 9,
Figure 4). The number of subjects tested ranged from 2 in Finland to 994 in Poland with a median of
64 cases. Several reasons accounted for the small denominators (<100 cases) in many of the partici-
pant geographical settings. In several settings, the number of previously treated cases has de-
creased over the years, and only a small number of previously treated cases were available for test-
ing. Also, as the sample sizes for surveys were calculated only for new cases, in other settings previ-
ously treated cases were enrolled only until the enrolment of new cases was completed. Finally, in
other surveys, enrolment of eligible subjects was still ongoing at the time this report was compiled
and the data are preliminary.

Any drug resistance among previously treated cases ranged from 0% in Finland to 93.8% in
Uruguay with a median prevalence of 23.3% (Table 8, Figure 4). Denominators for these countries,
however, were only 2 and 16 respectively. Of the geographical settings testing more than 100 previ-
ously treated cases, high levels were observed in Henan Province (China) (66%), Italy (60.6%), Tomsk
Oblast (Russian Federation) (57.8%), Shandong Province (China) (50%), Mozambique (45.1%), and
Latvia (30.8%).

MDR-TB among previously treated cases ranged from 0% in 4 geographical settings to
48.2% in the Islamic Republic of Iran. The median prevalence was 9.3%. In areas with more than 100
previously treated cases tested, the prevalence of MDR-TB ranged from 3.3% in Mozambique to 35%
in Zhejiang Province (China). High proportions were observed in Italy (33.9%), Latvia (23.7%),
Mexico (22.4%), and Shandong Province (China) (19.5%). On the other hand, Botswana, Chile,
Germany, Hong Kong SAR, the Republic of Korea, Mozambique, Mpumalanga Province (South
Africa), the Netherlands, Poland, Singapore and the United States showed levels of MDR-TB below
10% among previously treated cases.

The median prevalence of drug resistance to one drug was 11.3%, while the median preva-
lence of resistance to all four drugs was 1.8%. Table 9 shows the prevalence of resistance to specific
drugs, which varied widely between geographical settings. The median prevalence was 19.6% for any
INH resistance, 12% for any RMP resistance, 12.4% for any SM resistance, and 5.9% for any EMB re-
sistance.

3.1.3 Combined prevalence of drug resistance
Data on the combined prevalence of anti-tuberculosis drug resistance were avail-

able from 52 geographical settings (Tables 10 and 11, Figure 5). Australia, Belgium, Canada,
and Israel did not differentiate between new and previously treated cases; thus, they report-
ed combined numbers for all cases. The combined prevalence of drug resistance was not
calculated for Casablanca (Morocco), Colombia, Nicaragua, Northern Ireland and Oman,
since previously treated cases were not surveyed in these geographical settings. The median
prevalence for any drug resistance was 11.1%. The highest prevalences were observed in
Estonia (40.8%), Henan Province (China) (40.5%), Ivanovo Oblast (39.5%) and Tomsk Oblast
(39.3%) (Russian Federation) (Table 10, Figure 5). In contrast, low prevalences were ob-
served in New Caledonia (2.9%), Slovenia (3.1%), Scotland (4.2%), and Uruguay (4.6%). The
median prevalence of MDR-TB was 1.8%. The highest prevalences were observed in Estonia
(18.1%), Henan Province (China) (15.1%), Tomsk Oblast (Russian Federation) (13.7%), and
Ivanovo Oblast (Russian Federation) (12.3%). In 12 (23%) geographical settings the preva-
lence of MDR-TB was higher than 5%.
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Table 8. Prevalence of drug resistance among previously
treated cases, by country/geographical setting 1996–1999

OVERALL RESISTANCE TO:
POLY-

Year Patients RESISTANCE
COUNTRY

tested
Suscept. Resist. 1 Drug 2 Drugs 3 Drugs 4 Drugs Any MDR

Botswana 1999 145 77.2 22.8 12.4 6.2 4.1 .0 10.3 9.0
Central African Rep. (Bangui) 1998 33 63.6 36.4 12.1 6.1 15.2 3.0 24.2 18.2
Chile 1997 149 81.9 18.1 8.7 6.7 2.7 .0 9.4 4.7
China (Henan Province) 1996 726 34.0 66.0 15.4 18.0 19.7 12.8 50.6 34.4
China (Guangdong Province) 1999 63 61.9 38.1 14.3 11.1 6.3 6.3 23.8 17.5
China (Hong Kong SAR*) 1996 783 73.1 26.9 12.5 7.0 4.9 2.6 14.4 9.6
China (Shandong Province) 1997 220 50.0 50.0 15.9 16.8 10.0 7.3 34.1 19.5
China (Zhejiang Province) 1999 140 40.7 59.3 18.6 18.6 9.3 12.9 40.7 35.0
Cuba 1998 43 67.4 32.6 23.3 4.7 4.7 .0 9.3 7.0
Czech Republic 1999 52 78.8 21.2 7.7 3.8 .0 9.6 13.5 11.5
Denmark 1998 32 87.5 12.5 .0 9.4 .0 3.1 12.5 3.1
England & Wales 1997 189 77.8 22.2 7.4 5.3 4.2 5.3 14.8 13.2
Estonia 1998 82 40.2 59.8 9.8 14.6 18.3 17.1 50.0 37.8
Finland 1997 2 100.0 .0 .0 .0 .0 .0 .0 .0
France 1997 65 80.0 20.0 13.8 4.6 .0 1.5 6.2 3.1
Germany 1998 256 82.0 18.0 9.4 3.5 3.1 2.0 8.6 6.3
Guinea 1998 32 50.0 50.0 9.4 12.5 15.6 12.5 40.6 28.1
India (Tamil Nadu State) 1997 16 50.0 50.0 12.5 12.5 18.8 6.3 37.5 25.0
Islamic Republic of Iran 1998 56 42.9 57.1 7.1 14.3 7.1 28.6 50.0 48.2
Italy 1999 127 39.4 60.6 15.7 15.0 21.3 8.7 44.9 33.9
Latvia 1998 224 69.2 30.8 4.9 3.6 12.5 9.8 25.9 23.7
Malaysia 1997 16 81.3 18.8 18.8 .0 .0 .0 .0 .0
Mexico (Baja California, Oaxaca and Sinaloa) 1997 107 58.9 41.1 15.0 11.2 3.7 11.2 26.2 22.4
Mozambique 1999 122 54.9 45.1 22.1 21.3 .8 .8 23.0 3.3
Nepal 1999 27 85.2 14.8 7.4 .0 .0 7.4 7.4 7.4
Netherlands 1996 172 84.3 15.7 11.6 3.5 .0 .0 4.1 .6
New Caledonia 1996 12 91.7 8.3 .0 8.3 .0 .0 8.3 .0
New Zealand 1997 21 81.0 19.0 4.8 9.5 4.8 .0 14.3 .0
Norway 1996 6 83.3 16.7 .0 16.7 .0 .0 16.7 16.7
Peru 1999 260 76.5 23.5 10.0 6.2 2.7 4.0 13.5 12.3
Poland 1997 994 83.0 17.0 7.7 3.2 4.6 1.4 9.3 7.0
Puerto Rico 1997 12 41.7 58.3 25.0 25.0 .0 8.3 33.3 16.7
Republic of Korea 1999 283 78.1 21.9 9.9 8.8 2.5 .7 12.0 7.1
Russian Federation (Tomsk Oblast) 1999 232 42.2 57.8 12.9 14.7 14.7 15.5 44.8 26.7
Russian Federation (Ivanovo Oblast) 1998 54 31.5 68.5 25.9 16.7 11.1 14.8 42.6 25.9
Scotland 1997 8 75.0 25.0 12.5 .0 .0 12.5 12.5 12.5
Sierra Leone 1997 13 38.5 61.5 30.8 7.7 23.1 .0 30.8 23.1
Singapore 1996 151 86.8 13.2 6.0 6.6 .7 .0 7.3 4.0
Slovakia 1998 157 84.1 15.9 4.5 5.7 5.1 .6 11.5 8.3
Slovenia 1997 36 91.7 8.3 5.6 2.8 .0 .0 2.8 2.8
South Africa (Mpumalanga Province) 1997 100 78.0 22.0 11.0 11.0 .0 .0 11.0 8.0
Spain (Barcelona) 1998 69 76.8 23.2 10.1 8.7 2.9 1.4 13.0 11.6
Sweden 1997 24 83.3 16.7 8.3 4.2 4.2 .0 8.3 8.3
Switzerland 1997 40 72.5 27.5 12.5 5.0 2.5 7.5 15.0 12.5
Uganda (GLRA supported zones**) 1997 45 48.9 51.1 28.9 20.0 2.2 .0 22.2 4.4
United States of America 1997 612 79.1 20.9 11.8 5.1 2.5 1.6 9.2 5.6
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* Special administrative region
** German Leprosy Relief Association
*** Arithmetic mean weighted by no. of TB cases in the country/geographic setting

Resistance to each of the four drugs tested varied widely between settings (Table
11). The median prevalence was 8.1% for any INH resistance, 2.2% for any RMP resistance,
6% for any SM resistance, and 1.2% for any EMB resistance.

3.2 SUMMARY OF THE TWO PHASES OF THE GLOBAL PROJECT
(1994–1999)

As of 1999, 72 surveillance projects on anti-tuberculosis drug resistance have been
completed within the Global Project in 65 of the world’s countries and territories. Because
of their size, large countries such as China, India, and the Russian Federation had more
than one surveillance/survey project. Thus, 31% of the 212 countries and territories in the
world have been covered, at least in part, within the Global Project between 1994 and 1999
(Map 1). The Global Project has examined drug resistance in geographical settings that ac-
count for approximately 33% of the world population and 28% of the reported world TB noti-
fied cases in 1997 (Figure 6). 

In Table 12, coverage of the Global Project is detailed by WHO region. All WHO re-
gions are represented, including for the first time the Eastern Mediterranean Region.
According to the number of geographical settings surveyed, the highest coverage has been
in Europe with 25 projects in 22 countries. In terms of population coverage, which is esti-
mated on the actual population targeted by the surveillance/surveys, the Global Project has
covered approximately 92% of the population of the Americas, 48% of the population of
Europe, 29% of the population of the Western Pacific, 17% of the population of Africa, and
16% of the population of the Eastern Mediterranean Region. While coverage has doubled in
South-East Asia, from 6% in the first phase of the Global Project to 11% in the second
phase, this region still shows the lowest population coverage. 

The Global Project has also doubled coverage with regard to the notified incidence
of TB, from 16% in the first phase to 28%. The Americas (89%) and the Western Pacific
Region (47%) are the two regions with the highest coverage. The regions with the lowest
coverage are South-East Asia (17%) and the Eastern Mediterranean Region (12%). 

... continued

OVERALL RESISTANCE TO:
POLY-

Year Patients RESISTANCE
COUNTRY

tested
Suscept. Resist. 1 Drug 2 Drugs 3 Drugs 4 Drugs Any MDR

Uruguay 1997 16 6.3 93.8 81.3 12.5 .0 .0 12.5 6.3
Venezuela 1998 24 83.3 16.7 4.2 8.3 4.2 .0 12.5 8.3
Median 64 76.7 23.3 11.3 8.0 3.4 1.8 13.4 9.3
minimum 2 6.3 .0 .0 .0 .0 .0 .0 .0
maximum 994 100.0 93.8 81.3 25.0 23.1 28.6 50.6 48.2
WEIGHTED MEAN *** 194.40 61.2 38.8 13.2 10.8 8.8 5.9 25.6 17.6
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Table 9. Prevalence of drug resistance to each drug among previ-
ously treated cases, by country/geographical setting, 1996–1999

Botswana 1999 145 6.2 16.6 4.1 13.1 .0 2.8 2.1 4.8
Central African Republic (Bangui) 1998 33 9.1 30.3 .0 21.2 .0 18.2 3.0 12.1
Chile 1997 149 2.0 10.7 .7 6.0 .0 .7 6.0 12.8
China (Henan Province) 1996 726 4.8 48.8 2.6 43.5 .6 18.9 7.4 50.7
China (Guangdong Province) 1999 63 3.2 23.8 1.6 22.2 .0 14.3 9.5 20.6
China (Hong Kong SAR*) 1996 783 3.8 17.4 1.3 11.6 .6 6.0 6.8 16.3
China (Shandong Province) 1997 220 9.5 40.5 .5 23.2 .0 10.5 5.9 34.5
China(Zhejiang Province) 1999 140 7.1 44.3 6.4 45.0 .7 17.9 4.3 27.9
Cuba 1998 43 9.3 18.6 .0 7.0 .0 .0 14.0 20.9
Czech Republic 1999 52 7.7 21.2 .0 11.5 .0 11.5 .0 9.6
Denmark 1998 32 .0 12.5 .0 3.1 .0 3.1 .0 12.5
England & Wales 1997 189 5.8 20.6 .0 13.2 .0 7.9 2.6 16.5
Estonia 1998 82 4.9 54.9 1.2 39.0 .0 18.3 3.7 50.0
Finland 1997 2 .0 .0 .0 .0 .0 .0 .0 .0
France 1997 65 3.1 7.7 1.5 6.2 .0 3.1 9.2 12.3
Germany 1998 256 7.4 16.0 .4 6.6 .4 3.9 1.2 7.0
Guinea 1998 32 9.4 50.0 .0 28.1 .0 18.8 .0 34.4
India (Tamil Nadu State) 1997 16 12.5 50.0 .0 25.0 .0 31.3 .0 12.5
Islamic Republic of Iran 1998 56 1.8 50.0 .0 50.0 .0 32.1 5.4 39.3
Italy 1999 127 4.7 43.3 4.7 44.9 .8 26.8 6.3 29.9
Latvia 1998 224 3.1 29.0 1.3 25.0 .0 10.3 .4 24.6
Malaysia 1997 16 .0 .0 6.3 6.3 .0 .0 12.5 12.5
Mexico (Baja California, Oaxaca and Sinaloa) 1997 107 10.3 32.7 1.9 28.0 .0 14.0 2.8 18.7
Mozambique 1999 122 18.0 41.0 .8 4.1 .0 .8 3.3 24.6
Nepal 1999 27 3.7 11.1 .0 7.4 .0 7.4 3.7 11.1
Netherlands 1996 172 5.8 9.3 .0 1.2 .0 .0 4.7 7.6
New Caledonia 1996 12 .0 8.3 .0 .0 .0 .0 .0 8.3
New Zealand 1997 21 4.8 9.5 .0 9.5 .0 9.5 .0 9.5
Norway 1996 6 .0 16.7 .0 16.7 .0 .0 .0 .0
Peru 1999 260 3.1 16.2 1.9 14.6 .0 5.4 5.0 12.7
Poland 1997 994 5.0 14.1 .6 7.8 .0 2.5 2.1 9.3
Puerto Rico 1997 12 16.7 50.0 8.3 25.0 .0 8.3 .0 25.0
Republic of Korea 1999 283 6.7 17.3 1.8 10.2 .0 3.5 1.4 6.7
Russian Federation (Tomsk Oblast) 1999 232 1.7 42.7 .4 31.0 .9 21.1 9.9 53.4
Russian Federation (Ivanovo Oblast) 1998 54 1.9 33.3 7.4 42.6 7.4 29.6 9.3 46.3
Scotland 1997 8 12.5 25.0 .0 12.5 .0 12.5 .0 12.5
Sierra Leone 1997 13 30.8 61.5 .0 23.1 .0 7.7 .0 23.1
Singapore 1996 151 5.3 11.9 .7 5.3 .0 2.0 .0 2.0
Slovakia 1998 157 3.2 10.8 1.3 10.2 .0 5.1 .0 4.5
Slovenia 1997 36 2.8 5.6 .0 2.8 .0 .0 2.8 2.8
South Africa (Mpumalanga Province) 1997 100 5.0 16.0 1.0 9.0 .0 1.0 5.0 7.0
Spain (Barcelona) 1998 69 8.7 21.7 .0 11.6 .0 5.8 1.4 2.9
Sweden 1997 24 8.3 16.7 .0 8.3 .0 .0 .0 4.2
Switzerland** 1997 40 10.0 25.0 2.5 15.0 .0 10.0 .0 10.0
Uganda (GLRA supported zones***) 1997 45 17.8 37.8 .0 4.4 6.7 11.1 4.4 22.2
United States of America 1997 612 6.4 15.4 2.3 8.0 .7 4.1 2.5 8.3
Uruguay 1997 16 68.8 81.3 12.5 18.8 .0 .0 .0 6.3
Venezuela 1998 24 4.2 12.5 .0 12.5 .0 4.2 .0 4.2
Median 64 5.1 19.6 .5 12.0 .0 5.9 2.3 12.4
minimum 2 .0 .0 .0 .0 .0 .0 .0 .0
maximum 994 68.8 81.3 12.5 50.0 7.4 32.1 14.0 53.4
WEIGHTED MEAN **** 194.40 8.0 32.1 1.3 20.4 .3 14.6 3.5 17.9

INH RMP EMB SM
COUNTRY Year Patients

Mono Any Mono Any Mono Any Mono Anytested
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RESULTS3

* Special administrative region
** SM value for Switzerland corresponds to pyrazinamide, since SM is no longer tested 
*** German Leprosy Relief Association
**** Arithmetic mean weighted by no. of TB cases in the country/geographic setting
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Fig. 4. Prevalence of MDR-TB and any other drug resistance
among previously treated TB cases, 1996–1999
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Table 10. Prevalence of combined drug resistance by 
country/geographical setting, 1996–1999*

Australia 1996 750 89.5 10.5 8.0 1.6 .9 .0 2.5 2.0
Belgium** 1997 791 2.0
Botswana 1999 92.3 7.7 5.9 1.3 .5 .0 1.8 1.2
Canada 1997 1 593 89.5 10.5 6.8 2.8 .8 .2 3.8 1.1
Central African Rep. (Bangui) 1998 81.6 18.4 10.9 3.9 3.1 .5 7.4 2.8
Chile 1997 89.3 10.5 6.7 3.3 .5 .0 3.8 1.1
China (Henan Province) 1996 59.5 40.5 13.7 11.6 9.5 5.7 26.8 15.1
China (Guangdong Province) 1999 84.5 15.5 8.7 3.6 1.6 1.6 6.9 4.3
China (Hong Kong SAR***) 1996 5 207 85.6 14.4 9.1 3.3 1.5 .7 5.4 2.6
China (Shandong Province) 1997 75.5 24.5 11.1 7.7 3.5 2.3 13.4 6.4
China (Zhejiang Province) 1999 78.1 21.9 10.0 5.6 3.4 3.0 12.0 9.4
Cuba 1998 327 91.7 8.3 6.7 .9 .6 .0 1.5 .9
Czech Republic 1999 95.8 4.2 1.5 .8 .3 1.6 2.6 2.0
Denmark 1998 444 86.9 13.1 8.1 4.3 .5 .2 5.0 .7
England & Wales 1997 3 242 91.9 8.1 5.2 1.9 .5 .5 2.9 1.5
Estonia 1998 59.2 40.8 12.9 9.3 8.6 9.9 27.9 18.1
Finland 1999 412 95.6 4.9 4.4 .5 .0 .0 .5 .0
France 1997 88.9 11.1 9.3 1.4 .1 .2 1.8 .4
Germany 1998 1 711 89.8 10.2 6.6 2.0 .9 .7 3.6 1.7
Guinea 1998 84.1 15.9 9.8 4.5 1.1 .4 6.0 1.5
India (Tamil Nadu State) 1997 75.9 24.1 10.8 5.2 5.6 2.6 13.4 7.1
Islamic Republic of Iran 1998 82.4 17.6 8.1 4.3 1.4 3.7 9.5 6.7
Israel 1998 307 80.8 19.2 5.2 4.2 6.5 3.3 14.0 8.1
Italy 1999 79.5 20.5 10.6 4.4 4.1 1.5 9.9 6.7
Latvia 1998 69.9 30.1 8.2 10.2 6.7 5.0 21.9 12.0
Malaysia 1997 94.9 5.1 4.5 .5 .0 .1 .6 .1
Mexico (Baja California, Oaxaca and Sinaloa) 1997 79.4 20.6 11.6 3.9 1.6 3.6 9.1 7.3
Mozambique 1999 77.0 23.1 13.1 7.3 2.2 .5 10.0 3.5
Nepal 1999 93.6 6.4 5.0 .0 .9 .5 1.4 1.4
Netherlands 1996 1 214 89.0 11.0 7.0 2.8 .2 .1 4.0 .6
New Caledonia 1996 105 97.1 2.9 1.9 1.0 .0 .0 1.0 .0
New Zealand 1997 200 88.0 12.0 8.0 3.5 .5 .0 4.0 1.0
Norway 1996 144 88.9 11.1 6.9 3.5 .7 .0 4.2 2.8
Peru 1999 81.2 18.8 11.6 4.0 1.8 1.3 7.1 4.3
Poland 1997 94.9 5.1 3.0 1.0 .9 .2 2.1 1.3
Puerto Rico 1997 172 85.5 14.5 8.1 4.1 .6 1.7 6.4 3.5
Republic of Korea 1999 88.2 11.8 7.1 3.3 1.1 .3 4.7 2.7
Russian Federation (Tomsk Oblast) 1999 649 60.7 39.3 11.4 12.0 7.9 8.0 27.9 13.7
Russian Federation (Ivanovo Oblast) 1998 276 60.5 39.5 18.1 10.5 4.7 6.2 21.4 12.3
Scotland 1997 307 95.8 4.2 3.3 .7 .0 .3 1.0 .7
Sierra Leone 1997 72.3 27.7 19.0 6.1 2.6 .0 8.7 2.6
Singapore 1996 1 131 94.1 5.9 4.2 1.3 .3 .1 1.7 .8
Slovakia 1998 746 94.5 5.5 2.5 1.6 1.2 .1 2.9 2.0
Slovenia 1997 326 96.9 3.1 2.1 .3 .0 .6 .9 .9
South Africa (Mpumalanga Province) 1997 89.8 10.2 6.7 2.7 .4 .4 3.5 2.5
Spain (Barcelona) 1998 94.6 5.4 3.9 .8 .3 .4 1.6 1.4
Sweden 1997 380 91.6 8.4 5.5 2.1 .8 .0 2.9 1.1
Switzerland 1997 362 94.2 5.8 4.1 .6 .3 .8 1.7 1.4
Uganda (GLRA supported zones**** ) 1997 77.9 22.1 14.0 7.7 .4 .0 8.1 .8
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* Combined rates were estimated by weighting primary and acquired rates by % retreatment
** Belgium reported only MDR
*** Special administrative region
**** German Leprosy Relief Association
***** Arithmetic mean weighted by no. of TB cases in the geographical setting
NA = Not available

United States of America 1997 12 675 87.6 12.4 8.5 2.7 .7 .5 3.9 1.4
Uruguay 1997 500 95.4 4.6 4.2 .4 .0 .0 .4 .2
Venezuela 1998 95.3 4.7 2.8 1.7 .2 .0 1.9 .4
Median NA 88.9 11.1 7.1 3.3 .8 .4 4.0 1.8
minimum NA 59.2 2.9 1.5 .0 .0 .0 .4 .0
maximum NA 97.1 40.8 19.0 12.0 9.5 9.9 27.9 18.1
WEIGHTED MEAN***** NA 81.2 18.8 9.5 4.6 3.0 1.8 9.3 5.1

Table 11. Prevalence of combined drug resistance to each
drug by country/geographical setting, 1996–1999*

... continued

Australia** 1996 750 7.2 9.7 .1 2.1 .1 .3 2.4 7.3
Belgium*** 1997 791 8.6 10.6 .4 2.4
Botswana 1999 3.8 5.4 .5 1.7 .0 .4 1.6 2.4
Canada 1997 1 593 4.1 7.9 .1 1.1 .3 1.3 2.3 5.1
Central African Republic (Bangui) 1998 4.6 11.5 .2 3.3 .0 3.9 6.1 11.1
Chile 1997 1.4 4.9 .2 1.5 .0 .1 5.1 8.2
China (Henan Province) 1996 5.1 28.4 1.6 19.7 .5 9.7 6.5 30.4
China (Guangdong Province) 1999 4.6 10.8 .5 5.3 .0 3.6 3.5 7.5
China (Hong Kong SAR****) 1996 5 207 2.8 7.8 .2 3.1 .5 2.2 5.5 9.4
China (Shandong Province) 1997 5.0 17.5 .6 7.9 .1 3.6 5.5 17.0
China (Zhejiang Province) 1999 3.4 14.5 2.4 12.6 .3 4.1 3.8 12.0
Cuba 1998 327 1.8 3.1 .0 .9 .0 .3 4.9 6.1
Czech Republic 1999 1.2 3.8 .3 2.3 .0 1.6 .0 2.5
Denmark 1998 444 1.6 6.5 .0 .7 .0 .2 6.5 11.5
England & Wales 1997 3 242 3.1 5.9 .1 1.6 .0 .7 3.5 7.2
Estonia 1998 3.0 30.9 .4 18.5 .2 12.4 9.2 35.4
Finland 1999 412 4.1 4.6 .0 .5 .0 .0 .2 .7
France 1997 2.4 4.0 .3 .8 .1 .4 6.6 8.1
Germany 1998 1 711 3.9 7.2 .3 2.2 .2 1.6 2.2 5.1
Guinea 1998 4.6 10.7 .2 1.7 .0 1.2 5.0 10.3
India (Tamil Nadu State) 1997 8.4 21.3 .4 8.0 .4 11.2 1.5 7.8
Islamic Republic of Iran 1998 2.7 11.4 .9 7.9 .3 5.8 4.3 10.9
Israel 1998 307 1.6 15.6 .3 8.5 .0 6.2 3.3 16.0
Italy 1999 3.2 12.0 1.5 9.5 .5 5.3 5.4 10.9
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* Combined rates were estimated by weighting primary and acquired rates by % 
retreatment

** Approximately 20% of strains are tested for SM in Australia 
*** Belgium reported only INH and RMP patterns
**** Special administrative region
***** SM value for Switzerland corresponds to pyrazinamide, since SM is no longer tested
****** German Leprosy Relief Association
******* Arithmetic mean weighted by no. of TB cases in the geographical setting
NA = Not available

... continued

Latvia 1998 6.4 28.3 .3 12.3 .0 5.7 1.5 22.5
Malaysia 1997 1.0 1.6 .5 .6 .4 .5 2.6 3.2
Mexico (Baja California, Oaxaca and Sinaloa) 1997 5.7 13.4 .9 9.5 .2 5.7 4.8 10.0
Mozambique 1999 8.8 18.8 1.7 5.1 .0 .5 2.6 11.8
Nepal 1999 1.2 2.6 .0 1.4 .0 .5 3.8 5.2
Netherlands 1996 1 214 3.8 6.8 .2 1.1 .3 .4 2.5 5.2
New Caledonia 1996 105 .0 1.0 .0 .0 .0 .0 1.9 2.9
New Zealand 1997 200 6.5 9.5 .0 2.0 .5 1.5 1.0 3.5
Norway 1996 144 4.2 8.3 .0 2.8 .0 .7 2.8 4.2
Peru 1999 3.5 10.0 .9 5.5 .7 3.0 6.5 11.8
Poland 1997 1.9 3.9 .1 1.5 .0 .4 1.0 2.6
Puerto Rico 1997 172 4.1 9.9 1.2 4.7 .6 3.5 2.3 7.0
Republic of Korea 1999 5.1 9.5 .8 3.7 .0 1.4 1.2 3.5
Russian Federation (Tomsk Oblast) 1999 649 2.2 27.7 .5 16.2 .5 12.0 8.3 35.1
Russian Federation (Ivanovo Oblast) 1998 276 6.2 24.3 1.4 21.0 3.6 13.8 6.9 23.6
Scotland 1997 307 3.3 4.2 .0 .7 .0 .3 .0 .7
Sierra Leone 1997 5.6 14.3 .0 2.6 .0 .6 13.4 21.5
Singapore 1996 1 131 2.9 4.5 .2 1.1 .0 .5 1.1 1.9
Slovakia 1998 746 1.7 3.9 .3 2.4 .0 1.2 .5 1.7
Slovenia 1997 326 .6 1.5 .0 .9 .0 .6 1.5 2.1
South Africa (Mpumalanga Province) 1997 3.7 7.2 .3 2.8 .0 .5 2.7 4.3
Spain (Barcelona) 1998 2.6 4.1 .0 1.4 .0 .8 1.3 1.7
Sweden 1997 380 3.4 6.3 .0 1.1 .0 .0 2.1 4.7
Switzerland***** 1997 362 3.6 5.2 .3 1.7 .0 1.1 .3 1.4
Uganda (GLRA supported zones******) 1997 4.3 9.0 .2 1.1 2.7 6.5 6.8 14.0
United States of America 1997 12 675 4.5 8.3 .5 2.0 .5 1.7 3.0 6.0
Uruguay 1997 500 2.6 3.0 .8 1.0 .0 .0 .8 1.0
Venezuela 1998 1.5 2.4 .0 1.1 .0 .6 1.3 2.8
Median NA 3.5 8.1 0.3 2.2 .0 1.2 2.6 6.0
minimum NA .0 1.0 .0 .0 .0 .0 .0 .7
maximum NA 8.8 30.9 2.4 21.0 3.6 13.8 13.4 35.4
WEIGHTED MEAN******* NA 5.1 13.7 .7 6.4 .3 5.0 3.4 9.7
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Fig. 5. Prevalence of combined MDR-TB and any other 
drug resistance, 1996–1999
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Map 1. Status of the WHO/IUATLD Global Project on Drug Resistance in Tuberculosis, 1994–1999

The designations employed and the presentation of material on this map do not imply the expression of any opinion whatsoever on the part of the World Health Organization concerning the legal status of any country, territory, city or area or of its authori-
ties, or concerning the delimitation of its frontiers or boundaries. Dotted lines represent appoximate border lines for which there may not yet be full agreement.
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RESULTS3
3.2.1 Drug resistance among new cases of tuberculosis

Figures 7–9 show the prevalence of drug resistance among new cases in 67 geo-
graphical settings that have provided the appropriate data since the launching of the Global
Project in 1994. The median value for any drug resistance is 11% (range: 1.7% to 41%)
(Figure 7), and for MDR-TB is 1% (range: 0% to 14.1%). Maps 2 and 3 show levels of drug re-
sistance and MDR-TB among new TB cases respectively. Figure 8 shows the median preva-
lence of resistance to each of the four drugs tested by the Global Project. The lowest medi-
an value was 0.6%, for any EMB resistance, and the highest was 7%, for any INH resistance.
The median prevalence of resistance according to the number of drugs (Figure 9) ranged
from 0.1% for resistance to four drugs to 6.7% for single drug resistance.

3.2.2 Drug resistance among previously treated cases of tuberculosis
Results from the 58 geographical settings that provided data between 1994 and

1999 on the prevalence of anti-tuberculosis drug resistance among previously treated cases
are shown in Figures 10–12. Median prevalence was 33.4% (range: 0% to 93.8%) for any drug
resistance (Figure 10) and 9.1% (range: 0% to 42%) for MDR-TB. Maps 4 and 5 show preva-
lence of drug resistance and MDR-TB among previously treated cases. Figure 11 shows the
median prevalence of resistance to each of the four drugs tested by the Global Project. The
lowest median value was 5.5% for any EMB resistance, and the highest was 21.9% for any
INH resistance. According to the number of drugs, the median prevalence ranged from 2%
for resistance to four drugs to 12.1% for single drug resistance (Figure 12). 

3.2.3 Combined drug resistance
Data on the prevalence of combined drug resistance in the period 1994–1999 were

available for 62 geographical settings. The median prevalence for any drug resistance was
11.9% (range: 2.9% to 42.4%) (Figure 13) and for MDR-TB was 2% (range: 0% to 18.1%). Maps
6 and 7 show levels of combined prevalence of overall drug resistance and of MDR-TB.
Figure 14 shows the median values of combined drug resistance according to each of the
drugs tested. The lowest median value was 1.2% for any EMB resistance, and the highest
was 9.1% for any INH resistance. Figure 15 shows the median values of combined drug re-
sistance according to the number of drugs tested. The prevalence ranged from 0.4% in cases
with resistance to four drugs to 7.4% in cases with single drug resistance.

3.3 TRENDS IN DRUG RESISTANCE (1994–1999)
Twenty-eight geographical settings provided annual data for 2–4 years for the as-

sessment of trends in anti-tuberculosis drug resistance. Of these, 24 provided data on new
cases and 20 provided data on previously treated cases. In most cases (20) these are limited
to two data points.

3.3.1 Trends among new cases of tuberculosis
Twenty-four geographical settings provided data on the prevalence of drug resis-

tance among new cases by year of the survey/surveillance. Overall drug resistance and MDR-
TB are shown in Table 13. A statistically significant upward trend for any drug resistance was
observed in Estonia, from 28.2% in 1994 to 36.9% in 1998 (p = 0.002) and in Denmark, from
9.9% in 1995 to 13.1% in 1998 (p = 0.01). Of the settings providing data for only two years,
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Fig. 6. Estimated coverage of the Global Project
in its two phases, 1994–1999*

* Denominators included notified TB cases and specific population of the setting surveyed

Table 12 . Coverage of the Global Project by WHO regions, 1994–1999

WHO region Parameter
Total in region

Survey targets
No. countries

(%)*(1997) represented

Africa No. of countries 47 13 13 28
Population 611 610 000 106 107 338 17
TB cases notified 498 770 129 742 26

The Americas No. of countries 44 15 15 34
Population 792 527 000 732 896 402 92
TB cases notified 250 457 223 491 89

The Eastern No. of countries 23 3 3 13
Mediterranean Population 475 413 000 77 103 000 16

TB cases notified 126 639 15 827 12

Europe No. of countries 52 25 22 42
Population 870 386 000 416 912 644 48
TB cases notified 347 550 87 312 25

Sout East Asia No. of countries 10 4 3 30
Population 1 458 274 000 153 503 400 11
TB cases notified 1 310 880 226 336 17

Western Pacific No. of countries 36 12 9 25
Population 1.641 179 000 468 103 078 29
TB cases notified 834 583 390 936 47

WORLD No. of countries 212 72 65 31
Population 5 849 389 000 1 954 625 862 33
TB cases notified 3 368 879 936 059 28

* Coverage was estimated by using population figures and notified TB incidence in 1997. 
For administrative units (state, province, oblast) surveyed within large countries, 
denominators included population and TB incidence of such units

WORLD COUNTRIES
(n=212 countries)

WORLD’S POPULATION
(n=5 850 million people)

WORLD’S TB BURDEN
(n=3.4 million cases)

69%

31%

67%

33%

72%

28%
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Fig. 7. Prevalence of any drug resistance and MDR-TB among
new cases, 1994–1999

Fig. 8. Prevalence of any drug resistance among new TB cases
according to specific drugs, 1994–1999
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Fig. 9. Prevalence drug resistance among new TB cases 
according to the number of drugs tested, 1994–1999

The boxes represent the median value and the 25th and 75thpercentiles. The vertical lines extending up and down
from each box show the largest observed values that are not outliers. The circles represent outliers.

The boxes represent the median value and the 25th and 75thpercentiles. The vertical lines extending up and down
from each box show the largest observed values that are not outliers. The circles represent outliers.

The boxes represent the median value and the 25th and 75thpercentiles. The vertical lines extending up and down
from each box show the largest observed values that are not outliers. The circles represent outliers.
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Map 2. Prevalence of drug resistance among new TB cases to any of the 4 anti-tuberculosis drugs in

countries and regions surveyed, 1994–1999

The designations employed and the presentation of material on this map do not imply the expression of any opinion whatsoever on the part of the World Health Organization concerning the legal status of any country, territory, city or area or of its authori-
ties, or concerning the delimitation of its frontiers or boundaries. Dotted lines represent appoximate border lines for which there may not yet be full agreement.
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Map 3. Prevalence of MDR-TB among new TB cases in countries and regions surveyed, 1994–1999

The designations employed and the presentation of material on this map do not imply the expression of any opinion whatsoever on the part of the World Health Organization concerning the legal status of any country, territory, city or area or of its authori-
ties, or concerning the delimitation of its frontiers or boundaries. Dotted lines represent appoximate border lines for which there may not yet be full agreement.
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Fig. 11. Prevalence of any drug resistance among previously
treated TB cases according to specific drugs, 1994–1999
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Fig. 12. Prevalence of drug resistance among previously treated
TB cases according to the number of drugs tested, 1994–1999

Pr
ev

al
en

ce
 (%

)

0
Any

Resistance
MDR-TB

20

40

60

80

100

Fig. 10. Prevalence of any drug resistance and MDR-TB
among previously treated TB cases, 1994–1999

The boxes represent the median value and the 25th and 75thpercentiles. The vertical lines extending up and down
from each box show the largest observed values that are not outliers. The circles represent outliers.

The boxes represent the median value and the 25th and 75thpercentiles. The vertical lines extending up and down
from each box show the largest observed values that are not outliers. The circles represent outliers.

The boxes represent the median value and the 25th and 75thpercentiles. The vertical lines extending up and down
from each box show the largest observed values that are not outliers. The circles represent outliers.
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RESULTS3
Germany (p < 0.001), New Zealand (p < 0.001) and Peru (p = 0.01) showed significantly
higher proportions in the more recent year of surveillance compared with the previous year.
In contrast, Barcelona (Spain) (p < 0.001) and Switzerland (p = 0.04) showed significantly
lower proportions in the more recent year of surveillance compared with the previous year.

Regarding MDR-TB, only France (p = 0.03) and the United States (p = 0.004) report-
ed significant downward trends. A statistically significant increase was only observed in
Estonia, from 10.2% in 1994 to 14.1% in 1998 (p = 0.02). While no significant increases were
observed in Latvia and Ivanovo Oblast (Russian Federation), high levels of MDR-TB (9% in
both settings) were still found in the most recent year of surveillance.

Regarding any INH resistance (Table 14), Switzerland and Cuba showed statistically
significant downward trends (p < 0.05). On the other hand, significantly rising trends were
observed in Estonia and Ivanovo Oblast (Russian Federation) (p < 0.05). Botswana,
Germany, and New Zealand, which provided only two data points, also showed significantly
higher proportions (p < 0.05) in the most recent year of surveillance. Declines in any RMP
resistance (Table 14) were observed in Cuba and the United States. Estonia was the only
country showing a statistically significant increase. No differences were observed in the oth-
er countries.

3.3.2 Trends among previously treated cases of tuberculosis
Data on trends among previously treated cases were available from 20 geographical

settings. Table 15 shows trends in any drug resistance and MDR-TB. There was no evidence
of increases in any drug resistance among previously treated cases. There was, however, a
statistically significant decrease in any drug resistance in Cuba (p < 0.005). Peru also
showed a decrease in any drug resistance, from 36% in 1996 to 23.5% in 1999 (p < 0.005), as
did the Republic of Korea, from 52.9% in 1994 to 21.9% in 1998 (p < 0.005), although only
two data points were available for these countries. England & Wales also showed decreas-
ing proportions from 32.4% in 1995 to 22.2% in 1997 (p=0.03).

Regarding MDR-TB in previously treated cases, Estonia showed a significant in-
crease from 19.2% in 1994 to 37.8% in 1998 (p = 0.04). On the other hand, there was a de-
crease in the Republic of Korea, from 27.5% in 1994 to 7.1% in 1998 (p < 0.005). 

Trends in any INH resistance and any RMP resistance among previously treated
cases are shown in Table 16. Peru, and the Republic of Korea all showed falling trends in
any INH resistance. Increasing trends in any RMP resistance were observed only in Estonia.
Falling trends were observed in Peru and the Republic of Korea in the last year of surveil-
lance compared with the previous one. 

3.3.3 Trends in the prevalence of combined drug resistance
Table 17 shows trends in the prevalence of combined drug resistance and MDR-TB.

Because of the lack of a proper denominator, no statistical comparison could be made for geo-
graphical settings for which the combined data were weighted by the total number of previous-
ly treated cases registered in the setting. There were significant increases, compared with the
previous year, in Germany (p < 0.001) and New Zealand (p < 0.001) in any drug resistance in the
most recent year for which surveillance data were available. Only the Netherlands (p = 0.02)
showed a significant downward trend in the overall prevalence of any drug resistance. MDR-TB
was significantly lower in the United States in the most recent year for which surveillance data
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Map 4. Prevalence of drug resistance among previously treated TB cases to any of the 4 

anti-tuberculosis drugs in countries and regions surveyed, 1994–1999

The designations employed and the presentation of material on this map do not imply the expression of any opinion whatsoever on the part of the World Health Organization concerning the legal status of any country, territory, city or area or of its authori-
ties, or concerning the delimitation of its frontiers or boundaries. Dotted lines represent appoximate border lines for which there may not yet be full agreement.
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Map 5. Prevalence of MDR-TB among previously treated TB cases in countries and regions
surveyed, 1994–1999

The designations employed and the presentation of material on this map do not imply the expression of any opinion whatsoever on the part of the World Health Organization concerning the legal status of any country, territory, city or area or of its authori-
ties, or concerning the delimitation of its frontiers or boundaries. Dotted lines represent appoximate border lines for which there may not yet be full agreement.
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Map 6. Prevalence of combined drug resistance to any of the 4 anti-tuberculosis

drugs in countries and regions surveyed, 1994–1999

The designations employed and the presentation of material on this map do not imply the expression of any opinion whatsoever on the part of the World Health Organization concerning the legal status of any country, territory, city or area or of its authori-
ties, or concerning the delimitation of its frontiers or boundaries. Dotted lines represent appoximate border lines for which there may not yet be full agreement.
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Map 7. Prevalence of combined MDR-TB in countries and regions surveyed, 1994–1999

The designations employed and the presentation of material on this map do not imply the expression of any opinion whatsoever on the part of the World Health Organization concerning the legal status of any country, territory, city or area or of its authori-
ties, or concerning the delimitation of its frontiers or boundaries. Dotted lines represent appoximate border lines for which there may not yet be full agreement.
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Fig. 13. Combined prevalence of any drug resistance and
MDR-TB in TB cases, 1994–1999
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Fig. 14. Combined prevalence of any drug resistance in TB 
cases according to specific drugs, 1994–1999
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Fig. 15. Combined prevalence of drug resistance in TB cases
according to the number of drugs tested, 1994–1999

The boxes represent the median value and the 25th and 75thpercentiles. The vertical lines extending up and down
from each box show the largest observed values that are not outliers. The circles represent outliers.

The boxes represent the median value and the 25th and 75thpercentiles. The vertical lines extending up and down
from each box show the largest observed values that are not outliers. The circles represent outliers.

The boxes represent the median value and the 25th and 75thpercentiles. The vertical lines extending up and down
from each box show the largest observed values that are not outliers. The circles represent outliers.
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COUNTRY Number of strains tested Percentage of strains resistant to any drug Percentage of strains MDR
1994 1995 1996 1997 1998 1999 1994 1995 1996 1997 1998 1999 p-value* 1994 1995 1996 1997 1998 1999 p-value*

Botswana 407 638 3.7 6.3 0.06 0.2 0.5 0.95
Chile** 920 732 10.8 9.3 0.32 0.0 0.4 0.17
Cuba 700 241 284 8.3 8.7 4.6 0.77 0.7 0.0 0.0 0.07
Czech Republic 393 311 3.3 3.5 0.86 0.8 1.6 0.48
Denmark** 382 383 405 412 9.9 8.6 13.8 13.1 0.01 0.3 0.0 0.2 0.5 0.50
England & Wales 2 742 3 053 6.9 7.2 0.64 1.1 0.8 0.22
Estonia 266 332 400 28.2 29.5 36.9 0.00 10.2 11.1 14.1 0.02
Finland 405 450 427 410 3.7 3.5 3.1 5.2 0.40 0.0 0.0 0.0 0.0 1.00
France 1 491 787 8.2 9.3 0.37 0.5 0.0 0.03
Germany 1 765 1 455 5.9 8.9 0.00 0.7 0.9 0.49
Latvia 587 789 29.3 29.9 0.85 9.0 9.0 0.66
Nepal 787 104 9.8 5.8 0.18 1.1 1.0 0.50
New Zealand 418 179 4.8 11.2 0.00 0.7 1.1 0.60
Northern Ireland 59 41 3.4 4.9 1.00 1.7 0.0 1.00
Peru 1 500 1879 15.4 18.7 0.01 2.5 3.0 0.43
Puerto Rico 369 160 10.0 11.3 0.67 1.9 2.5 0.80
Republic of Korea 2 486 2 370 10.4 10.6 0.84 1.6 2.2 0.13
Russian Fed. (Ivanovo Oblast) 33 259 201 222 24.2 26.3 21.4 32.4 0.15 6.1 4.6 5.0 9.0 0.08
Scotland 290 299 3.4 3.7 0.88 0.3 0.3 1.00
Sierra Leone 463 117 28.1 24.8 0.47 1.1 0.9 0.80
Spain (Barcelona) 218 315 9.6 3.5 0.00 0.5 0.3 0.30
Sweden 402 436 391 356 5.0 8.9 7.2 7.9 0.22 0.5 0.2 1.3 0.6 0.46
Switzerland 320 322 6.6 3.1 0.04 0.6 0.0 0.24
United States of America 13 511 12 063 12.3 12.0 0.46 1.6 1.2 0.00

* Standard chi-square, Fisher's exact test, and chi-square for trends
** Chile and Denmark have assessed trends before the start of the Global Project in 1994 (not included here)

Table 13. Trends in any drug resistance and MDR among new TB cases
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COUNTRY Number of strains tested Percentage of strains resistant to isoniazid Percentage of strains resistant to rifampicin
1994 1995 1996 1997 1998 1999 1994 1995 1996 1997 1998 1999 p-value* 1994 1995 1996 1997 1998 1999 p-value*

Botswana 407 638 1.5 4.4 0.00 1.0 0.6 0.71
Chile** 920 732 3.1 3.8 0.45 0.0 0.6 0.03
Cuba 700 241 284 2.0 2.1 0.0 0.03 0.9 0.0 0.0 0.05
Czech Republic 393 311 3.3 3.2 0.94 0.8 1.9 0.41
Denmark** 382 383 405 412 3.9 4.2 5.2 6.1 0.12 0.5 0.0 0.5 0.5 0.50
England & Wales 2 742 3 053 5.5 5.0 0.39 1.2 0.9 0.23
Estonia 266 332 400 21.1 20.8 26.0 0.05 10.2 11.4 14.3 0.00
Finland 405 450 427 410 2.2 2.9 2.8 4.6 0.06 0.2 0.0 0.2 0.0 0.52
France 1 491 787 3.4 3.6 0.90 0.7 0.3 0.24
Germany 1 765 1 455 4.1 5.7 0.03 1.1 1.4 0.44
Latvia 587 789 27.0 28.1 0.61 9.7 9.1 0.71
Nepal 787 104 5.6 1.9 0.16 1.7 1.0 1.00
New Zealand 418 179 4.3 9.5 0.01 0.7 1.1 0.63
Northern Ireland 59 41 1.7 2.4 1.00 1.7 0.0 1.00
Peru 1 500 1 879 7.5 9.0 0.14 4.6 4.0 0.47
Puerto Rico 369 160 6.8 6.9 1.00 2.7 3.1 0.90
Republic of Korea 2 486 2 370 7.7 8.6 0.23 2.2 3.0 0.08
Russian Fed. (Ivanovo Oblast) 33 259 201 222 9.1 10.8 13.4 22.1 0.00 9.1 8.5 9.0 11.3 0.34
Scotland 290 299 2.8 3.7 0.52 0.3 0.3 0.70
Sierra Leone 463 117 13.4 10.3 0.36 1.3 0.9 1.00
Spain (Barcelona) 218 315 3.2 2.2 0.48 0.9 0.3 0.57
Sweden 402 436 391 356 4.0 6.4 5.4 5.6 0.05 0.7 0.2 1.3 0.6 0.75
Switzerland 320 322 5.9 2.8 0.05 1.3 0.0 0.06
United States of America 13 511 12 063 7.8 8.0 0.55 2.4 1.7 0.00

Table 14. Trends in isoniazid resistance and rifampicin resistance among new TB cases

* Standard chi-square, Fisher's exact test, and chi-square for trends
** Chile and Denmark have assessed trends before the start of the Global Project in 1994 (not included here)
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RESULTS3
were available compared to the previous year. In Peru and the Republic of Korea, the propor-
tion of MDR-TB was lower in the most recent year of surveillance than in the previous one, al-
though statistical significance could not be evaluated. In contrast, an increase in MDR-TB was
observed in Ivanovo Oblast (Russian Federation) (p = 0.02). Australia showed a statistically sig-
nificant (p = 0.03) higher proportion of MDR-TB in the most recent year for which surveillance
data were available compared to the previous year.

Table 18 shows trends in any INH resistance and any RMP resistance. Belgium,
Germany, New Zealand, and Ivanovo Oblast (Russian Federation) showed increases in any INH
resistance. No significant differences were observed in the other settings. Prevalence of any
RMP resistance decreased significantly in the United States in the most recent year for which
surveillance data were available compared with the previous one. Finland also showed a signif-
icantly decreasing trend over time in any RMP.

3.4 IMPACT OF MIGRATION ON DRUG-RESISTANT TUBERCULOSIS
In this phase of the Global Project, data on anti-tuberculosis drug resistance were

collected according to place of birth of the TB patients. Seventeen geographical settings
provided data from new cases and 14 settings provided data from previously treated cases.
All these data were collected in the period 1994–1998. The number of years for which data
were available varied from only one year in some settings to four years in others. Any drug
resistance and MDR-TB were the only patterns of resistance assessed by the Global Project.

Data on new cases of TB are shown in Table 19 according to the place of birth.
Drug-resistant TB was significantly higher (p < 0.05) in the foreign-born TB patients than in
indigenous patients in Canada, Denmark, Finland, Germany, the Islamic Republic of Iran,
Netherlands, Sweden, England & Wales and the United States (Figure 16). No differences
were observed in the other geographical settings. In some of these settings, however, the
sample size was very small. 

Regarding MDR-TB (Table 19, Figure 17), 9 of 17 geographical settings showed
MDR-TB below 1% in both indigenous and the foreign-born. Statistically significant differ-
ences were observed in the Islamic Republic of Iran and the United States. In the Islamic
Republic of Iran, 13.4% of the foreign-born had MDR-TB compared with 3.6% of indigenous
(p < 0.05). In the United States, significantly higher proportions of MDR-TB were observed
in the foreign-born compared with indigenous in 1996 (2.1% vs. 1.4%) and 1997 (1.9% vs.
1.1%). Israel, and Puerto Rico also reported a higher prevalence of MDR-TB in the foreign-
born than in indigenous in the most recent year for which surveillance data were available,
although the differences were not statistically significant.

Results of previously treated cases are presented in Table 20. Significantly higher
prevalences of any drug resistance in the foreign-born compared with indigenous were only
observed in Canada and Germany (Figure 18). MDR-TB prevalence (Figure 19) was signifi-
cantly higher in the foreign-born patients in Germany and Switzerland. The numbers in the
rest of the countries were too small to allow detection of significant differences.
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COUNTRY Number of strains tested Percentage of strains resistant to any drug Percentage of strains MDR
1994 1995 1996 1997 1998 1999 1994 1995 1996 1997 1998 1999 p-value* 1994 1995 1996 1997 1998 1999 p-value*

Botswana 114 145 14.9 22.8 0.11 6.1 9.0 0.39
Cuba 12 11 25 43 83.3 100.0 36.0 32.6 0.00 16.7 9.1 24.0 7.0 0.37
Czech Republic 23 52 17.4 21.2 0.95 8.7 11.5 0.96
Denmark 29 36 44 32 13.8 11.1 9.1 12.5 0.81 3.4 5.6 2.3 3.1 0.73
England & Wales 148 189 32.4 22.2 0.03 16.9 13.2 0.35
Estonia 26 48 82 46.2 41.7 59.8 0.12 19.2 25.0 37.8 0.04
Finland 11 7 7 2 27.3 42.8 42.8 0.0 0.51 27.3 14.3 0.0 0.0 0.10
France 195 65 21.5 20.0 0.79 4.1 3.1 0.71
Germany 310 256 18.1 18.4 0.93 6.8 6.3 0.80
Latvia 197 224 33.0 30.8 0.70 17.8 23.7 0.13
New Zealand 19 21 5.3 19.0 0.19 0.0 0.0 1.00
Peru 458 260 36.0 23.5 0.00 15.7 12.3 0.21
Puerto Rico 22 12 27.3 58.3 0.14 13.6 16.7 1.00
Republic of Korea 189 283 52.9 21.9 0.00 27.5 7.1 0.00
Russian Fed. (Ivanovo Oblast) 33 95 54 100.0 38.9 68.5 0.00 27.3 9.5 25.9 0.01
Sierra Leone 172 13 52.9 61.5 0.49 12.8 23.1 0.64
Spain (Barcelona) 44 69 29.5 23.2 0.45 20.5 11.6 0.20
Sweden 37 24 26 24 8.1 12.5 11.5 16.7 0.35 2.7 0.0 3.8 8.3 0.24
Switzerland 46 40 23.9 27.5 0.70 8.7 12.5 0.57
United States of America 833 612 23.6 20.9 0.23 7.1 5.6 0.24

Table 15. Trends in any drug resistance and MDR among previously treated TB cases

* Standard chi-square, Fisher's exact test, and chi-square for trends
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Table 16. Trends in isoniazid resistance and rifampicin resistance among previously treated TB cases

* Standard chi-square, Fisher's exact test, and chi-square for trends

COUNTRY Number of strains tested Percentage of strains resistant to isoniazid Percentage of strains resistant to rifampicin
1994 1995 1996 1997 1998 1999 1994 1995 1996 1997 1998 1999 p-value* 1994 1995 1996 1997 1998 1999 p-value*

Botswana 114 145 10.5 16.6 0.16 7.9 13.1 0.18
Cuba 12 11 25 43 41.7 18.2 24.0 18.6 0.17 25.0 9.1 28.0 7.0 0.15
Czech Republic 23 52 17.4 21.2 0.95 8.7 11.5 0.96
Denmark 29 36 44 32 13.8 11.1 2.3 12.5 0.52 3.4 5.6 4.5 3.1 0.89
England & Wales 148 189 29.7 20.6 0.05 17.6 13.2 0.27
Estonia 26 48 82 46.2 37.5 54.9 0.25 19.2 27.1 39.0 0.04
Finland 11 7 7 2 27.3 42.9 28.6 100.0 0.23 27.3 14.3 0.0 0.0 0.10
France 195 65 13.8 7.7 0.19 6.7 6.2 0.84
Germany 310 256 13.9 16.0 0.47 7.7 6.6 0.61
Latvia 197 224 28.4 29.0 0.89 20.8 25.0 0.30
New Zealand 19 21 5.3 9.5 0.61 0.0 9.5 0.17
Peru 458 260 23.8 16.2 0.01 20.3 14.6 0.05
Puerto Rico 22 12 22.7 50.0 0.14 18.2 25.0 0.68
Republic of Korea 189 283 45.5 17.3 0.00 32.3 10.2 0.00
Russian Fed. (Ivanovo Oblast) 33 95 54 54.5 17.9 33.3 0.03 54.5 16.8 42.6 0.00
Sierra Leone 172 13 43.0 61.5 0.91 14.5 23.1 0.81
Spain (Barcelona) 44 69 27.3 21.7 0.50 20.5 11.6 0.10
Sweden 37 24 26 24 2.7 12.5 7.7 16.7 0.10 2.7 0.0 3.8 8.3 0.24
Switzerland 46 40 23.9 25.0 0.91 8.7 15.0 0.36
United States of America 833 612 18.0 15.4 0.18 8.4 8.0 0.79
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Table 17. Trends in the combined prevalence of any drug resistance and MDR-TB

* Standard chi-square, Fisher's exact test, and chi-square for trends
** No proper denominator available (combined rates were weighted by the total number of retreatment cases in the country)

COUNTRY Number of strains tested Percentage of strains resistant to any drug Percentage of strains MDR
1994 1995 1996 1997 1998 1999 1994 1995 1996 1997 1998 1999 p-value* 1994 1995 1996 1997 1998 1999 p-value*

Australia 705 750 9.5 10.5 0.50 0.7 2.0 0.03
Belgium 763 750 791 1.2 1.7 2.0 0.19
Botswana 4.8 7.7 ** 0.8 1.2 **
Canada 1 407 1 599 10.4 10.2 0.80 0.6 1.1 0.45
Cuba 702 266 327 8.9 11.3 8.3 0.51 1.0 2.3 0.9 0.85
Czech Republic 2.3 4.2 ** 1.2 2.0 **
Denmark 411 419 449 444 10.2 8.8 13.4 13.1 0.27 0.5 0.5 0.4 0.7 0.96
England & Wales 2 890 3 242 8.2 8.1 0.89 1.9 1.5 0.23
Estonia 31.2 31.6 40.8 ** 11.7 13.5 18.1 **
Finland 416 457 434 412 ** 0.7 0.4 0.0 0.0 0.30
France 9.6 11.1 ** 0.9 0.4 **
Germany 2 075 1 711 7.7 10.3 0.00 1.6 1.7 0.90
Latvia 34.7 30.5 ** 16.0 14.9 **
Netherlands 1 104 1 214 14.1 11.0 0.02 1.1 0.6 0.30
New Zealand 437 200 4.8 12.0 0.00 0.7 1.0 0.17
Peru 18.5 18.8 ** 4.5 4.3 **
Puerto Rico 391 171 11.0 14.5 ** 2.6 3.5 **
Republic of Korea 12.9 11.8 0.23 3.1 2.7 0.74
Russian Fed. (Ivanovo Oblast) 292 296 276 38.5 27.0 39.5 0.00 7.3 6.4 12.3 0.02
Sierra Leone 34.8 27.6 ** 4.2 2.6 **
Spain (Barcelona) 12.9 5.4 ** 2.0 1.4 **
Sweden 414 418 386 380 5.7 9.1 7.4 8.4 0.27 0.7 0.2 1.4 1.1 0.22
Switzerland 366 362 8.7 5.8 0.13 1.6 1.4 0.80
United States of America 14 344 12 675 12.9 12.4 0.20 2.0 1.4 0.00
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COUNTRY Number of strains tested Percentage of strains resistant to isoniazid Percentage of strains resistant to rifampicin
1994 1995 1996 1997 1998 1999 1994 1995 1996 1997 1998 1999 p-value* 1994 1995 1996 1997 1998 1999 p-value*

Australia 705 750 7.5 9.7 0.13 1.1 2.1 0.13
Belgium 763 750 791 3.0 4.5 8.6 0.00 0.7 1.1 0.4 0.50
Botswana 2.4 5.4 ** 1.7 1.7 **
Canada 1 407 1 599 8.7 7.9 0.25 0.6 1.1 0.09
Cuba 702 266 327 2.8 4.1 3.1 0.91 0.9 2.6 0.9 0.66
Czech Republic 3.8 3.8 ** 1.2 2.3 **
Denmark 411 419 449 444 4.6 4.8 4.9 6.5 0.55 0.7 0.5 0.9 0.7 0.91
England & Wales 2 890 3 242 6.8 5.9 0.13 2.1 1.6 0.14
Estonia 25.3 23.6 30.9 ** 11.7 14.1 18.5 **
Finland 416 457 434 412 2.5 3.5 3.2 5.1 0.06 1.0 0.2 0.2 0.0 0.00
France 4.5 4.0 ** 1.3 0.8 **
Germany 2 075 1 711 5.6 7.2 0.04 2.1 2.2 0.80
Latvia 32.4 28.5 ** 17.0 15.6 **
Netherlands 1 104 1 214 8.6 6.8 0.11 1.2 1.1 0.90
New Zealand 437 200 4.3 9.5 0.01 0.7 2.0 0.15
Peru 10.0 10.0 ** 7.0 5.5 **
Puerto Rico 391 171 7.7 9.9 ** 3.6 4.7 **
Republic of Korea 0.38 0.55
Russian Fed. (Ivanovo Oblast) 292 296 276 18.7 14.9 24.3 0.00 12.1 11.5 21.0 0.06
Sierra Leone 21.4 14.3 ** 4.9 2.6 **
Spain (Barcelona) 8.4 4.1 ** 2.7 1.4 **
Sweden 414 418 386 380 3.9 6.7 5.5 6.3 0.26 0.9 0.2 1.4 1.1 0.27
Switzerland 366 362 8.2 5.2 0.11 2.2 1.7 0.60
United States of America 14 344 12 675 8.4 8.3 0.76 2.7 2.0 0.00

Table 18. Trends in the combined prevalence of any isoniazid resistance and rifampicin resistance

* Standard chi-square, Fisher's exact test, and chi-square for trends
** No proper denominator available (combined rates were weighted by the total number of retreatment cases in the country)
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3.5 ECOLOGICAL ANALYSIS OF DRUG RESISTANCE AND 
TUBERCULOSIS CONTROL
Table 21 presents the median prevalence of any drug resistance and MDR-TB in

new, previously treated, and all TB cases, according to the implementation of the
WHO/DOTS strategy.* There were no statistically significant differences between categories
of DOTS implementation in any of the patterns of drug resistance assessed. The number of
geographical settings in the five categories varied greatly (e.g., only 4 settings in category 5
and 30 settings in category 4). Median prevalence of any drug resistance for new cases in-
cluded in this analysis was 11%, ranging from 9.6% (category 5) to 15% (category 3). Settings
in category 4, which have implemented DOTS in more than 90% of the population, showed a
median prevalence of any drug resistance of 10%. MDR-TB in new cases was 1%, ranging
from 0.9% (category 1 and 5) to 2.4% (category 2). 

Table 22 shows the correlation coefficients of TB control indicators with drug resis-
tance. GNP per capita income was inversely correlated with any drug resistance in new cas-
es, in previously treated cases, and in all cases (combined). The percentage of previously
treated cases registered in the geographical setting was positively correlated with any drug
resistance in new cases (rs = 0.40, p < 0.01) and in all cases (rs = 0.48, p < 0.01). Regarding
MDR-TB, GNP per capita income was also inversely correlated with MDR-TB in new cases
and previously treated cases. The percentage of previously treated cases registered in the
geographical setting was positively correlated with MDR-TB in new cases (rs = 0.26, p < 0.05)
and in all cases (combined) (rs = 0.39, p < 0.01).

In univariate analysis with weighted logistic regression (Table 23), the prevalence of
any drug resistance was positively associated with the proportion of previously treated cas-
es registered in the geographical setting (t value = 19.1; p < 0.05), and with the notified TB
incidence (t value = 9.72; p < 0.05). The prevalence of any drug resistance was inversely as-
sociated with GNP per capita income (t value = –18.9; p < 0.05), and with the proportion of
treatment success (t value = –8.71; p < 0.05). In multivariate analysis with weighted logistic
regression (Table 24), any drug resistance in new cases was significantly associated with the
proportion of previously treated cases in the geographical setting, and inversely associated
with use of SCC, use of DOT, and GNP per capita income. MDR-TB in new cases was signifi-
cantly associated with the proportion of previously treated cases in the geographical setting
and inversely associated with use of DOT, treatment success, proportion of TB cases infect-
ed with HIV, and with GNP per capita income. The two models fitted the data well (p > 0.05).
However, the predictive power of the models for any drug resistance and MDR-TB was low
(R2 = 35% and 29% respectively).

3.6 THE ROLE OF DEMOGRAPHICS, HIV INFECTION, AND PRIOR 
TREATMENT FOR TUBERCULOSIS 
A total of 9 615 individual TB patient data from 11 geographical settings were avail-

able for this analysis. These patients were mainly from the Republic of Korea (28%), Peru
(20%), Shandong Province in China (12%) and Portugal (9%) (Table 25). Mean age of the par-
ticipants was 38 ± 17 years, and 6 402 (67%) were males. Of the participant individuals, 8
222 (85.5%) were new cases and 1 393 (14.5%) were previously treated cases. HIV serostatus
was reported for 463 (4.8%) patients from the Dominican Republic, Peru, Portugal, Spain,

* WHO/DOTS control category [i.e., category 0 for countries not reporting to WHO, category 1 for countries not implementing
DOTS and TB notification rate >10/100 000, category 2 for countries implementing DOTS in <10% of the population, 
category 3 for countries implementing DOTS in 10%–90% of the population, category 4 for countries implementing DOTS 
in >90% of the population, and category 5 for countries not using DOTS and TB notification rates <10/100 000]
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COUNTRY YEAR No. tested Resistant % MDR % No. tested Resistant % MDR %
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Canada 1996 403 2.7 0.0 834 13.4 0.5

Canada 1997 446 3.8 0.4 965 12.2 0.7

Denmark 1995 158 8.2 0.0 224 11.2 0.4

Denmark 1996 151 5.3 0.0 232 10.8 0.0

Denmark 1997 123 3.3 0.0 282 18.4 0.4

Denmark 1998 146 6.2 0.0 266 16.9 0.8

England & Wales 1997 347 3.7 0.3 413 7.0 0.2

Finland 1995 421 2.1 0.0 22 18.2 0.0

Finland 1996 390 2.6 0.0 31 9.7 0.0

Finland 1997 370 3.2 0.0 29 31.0 0.0

Germany 1997 1 221 4.3 0.7 536 9.7 0.9

Germany 1998 979 5.9 0.6 457 15.5 1.5

Islamic Republic of Iran 1998 569 13.0 3.6 97 33.0 13.4

Israel* 1998 40 17.5 2.5 267 10.1 9.0

Italy 1998 490 12.8 1.4 193 10.8 0.5

Netherlands 1996 393 6.1 0.3 649 13.3 0.6

New Zealand 1997 46 8.7 0.0 111 12.6 1.8

Northern Ireland 1997 18 5.6 0.0 4 25.0 0.0

Norway 1996 57 3.5 0.0 71 8.5 5.6

Norway 1997 56 1.8 0.0 74 10.8 1.4

Puerto Rico 1994 118 10.2 2.5 5 40.0 0.0

Puerto Rico 1995 131 12.2 5.3 7 0.0 0.0

Puerto Rico 1996 140 10.7 1.4 0

Puerto Rico 1997 163 13.5 3.1 9 33.3 11.1

Scotland 1997 279 3.9 0.4 11 0.0 0.0

Sweden 1994 168 2.4 0.0 234 7.7 0.9

Sweden 1995 186 1.6 0.0 250 14.4 0.4

Sweden 1996 144 3.5 0.7 247 9.3 1.6

Sweden 1997 115 3.5 0.0 241 10.0 0.8

Switzerland 1996 96 7.3 1.0 176 6.3 0.6

Switzerland 1997 98 2.0 0.0 191 4.2 0.0

United States of America 1994 10 196 10.7 2.4 5 079 18.9 2.8

United States of America 1995 9 766 10.5 1.9 5 628 17.0 2.1

United States of America 1996 9 029 10.6 1.4 5 544 18.0 2.1

United States of America 1997 7 508 9.0 1.1 5 151 17.4 1.9

Table 19. Prevalence of drug resistance among new TB cases
by place of birth

* Israel data include new and previously treated cases together
Statistically significant differences (p < 0.05) for any drug resistance (indigenous vs. foreign-born)
were observed in Canada, Denmark, Finland, Germany, the Islamic Republic of Iran, Netherlands,
Sweden, England & Wales, and the United States of America
Statistically significant differences (p < 0.05) for MDR-TB (indigenous vs. foreign-born)
were observed in the Islamic Republic of Iran and the United States of America in 1996 and 1997
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Fig. 16. Prevalence of drug resistance among indigenous and
foreign-born new TB cases

* Israel data include new and retreatment cases together



Canada 1996 69 10,1 1.4 70 21.4 5.7

Canada 1997 76 7.9 0.0 76 22.4 6.6

Denmark 1995 17 11.8 0.0 12 16.7 8.3

Denmark 1996 26 3.8 0.0 10 30.0 20.0

Denmark 1997 30 3.3 3.3 14 21.4 0.0

Denmark 1998 24 8.3 0.0 8 25.0 12.5

England & Wales 1997 38 13.2 10.5 24 25.0 12.5

Finland 1995 1 0.0 100.0

Germany 1997 220 13.6 2.7 87 29.9 17.2

Germany 1998 173 11.0 8.1 82 32.9 2.4

Islamic Republic of Iran 1998 39 43.6 35.9 9 77.8 66.6

Italy 1998 98 62.6 33.6 17 58.8 52.9

Netherlands 1996 104 10.6 0.0 60 10.0 3.3

New Zealand 1997 5 20.0 0.0 12 25.0 0.0

Northern Ireland 1997 7 0.0 0.0

Norway 1996 5 0.0 0.0 2 50.0 0.0

Scotland 1997 16 6.3 6.3

Sweden 1994 22 0.0 0.0 15 20.0 6.7

Sweden 1995 13 0.0 0.0 11 27.3 0.0

Sweden 1996 12 8.3 8.3 14 14.3 0.0

Sweden 1997 7 14.3 0.0 17 17.6 11.8

Switzerland 1996 20 20.0 0.0 17 29.4 23.5

Switzerland 1997 10 10.0 0.0 25 36.0 20.0

Indigenous Foreign-born

COUNTRY YEAR No. tested Resistant % MDR % No. tested Resistant % MDR %

Table 20. Prevalence of drug resistance among previously
treated TB cases by place of birth
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Statistically significant differences (p < 0.05) for any drug resistance (indigenous vs. foreign-
born) were observed in Canada in 1997 and in Germany in both years of surveillance.
Statistically significant differences (p < 0.05) for MDR-TB (indigenous vs. foreign-born) were
observed in Germany in 1998 and in Switzerland in 1996.
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Fig. 17. Prevalence of MDR-TB among indigenous and foreign-born new TB cases

* Israel data include new and retreatment cases together
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RESULTS3
Fig. 18. Prevalence of drug resistance among 

indigenous and foreign-born previously treated TB cases

Drug resistance pattern Category 1 Category 2 Category 3 Category 4 Category 5 Total

n=19 n=7 n=8 n=30 n=4
New
Any drug resistance 9.7 14.9 15.0 10.0 9.6 11.1
MDR-TB 0.9 2.4 1.3 1.0 0.9 1.1

Previously treated
Any drug resistance 25.0 50.0 47.6 32.6 17.9 33.4
MDR-TB 9.6 25.0 17.4 8.3 4.2 9.1

All
Combined drug resistance 10.4 22.8 19.6 11.8 10.6 11.9
Combined MDR-TB 1.8 7.2 3.8 1.5 1.1 2.0

Table 21. Median prevalence of drug resistance
according to DOTS categories

WHO DOTS Categories [i.e., category 0 for countries not reporting to WHO, category 1 for countries not ac-
cepting DOTS and TB notification rate > 10/100 000, category 2 for countries implementing DOTS in <10% of
the population, category 3 for countries implementing DOTS in 10%–90% of the population, category 4 for
countries implementing DOTS in >90% of the population, and category 5 for countries not using DOTS and TB
notification rates < 10/100 000]
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Fig. 19. Prevalence of MDR-TB among indigenous and foreign-born previously treated TB cases
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New cases Previously treated cases Combined

Indicator Any drug resistance MDR Any drug resistance MDR Any drug resistance MDR

% of treatment success –0.23 –0.15 –0.15 –0.05 –0.17 –0.07

% of TB cases under SCC –0.10 –0.13 –0.15 –0.09 –0.14 –0.17

% of previously treated cases 0.40** 0.26* 0.22 0.20 0.48** 0.39**

% of TB cases under DOT 0.05 0.04 0.30* 0.16 0.09 0.09

% of FDC use 0.12 –0.01 –0.03 –0.06 0.07 –0.05

% TB patients infected with HIV –0.11 –0.23 –0.09 –0.23 –0.17 –0.27*

GNP per capita income (US$) –0.42** –0.32* –0.46** –0.26* –0.43** –0.33*

Table 22. Spearman correlation of drug resistance with TB control and development

* Statistically significant at p < 0.05
** Statistically significant at p < 0.01

Notified TB incidence (per 100 000) 0.35** 0.28** 0.18 0.07 0.26** 0.21**
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and Swaziland. 
A significantly higher proportion of previously treated cases compared with new

cases had resistance to one (OR = 2.5, 95% CI: 2.1, 3.0; p < 0.001), two (OR = 4.6, 95% CI: 3.7,
5.6; p < 0.001), three (OR = 11.5, 95% CI: 8.6, 15.3; p < 0.001) and four (OR = 18.5; 95% CI:
12.0, 28.5; p < 0.001) drugs. In univariate analysis, patients in all age groups greater than 15
years of age were significantly more likely to have drug resistance to at least one drug com-
pared to the reference category of 0 to 14 year-olds (Table 26). Patients 35 to 44 years and 55
to 64 years were more likely to have MDR-TB compared to the reference category of 0 to 14
year-olds. The lowest prevalence of any drug resistance and MDR-TB was observed in the
groups aged 0–14 and > 65 years. Patients > 65 years of age had lower levels of resistance to
RMP (1.0%) and EMB (1.3%) than subjects aged 35–44 (3.9% and 2% respectively) and those
aged 15–24 (3.1% and 1.6% respectively).

Patients with drug-resistant TB were more likely to have had prior TB treatment (OR
= 4.2, 95% CI: 3.7, 4.7; p < 0.001). There was no association between any drug resistance and
HIV (OR = 0.75, 95% CI: 0.43, 1.3; p = 0.30). On the other hand, prior treatment for TB (OR =
10.5, 95% CI: 8.5, 12.9; p < 0.001) and HIV positivity (OR = 2.1, 95% CI: 1.1, 4.0; p = 0.03) were

Table 23. Univariate analysis of drug resistance (new cases)
and TB control and development

Any drug resistance* MDR-TB*

Indicator Coefficients Standard t value Coefficients Standard t value
errors errors

% of previously treated cases 0.04 0.002 19.1** 0.07 0.004 14.4**

GNP per capita income (US$) –0.34 0.01 –18.9** –0.54 0.04 –12.7**

% of TB cases under SCC –0.37 0.037 –9.88** –0.54 0.09 –6.04**

Notified TB incidence 0.10 0.01 9.72** 0.21 0.02 8.17**

% of treatment success –0.01 0.001 –8.71** –0.03 0.003 –9.32**

% of TB cases under DOT 0.75 0.03 2.41 0.24 0.07 3.15

% TB patients infected with HIV –0.002 0.0009 –2.94 -0.01 0.002 –5.00**

% of use of FDC 0.079 0.022 3.51** -0.08 0.05 –1.49

* R square for any drug resistance = 35%, for MDR-TB = 29%
** Significant at p < 0.05
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significantly associated with MDR-TB. Individuals with prior TB treatment of > 3 months
were more likely to have MDR-TB than those with 1 to 3 months of previous treatment (OR
= 2.0, 95% CI: 1.3, 3.2; p = 0.003).

In multivariate analysis (Table 27), subjects ≥ 65 years of age were less likely to have any
drug resistance and MDR-TB. Subjects with a history of prior treatment for TB were more likely to
have any drug resistance (OR = 4.1, 95% CI: 3.7, 4.7; p < 0.001) and MDR-TB (OR = 10.3, 95% CI:
8.4, 12.7; p = < 0.001). HIV positivity was associated with MDR-TB only (OR = 2.4, 95% CI: 1.1, 5.0;
p = 0.02). Since both HIV and prior treatment for TB were associated with MDR-TB, we explored
whether HIV-infected individuals had received longer previous treatment and were therefore more
likely to have MDR-TB. The association between HIV and MDR did not hold (OR = 2.4, 95% CI:
0.82, 6.9; p = 0.11) when length of prior TB treatment was added to the model. Having received TB
drugs for an overall period of time totaling 6–11 months (OR = 7.6, 95% CI: 2.6, 22.4; p < 0.001) or
≥12 months (OR = 13.7, 95% CI: 4.5, 41.6; p < 0.001) was associated with MDR-TB.

3.7 PROFICIENCY TESTING IN THE SUPRANATIONAL REFERENCE
LABORATORY NETWORK
Five rounds of proficiency testing were carried out between 1994 and 1998.

Susceptibility testing of M. tuberculosis strains was done for INH, RMP, SM, and EMB. Figure
20 depicts the accuracy and reproducibility of DST for all 4 anti-tuberculosis drugs evaluat-
ed by the network of SRLs in the five rounds. The overall sensitivity throughout five rounds

Any drug resistance* MDR-TB*

Indicator
Coefficients Standard t value Coefficients Standard t value

errors errors

% of previously treated cases 0.021 0.002 8.46** 0.05 0.005 7.71**

GNP per capita income (US$) –0.33 0.02 –13.6** –0.59 0.67 –8.84**

% of TB cases under SCC –0.18 0.03 –4.72**

% of treatment success –0.01 0.004 –3.43**

% of TB cases under DOT –0.44 0.04 –11.2** –0.72 0.09 –7.78**

% TB patients infected with HIV –0.004 0.0009 –4.70** –0.01 0.002 –4.90**

Table 24. Multivariate analysis of drug resistance
(new cases) and TB control and development

* R square for any drug resistance = 35%, for MDR-TB = 29%
** Significant at p < 0.05



is 95% (Table 28), ranging from 89% in 1994 to 98% in 1998. Overall specificity after five
rounds of testing is 95%, ranging from 86% in 1995 to 96% in 1998. The overall efficiency
(the proportion of results in agreement) is 95%, ranging from 91% in 1995 to 97% in 1998.
The average intralaboratory reproducibility (consistency of DST results in the two identical
sets of 10 strains tested) is 96%, ranging from 94% in 1994 to 97% in 1998. 

Figure 21 and Table 28 show sensitivity for individual drugs. For INH and RMP, sen-
sitivity has been consistently high since the beginning of the Global Project. Values for
these two drugs in 1998 were 100%. Sensitivity for EMB has markedly improved from 66% in
1994 to 95% in 1998, and for SM from 88% in 1994 to 97% in 1998. Specificity of INH, RMP
and EMB have been also consistently high; in 1998, specificity values for these three drugs
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Table 25. Distribution of the study sample by countries 
according to demographics, pattern of resistance, and HIV

* Analysis performed only on patients with confirmed TB, and for whom there was information
on age, sex, and prior treatment history

** Barcelona
*** Shandong Province

Sample Sample % of sample Age Sample HIV+ (%)
Country size analysed (%)* mean ± SD % male

Bolivia 435 417 (95.9) 4.3 36±17 56 no data

Rep. of Korea 2 699 2 671 (99.0) 27.8 42±19 66 no data

Dominican R. 421 420 (99.8) 4.4 33±13 62 166 6 (4)

Sierra Leone 575 365 (63.5) 3.8 31±11 65 no data

Lesotho 428 344 (80.4) 3.6 37±14 71 no data

Peru 2 061 1 942 (93.4) 20.2 31±15 61 98 9 (9)

Portugal 934 883 (94.5) 9.2 38±15 74 133 19 (14)

Spain** 262 234 (89.3) 2.4 40±17 79 62 36 (58)

Swaziland 416 382 (91.8) 4.0 36±13 62 4 2 (50)

Nepal 914 775 (84.8) 8.1 35±15 72 no data

China*** 1 229 1 182 (96.2) 12.3 45±19 70 no data

Nepal 914 775 (84.8) 8.1 35±15 72 no data

Overall 10 374 9 615 (93) 100 38±17 67 463 72 (16)
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RESULTS3
Table 26. Univariate predictors of any drug resistance and MDR-TB

Variable No. tested No. resistant % OR p
(95% CI)

Any drug resistance
Age (years)

0–14 163 13 8.0 REF
15–24 2 491 426 17.1 2.4 (1.3–4.2) 0.003
25–34 2 372 453 19.1 2.7 (1.5–4.8) 0.001
35–44 1 610 329 20.4 3.0 (1.7–5.3) < 0.001
45–54 1 143 217 19.0 2.7 (1.5–4.9) 0.001
55–64 919 172 18.7 2.7 (1.5–4.8) 0.001
65+ 917 129 14.1 1.9 (1.0–3.4) 0.040

Sex
Male 6 402 1 182 18.5 REF
Female 3 213 557 17.3 0.93 (0.83–1.0) 0.180

Prior TB therapy
No 8 222 1 169 14.2 REF
Yes 1 393 570 40.9 4.2 (3.7–4.7) < 0.001

HIV
Negative 391 139 35.5 REF
Positive 72 21 29.2 0.75 (0.43–1.3) 0.300

MDR-TB
Age (years)

0–14 163 2 1.2 REF
15–24 2 491 89 3.6 3.0 (0.73–12.2) 0.130
25–34 2 372 106 4.5 3.8 (0.92–15.4) 0.070
35–44 1 610 87 5.4 4.6 (1.1–18.9) 0.030
45–54 1 143 49 4.3 3.6 (0.87–15.0) 0.080
55–64 919 48 5.2 4.4 (1.1–18.4) 0.040
65+ 917 21 2.3 1.9 (0.44–8.1) 0.390

Sex
Male 6 402 275 4.3 REF
Female 3 213 127 4.0 0.92 (0.74–1.1) 0.430

Previous TB therapy
No 8 222 161 2.0 REF
Yes 1 393 241 17.3 10.5 (8.5–12.9) < 0.001

HIV
Negative 391 44 11.3 REF
Positive 72 15 20.8 2.1 (1.1-4.0) 0.030

were 99%, 100%, and 98% respectively. However, specificity for SM in 1998 was 89%. Values
for efficiency and reproducibility for all 4 drugs under test have been also very consistent
throughout the years (Table 28). 

In the last round of proficiency testing (1998) for which results were available, three
SRLs were below 90% specificity (82%, 68%, and 87% respectively) for all the 4 drugs tested.
Sensitivity was, however, above 95% for these SRLs. The geographical settings serviced by
these SRLs had low prevalence of new MDR-TB cases (e.g. between 0.5% and 2.5%).
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Table 27. Multivariate predictors of any drug resistance and MDR-TB

Variable OR (95% CI) p OR (95% CI) p
N=9615 N=463*

Any drug resistance
Age (years)

0–24 REF REF
25–44 1.1 (0.98–1.3) 0.09 2.1 (1.0–4.2) 0.21
45–64 1.0 (0.89–1.2) 0.65 2.7 (1.5–4.9) 0.05
≥65 0.78 (0.63–0.97) 0.03 3.6 (0.91–14.4) 0.07

Sex
Male REF REF
Female 0.97 (0.86–1.1) 0.57 1.0 (0.64–1.6) 1.0

Prior TB therapy
No REF REF
Yes 4.1 (3.7–4.7) < 0.001 3.6 (2.4–5.5) < 0.001

HIV
Negative REF
Positive 0.74 (0.41–1.3) 0.31

MDR-TB
Age (years)

0–24 REF REF
25–44 1.2 (0.90–1.5) 0.24 1.6 (0.75–3.4) 0.23
45–64 1.1 (0.80–1.5) 0.60 1.7 (0.58–5.2) 0.32
≥65 0.6 (0.36–0.97) 0.04 2.8 (0.44–17.2) 0.28

Sex
Male REF REF
Female 1.0 (0.80–1.3) 0.96 0.76 (0.38–1.5) 0.45

Previous TB therapy
No REF REF
Yes 10.3 (8.4–12.7) < 0.001 9.9 (5.1–19.0) < 0.001

HIV
Negative REF
Positive 2.4 (1.1–5.0) 0.02

* Subjects tested for HIV



Table 28. Results of five rounds of proficiency testing in the SRL net-
work, 1994–1998
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Accuracy
INH RMP EMB SM Overall

Cumulative
measure (%) results 5

rounds
Sensitivity

1994 99 94 66 88 89
1995 94 99 75 92 93
1996 97 98 90 96 96
1997 100 100 92 91 97
1998 100 100 95 97 98 95

Specificity

1994 100 96 98 100 98
1995 86 99 84 82 86
1996 100 100 96 91 96
1997 100 99 91 95 95
1998 99 100 98 89 96 95

Efficiency

1994 99 96 91 92 95
1995 93 99 81 90 91
1996 98 99 94 93 96
1997 100 99 91 93 96
1998 100 100 97 92 97 95

Reproducibility

1994 98 94 93 89 94
1995 98 99 90 97 96
1996 98 98 99 92 97
1997 100 95 92 91 98
1998 99 98 97 95 97 96
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Fig. 20. Accuracy and reliability of DST for all 4 anti-TB drugs
combined as performed by the SRLs
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Fig. 21. Average sensitivity of DST for each drug by 
the Global Network of SRLs
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4.1 MAGNITUDE OF DRUG-RESISTANT TUBERCULOSIS
The Global Project has evolved and several countries now consider surveillance for

drug-resistant TB an essential tool to assess performance of their NTP. The number of coun-
tries participating has increased, and the SRL network has achieved remarkable results in
proficiency testing. Much has been learned since the beginning of the project in 1994. The
data generated in this phase reinforced the findings of the first phase that drug-resistant TB
varies widely across regions and countries.1,2 Its presence in every geographical setting par-
ticipating in the Global Project underlines the need for the expansion and strengthening of
TB control efforts worldwide. Elimination of drug-resistant TB will not be possible unless TB
is eradicated. Thus, containing and decreasing resistance at the lowest possible prevalence
levels through the implementation of sound TB control should be the goal of every country. 

The data presented in this report also show that MDR-TB is a problem in certain ar-
eas of the world. The median prevalence of MDR-TB among new TB cases tested in this
phase was 1%. The coverage of geographical settings almost doubled that of the first phase
of the Global Project without major variations in this figure.1 MDR-TB was again found high-
ly prevalent in some countries of Eastern Europe, mainly those of the former Soviet Union
(Estonia, Latvia, Ivanovo and Tomsk Oblasts in the Russian Federation), but also in other
areas outside of this region (Henan Province in China and the Islamic Republic of Iran).
Furthermore, relatively high prevalences of any RMP resistance, the most powerful anti-tu-
berculosis drug and a key determinant of MDR-TB, were reported among new cases in
Henan and Zhejiang Provinces (China), Estonia, the Islamic Republic of Iran, Latvia,
Mozambique, Ivanovo and Tomsk Oblasts (Russian Federation), Thailand and Tamil Nadu
State (India). These findings suggest that MDR-TB may become a more significant problem
in these settings in the near future. Furthermore, the findings of relatively low prevalence of
MDR-TB in some of the settings that participated in this phase of the Global Project does
not mean that these countries may not face a more important problem in the future. This
will depend very much on how TB arises in a given setting (i.e. primary disease in people
newly infected, endogenous reactivation, or exogenous re-infection). In geographical set-
tings where endogenous reactivation disease is a major contributor, rapid changes should
not be expected. On the contrary, where primary disease and exogenous re-infection are
main contributors to morbidity, changes may be seen rapidly. 

In geographical settings where MDR-TB is relatively high (see following box and
Map 8), the implementation of proper TB control as well as measures directed to decrease
the level of circulating MDR strains should be considered.23,24 Pilot projects testing feasibili-
ty and cost-effectiveness of managing MDR-TB cases in national programmes are beginning

4
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Map 8. Prevalence of MDR-TB greater than 3% among new cases in geographical settings surveyed be-

tween 1994–1999

The designations employed and the presentation of material on this map do not imply the expression of any opinion whatsoever on the part of the World Health Organization concerning the legal status of any country, territory, city or area or of its authori-
ties, or concerning the delimitation of its frontiers or boundaries. Dotted lines represent appoximate border lines for which there may not yet be full agreement.
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in several of these locations, as part of WHO’s “DOTS-PLUS for MDR-TB” initiative.23–24, 67

However, no strategy to manage MDR-TB will achieve success if patients with drug-suscepti-
ble TB, who are the majority, are not properly treated within well-organized TB control pro-
grammes. Thus, countries that are not able to guarantee proper case-management of drug-sus-
ceptible TB with inexpensive, highly successful, treatment regimens with first-line drugs,25,

68–78 should not undertake specific management of MDR-TB cases using second-line drugs
until a sound TB control strategy is implemented. 

There were also reassuring news in this phase of the Global Project. The prevalence
of MDR-TB among new cases in geographical settings that have implemented sound TB
control does not appear to be increasing. However some of these findings were based on
limited data, usually only two data points.

Geographical settings with a prevalence of MDR-TB greater than 3% among new cases, 
1996–1999

• Estonia 14.1%
• Henan Province (China) 10.8%
• Latvia 9.0%
• Ivanovo Oblast (Russian Federation) 9.0%
• Tomsk Oblast (Russian Federation) 6.5%
• Islamic Republic of Iran 5.0%
• Zhejiang Province (China) 4.4%
• Mozambique 3.5%
• Tamil Nadu State (India) 3.4%

• Data from 28 countries/geographical settings showed that MDR-TB in 
new cases is significantly increasing only in Estonia

• Countries with sound TB control have been able to prevent increases
in the prevalence of MDR-TB 

• The availability of only two data points in most geographical 
settings limits the ability to assess the future impact of drug
resistance on TB control efforts
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The analysis among previously treated cases was also affected by the availability of
only two data points. While several geographical settings showed decreasing prevalences of
MDR-TB among previously treated cases, such decreases could be related to differences in
sample size across surveys. Sample size for surveys of drug resistance is normally calculated
only for new cases, because the proportion of previously treated cases is usually a small
fraction of the total cases registered for treatment in the geographical setting. The current
recommendation is to sample 100% of previously treated cases until the sample size for
new cases is completed or for a fixed period of one year.28,29 This could be the case of set-
tings with very different samples of previously treated cases across surveys, e.g. Republic of
Korea, Sierra Leone. It is also important to acknowledge that good TB control in a given set-
ting should result in a reduction of previously treated cases over time due to high cure rates
of new cases.79 Such a reduction could reflect a paradox on the magnitude of MDR-TB be-
cause the decline is usually at the expense of non-MDR-TB previously treated cases. Thus,
the remaining pool of previously treated cases contains proportionately more patients with
MDR-TB. Although the prevalence of MDR-TB among previously treated cases may appear
high, the absolute number is really very low (e.g. Cuba, Czech Republic, Puerto Rico,
Uruguay).

4.1.1 Magnitude of the problem by continents
All WHO regions were represented in this new phase of the Global Project. Thus the

magnitude of the problem is defined to a greater extent than in the previous phase.1 For in-
stance, in the Americas more than 90% of the target population has been covered, and the
data indicate that the burden of MDR-TB is of limited importance throughout the region.
New countries surveyed, including Canada, Chile, Colombia, Mexico, Nicaragua, Uruguay
and Venezuela, showed low prevalence (below 3%) of MDR-TB in new TB cases, suggesting
that MDR-TB is not a major public health problem in these countries. Furthermore, data on
trends from six countries showed no significant increase in any of the locations surveyed.
While in Peru 3% of new cases studied had MDR-TB, this prevalence was not significantly
different from the prevalence reported in the survey carried out in 1995–1996. Peru also re-
ported a statistically significant reduction in the level of any drug resistance (all types), any
INH resistance, and any RMP resistance among previously treated cases. This is probably
linked to a reduction of the total number of previously treated cases over the years due to
proper case-management of new cases. However, since the numbers of previously treated
cases sampled in the two surveys are very different, sampling bias cannot be ruled out.
Cuba and Chile, countries with a long history of good TB control, were also relatively free of
MDR-TB.80,81 Long-term trends (over 15 years) from Chile suggest that MDR-TB among new
and previously treated cases is not, and will probably never become, a public health prob-
lem, provided the performance of NTP remains at the present level.82 A significant decrease
of MDR-TB in the United States is the result of several factors. These include the introduc-
tion of sound TB control, specially direct observation of treatment, infection control mea-
sures, and most likely the controlled use of second-line drugs.83 Countries in the American
Region with high prevalence of MDR-TB, as reported previously by the Global Project, were
Argentina and the Dominican Republic.84,85 A new survey is underway in Argentina; however,
data are not yet available. The Dominican Republic has initiated laboratory quality control
activities in order to repeat the survey done in 1994. 



97 A
N

T
I-

T
U

B
E

R
C

U
L

O
S

IS
 D

R
U

G
 R

E
S

IS
T

A
N

C
E

 I
N

 T
H

E
 W

O
R

L
D

DISCUSSION4
In Africa, drug-resistant TB appears to be minimal at this time. New geographical

settings surveyed did not show major problems. With the exception of Mozambique, where
MDR-TB needs to be closely monitored, six other locations surveyed (Bangui in the Central
African Republic, Botswana, Guinea, Sierra Leone, Mpumalanga Province in South Africa,
and Uganda) are not yet seriously affected by this problem at the moment. Mozambique is a
country that has been recently affected by war and political turmoil. New data will be need-
ed in order to properly assess trends in this country. New surveys from Sierra Leone and
Botswana showed no differences as compared with the first surveys. Nevertheless, several
high TB incidence countries in Africa have not been surveyed including Ethiopia, the
Democratic Republic of Congo, and Nigeria. Thus, generalization to the whole continent
cannot be made yet. 

Despite the increase of HIV-related TB,86–88 most African countries have not seen an
upsurge of MDR-TB. This could be the result of different factors, including that RMP has on-
ly recently been introduced into these countries, the use of rifampicin-free treatment regi-
mens in the continuation phase of therapy, and the growing presence of DOT. In Benin, for
instance, RMP was introduced in 1983 and twelve years later there was no MDR-TB.89 This is
also the case for Botswana and Kenya. In contrast, the Côte d’Ivoire introduced rifampicin in
1985 and MDR-TB was found to be a problem in 1995. Importantly, DOT is not widely prac-
tised in Côte d’Ivoire as compared with Benin, Kenya, and Botswana.89–91 While low preva-
lences of MDR-TB have been found in many African countries, surveillance of drug resis-
tance must continue to be a priority in order to follow trends and take immediate actions.
This is especially the case in countries where HIV prevalence is high and where the situation
could change rapidly if HIV-associated MDR-TB outbreaks occur as they have in many devel-
oped countries.8–18 In addition, the improvement and expansion of control activities should
be promoted while limiting the availability of over-the-counter drugs. This is another mea-
sure to be considered to keep MDR-TB at very low prevalence levels.

The situation of drug-resistant TB in the Eastern Mediterranean Region appears to
be heterogeneous. The survey in the Islamic Republic of Iran demonstrated high preva-
lences of MDR-TB and any RMP resistance. Several factors may explain this situation. First,
as of 1997 the WHO/DOTS strategy in the Islamic Republic of Iran covered only 28% of the
population.60 Thus, the great majority of people did not have access to adequate TB control.
Also, a substantial percentage of the MDR-TB cases detected in the survey were immigrants
from neighbouring countries. When analysis was limited to the indigenous patients, the
prevalence of MDR-TB decreased from 5% to 3.6%. However, MDR-TB was still relatively
high among indigenous Iranians. It is necessary that control efforts in the Islamic Republic
of Iran be expanded urgently to the rest of the country in order to prevent continued in-
creases of MDR-TB. The data show that drug resistance is not a problem in Oman, nor is it
in Casablanca, Morocco. It should be noted that both countries have good TB control, 100%
DOTS coverage and close to 90% treatment success rate. In Morocco, the low prevalence de-
tected in the largest metropolitan area where MDR-TB was suspected to be frequent sug-
gests that Morocco may not have a MDR-TB problem. A country-wide survey is necessary to
confirm these findings.

The situation of drug resistance in Europe is considered separately for Western
Europe and Eastern Europe, since the countries in these sub-regions are dissimilar in terms
of development. In Western Europe, MDR-TB is not a public health problem. While
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Denmark and Germany showed increasing prevalences of any drug resistance among new
cases, these are likely due to an increase in imported SM resistance. Data available from
Denmark since 1991 confirm that resistance to RMP have remained very low.92 The data pre-
sented in this report also showed no increases in any RMP and MDR-TB in Denmark in the
period 1995–1998. The significance of an increase in imported SM resistance is clinically
limited, as SM is not normally used now in Denmark.93 In Germany, the increase of any drug
resistance is difficult to evaluate, since only two data points were available. The data sug-
gest, however, that the problem is likely to be associated with increases in SM and INH re-
sistance. The availability of future data will clarify the magnitude of the problem. Regardless
of increases in the prevalence of any drug resistance in Denmark and Germany, it is clear
that MDR-TB is not a problem in these countries and in the rest of Western Europe. Of the
13 geographical settings that provided data for new TB cases, 11 had levels of 1% or less of
MDR-TB. Countries that provided more than two data points did not report increase in the
prevalence of MDR-TB among new and previously treated cases, nor in the combined preva-
lence of MDR-TB.

Drug-resistant TB in Western Europe

• The increase in the prevalence of any drug resistance (all types) in Denmark
and Germany is due to an increase in SM resistance in the former, and 
probably also to an increase in SM and INH resistance in the latter 

• MDR-TB in Western Europe is not a public health problem; of the 13 
geographical settings that provided data for new TB cases, 11 had a 
prevalence of 1% or less of MDR-TB

• Continuous monitoring of drug-resistant TB in Western Europe is necessary
in order to detect rising patterns

In Eastern Europe, drug-resistant TB continues to be a major problem especially in
countries of the former Soviet Union. Estonia, Latvia, and two oblasts in the Russian
Federation showed a high prevalence of any drug resistance, MDR-TB, any RMP resistance,
and any INH resistance. Serious consideration must be given to rapid intervention. Analysis
of trends did not show significant differences for some of these settings. However, the rela-
tively high prevalences of MDR-TB and other patterns of resistance found, in the most re-
cent year for which surveillance data were available, suggest a chronic public health prob-
lem that, if not contained rapidly, may be out of control in the coming years. In Estonia, da-
ta on trends suggest an epidemic. Estonia has not yet implemented efficient TB control
country-wide and the use of second-line drugs is not yet well organized. This is likely to in-
duce resistance to these drugs as well. Tomsk Oblast and Ivanovo Oblast in the Russian
Federation also showed relatively high prevalence of MDR-TB and other patterns of drug re-
sistance. The situation in Ivanovo Oblast looks unclear, as the rate of MDR-TB in new cases
was high in the first year of surveillance, went down the following two years, and was up
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again in the fourth year of surveillance. A similar situation was observed for previously
treated cases. A proficiency-testing exercise conducted in 1998 by the SRL revealed 95%
agreement for all drugs and 97% RMP specificity. Notwithstanding potential methodological
problems, the prevalences in Ivanovo are of great concern and require close monitoring.94

Although the DOTS strategy was implemented in Ivanovo Oblast in 1995, treatment comple-
tion rates remain unacceptably low, a problem perhaps confounded by the difficulties of
providing care to an important fraction of the patient population (e.g. alcoholics, ex-prison-
ers, and chronic TB cases). 

Data from other countries in Eastern Europe showed that drug-resistant TB, and
specifically MDR-TB, are currently limited to former Soviet Union countries; therefore, the
problem cannot be generalized to the whole of Eastern Europe. Data on trends from the
Czech Republic confirmed that MDR-TB is not an increasing problem. Likewise, data from
Poland, Slovenia, and Slovakia showed no MDR-TB. These countries have been able to im-
plement well-organized DOTS control programmes (with the exception of Poland, the DOTS
strategy covers more than 90% of the total population of Slovakia and Slovenia). 60

Nevertheless, surveillance of drug resistance should continue to be a priority in order to de-
tect outbreaks. Also, surveillance should be urgently expanded to other areas of the Russian
Federation, the Balkans, and the former Soviet Republics of Central Asia to have a clear
view of the magnitude of the problem in these regions of the world.

Drug-resistant TB in Eastern Europe

• High MDR-TB prevalences in new cases continue to be reported from
Estonia, Latvia and parts of the Russian Federation

• Countries with well-organized DOTS programmes (Poland, Slovenia 
and Slovakia) have very low (1% or less) prevalences of MDR-TB

• Surveillance for drug-resistant TB needs to be urgently expanded 
to the Balkans, other areas in the Russian Federation and the former
Soviet Republics of Central Asia, to have a better picture of the situation 
in these regions

The situation of drug resistance in Asia is still unclear, although progress towards
expanded surveillance has been made. The survey in Tamil Nadu State (India) showed 3.4%
MDR-TB among new cases; this is a concern, although data on trends are needed to proper-
ly assess the magnitude of the problem. The scenario, however, is present for an increase of
MDR-TB, since high prevalences of any INH resistance (15.4%) and any RMP resistance
(4.4%) were detected. Data from a new survey carried out in selected districts of Delhi and in
four Northern States could not be used in this report due to concerns about its quality.
India is estimated to house the highest burden of TB in the world.95 Thus, obtaining quality
data on drug resistance in India is a high priority, and additional surveys are already under-
way.

In Thailand, MDR-TB was found to be low; however, high prevalences of any INH re-
sistance (12.5%) and any RMP resistance (5.8%) were detected. Thus, further monitoring is
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indicated. Preliminary data on trends from Nepal showed that drug-resistant TB is not in-
creasing; this is likely to provide a further confirmation of the preventive effect of a sound
TB control strategy.

China is the most populous country in the world and is estimated to house the sec-
ond greatest incidence of TB worldwide.95 Thus, a high prevalence of drug resistance would
seriously hamper TB control efforts. Data were available from four provinces, two that im-
plement the DOTS strategy for TB control through the IEDC project (Shandong and
Guangdong), and two that do not (Henan and Zhejiang). A strikingly high prevalence of
MDR-TB was found in Henan. Although in Zhejiang MDR-TB prevalence was not as high as
in Henan, the findings are of concern. MDR-TB values of < 3% were observed in the two oth-
er provinces that implement the DOTS-based IEDC project. The survey conducted in Henan,
the most populous province in China, has been questioned in the past. The data presented
in this report were reviewed and revised (in particular, misclassified previously treated cases
were properly categorized and laboratory results confirmed). The prevalence of MDR-TB
among new cases decreased from 16% originally to 11%. Even though other methodological
problems cannot be completely ruled out, there is an urgent need to implement sound TB
control in the Henan province, before implementing any specific strategy for the manage-
ment of MDR-TB. Data on treatment outcome in the cases enrolled in the Henan survey
clearly suggest that TB control in this province is not currently well-organized nor effective.
Only 47% of the new cases with drug-susceptible TB and 38% of those with drug-resistant
TB converted to smear-negative at the end of treatment with first-line drugs.96 The overall
percentage of default was 37.5% (35% and 41% in drug-susceptible and drug-resistant cases
respectively). From a public health point of view, any attempt to introduce second-line
drugs to treat MDR-TB in a setting that is unable to guarantee acceptable cure rates in drug-
susceptible TB cases may lead to disastrous consequences. Drug resistance to second-line
drugs will likely emerge very rapidly, resulting in greater harm than benefit.

As shown by the data presented in this report, Guangdong and Shandong, two
provinces that have been implementing sound TB control since 1992, enjoy relatively low
prevalences of MDR-TB. This is reassuring, as these provinces have committed efforts to
control TB within the DOTS-based IEDC project, have achieved high cure rates, and have de-
creased the number of cases for retreatment using proper case-management.26,97

Nevertheless, more data points are needed to determine the tendency of drug resistance ac-
curately in these and the other two provinces surveyed. While the success of Guangdong
and Shandong is encouraging, the DOTS-based IEDC project covers only half of the Chinese
population. Expansion to the rest of the country must be the highest priority. Surveillance
of drug-resistant TB should be also expanded to the other DOTS-based IEDC provinces as
well as those not covered by the project. The total magnitude of drug-resistant TB in China
is not yet known. Upcoming data from Lioaning and Hubei Provinces under the umbrella of
the Global Project will help to understand further this issue.

Trends from the Republic of Korea indicate that MDR-TB is not increasing. The
Republic of Korea is another good example of efficient case-management of TB through a
well-organized NTP that has been in place for many years.98 The Republic of Korea uses also
second-line drugs to treat MDR-TB.99

Expansion of DRS in Asia, mainly in large countries, should be a priority. While lim-
ited data are available from China and India, the magnitude of the problem is not yet well
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In Oceania, New Zealand reported an increase in any drug resistance and any INH

resistance in new cases. However, no increase was reported in MDR-TB and in any RMP re-

sistance. In Australia, which provided combined drug resistance data, the increase in the

combined prevalence of MDR-TB could be due to a high influx of immigrants from neigh-

bouring high prevalence countries.100

4.2 IMPACT OF MIGRATION ON THE DISTRIBUTION OF 
DRUG-RESISTANT TUBERCULOSIS
The effect of migration on the incidence of TB in a given country is of interest, as

people migrating from one country to another may carry with them disease or infection. TB
is not an exception to the rule; notification rates from Western Europe and other industrial-
ized countries have shown higher rates of TB among the foreign-born than among indige-
nous.101,102 The ratio of foreign-born to indigenous population’s rates of TB in 1992 varied
from 2.4 in Slovenia to 20.6 in the Netherlands.103 This situation has not changed substan-
tially: in 1997, rates of TB among foreign-born subjects were consistently higher than in in-
digenous subjects in nine Western European countries (twice as high in Slovenia to 42
times higher in Denmark).104 Countries screening potential immigrants for TB usually do not
allow the entrance of subjects with active disease. However, the majority of immigrants de-
velop disease within two to five years after arrival, which limits the value of screening for ac-
tive disease at entry.105 Furthermore, infection with M. tuberculosis is not considered a criteri-
on precluding immigration. It is therefore expected that migration from high to low inci-
dence countries influences the TB morbidity in the latter, although the extent of such effect

MDR-TB in Asia

• Data from China show worrying prevalences of MDR-TB, especially in 
those areas where DOTS has not been implemented (Henan and 
Zhejiang Provinces)

• The limited amount of data from India shows a prevalence of MDR-TB that 
requires to be closely monitored and calls for expansion of surveillance

• Areas implementing sound TB control, including Thailand, Nepal, Republic of 
Korea and two provinces in China, enjoy relatively low MDR-TB prevalence

• Expansion of the DOTS strategy to cover the total population of China 
and India should be a high priority to prevent increases in drug-resistant TB

• Expansion of DRS in Asia, mainly in large countries, should be a priority.
The magnitude of the problem is not yet well known in the five countries 
with the greatest estimated incidence of TB worldwide: India, 
China, Indonesia, Bangladesh, and Pakistan

known in the five countries with the greatest estimated incidence of TB worldwide: India,
China, Indonesia, Bangladesh, and Pakistan.95 Efforts are underway to expand/ launch DRS in
these countries.
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has been estimated as minimal.106,107

In the case of drug-resistant TB, data are also available showing higher prevalence
among the foreign-born than the indigenous.108–111 The data presented in this report suggest
that importation of drug-resistant M. tuberculosis into low TB incidence countries is a sub-
stantial problem. Among the indigenous population, drug-resistant TB was significantly
lower than in the foreign-born population in most of the low incidence countries studied. It
appears, however, that much of the importation is limited to drug-resistant strains other
than MDR strains. Indeed, no statistically significant differences were found in the level of
MDR-TB by country of birth in most low-incidence countries. 

A high influx of persons with drug-resistant strains other than MDR-TB into low in-
cidence countries may not have major impact on the TB control efforts of the host country.
Many of these strains are resistant to SM, which most low incidence countries do not use
routinely any longer.107 However, if a continuous influx of immigrants from countries with
high prevalence of MDR-TB is established, TB control efforts in the host country may be af-
fected.30,107 Fortunately, the percentages of MDR-TB among indigenous and foreign-born new
TB cases were similar in most low incidence countries. Similar findings have been reported
in the past.112

The most likely explanation for the similar percentages of MDR-TB among indige-
nous and foreign-born persons is that the majority of immigrants with MDR strains were
originally from countries with low prevalence of MDR-TB.102 As shown by the Global Project,
only few of the countries surveyed report a MDR-TB prevalence exceeding 3%. If, on the oth-
er hand, immigrants are from countries with high prevalence of MDR-TB, such levels should
be reflected in the foreign-born population, unless migration took place a long time before
MDR-TB became a problem in the country of origin. This is the case of Israel where a high
level of MDR-TB was observed among foreign-born cases in comparison to indigenous cas-
es (9% vs. 2.5%). Eighty-four percent of the foreign-born subjects with MDR-TB were from
countries of the former Soviet Union. As shown by the Global Project, these countries have
very high prevalence of MDR-TB. A similar explanation has been offered in the case of the
Islamic Republic of Iran, suggesting that most foreign-born patients are from countries with
political turmoil, war and lack of proper TB control, and therefore bear a possibly high MDR-
TB burden.

The lack of other important data including age, time at which immigration took
place, country of origin, and background of the immigrants (e.g. refugees, asylum seekers)
limits the extraction of in-depth conclusions on the above issue. Furthermore, it is impossi-
ble to rule out that some of the foreign-born people with TB acquired drug resistance in the
host country.

Given the current movements of people worldwide, migration from high incidence
countries to low TB incidence countries will continue and, likely, increase. War, political tur-
moil, poverty, and industrialization are some of the factors encouraging people to move to
more prosperous and/or safer environments. Even though screening of immigrants for TB
has limitations, a comprehensive approach should be used, including the best available
case-management tools, along with proper social and culture-sensitive support for people
with TB.102,113,114

One last point to emphasize is that data on drug-resistant TB from low incidence
countries should be properly stratified according to place of origin. Otherwise, the interpre-



103 A
N

T
I-

T
U

B
E

R
C

U
L

O
S

IS
 D

R
U

G
 R

E
S

IS
T

A
N

C
E

 I
N

 T
H

E
 W

O
R

L
D

DISCUSSION4
tation of the data may be difficult. It is therefore imperative that in future the Global Project
institutionalizes and encourages the provision of drug-resistant TB data according to the
place of origin.

4.3 TUBERCULOSIS CONTROL AND DRUG RESISTANCE
The analysis of drug resistance and TB control suggested that several factors were

likely to influence the course of drug resistance. Not surprisingly, any drug resistance and
MDR-TB were significantly associated with the proportion of previously treated cases regis-
tered in a given setting. Previously treated cases, including chronics, are the richest source
of drug-resistant bacilli in the community.79, 115 They are also an important source of infec-
tion, since their infectiousness is usually longer than that of new cases.116 Thus, settings
with a very high pool of previously treated cases are expected to have a high number of re-
sistant strains circulating in the community and, therefore, high prevalence of drug resis-
tance among both previously treated and new cases. This is likely the case in countries that
were part of the former Soviet Union where high prevalence of chronic cases co-exists with
high prevalence of drug resistance. In contrast, settings that have been able to decrease the
number of previously treated cases over the years, due to sound TB control, have also re-
ported a parallel decrease in the prevalence of any drug resistance.79,117 This effect is not en-
tirely observed in the prevalence of MDR-TB, since the reduction in the number of previous-
ly treated cases is predominantly at expense of the non-MDR-TB cases. However, the ab-
solute number of MDR-TB cases is usually small and should not constitute a public health
threat, assuming the TB control programmes keep achieving high cure rates in new cases. 

The administration of SCC under DOT is the cornerstone of curing new cases, and
thus to reduce rapidly the pool of previously treated cases. In this analysis the use of SCC
and DOT was inversely associated with the prevalence of any drug resistance. Use of DOT
was also inversely associated with MDR-TB. It is well known that standardization and use of
mass chemotherapy increase the proportion of TB patients cured; however, this rise is not
as high as when DOT is part of the package.118,119 Furthermore, if SCC is ineffectively used, an
increase in the pool of infectious cases, and often drug resistance, is likely to take place.120

Thus, the key factor to achieve high cure rates and to reduce the likelihood of drug resis-
tance is compliance through direct observation. By using DOT, Benin and Botswana have
been able to achieve high cure rates of new cases and maintain low prevalence of drug re-
sistance.89,91 Evidence from New York City and Tarrant County, Texas, showed that, after the
implementation of universal DOT, the rates of drug resistance declined significantly in new
and previously treated cases, despite a high proportion of intravenous drug use and home-
lessness.83, 121

The argument that the generation of MDR-TB is associated with the time of intro-
duction of RMP into the treatment regimens for TB,1 although sequentially logical, is proba-
bly confounded by the quality and effectiveness of programmes for the management of TB.
This was demonstrated in New York City where the failure to follow the basics of TB control,
compounded with the use of rifampicin-containing regimens, led to lower cure rates than in
resource-limited countries, followed by a significant increase in the rate of MDR-TB.122 Thus,
if TB control is not properly executed under adequate conditions (i.e. political will to guar-
antee correct operations of the programme, constant supply of drugs, diagnosis based on
bacteriological examination, proper recording and reporting of cases and treatment results,
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and DOT at least during the initial intensive phase), the use of RMP will be closely associat-
ed with the generation of MDR-TB. 

This analysis also showed an inverse association between GNP per capita and the
prevalence of drug resistance and MDR-TB. For a long time it has been suggested that, in
addition to mass Bacille Calmette-Guérin (BCG) vaccination, case-finding and treatment,
the improvement of the socioeconomic conditions and hygiene is one of the strongest fac-
tors influencing favourably the course of the TB epidemic in a community.123 The best exam-
ple of the impact of economic prosperity on the incidence of TB was observed in Europe,
where the disease started to decline during the second half of the 19th century, long before
the introduction of chemotherapy. In particular, the annual risk of infection declined by
4%–5% each year.124 With the introduction of chemotherapy this reduction increased to
10%–14% each year. Since TB is associated with poverty,125–128 improvements in the wealth of
people should lead to a reduction in the incidence of active disease and, logically, in the in-
cidence of drug resistance. This was in part the explanation for the decline of TB in the in-
dustrialized world before the advent of chemotherapy. Improvement in size and ventilation
of living spaces with the increase in wealth led to a reduction of crowding and, therefore, to
a reduction in the number of individuals intensively exposed to M. tuberculosis.

4.4 EFFECT OF AGE, HIV, AND PRIOR ANTI-TUBERCULOSIS THERAPY
The analysis of individual patient data from 11 countries showed that prior treat-

ment for TB is a strong predictor of drug resistance, in particular of MDR-TB. Drug-resistant
TB and MDR-TB were significantly associated with an overall prior treatment period of ≥12
months and ≥6 months respectively, compared with a treatment period of three months or
less. This association may be due to initial infection with drug-resistant strains, with pro-
longed therapy being the result, rather than the cause, of MDR-TB. It is also possible, how-
ever, that those who had a longer treatment history may have received non-standard regi-
mens or interrupted treatment. It has been suggested that selection of resistant mutants
takes place after several regimens have been administered, in which several cycles of killing
(when drugs are taken) and re-growth (when drug-taking stops) of resistant strains oc-
cur.129,130 As the cycles repeat, there is an increased selection favouring the resistant strains
relative to the suceptible ones. This cyclic process creates an imbalance, causing resistance
to one drug and later to other drugs, e.g. MDR. The finding—that those treated for 1–3
months had lower levels of drug resistance than those treated for longer periods without
achieving cure—would support the possibility that inappropriate or interrupted treatment
may have played a role in the higher overall resistance and MDR-TB rates observed in the lat-
ter cases.

The data presented in this report also suggest that HIV infection is not an indepen-
dent risk factor for drug resistance, nor is it for MDR-TB. While some of the available data
are contradictory, evidence from different settings suggests that HIV-infected TB patients
are no more likely to develop drug resistance than HIV-negative TB patients.131–133

Nevertheless, when TB patients are not adequately treated and levels of acquired resistance
are elevated, co-existence of HIV could be responsible for the rapid spread of primary drug-
resistant TB. This was likely the case in some areas of the United States and elsewhere,
where TB, HIV, and inadequate treatment programmes were present,122,134 often in settings of
nosocomial transmission.135,136
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Drug resistance was lower in the youngest and the oldest age groups. The lower

prevalence of drug resistance and MDR-TB observed in the younger age groups may reflect
recent decreases in circulating drug-resistant strains. However, to assess this hypothesis ad-
equately, serial surveys of individual countries will be needed. Resistance to EMB and RMP
in new TB cases, both of which have been more recently introduced in TB programmes, was
observed among all age groups, including subjects > 65 years of age, suggesting recent in-
fection with drug-resistant strains even in older patients.137

These data are subject to several limitations. First, it was not possible to evaluate
other factors known to be associated with drug-resistant TB, such as history of imprison-
ment and prior hospitalization.138,139 Secondly, the data from each geographical setting may
have limited comparability as a result of differences in country-specific TB epidemiology.
HIV testing was not included as part of the methodology for the drug resistance surveys.
Thus, the HIV results presented here are not representative of each setting since they are
based on the reporting of the participant subjects and/or record review. A third limitation is
that possible misclassification of new and previously treated cases may have occurred. It is
well known that patients may not reveal their previous TB treatment history.140–142 Thus, al-
though a history of prior treatment was obtained from both the patients themselves and
their medical charts when available, an overestimation of resistance among new cases may
be present. Similarly, errors in reporting episodes and duration of TB treatment may also
have occurred.

In summary, this analysis showed that prior but ineffective treatment for TB is a
strong predictor of drug resistance. This study also suggests that age-specific rates of drug-
resistant TB may be due to a combination of reactivation of old infections and re-infection
with new circulating strains. Restriction-fragment length polymorphism (RFLP) studies,
comparing susceptible and resistant strains at different ages, may further elucidate this is-
sue.

4.5 LABORATORY ISSUES
The network of SRLs started in 1994 with the first round of DST proficiency testing.47

The data presented in this report suggest that performance of the network has improved
substantially through the years. This progress has been particularly evident for EMB and SM
sensitivity, which was very low in the first rounds of proficiency testing. In 1998 sensitivity
for these two drugs was higher than 95%. This indeed reflects the enhanced efforts made by
the SRLs to improve their individual performance.

Despite the above improvement in global performance, a few SRLs are still per-
forming at sub-standard levels because of a lower specificity for all the four drugs tested.
Lower specificity may result in an overestimation of the prevalence of drug resistance. Sub-
standard performance has negative implications, since it may cause the blaming of pro-
grammes because of artificially high levels of drug resistance. SRLs are confidentially in-
formed of their results, and are encouraged to discuss their findings with the coordinator of
the network in order to improve their performance. However, this approach has not been
entirely successful. Thus, to achieve the highest level of performance, SRLs should be sub-
ject to more stringent criteria to continue assisting geographical settings for DRS. It is
therefore proposed that SRLs, that show sensitivity or specificity below the lower limit of
the 95% confidence intervals of the overall mean of the network in two consecutive rounds
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of proficiency testing, should be excluded from the network. This criterion should also apply
to laboratories within sub-networks. So far the Global Project has penalized only NRLs with
sub-standard performance by not releasing their data unless they are re-tested. Indeed, in
this phase of the Global Project a few NRLs were asked to send all the strains to their re-
spective SRLs for re-testing because of poor performance.

The network of SRLs is one of the most valuable tools of the Global Project for the
proper assessment of drug-resistant TB. The findings of high prevalence drug resistance in a
given geographical setting serviced by a SRL are expected to lead to action to prevent and
contain this problem. Thus, it is important that the SRLs’ network maintains the highest
level of performance.

4.6 LIMITATIONS OF THE GLOBAL PROJECT (1996–1999)
The Global Project has expanded extensively and has overcome many of the limita-

tions experienced in its first three years.1,2 More information is now available on the magni-
tude of the problem of drug resistance. The network of SRLs has developed into successful
sub-networks bringing together more than 100 laboratories worldwide. Notwithstanding
these successes, there are still limitations to address. First, more information on the magni-
tude of drug-resistant TB is needed from countries that have the greatest incidence of dis-
ease.95 Of the 22 high-burden countries (responsible for 80% of all estimated incident cas-
es), data are available only from 11. Furthermore, in countries such as China, India, the
Russian Federation, and South Africa these data are limited to a small number of states,
provinces, or oblasts, and may not be representative of the general situation of drug-resis-
tant TB. It is therefore necessary to expand surveillance efforts in these countries in order to
estimate the true extent of the problem. Drug resistance surveys are underway in Indonesia,
Nigeria, and Uganda. Thus, more data should be available in the near future. Other high-
burden countries such as Bangladesh, Cambodia, Myanmar, Philippines and South Africa
are also planning to assess the magnitude of anti-tuberculosis drug resistance.

Methodological limitations found in some of the DRS projects were due to misclas-
sification of previously treated cases as new cases, and to selection bias. Misclassification
of patients will erroneously inflate the proportion of drug resistance among new cases. This
was the case of the 1996 survey in Henan where, after revising the data, the proportion of
MDR-TB decreased from 16% to 11%.143 Countries are, therefore, encouraged to conduct ver-
ification and thorough evaluation of medical records and charts to prevent misclassification
of previously treated cases as new cases. On the other hand, bias in sample selection will
also produce wrong estimates. Likewise, an in-depth review of the study carried out in Delhi
and the four Northern States in India by an independent panel, revealed that sampling was
biased to referral centres only. There was also misclassification of patients, and laboratory
procedures were not validated. Trends from Latvia suggest that methodological problems
affected the survey carried out in 1996. The prevalence of several patterns of drug resistance
observed before and after the survey carried out in 1996 was much lower than those found
in this survey.144 Laboratory limitations were found in other projects; thus, all the strains had to
be re-tested in part or in total at the SRL. 

Trends were only available for two years in several of the countries that provided
these data. While two data points are informative and may suggest where the trend of drug
resistance is heading, these data are not the most suitable for trend assessment. At least
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three data points are needed to properly evaluate tendencies. Furthermore, many of the na-
tional laboratories have changed DST methods or improved their laboratory services over
time, further complicating the interpretation of trends. Over the coming years, the Global
Project should be able to perform a thorough evaluation of trends in drug-resistant TB. 

Finally, there were four countries that did not provide data differentiated by new
and previously treated cases: Australia, Belgium, the Netherlands, and Israel. Fortunately,
these countries do continuous surveillance in all TB cases. Unless continuous surveillance
is done in all TB cases, the interpretation of combined data from surveys that do not differ-
entiate between new and previously treated cases may be inappropriate. The proportion of
previously treated cases among all TB cases registered for treatment in most countries is
usually much lower than that of new cases. Thus, presenting only combined prevalence
without knowing the contribution of new and previously treated cases to the sample may
not reflect the true situation of drug resistance.
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1A CLUSTER SAMPLING

Cluster selection
Example: A sample size of 360 tuberculosis patients has been calculated after tak-

ing into account the effect of cluster sampling. 30 clusters of 360/30 = 12 patients will have
to be selected. The following steps should be taken:
a) establish the list of the diagnostic centres with their annual number of patients (see

table below);
b) calculate the cumulative numbers of patients and record them in an additional col-

umn. Cumulative number for the second centre will be (number in the first centre) +
(number in the second centre). Cumulative number for the third centre will be (cumu-
lative number for the second centre) + (number in the third centre) and so on. The to-
tal number of patients diagnosed in the country is 6 322;

c) determine the sampling interval: 6 322 / 30 = 211;
d) select a number between 0 and 211 at random (with a table of random numbers or by using

the last digits of a currency note for example). In this case the number selected is 120;
e) the first cluster is selected using this number 120: it will be in the first centre because

120 falls between 0 and 246 (number of patients in the first centre);
f) selection of next clusters is performed by adding the sampling interval 211 each time

to this first number 120. The next number (120 + 211) = 331 falls between 246 and 
1 823 (cumulative number of patients for the second centre), therefore the 2nd cluster
is selected in the 2nd centre. The 3rd number (331 + 211) = 542 falls also between 246
and 1 823, the 3rd cluster is therefore selected in the 3rd centre as well.

annex
DATA COLLECTION FORMS

ANTI-TUBERCULOSIS DRUG RESISTANCE IN THE WORLD1



Confidence interval calculation

If cluster selection is performed with probability proportional to size (method de-
scribed above) and if clusters are of the same size, a simplified formula for the confidence
interval (CI) around the drug resistance prevalence is :

where P is the prevalence calculated for the total sample,
Pi is the prevalence calculated in each cluster i

n is the number of clusters (30)
To calculate the sum of the (Pi – P)2 over all 30 clusters the following table can be used:
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Name of Number of Cumulative Cluster
diagnostic patients diagnosed number number

centre per year of patients

A 246 246 1
B 1 577 1 823 2,3,4,5,6,7,8
C 468 2 291 9
D 340 2 631 10,11
E 220 2 851 12
F 246 3 097 13
G 190 3 287 14,15
H 1 124 4 411 16
I 61 4,472 17,18,19,20,21
J 154 4 626
K 139 4 765
L 60 4 825 22
M 14 4 839 23
N 38 4 877
O 19 4 896
P 41 4 937
Q 120 5 057
R 455 5 512
S 51 5 563 24
T 26 5 589 25,26
U 199 5 788
V 21 5 809
W 32 5 841 27
X 69 5 910
Y 6 5 916 28
Z 145 6 061

AA 129 6 190
BB 87 6 277 29
CC 10 6 287
DD 35 6 322 30



The total of the last column can then be used in the formula.

Source: ten Dam H.G. Surveillance of tuberculosis by means of tuberculin surveys. WHO/TB/85.145
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Cluster number Pi Pi – P (Pi – P)2

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30



1B SAFE SHIPMENT OF INFECTIOUS MATERIAL

For international quality control of susceptibility testing, cultures should be ex-
changed between the National Reference Laboratories and the Supranational Reference
Laboratories. Cultures of M. tuberculosis are enriched infectious material containing large
numbers of viable organisms that can cause disease in humans. The hazard is compounded
when cultures of resistant strains are transported.

Some international organizations, such as the Universal Postal Union, the
International Civil Aviation Organisation and the International Air Transport Organisation,
have developed guidelines and procedures designed to facilitate the safe and expeditious
shipment of infectious substances while at the same time ensuring the safety of transport
personnel and the general public.1 These organizations have also developed agreed com-
mon definitions, and packaging and labelling requirements.2,3 Information on the documen-
tation requirements should be obtained from the appropriate national authorities of the
country where the cultures are sent.

Infectious substances and diagnostic specimens likely to contain infectious sub-
stances require triple packaging in accordance with the recommendations of the United
Nations.3 Cultures of mycobacteria should be shipped on solid medium in screwcap tubes
or freeze dried in vials as primary watertight containers. Petri dish cultures and cultures in
liquid medium must not be shipped. The primary container should be entirely surrounded
by at least two cm of absorbant material and enclosed in a second, durable watertight con-
tainer. The tissue paper or cellulose wadding in the secondary container must be sufficient
to absorb all of the fluid in the specimen in case of leakage of the primary container. Several
primary containers may be enclosed in a single secondary container, if the total volume of
all the primary containers does not exceed 50 ml and there is no contact between them.4

Each set of primary and secondary containers should be enclosed in an outer shipping con-
tainer made of corrugated fibre board, cardboard, wood or other material of equivalent
strength.

One copy of the request forms, letters and other information that identifies or de-
scribes the specimen should be taped to the outside of the secondary container. Another
copy should be sent by air mail to the receiving laboratory and a third retained by the
sender. The outer container must bear the infectious substance (biohazard) label. The label
should be about 10 cm wide and printed in red on a white background. In addition to the
sender’s and recipient’s addresses, the telephone numbers and fax numbers if available
should also be put on the outside of the package.

Compliance with the shipment requirements is the responsibility of the shipper,
who must be familiar with the regulations. Failure to comply may result in fines and other
penalties. Hand carriage of infectious substances is strictly prohibited by international air
carriers, as is the use of diplomatic pouches.
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1C FORM 1: SPUTUM SHIPMENT FORM
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Country: ............................................. Diagnostic Centre: ................................

Code:................................................. Code:..................................................

IDENTIFICATION OF THE PATIENT

Name:.............................................................................................................

TB district number: ............................... Date registered:
Day Mo Yr

Sex: Male Female

Age: ..... Years

Date of sputum collection: A...................... B .......................

Result of smear:.................................................................................................



1D FORM 2: CLINICAL INFORMATION
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Country: ............................................. Diagnostic Centre: ................................

Code:................................................. Code:..................................................

A. IDENTIFICATION OF THE PATIENT

Name:.............................................................................................................

TB district number: ............................... Date registered:
Day Mo Yr

Sex: Male Female

Age: ........... Years

Date of sputum collection: A...................... B .......................

Country specific data (to be decided by the co-ordinating team):

for example, country of origin ......................................

HIV status

history of drug abuse

B. HISTORY GIVEN BY THE PATIENT

B1 Previously treated for TB? Yes No

If the answer is no, go to B2, if yes, go to B3.
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B2 Standardized history

- how long have you been sick? .........................................................................

- have you had the same symptoms prior to this episode?......................................

- have you had other symptoms of lung disease prior to this episode

(hemoptysis, chest pain, cough)? ......................................................................

- have you had X-ray examinations prior to this episode? ......................................

- have you had sputum examinations prior to this episode? ..................................

- have you had drug treatment for more than one month? .....................................

if yes, what were the names of the drugs?.....................................

- have you ever received injections for more than one month?................................

Did the patient remember previous treatment for TB after these
questions?

Yes No If yes continue with B3

B3 Information about previous treatment

- where was the patient treated? ........................................................................

- when was the patient treated? .........................................................................

- how long was the patient treated? ....................................................................

- which drugs were used for treatment? ...............................................................

- by whom was the patient treated? ....................................................................

- how many courses of treatment were given? .....................................................

- Outcome of the last treatment according to the patient.

cured not cured unknown
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C. MEDICAL RECORDS

After extensive checking through the medical files and other documents
available in the health centre, have you discovered that the patient has been
registered for tuberculosis treatment before?

No Yes

If yes, what was the outcome of the last course of chemotherapy?

cured treatment completed 

defaulted failed

transferred-out

D. FINAL DECISION

D1 Patient has been previously treated for TB for more than a month

Yes (answer to question B1 or B2 and/or C was yes)

No (answer to B1 and B2 and/or C was no)

Doubtful

D2 If yes, what was the outcome of previous treatment?

cured/treatment completed

failed

defaulted

chronic

relapse/defaulter not distinguishable

unknown

Responsible Officer: .........................................................................................
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Country: ............................................. Diagnostic Centre: ................................

Code:................................................. Code:..................................................

A. PATIENT

Number:............................................. Date of receipt:
Day Mo Yr

B. IDENTIFICATION

Sample A: Sample B:

M. tuberculosis M. tuberculosis

M. bovis M. bovis

M. africanum M. africanum

Negative Negative

Contaminated Contaminated

Other Other

1E FORM 3: RESULTS OF BACTERIOLOGICAL EXAMINATION
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C. SUSCEPTIBILITY OF M. TUBERCULOSIS

Susceptible to:    Resistant to:

Isoniazid Isoniazid

Rifampicin Rifampicin

Ethambutol Ethambutol

Streptomycin Streptomycin

Date of recording:
Day Mo Yr

Responsible Officer: .........................................................................................

This form is to be made out in two copies. The original is to be sent to the
diagnostic centre, the copy is filed at the central laboratory.
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1F REPORT OF SURVEY RESULTS AND NTP PROFILE

PROFILE FOR ANTI-TUBERCULOSIS DRUG RESISTANCE SURVEILLANCE

COUNTRY .......................................

1. Total population in year of survey ................................................................

2. Year of Notifications Total Rate /
Survey_________ Number 100 000

New cases of
pulmonary TB smear

+

smear
–

New Extrapulmonary TB

Retreatment cases
smear

+

smear
–

3. Estimated tuberculosis incidence (all cases)/100 000/year ............................

4. Estimated proportion of tuberculosis patients HIV+.........................................

5. Date of establishment of National Tuberculosis Programme .............................

6. % of districts covered by NTP......................................................................



7. Are regimens for treatment standardized in the country? ...........[yes] ....... [no]

8. % of patients detected receiving Short Course Chemotherapy .........................

9. Is administration of treatment directly observed?.......................[yes] ....... [no]

If yes, during the first two months?..........................................[yes] ....... [no]

If yes, during all the treatment? ..............................................[yes] ....... [no]

% of patients receiving directly observed treatment..............................................

10. Date from which directly observed treatment was established as national policy
...............................................................................................................

11. Are combination drugs used (HR, HRZ)?..................................[yes] ....... [no]

If yes, please specify which combination, and...............................................

in what percentage of patients?...................................................................

12. Year of introduction of isoniazid in the country’s public sector:

...............................................................................................................

13. Year of introduction of rifampicin in the country’s public sector: .......................

14. Are TB drugs available in the private market? ..........................[yes] ....... [no]

If yes, please specify which drugs and which preparations:

...............................................................................................................

...............................................................................................................

15. Estimated % of tuberculosis patients diagnosed and treated in the private sector

...............................................................................................................

...............................................................................................................

16. Any study available on quality of drugs in the country?

...............................................................................................................

If yes, please specify the results

...............................................................................................................

References ................................................................................................

...............................................................................................................
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17. Principal Investigator:

...............................................................................................................

18. Other members of the WHO/IUATLD Working Group on Global Anti-tuberculosis
Drug Resistance Surveillance:

...............................................................................................................

...............................................................................................................

19. National Reference Laboratory (NRL)

...............................................................................................................

20. Supranational Reference Laboratory (SRL)

...............................................................................................................

21. Concordance between the NRL and SRL:

22. How were the strains selected?

...............................................................................................................

23. Survey / Surveillance started

...............................................................................................................

Period of enrolment in the survey:

from .............................................to ........................................................
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DRUG RESISTANCE RESULTS

Absolute numbers H R S E

Resistant strains sent to SRL for QC
Resistant strains in agreement

Sensitive strains sent to SRL for QC
Sensitive strains in agreement



24. Sampling method

...............................................................................................................

25. Method for culture

...............................................................................................................

26. Method for susceptibility testing

...............................................................................................................

...............................................................................................................

27. Total number of patients enrolled

...............................................................................................................

28. Age and sex breakdown
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0–14 15–24 25–34 35–44 45–54 55–65 65+

Male

Female
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ANNEX1

Primary Acquired

No. 95% CI No. 95% CI

Total tested

Fully sensitive

Any resistance

Mono-resistance

H

R

E

S

H+R resistance

HR

HRE

HRS

HRSE

H+ other resistance

HE

HS

HES

R+ other resistance

RS

RE

RES

Other multi-resistance

ES

Any H resistance

Any R resistance

PATTERNS OF ANTI-TUBERCULOSIS DRUG RESISTANCE

Date: ......................................... Signed by: .........................................



1G DRUG-RESISTANT TUBERCULOSIS BY GEOGRAPHIC ORIGIN*

* Geographic origin in this context means place of birth and not citizenship
*** Multi-drug resistant tuberculosis (tuberculosis resistant to at least INH and RMP)
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Born in Foreign Unknown Total

the country born place

Number of strains tested

of birth

Sensitive to all drugs

Any resistance

MDR***

Number of strains tested

Sensitive to all drugs

Any resistance

MDR**

Country: ............................................. Year: ...................................................

New
cases

Previously

treated

cases

References
1 International Air Transport Association. Dangerous Goods Regulations, 37th Edition, effective 1 January 1996, IATA: 

Montreal — Geneva.
2 Safe shipment of specimens and infectious materials. In: World Health Organization. Laboratory biosafety manual. Second 

edition. Geneva 1993: pp. 48–54.
3 United Nations. Recommendations on the transport of dangerous goods. Seventh edition revised. New York 1989.
4 Kent PT, Kubica GP. Public health mycobacteriology. A guide for the level III laboratory. Atlanta 1985.
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PROFILE OF THE COUNTRY AND ITS CONTROL PROGRAMME

• Population: 18 310 000

• World Bank Income Category: High-income

• Tuberculosis case notification: 5.4/100 000

• Tuberculosis estimated incidence: 8.0/100 000

• Notified incidence of new sputum smear positive TB: 207 cases 
1.1/100 000

• Treatment success: Not available

• Previously treated cases: 6.0% of all
patients registered

• MTB/HIV estimated co-infection rate: 4.0/100 000

• HIV-positive TB cases: 1.0%

• WHO Control Category: 5

• Year N.T.P. was established: 1950

• Year of Rifampicin Introduction: 1968

• Standardized Regimens: Yes

• Use of Short Course Chemotherapy: 96%

• Use of Directly Observed Therapy: during 1st 2 months: No
(0% of patients)
During continuation phase: No

• Use of Fixed Dose Combination: No (0% of patients)

• Treatment In Private Sector: Cat. 3
Category 1: virtually all TB patients public sector
Category 2: <15% in private sector
Category 3: 15% or more in private sector
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AUSTRALIA
YEAR OF SURVEY: 1996

CHARACTERISTICS OF THE SURVEY/SURVEILLANCE PROGRAMME

Target Area: Country-wide

Sampling Method: All cases

Sampling Fraction: 100%

Study duration: 12 months

Culture Media: Löwenstein-Jensen & Bactec

Drug Suceptibility Testing Method: Bactec

Laboratory accuracy: 100.0%

Rifampicin specificity: 100.0%

DRUG RESISTANCE INDICATORS%

Any resistance MDR-TB All 4 drugs Any resistance MDR-TB All 4 drugs Any resistance MDR-TB All 4 drugs

NEW CASES PREVIOUSLY TREATED CASES ALL CASES COMBINED
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New cases Previously treated Combined
cases

N % N % N %

Total number of strains tested 750 100

SUSCEPTIBLE TO ALL 4 DRUGS 671 89.5

ANY RESISTANCE 79 10.5
- Isoniazid (INH) 73 9.7
- Rifampicin (RMP) 16 2.1
- Ethambutol (EMB) 2 .3
- Streptomycin (SM) 14 7.3*

MONORESISTANCE 60 8.0
- Isoniazid (INH) 54 7.2
- Rifampicin (RMP) 1 .1
- Ethambutol (EMB) 1 .1
- Streptomycin (SM) 4 2.4*

MULTIDRUG RESISTANCE 15 2.0
- INH + RMP 8 1.1
- INH + RMP + EMB 1 .1
- INH + RMP + SM 6 .8
- INH + RMP + EMB + SM 0 .0

OTHER PATTERNS 4 .5
- INH + EMB 0 .0
- INH + SM 4 .5
- INH + EMB + SM 0 .0
- RMP + EMB 0 .0
- RMP + SM 0 .0
- RMP + EMB + SM 0 .0
- EMB + SM 0 .0

NUMBER OF DRUGS RESISTANT TO:
-     0 671 89.5
-     1 60 8.0
-     2 12 1.6
-     3 7 .9
-    4 0 .0

PREVALENCE OF DRUG RESISTANCE

* Only approximately 20% of strains are tested for SM in Australia



PROFILE OF THE COUNTRY AND ITS CONTROL PROGRAMME

• Population: 10 170 226

• World Bank Income Category: High-income

• Tuberculosis case notification: 12.7/100 000

• Tuberculosis estimated incidence: 16.0/100 000

• Notified incidence of new sputum smear positive TB: 434 cases 
4.3/100 000

• Treatment success: 80%

• Previously treated cases: 9.9% of all patients registered

• MTB/HIV estimated co-infection rate: 10.0/100 000

• HIV-positive TB cases: 4.0%

• WHO Control Category: 1

• Year N.T.P. was established: 

• Year of Rifampicin Introduction: 1967

• Standardized Regimens: Yes

• Use of Short Course Chemotherapy: Not available

• Use of Directly Observed Therapy: during 1st 2 months: Yes
(2% of patients) 
During continuation phase: Yes

• Use of Fixed Dose Combination: Yes (4% of patients)

• Treatment In Private Sector: Cat. 3
Category 1: virtually all TB patients public sector
Category 2: <15% in private sector
Category 3: 15% or more in private sector
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BELGIUM
YEAR OF SURVEY: 1997*

CHARACTERISTICS OF THE SURVEY/SURVEILLANCE PROGRAMME

Target Area: Country-wide

Sampling Method: All cases

Sampling Fraction: 100%

Study duration: 12 months

Culture Media: Löwenstein-Jensen & Bactec

Drug Suceptibility Testing Method: Proportion

Laboratory accuracy: 90.0%

Rifampicin specificity: 100.0%

DRUG RESISTANCE INDICATORS%

* Provided data only for INH and RMP resistance

Any resistance MDR-TB All 4 drugs Any resistance MDR-TB All 4 drugs Any resistance MDR-TB All 4 drugs

NEW CASES PREVIOUSLY TREATED CASES ALL CASES COMBINED



141 A
N

T
I-

T
U

B
E

R
C

U
L

O
S

IS
 D

R
U

G
 R

E
S

IS
T

A
N

C
E

 I
N

 T
H

E
 W

O
R

L
D

ANNEX2

New cases Previously treated Combined*
cases

N % N % N %

Total number of strains tested 791 100

SUSCEPTIBLE TO ALL 4 DRUGS

ANY RESISTANCE
- Isoniazid (INH) 84 10.6
- Rifampicin (RMP) 19 2.4
- Ethambutol (EMB)
- Streptomycin (SM)

MONORESISTANCE
- Isoniazid (INH) 68 8.6
- Rifampicin (RMP) 3 .4
- Ethambutol (EMB)
- Streptomycin (SM)

MULTIDRUG RESISTANCE 16 2.0
- INH + RMP
- INH + RMP + EMB
- INH + RMP + SM
- INH + RMP + EMB + SM

OTHER PATTERNS
- INH + EMB
- INH + SM
- INH + EMB + SM
- RMP + EMB
- RMP + SM
- RMP + EMB + SM
- EMB + SM

NUMBER OF DRUGS RESISTANT TO:
-     0
-     1
-     2
-     3
-    4

PREVALENCE OF DRUG RESISTANCE

* No testing for SM and EMB
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PROFILE OF THE COUNTRY AND ITS CONTROL PROGRAMME

BOTSWANA
YEAR OF SURVEY: 1999

• Population: 1 500 000

• World Bank Income Category: Upper-middle-income

• Tuberculosis case notification: 455.7/100 000

• Tuberculosis estimated incidence: 503.0/100 000

• Notified incidence of new sputum smear positive TB: 2 826 cases 
180/100 000

• Treatment success: 70%

• Previously treated cases: 8.7% of all patients registered

• MTB/HIV estimated co-infection rate: 4 781.0/100 000

• HIV-positive TB cases: 50.0%

• WHO Control Category: 4

• Year N.T.P. was established: 1975

• Year of Rifampicin Introduction: 1986

• Standardized Regimens: Yes

• Use of Short Course Chemotherapy: 100%

• Use of Directly Observed Therapy: during 1st 2 months: Yes
(100% of patients) 
During continuation phase: Yes

• Use of Fixed Dose Combination: No (0% of patients)

• Treatment In Private Sector: Cat. 1
Category 1: virtually all TB patients public sector
Category 2: <15% in private sector
Category 3: 15% or more in private sector

CHARACTERISTICS OF THE SURVEY/SURVEILLANCE PROGRAMME

Target Area: Country-wide

Sampling Method: Random

Sampling Fraction: 10%

Study duration: 5 months

Culture Media: Löwenstein-Jensen

Drug Suceptibility Testing Method: Resistance Ratio

Laboratory accuracy: 94.0%

Rifampicin specificity: 100.0%
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DRUG RESISTANCE INDICATORS%

Any resistance MDR-TB All 4 drugs Any resistance MDR-TB All 4 drugs Any resistance MDR-TB All 4 drugs

NEW CASES PREVIOUSLY TREATED CASES ALL CASES COMBINED
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New cases Previously treated Combined*
cases

N % N % N %

Total number of strains tested 638 100 145 100 100

SUSCEPTIBLE TO ALL 4 DRUGS 598 93.7 112 77.2 92.3

ANY RESISTANCE 40 6.3 33 22.8 7.7
- Isoniazid (INH) 28 4.4 24 16.6 5.4
- Rifampicin (RMP) 4 .6 19 13.1 1.7
- Ethambutol (EMB) 1 .2 4 2.8 .4
- Streptomycin (SM) 14 2.2 7 4.8 2.4

MONORESISTANCE 34 5.3 18 12.4 5.9
- Isoniazid (INH) 23 3.6 9 6.2 3.8
- Rifampicin (RMP) 1 .2 6 4.1 .5
- Ethambutol (EMB) 0 .0 0 .0 .0
- Streptomycin (SM) 10 1.6 3 2.1 1.6

MULTIDRUG RESISTANCE 3 .5 13 9.0 1.2
- INH + RMP 2 .3 7 4.8 .7
- INH + RMP + EMB 0 .0 3 2.1 .2
- INH + RMP + SM 1 .2 3 2.1 .3
- INH + RMP + EMB + SM 0 .0 0 .0 .0

OTHER PATTERNS 2 .3 2 1.4 .3
- INH + EMB 0 .0 1 .7 .1
- INH + SM 2 .3 1 .7 .3
- INH + EMB + SM 0 .0 0 .0 .0
- RMP + EMB 0 .0 0 .0 .0
- RMP + SM 0 .0 0 .0 .0
- RMP + EMB + SM 0 .0 0 .0 .0
- EMB + SM 1 .2 0 .0 .1

NUMBER OF DRUGS RESISTANT TO:
-     0 598 93.7 112 77.2 92.3
-     1 34 5.3 18 12.4 5.9
-     2 5 .8 9 6.2 1.3
-     3 1 .2 6 4.1 .5
-    4 0 .0 0 .0 .0

PREVALENCE OF DRUG RESISTANCE

* Combined estimates were calculated from resistance among new and previously treated cases but weighted by the proportion of retreatment cases in the NTP



PROFILE OF THE COUNTRY AND ITS CONTROL PROGRAMME

• Population: 30 008 416

• World Bank Income Category: High-income

• Tuberculosis case notification: 6.6/100 000

• Tuberculosis estimated incidence: 7.0/100 000

• Notified incidence of new sputum smear positive TB: 447 cases
1.7/100 000

• Treatment success: Not available

• Previously treated cases: 10.0% of all patients 
registered

• MTB/HIV estimated co-infection rate: 10.0/100 000

• HIV-positive TB cases: 2.0%

• WHO Control Category: 5

• Year N.T.P. was established: Not available

• Year of Rifampicin Introduction: 1969

• Standardized Regimens: No

• Use of Short Course Chemotherapy: % not available

• Use of Directly Observed Therapy: during 1st 2 months: 
Not available (% of patients)

• Use of Fixed Dose Combination: Not available

• Treatment In Private Sector: Cat. 1
Category 1: virtually all TB patients public sector
Category 2: <15% in private sector
Category 3: 15% or more in private sector
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CANADA
YEAR OF SURVEY: 1997

CHARACTERISTICS OF THE SURVEY/SURVEILLANCE PROGRAMME

Target Area: Country-wide

Sampling Method: All cases 

Sampling Fraction: 100%

Study duration: 12 months

Culture Media: Various

Drug Suceptibility Testing Method: Bactec

Laboratory accuracy: 98.0%

Rifampicin specificity: 100.0%

DRUG RESISTANCE INDICATORS%

Any resistance MDR-TB All 4 drugs Any resistance MDR-TB All 4 drugs Any resistance MDR-TB All 4 drugs

NEW CASES PREVIOUSLY TREATED CASES ALL CASES COMBINED
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New cases Previously treated Combined
cases

N % N % N %

Total number of strains tested 1 593 100

SUSCEPTIBLE TO ALL 4 DRUGS 1 425 89.5

ANY RESISTANCE 168 10.5
- Isoniazid (INH) 126 7.9
- Rifampicin (RMP) 18 1.1
- Ethambutol (EMB) 21 1.3
- Streptomycin (SM) 82 5.1

MONORESISTANCE 108 6.8
- Isoniazid (INH) 66 4.1
- Rifampicin (RMP) 1 .1
- Ethambutol (EMB) 5 .3
- Streptomycin (SM) 36 2.3

MULTIDRUG RESISTANCE 17 1.1
- INH + RMP 6 .4
- INH + RMP + EMB 1 .1
- INH + RMP + SM 7 .4
- INH + RMP + EMB + SM 3 .2

OTHER PATTERNS 43 2.7
- INH + EMB 7 .4
- INH + SM 31 1.9
- INH + EMB + SM 5 .3
- RMP + EMB 0 .0
- RMP + SM 0 .0
- RMP + EMB + SM 0 .0
- EMB + SM 0 .0

NUMBER OF DRUGS RESISTANT TO:
-     0 1 425 89.5
-     1 108 6.8
-     2 44 2.8
-     3 13 .8
-    4 3 .2

PREVALENCE OF DRUG RESISTANCE
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PROFILE OF THE COUNTRY AND ITS CONTROL PROGRAMME

CENTRAL AFRICAN REPUBLIC (Bangui)
YEAR OF SURVEY: 1998

• Population: 620 000

• World Bank Income Category: Low-income

• Tuberculosis case notification: 139.9/100 000

• Tuberculosis estimated incidence: 237/100 000

• Notified incidence of new sputum smear positive TB: 2 637 cases 
75.7/100 000

• Treatment success: 65%

• Previously treated cases: 9.9% of all patients registered

• MTB/HIV estimated co-infection rate: 2 119.0/100 000

• HIV-positive TB cases: 48.5%

• WHO Control Category: 1

• Year N.T.P. was established: 1995

• Year of Rifampicin Introduction: 1980

• Standardized Regimens: Yes

• Use of Short Course Chemotherapy: 100%

• Use of Directly Observed Therapy:  during 1st 2 months: No
(0% of patients) 
During continuation phase: No

• Use of Fixed Dose Combination: Yes (100% of patients)

• Treatment In Private Sector: Cat. 1
Category 1: virtually all TB patients public sector
Category 2: <15% in private sector
Category 3: 15% or more in private sector

CHARACTERISTICS OF THE SURVEY/SURVEILLANCE PROGRAMME

Target Area: Capital City

Sampling Method: All cases

Sampling Fraction: 100%

Study duration: 3 months

Culture Media: Löwenstein-Jensen

Drug Suceptibility Testing Method: Proportion

Laboratory accuracy: 97.0%

Rifampicin specificity: 100.0%
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ANNEX2

New cases Previously treated Combined*
cases

N % N % N %

Total number of strains tested 464 100 33 100 100

SUSCEPTIBLE TO ALL 4 DRUGS 388 83.6 21 63.6 81.6

ANY RESISTANCE 76 16.4 12 36.4 18.4
- Isoniazid (INH) 44 9.5 10 30.3 11.5
- Rifampicin (RMP) 6 1.3 7 21.2 3.3
- Ethambutol (EMB) 11 2.4 6 18.2 3.9
- Streptomycin (SM) 51 11.0 4 12.1 11.1

MONORESISTANCE 50 10.8 4 12.1 10.9
- Isoniazid (INH) 19 4.1 3 9.1 4.6
- Rifampicin (RMP) 1 .2 0 .0 .2
- Ethambutol (EMB) 0 .0 0 .0 .0
- Streptomycin (SM) 30 6.5 1 3.0 6.1

MULTIDRUG RESISTANCE 5 1.1 6 18.2 2.8
- INH + RMP 2 .4 0 .0 .4
- INH + RMP + EMB 2 .4 3 9.1 1.3
- INH + RMP + SM 0 .0 2 6.1 .6
- INH + RMP + EMB + SM 1 .2 1 3.0 .5

OTHER PATTERNS 21 4.5 2 6.1 4.4
- INH + EMB 1 .2 1 3.0 .5
- INH + SM 13 2.8 0 .0 2.5
- INH + EMB + SM 6 1.3 0 .0 1.2
- RMP + EMB 0 .0 1 3.0 .3
- RMP + SM 0 .0 0 .0 .0
- RMP + EMB + SM 0 .0 0 .0 .0
- EMB + SM 1 .2 0 .0 .2

NUMBER OF DRUGS RESISTANT TO:
-     0 388 83.6 21 63.6 81.6
-     1 50 10.8 4 12.1 10.9
-     2 17 3.7 2 6.1 3.9
-     3 8 1.7 5 15.2 3.1
-    4 1 .2 1 3.0 .5

PREVALENCE OF DRUG RESISTANCE

* Combined estimates were calculated from resistance among new and previously treated cases but weighted by the proportion of retreatment cases in the NTP
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PROFILE OF THE COUNTRY AND ITS CONTROL PROGRAMME

CHILE
YEAR OF SURVEY: 1997

• Population: 14 622 350

• World Bank Income Category: Upper-middle-income

• Tuberculosis case notification: 26.5/100 000

• Tuberculosis estimated incidence: 29.0/100 000

• Notified incidence of new sputum smear positive TB: 1 524 cases
10.2/100 000

• Treatment success: 80%

• Previously treated cases: 16.0% of all patients 
registered

• MTB/HIV estimated co-infection rate: 21.0/100 000

• HIV-positive TB cases: 1.0%

• WHO Control Category: 4

• Year N.T.P. was established: 1973

• Year of Rifampicin Introduction: 1982

• Standardized Regimens: Yes

• Use of Short Course Chemotherapy: 100%

• Use of Directly Observed Therapy:  during 1st 2 months: Yes
(99% of patients) 
During continuation phase: Yes

• Use of Fixed Dose Combination: No (0% of patients)

• Treatment In Private Sector: Cat. 2
Category 1: virtually all TB patients public sector
Category 2: <15% in private sector
Category 3: 15% or more in private sector

CHARACTERISTICS OF THE SURVEY/SURVEILLANCE PROGRAMME

Target Area: Country-wide

Sampling Method: Proportionate cluster

Sampling Fraction: 50%

Study duration: 6 months

Culture Media: Löwenstein-Jensen

Drug Suceptibility Testing Method: Proportion

Laboratory accuracy: 100.0%

Rifampicin specificity: 100.0%
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ANNEX2

New cases Previously treated Combined*
cases

N % N % N %

Total number of strains tested 732 100 149 100 100

SUSCEPTIBLE TO ALL 4 DRUGS 664 90.7 122 81.9 89.3

ANY RESISTANCE 66 9.0 27 18.1 10.5
- Isoniazid (INH) 28 3.8 16 10.7 4.9
- Rifampicin (RMP) 5 .7 9 6.0 1.5
- Ethambutol (EMB) 0 .0 1 .7 .1
- Streptomycin (SM) 54 7.4 19 12.8 8.2

MONORESISTANCE 46 6.3 13 8.7 6.7
- Isoniazid (INH) 9 1.2 3 2.0 1.4
- Rifampicin (RMP) 1 .1 1 .7 .2
- Ethambutol (EMB) 0 .0 0 .0 .0
- Streptomycin (SM) 36 4.9 9 6.0 5.1

MULTIDRUG RESISTANCE 3 .4 7 4.7 1.1
- INH + RMP 2 .3 3 2.0 .6
- INH + RMP + EMB 0 .0 1 .7 .1
- INH + RMP + SM 1 .1 3 2.0 .4
- INH + RMP + EMB + SM 0 .0 0 .0 .0

OTHER PATTERNS 17 2.3 7 4.7 2.1
- INH + EMB 0 .0 0 .0 .0
- INH + SM 16 2.2 6 4.0 2.5
- INH + EMB + SM 0 .0 0 .0 .0
- RMP + EMB 0 .0 0 .0 .0
- RMP + SM 1 .1 1 .7 .2
- RMP + EMB + SM 0 .0 0 .0 .0
- EMB + SM 1 .0 0 .0 .0

NUMBER OF DRUGS RESISTANT TO:
-     0 664 90.7 122 81.9 89.3
-     1 46 6.3 13 8.7 6.7
-     2 19 2.6 10 6.7 3.3
-     3 1 .1 4 2.7 .5
-    4 0 .0 0 .0 .0

PREVALENCE OF DRUG RESISTANCE

* Combined estimates were calculated from resistance among new and previously treated cases but weighted by the proportion of retreatment cases in the NTP
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PROFILE OF THE COUNTRY AND ITS CONTROL PROGRAMME

CHINA (Henan Province)
YEAR OF SURVEY: 1996

• Population: 92 000 000

• World Bank Income Category: Lower-middle-income

• Tuberculosis case notification: 34.4/100 000

• Tuberculosis estimated incidence: 100.0/100 000

• Notified incidence of new sputum smear positive TB: 9 422 cases
10.2/100 000

• Treatment success: 91%

• Previously treated cases: 17.9% of all patients 
registered

• MTB/HIV estimated co-infection rate: 12.0/100 000

• HIV-positive TB cases: 0.0%

• WHO Control Category: 2

• Year N.T.P. was established: 1991

• Year of Rifampicin Introduction: 1972

• Standardized Regimens: Yes

• Use of Short Course Chemotherapy: 41%

• Use of Directly Observed Therapy:  during 1st 2 months: Yes
(41% of patients) 
During continuation phase: Yes

• Use of Fixed Dose Combination: Yes (20% of patients)

• Treatment In Private Sector: Cat. 3
Category 1: virtually all TB patients public sector
Category 2: <15% in private sector
Category 3: 15% or more in private sector

CHARACTERISTICS OF THE SURVEY/SURVEILLANCE PROGRAMME

Target Area: Province

Sampling Method: Proportionate cluster

Sampling Fraction: 11%

Study duration: 9 months

Culture Media: Löwenstein-Jensen

Drug Suceptibility Testing Method: Proportion

Laboratory accuracy: 90.8%

Rifampicin specificity: 92.0%
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ANNEX2

New cases Previously treated COMBINED*
cases

N % N % N %

Total number of strains tested 646 100 726 100 100

SUSCEPTIBLE TO ALL 4 DRUGS 420 65.0 247 34.0 59.5

ANY RESISTANCE 226 35.0 479 66.0 40.5
- Isoniazid (INH) 155 24.0 354 48.8 28.4
- Rifampicin (RMP) 94 14.6 316 43.5 19.7
- Ethambutol (EMB) 50 7.7 137 18.9 9.7
- Streptomycin (SM) 168 26.0 368 50.7 30.4

MONORESISTANCE 86 13.3 112 15.4 13.7
- Isoniazid (INH) 33 5.1 35 4.8 5.1
- Rifampicin (RMP) 9 1.4 19 2.6 1.6
- Ethambutol (EMB) 3 .5 4 .6 .5
- Streptomycin (SM) 41 6.3 54 7.4 6.5

MULTIDRUG RESISTANCE 70 10.8 250 34.4 15.1
- INH + RMP 9 1.4 36 5.0 2.0
- INH + RMP + EMB 1 .2 9 1.2 .3
- INH + RMP + SM 33 5.1 112 15.4 7.0
- INH + RMP + EMB + SM 27 4.2 93 12.8 5.7

OTHER PATTERNS 70 10.8 117 16.1 10.6
- INH + EMB 2 .3 2 .3 .3
- INH + SM 42 6.5 58 8.0 6.8
- INH + EMB + SM 8 1.2 9 1.2 1.2
- RMP + EMB 1 .2 6 .8 .3
- RMP + SM 9 1.4 28 3.9 1.8
- RMP + EMB + SM 5 .8 13 1.8 1.0
- EMB + SM 3 .5 1 .1 .4

NUMBER OF DRUGS RESISTANT TO:
-     0 440 65.0 247 34.0 62.0
-     1 86 13.3 112 15.4 13.7
-     2 66 10.2 131 18.0 11.6
-     3 47 7.3 143 19.7 9.5
-    4 27 4.2 93 12.8 5.7

PREVALENCE OF DRUG RESISTANCE

* Combined estimates were calculated from resistance among new and previously treated cases but weighted by the proportion of retreatment cases in 
the NTP.



PROFILE OF THE COUNTRY AND ITS CONTROL PROGRAMME

• Population: 70 137 262

• World Bank Income Category: Lower-middle-income

• Tuberculosis case notification: 52.3/100 000

• Tuberculosis estimated incidence: 52.0/100 000

• Notified incidence of new sputum smear positive TB: 26 200 cases 
37.4/100 000

• Treatment success: 94%

• Previously treated cases: 10.0% of all patients registered

• MTB/HIV estimated co-infection rate: 12.0/100 000

• HIV-positive TB cases: 0%

• WHO Control Category: 4

• Year N.T.P. was established: 1992

• Year of Rifampicin Introduction: 1980

• Standardized Regimens: Yes

• Use of Short Course Chemotherapy: 100%

• Use of Directly Observed Therapy:  during 1st 2 months: Yes
(100% of patients) 
During continuation phase: Yes

• Use of Fixed Dose Combination: No (0% of patients)

• Treatment In Private Sector: Cat. 1
Category 1: virtually all TB patients public sector
Category 2: <15% in private sector
Category 3: 15% or more in private sector
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CHINA (Guangdong Province)
YEAR OF SURVEY: 1998–99*

CHARACTERISTICS OF THE SURVEY/SURVEILLANCE PROGRAMME

Target Area: Province

Sampling Method: Proportionate cluster

Sampling Fraction: 5%

Study duration: 12 months

Culture Media: Löwenstein-Jensen

Drug Suceptibility Testing Method: Resistance ratio

Laboratory accuracy: 95.8%

Rifampicin specificity: 97.0%
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* Preliminary
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ANNEX2

New cases Previously treated Combined*
cases

N % N % N %

Total number of strains tested 461 100 63 100 100

SUSCEPTIBLE TO ALL 4 DRUGS 401 87.0 39 61.9 84.5

ANY RESISTANCE 60 13.0 24 38.1 15.5
- Isoniazid (INH) 43 9.3 15 23.8 10.8
- Rifampicin (RMP) 16 3.5 14 22.2 5.3
- Ethambutol (EMB) 11 2.4 9 14.3 3.6
- Streptomycin (SM) 28 6.1 13 20.6 7.5

MONORESISTANCE 37 8.0 9 14.3 8.7
- Isoniazid (INH) 22 4.8 2 3.2 4.6
- Rifampicin (RMP) 2 .4 1 1.6 .5
- Ethambutol (EMB) 0 .0 0 .0 .0
- Streptomycin (SM) 13 2.8 6 9.5 3.5

MULTIDRUG RESISTANCE 13 2.8 11 17.5 4.3
- INH + RMP 4 .9 4 6.3 1.4
- INH + RMP + EMB 2 .4 3 4.8 .9
- INH + RMP + SM 2 .4 0 .0 .4
- INH + RMP + EMB + SM 5 1.1 4 6.3 1.6

OTHER PATTERNS 10 2.2 4 6.3 2.1
- INH + EMB 1 .2 0 .0 .2
- INH + SM 6 1.3 1 1.6 1.3
- INH + EMB + SM 1 .2 1 1.6 .4
- RMP + EMB 1 .2 1 1.6 .4
- RMP + SM 0 .0 1 1.6 .2
- RMP + EMB + SM 0 .0 0 .0 .0
- EMB + SM 1 .2 0 .0 .2

NUMBER OF DRUGS RESISTANT TO:
-     0 401 87.0 39 61.9 84.5
-     1 37 8.0 9 14.3 8.7
-     2 13 2.8 7 11.1 3.6
-     3 5 1.1 4 6.3 1.6
-    4 5 1.1 4 6.3 1.6

PREVALENCE OF DRUG RESISTANCE

* Combined estimates were calculated from resistance among new and previously treated cases but weighted by the proportion of retreatment cases in 
the NTP
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PROFILE OF THE COUNTRY AND ITS CONTROL PROGRAMME

CHINA (Hong Kong SAR*)
YEAR OF SURVEY: 1996

• Population: 6 311 000

• World Bank Income Category: High-income

• Tuberculosis case notification: 105.0/100 000

• Tuberculosis estimated incidence: 103.0/100 000

• Notified incidence of new sputum smear positive TB: 2 118 cases
33.6/100 000

• Treatment success: 89%

• Previously treated cases: 4.0% of all patients registered

• MTB/HIV estimated co-infection rate: 18.0/100 000

• HIV-positive TB cases: 0%

• WHO Control Category: 1

• Year N.T.P. was established: 1979

• Year of Rifampicin Introduction: 1970

• Standardized Regimens: Yes

• Use of Short Course Chemotherapy: 96%

• Use of Directly Observed Therapy:  during 1st 2 months: Yes
(90% of patients) 
During continuation phase: Yes

• Use of Fixed Dose Combination: Yes (5% of patients)

• Treatment In Private Sector: Cat. 2
Category 1: virtually all TB patients public sector
Category 2: <15% in private sector
Category 3: 15% or more in private sector

CHARACTERISTICS OF THE SURVEY/SURVEILLANCE PROGRAMME

Target Area: Province

Sampling Method: All cases

Sampling Fraction: 100%

Study duration: 12 months

Culture Media: Löwenstein-Jensen

Drug Suceptibility Testing Method: Absolute concentration

Laboratory accuracy: 94.2%

Rifampicin specificity: 100.0%
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ANNEX2

New cases Previously treated Combined
cases

N % N % N %

Total number of strains tested 4 424 100 783 100 5 207 100

SUSCEPTIBLE TO ALL 4 DRUGS 3 883 87.8 572 73.1 4 455 85.6

ANY RESISTANCE 541 12.2 211 26.9 752 14.4
- Isoniazid (INH) 270 6.1 136 17.4 406 7.8
- Rifampicin (RMP) 70 1.6 91 11.6 161 3.1
- Ethambutol (EMB) 70 1.6 47 6.0 117 2.2
- Streptomycin (SM) 364 8.2 128 16.3 492 9.4

MONORESISTANCE 374 8.5 98 12.5 472 9.1
- Isoniazid (INH) 114 2.6 30 3.8 144 2.8
- Rifampicin (RMP) 2 .0 10 1.3 12 .2
- Ethambutol (EMB) 23 .5 5 .6 28 .5
- Streptomycin (SM) 235 5.3 53 6.8 288 5.5

MULTIDRUG RESISTANCE 62 1.4 75 9.6 137 2.6
- INH + RMP 15 .3 19 2.4 34 .7
- INH + RMP + EMB 12 .3 14 1.8 26 .5
- INH + RMP + SM 21 .5 22 2.8 43 .8
- INH + RMP + EMB + SM 14 .3 20 2.6 34 .7

OTHER PATTERNS 105 2.4 38 4.9 143 2.7
- INH + EMB 6 .1 3 .4 9 .2
- INH + SM 83 1.9 26 3.3 109 2.1
- INH + EMB + SM 5 .1 2 .3 7 .1
- RMP + EMB 5 .1 2 .3 7 .1
- RMP + SM 1 .0 4 .5 5 .1
- RMP + EMB + SM 0 .0 0 .0 .0
- EMB + SM 5 .1 1 .1 6 .1

NUMBER OF DRUGS RESISTANT TO:
-     0 3 883 87.8 572 73.1 4 455 85.6
-     1 374 8.5 98 12.5 472 9.1
-     2 115 2.6 55 7.0 170 3.3
-     3 38 .9 38 4.9 76 1.5
-    4 14 .3 20 2.6 34 .7

PREVALENCE OF DRUG RESISTANCE



PROFILE OF THE COUNTRY AND ITS CONTROL PROGRAMME

• Population: 88 100 000

• World Bank Income Category: Lower-middle-income

• Tuberculosis case notification: 28.7/100 000

• Tuberculosis estimated incidence: 90.0/100 000

• Notified incidence of new sputum smear positive TB: 13 064 cases 
14.8/100 000

• Treatment success: 94%

• Previously treated cases: 21.3% of all patients registered

• MTB/HIV estimated co-infection rate: 12.0/100 000

• HIV-positive TB cases: 0%

• WHO Control Category: 4

• Year N.T.P. was established: 1980

• Year of Rifampicin Introduction: 1981

• Standardized Regimens: Yes

• Use of Short Course Chemotherapy: 100%

• Use of Directly Observed Therapy:  during 1st 2 months: Yes
(100% of patients) 
During continuation phase: Yes

• Use of Fixed Dose Combination: No (0% of patients)

• Treatment In Private Sector: Cat. 1
Category 1: virtually all TB patients public sector
Category 2: <15% in private sector
Category 3: 15% or more in private sector
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CHINA (Shandong Province)
YEAR OF SURVEY: 1997

CHARACTERISTICS OF THE SURVEY/SURVEILLANCE PROGRAMME

Target Area: Province

Sampling Method: Proportionate cluster

Sampling Fraction: 5%

Study duration: 12 months

Culture Media: Löwenstein-Jensen

Drug Suceptibility Testing Method: Proportion

Laboratory accuracy: 95.8%

Rifampicin specificity: 100.0%
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ANNEX2

New cases Previously treated Combined*
cases

N % N % N %

Total number of strains tested 1 009 100 220 100 100

SUSCEPTIBLE TO ALL 4 DRUGS 831 82.4 110 50.0 75.5

ANY RESISTANCE 178 17.6 110 50.0 24.5
- Isoniazid (INH) 114 11.3 89 40.5 17.5
- Rifampicin (RMP) 38 3.8 51 23.2 7.9
- Ethambutol (EMB) 17 1.7 23 10.5 3.6
- Streptomycin (SM) 123 12.2 76 34.5 17.0

MONORESISTANCE 99 9.8 35 15.9 11.1
- Isoniazid (INH) 38 3.8 21 9.5 5.0
- Rifampicin (RMP) 6 .6 1 .5 .6
- Ethambutol (EMB) 1 .1 0 .0 .1
- Streptomycin (SM) 54 5.4 13 5.9 5.5

MULTIDRUG RESISTANCE 29 2.9 43 19.5 6.4
- INH + RMP 4 .4 7 3.2 1.0
- INH + RMP + EMB 2 .2 4 1.8 .5
- INH + RMP + SM 14 1.4 16 7.3 2.6
- INH + RMP + EMB + SM 9 .9 16 7.3 2.3

OTHER PATTERNS 50 5.0 32 14.5 4.6
- INH + EMB 3 .3 1 .5 .3
- INH + SM 43 4.3 22 10.0 5.5
- INH + EMB + SM 1 .1 2 .9 .3
- RMP + EMB 1 .1 0 .0 .1
- RMP + SM 2 .2 7 3.2 .8
- RMP + EMB + SM 0 .0 0 .0 .0
- EMB + SM 0 .0 0 .0 .0

NUMBER OF DRUGS RESISTANT TO:
-     0 831 82.4 110 50.0 75.5
-     1 99 9.8 35 15.9 11.1
-     2 53 5.3 37 16.8 7.7
-     3 17 1.7 22 10.0 3.5
-    4 9 .9 16 7.3 2.3

PREVALENCE OF DRUG RESISTANCE

* Combined estimates were calculated from resistance among new and previously treated cases but weighted by the proportion of retreatment cases in 
the NTP



PROFILE OF THE COUNTRY AND ITS CONTROL PROGRAMME

• Population: 44 223 000

• World Bank Income Category: Lower-middle-income

• Tuberculosis case notification: 42.5/100 000

• Tuberculosis estimated incidence: 43.0/100 000

• Notified incidence of new sputum smear positive TB: 5 428 cases
12.3/100 000

• Treatment success: 90%

• Previously treated cases: 16.0% of all patients 
registered

• MTB/HIV estimated co-infection rate: 12.0/100 000

• HIV-positive TB cases: 0%

• WHO Control Category: 2

• Year N.T.P. was established: 1994

• Year of Rifampicin Introduction:

• Standardized Regimens: Yes

• Use of Short Course Chemotherapy: 100%

• Use of Directly Observed Therapy:  during 1st 2 months: Yes
(60% of patients) 
During continuation phase: No

• Use of Fixed Dose Combination: No (0% of patients)

• Treatment In Private Sector: Cat. 1
Category 1: virtually all TB patients public sector
Category 2: <15% in private sector
Category 3: 15% or more in private sector
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CHINA (Zhejiang Province)
YEAR OF SURVEY: 1998–99

CHARACTERISTICS OF THE SURVEY/SURVEILLANCE PROGRAMME

Target Area: Province

Sampling Method: Proportionate cluster

Sampling Fraction: 4%

Study duration: 12 months

Culture Media: Löwenstein-Jensen

Drug Suceptibility Testing Method: Proportion

Laboratory accuracy: 95.0%

Rifampicin specificity: 100.0%
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ANNEX2

New cases Previously treated Combined*
cases

N % N % N %

Total number of strains tested 802 100 140 100 100

SUSCEPTIBLE TO ALL 4 DRUGS 683 85.2 57 40.7 78.1

ANY RESISTANCE 119 14.8 83 59.3 21.9
- Isoniazid (INH) 71 8.9 62 44.3 14.5
- Rifampicin (RMP) 52 6.5 63 45.0 12.6
- Ethambutol (EMB) 12 1.5 25 17.9 4.1
- Streptomycin (SM) 72 9.0 39 27.9 12.0

MONORESISTANCE 67 8.4 26 18.6 10.0
- Isoniazid (INH) 22 2.7 10 7.1 3.4
- Rifampicin (RMP) 13 1.6 9 6.4 2.4
- Ethambutol (EMB) 2 .2 1 .7 .3
- Streptomycin (SM) 30 3.7 6 4.3 3.8

MULTIDRUG RESISTANCE 36 4.5 49 35.0 9.4
- INH + RMP 10 1.2 20 14.3 3.3
- INH + RMP + EMB 0 .0 1 .7 .1
- INH + RMP + SM 17 2.1 10 7.1 2.9
- INH + RMP + EMB + SM 9 1.1 18 12.9 3.0

OTHER PATTERNS 16 2.0 8 5.7 1.8
- INH + EMB 0 .0 1 .7 .1
- INH + SM 12 1.5 0 .0 1.3
- INH + EMB + SM 1 .1 2 1.4 .3
- RMP + EMB 0 .0 2 1.4 .2
- RMP + SM 3 .4 3 2.1 .7
- RMP + EMB + SM 0 .0 0 .0 .0
- EMB + SM 0 .0 0 .0 .0

NUMBER OF DRUGS RESISTANT TO:
-     0 683 85.2 57 40.7 78.1
-     1 67 8.4 26 18.6 10.0
-     2 25 3.1 26 18.6 5.6
-     3 18 2.2 13 9.3 3.4
-    4 9 1.1 18 12.9 3.0

PREVALENCE OF DRUG RESISTANCE

* Combined estimates were calculated from resistance among new and previously treated cases but weighted by the proportion of retreatment cases in 
the NTP



PROFILE OF THE COUNTRY AND ITS CONTROL PROGRAMME

• Population: 40 772 994

• World Bank Income Category: Lower-middle-income

• Tuberculosis case notification: 21.1/100 000

• Tuberculosis estimated incidence: 55.0/100 000

• Notified incidence of new sputum smear positive TB: 6 881 cases
16.9/100 000 

• Treatment success: Not available

• Previously treated cases: 20.0% of all patients 
registered

• MTB/HIV estimated co-infection rate: 47.0/100 000

• HIV-positive TB cases: 2.0%

• WHO Control Category: 2

• Year N.T.P. was established: 1960

• Year of Rifampicin Introduction: 1981

• Standardized Regimens: Yes

• Use of Short Course Chemotherapy: 90%

• Use of Directly Observed Therapy:  during 1st 2 months: Yes
(50% of patients) 
During continuation phase: Yes

• Use of Fixed Dose Combination: Yes (100% of patients)

• Treatment In Private Sector: Cat.
Category 1: virtually all TB patients public sector
Category 2: <15% in private sector
Category 3: 15% or more in private sector
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COLOMBIA
YEAR OF SURVEY: 1999*

CHARACTERISTICS OF THE SURVEY/SURVEILLANCE PROGRAMME

Target Area: Country-wide

Sampling Method: Cluster

Sampling Fraction: 10%

Study duration: 12 months

Culture Media: Ogawa

Drug Suceptibility Testing Method: Proportion

Laboratory accuracy: 97.0%

Rifampicin specificity: 100.0%

DRUG RESISTANCE INDICATORS

* Preliminary

%

Any resistance MDR-TB All 4 drugs Any resistance MDR-TB All 4 drugs Any resistance MDR-TB All 4 drugs

NEW CASES PREVIOUSLY TREATED CASES ALL CASES COMBINED
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ANNEX2

New cases Previously treated Combined
cases

N % N % N %

Total number of strains tested 201 100

SUSCEPTIBLE TO ALL 4 DRUGS 174 86.6

ANY RESISTANCE 27 13.4
- Isoniazid (INH) 17 8.5
- Rifampicin (RMP) 1 .5
- Ethambutol (EMB) 1 .5
- Streptomycin (SM) 20 10.0

MONORESISTANCE 16 8.0
- Isoniazid (INH) 6 3.0
- Rifampicin (RMP) 0 .0
- Ethambutol (EMB) 0 .0
- Streptomycin (SM) 10 5.0

MULTIDRUG RESISTANCE 1 .5
- INH + RMP 1 .5
- INH + RMP + EMB 0 .0
- INH + RMP + SM 0 .0
- INH + RMP + EMB + SM 0 .0

OTHER PATTERNS 10 5.0
- INH + EMB 0 .0
- INH + SM 9 4.5
- INH + EMB + SM 1 .5
- RMP + EMB 0 .0
- RMP + SM 0 .0
- RMP + EMB + SM 0 .0
- EMB + SM 0 .0

NUMBER OF DRUGS RESISTANT TO:
-     0 174 86.6
-     1 16 8.0
-     2 10 5.0
-     3 1 .5
-    4 0 .0

PREVALENCE OF DRUG RESISTANCE



PROFILE OF THE COUNTRY AND ITS CONTROL PROGRAMME

• Population: 11 035 992

• World Bank Income Category: Lower-middle-income

• Tuberculosis case notification: 11.1/100 000

• Tuberculosis estimated incidence: 18.0/100 000

• Notified incidence of new sputum smear positive TB: 744 cases 
6.7/100 000

• Treatment success: 91%

• Previously treated cases: 4.9% of all patients registered

• MTB/HIV estimated co-infection rate: 1.0/100 000

• HIV-positive TB cases: 0%

• WHO Control Category: 4

• Year N.T.P. was established: 1963

• Year of Rifampicin Introduction: 1982

• Standardized Regimens: Yes

• Use of Short Course Chemotherapy: 100%

• Use of Directly Observed Therapy:  during 1st 2 months: Yes
(100% of patients) 
During continuation phase: Yes

• Use of Fixed Dose Combination: No (0% of patients)

• Treatment In Private Sector: Cat. 1
Category 1: virtually all TB patients public sector
Category 2: <15% in private sector
Category 3: 15% or more in private sector
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CUBA
YEAR OF SURVEY: 1998

CHARACTERISTICS OF THE SURVEY/SURVEILLANCE PROGRAMME

Target Area: Country-wide

Sampling Method: Proportionate cluster

Sampling Fraction: 33%

Study duration: 12 months

Culture Media: Löwenstein-Jensen

Drug Suceptibility Testing Method: Proportion

Laboratory accuracy: 98.0%

Rifampicin specificity: 100.0%

0

5

10

15

20

25

30

35

40

45

50
DRUG RESISTANCE INDICATORS%

Any resistance MDR-TB All 4 drugs Any resistance MDR-TB All 4 drugs Any resistance MDR-TB All 4 drugs

NEW CASES PREVIOUSLY TREATED CASES ALL CASES COMBINED



163 A
N

T
I-

T
U

B
E

R
C

U
L

O
S

IS
 D

R
U

G
 R

E
S

IS
T

A
N

C
E

 I
N

 T
H

E
 W

O
R

L
D

ANNEX2

New cases Previously treated Combined
cases

N % N % N %

Total number of strains tested 284 100 43 100 327 100

SUSCEPTIBLE TO ALL 4 DRUGS 271 95.4 29 67.4 300 91.7

ANY RESISTANCE 13 4.6 14 32.6 27 8.3
- Isoniazid (INH) 2 .7 8 18.6 10 3.1
- Rifampicin (RMP) 0 .0 3 7.0 3 .9
- Ethambutol (EMB) 1 .4 0 .0 1 .3
- Streptomycin (SM) 11 3.9 9 20.9 20 6.1

MONORESISTANCE 12 4.2 10 23.3 22 6.7
- Isoniazid (INH) 2 .7 4 9.3 6 1.8
- Rifampicin (RMP) 0 .0 0 .0 0 .0
- Ethambutol (EMB) 0 .0 0 .0 0 .0
- Streptomycin (SM) 10 3.5 6 14.0 16 4.9

MULTIDRUG RESISTANCE 0 .0 3 7.0 3 .9
- INH + RMP 0 .0 1 2.3 1 .3
- INH + RMP + EMB 0 .0 0 .0 0 .0
- INH + RMP + SM 0 .0 2 4.7 2 .6
- INH + RMP + EMB + SM 0 .0 0 .0 0 .0

OTHER PATTERNS 1 .4 1 2.3 2 .6
- INH + EMB 0 .0 0 .0 0 .0
- INH + SM 0 .0 1 2.3 1 .3
- INH + EMB + SM 0 .0 0 .0 0 .0
- RMP + EMB 0 .0 0 .0 0 .0
- RMP + SM 0 .0 0 .0 0 .0
- RMP + EMB + SM 0 .0 0 .0 0 .0
- EMB + SM 1 .4 0 .0 1 .3

NUMBER OF DRUGS RESISTANT TO:
-     0 271 95.4 29 67.4 300 91.7
-     1 12 4.2 10 23.3 22 6.7
-     2 1 .4 2 4.7 3 .9
-     3 0 .0 2 4.7 2 .6
-    4 0 .0 0 .0 0 .0

PREVALENCE OF DRUG RESISTANCE
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PROFILE OF THE COUNTRY AND ITS CONTROL PROGRAMME

CZECH REPUBLIC
YEAR OF SURVEY: 1999

• Population: 10 294 943

• World Bank Income Category: Upper-middle-income

• Tuberculosis case notification: 17.4/100 000

• Tuberculosis estimated incidence: 20/100 000

• Notified incidence of new sputum smear positive TB: 545 cases 
5.3/100 000 

• Treatment success: 90%

• Previously treated cases: 3.5% of all patients registered

• MTB/HIV estimated co-infection rate: 3.0/100 000

• HIV-positive TB cases: 1.0%

• WHO Control Category: 4

• Year N.T.P. was established: 1982

• Year of Rifampicin Introduction: 1980

• Standardized Regimens: Yes

• Use of Short Course Chemotherapy: 80%

• Use of Directly Observed Therapy:  during 1st 2 months: Yes
(90% of patients) 
During continuation phase: Yes

• Use of Fixed Dose Combination: Yes (100% of patients)

• Treatment In Private Sector: Cat. 3
Category 1: virtually all TB patients public sector
Category 2: <15% in private sector
Category 3: 15% or more in private sector

CHARACTERISTICS OF THE SURVEY/SURVEILLANCE PROGRAMME

Target Area: Country-wide

Sampling Method: All cases

Sampling Fraction: 100%

Study duration: 12 months

Culture Media: Löwenstein-Jensen & others

Drug Suceptibility Testing Method: Proportion

Laboratory accuracy: 98.0%

Rifampicin specificity: 100.0%
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ANNEX2

New cases Previously treated Combined*
cases

N % N % N %

Total number of strains tested 311 100 52 100 100

SUSCEPTIBLE TO ALL 4 DRUGS 300 96.5 41 78.8 95.8

ANY RESISTANCE 11 3.5 11 21.2 4.2
- Isoniazid (INH) 10 3.2 11 21.2 3.8
- Rifampicin (RMP) 6 1.9 6 11.5 2.3
- Ethambutol (EMB) 4 1.3 6 11.5 1.6
- Streptomycin (SM) 7 2.3 5 9.6 2.5

MONORESISTANCE 4 1.3 4 7.7 1.5
- Isoniazid (INH) 3 1.0 4 7.7 1.2
- Rifampicin (RMP) 1 .3 0 .0 .3
- Ethambutol (EMB) 0 .0 0 .0 .0
- Streptomycin (SM) 0 .0 0 .0 .0

MULTIDRUG RESISTANCE 5 1.6 6 11.5 2.0
- INH + RMP 0 .0 1 1.9 .1
- INH + RMP + EMB 0 .0 0 .0 .0
- INH + RMP + SM 1 .3 0 .0 .3
- INH + RMP + EMB + SM 4 1.3 5 9.6 1.6

OTHER PATTERNS 2 .6 1 1.9 .6
- INH + EMB 0 .0 1 1.9 .1
- INH + SM 2 .6 0 .0 .6
- INH + EMB + SM 0 .0 0 .0 .0
- RMP + EMB 0 .0 0 .0 .0
- RMP + SM 0 .0 0 .0 .0
- RMP + EMB + SM 0 .0 0 .0 .0
- EMB + SM 0 .0 0 .0 .0

NUMBER OF DRUGS RESISTANT TO:
-     0 300 96.5 41 78.8 95.8
-     1 4 1.3 4 7.7 1.5
-     2 2 .6 2 3.8 .8
-     3 1 .3 0 .0 .3
-    4 4 1.3 5 9.6 1.6

PREVALENCE OF DRUG RESISTANCE

* Combined estimates were calculated from resistance among new and previously treated cases but weighted by the proportion of retreatment cases in 
the NTP



PROFILE OF THE COUNTRY AND ITS CONTROL PROGRAMME

• Population: 5 294 860

• World Bank Income Category: High-income

• Tuberculosis case notification: 10.1/100 000

• Tuberculosis estimated incidence: 11.0/100 000

• Notified incidence of new sputum smear positive TB: 139 cases 
2.6/100 000

• Treatment success: 90%

• Previously treated cases: 8.3% of all patients registered

• MTB/HIV estimated co-infection rate: 8.0/100 000

• HIV-positive TB cases: 1.0%

• WHO Control Category: 1

• Year N.T.P. was established: 

• Year of Rifampicin Introduction: 1969

• Standardized Regimens: Yes

• Use of Short Course Chemotherapy: 99%

• Use of Directly Observed Therapy:  during 1st 2 months: No
(0% of patients) 
During continuation phase: No

• Use of Fixed Dose Combination: No (0% of patients)

• Treatment In Private Sector: Cat. 1
Category 1: virtually all TB patients public sector
Category 2: <15% in private sector
Category 3: 15% or more in private sector
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DENMARK
YEAR OF SURVEY: 1998

CHARACTERISTICS OF THE SURVEY/SURVEILLANCE PROGRAMME

Target Area: Country-wide (Greenland and Faroe Island
excluded)

Sampling Method: All cases

Sampling Fraction: 100%

Study duration: 12 months

Culture Media: Löwenstein-Jensen & Bactec

Drug Suceptibility Testing Method: Bactec

Laboratory accuracy: 98.0%

Rifampicin specificity: 100.0%
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ANNEX2

New cases Previously treated Combined
cases

N % N % N %

Total number of strains tested 412 100 32 100 444 100

SUSCEPTIBLE TO ALL 4 DRUGS 358 86.9 28 87.5 386 86.9

ANY RESISTANCE 54 13.1 4 12.5 58 13.1
- Isoniazid (INH) 25 6.1 4 12.5 29 6.5
- Rifampicin (RMP) 2 .5 1 3.1 3 .7
- Ethambutol (EMB) 0 .0 1 3.1 1 .2
- Streptomycin (SM) 47 11.4 4 12.5 51 11.5

MONORESISTANCE 36 8.7 0 .0 36 8.1
- Isoniazid (INH) 7 1.7 0 .0 7 1.6
- Rifampicin (RMP) 0 .0 0 .0 0 .0
- Ethambutol (EMB) 0 .0 0 .0 0 .0
- Streptomycin (SM) 29 7.0 0 .0 29 6.5

MULTIDRUG RESISTANCE 2 .5 1 3.1 3 .7
- INH + RMP 0 .0 0 .0 0 .0
- INH + RMP + EMB 0 .0 0 .0 0 .0
- INH + RMP + SM 2 .5 0 .0 2 .5
- INH + RMP + EMB + SM 0 .0 1 3.1 1 .2

OTHER PATTERNS 16 3.9 3 9.4 19 4.3
- INH + EMB 0 .0 0 .0 0 .0
- INH + SM 16 3.9 3 9.4 19 4.3
- INH + EMB + SM 0 .0 0 .0 0 .0
- RMP + EMB 0 .0 0 .0 0 .0
- RMP + SM 0 .0 0 .0 0 .0
- RMP + EMB + SM 0 .0 0 .0 0 .0
- EMB + SM 0 .0 0 .0 0 .0

NUMBER OF DRUGS RESISTANT TO:
-     0 358 86.9 28 87.5 386 86.9
-     1 36 8.7 0 .0 36 8.1
-     2 16 3.9 3 9.4 19 4.3
-     3 2 .5 0 .0 2 .5
-    4 0 .0 1 3.1 1 .2

PREVALENCE OF DRUG RESISTANCE



PROFILE OF THE COUNTRY AND ITS CONTROL PROGRAMME

• Population: 52 211 175

• World Bank Income Category: High-income

• Tuberculosis case notification: 11.2/100 000

• Tuberculosis estimated incidence: 11.3/100 000

• Notified incidence of new sputum smear positive TB: Not
available

• Treatment success: Not available

• Previously treated cases: Not available 

• MTB/HIV estimated co-infection rate: 6.0/100 000

• HIV-positive TB cases: 2.0%

• WHO Control Category: 1

• Year N.T.P. was established: Not available

• Year of Rifampicin Introduction: 1969

• Standardized Regimens: Yes

• Use of Short Course Chemotherapy: 100%

• Use of Directly Observed Therapy:  during 1st 2 months: No
(0% of patients) 
During continuation phase: No

• Use of Fixed Dose Combination: Yes (% of patients not
available)

• Treatment In Private Sector: Cat. 1
Category 1: virtually all TB patients public sector
Category 2: <15% in private sector
Category 3: 15% or more in private sector

168

ANNEX
A

N
T

I-
T

U
B

E
R

C
U

L
O

S
IS

 D
R

U
G

 R
E

S
IS

T
A

N
C

E
 I

N
 T

H
E

 W
O

R
L

D
2

ENGLAND & WALES
YEAR OF SURVEY: 1997

CHARACTERISTICS OF THE SURVEY/SURVEILLANCE PROGRAMME

Target Area: Country-wide

Sampling Method: All cases

Sampling Fraction: 100%

Study duration: 12 months

Culture Media: Löwenstein-Jensen & Bactec

Drug Suceptibility Testing Method: Resistance ratio

Laboratory accuracy: 96.0%

Rifampicin specificity: 100.0%
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ANNEX2

New cases Previously treated Combined
cases

N % N % N %

Total number of strains tested 3 053 100 189 100 3 242 100

SUSCEPTIBLE TO ALL 4 DRUGS 2 834 92.8 147 77.8 2 981 91.9

ANY RESISTANCE 219 7.2 42 22.2 261 8.1
- Isoniazid (INH) 153 5.0 39 20.6 192 5.9
- Rifampicin (RMP) 26 .9 25 13.2 51 1.6
- Ethambutol (EMB) 9 .3 15 7.9 24 .7
- Streptomycin (SM) 115 6.6 19 16.6 134 7.2

MONORESISTANCE 153 5.0 14 7.4 167 5.2
- Isoniazid (INH) 88 2.9 11 5.8 99 3.1
- Rifampicin (RMP) 2 .1 0 .0 2 .1
- Ethambutol (EMB) 0 .0 0 .0 0 .0
- Streptomycin (SM) 63 3.6 3 2.6 66 3.5

MULTIDRUG RESISTANCE 24 .8 25 13.2 49 1.5
- INH + RMP 12 .4 8 4.2 20 .6
- INH + RMP + EMB 1 .0 3 1.6 4 .1
- INH + RMP + SM 6 .3 4 3.5 10 .5
- INH + RMP + EMB + SM 5 .3 10 8.7 15 .8

OTHER PATTERNS 42 1.4 3 1.6 45 1.4
- INH + EMB 1 .0 1 .5 2 .1
- INH + SM 39 2.2 1 .9 40 2.1
- INH + EMB + SM 1 .1 1 .9 2 .1
- RMP + EMB 0 .0 0 .0 0 .0
- RMP + SM 0 .0 0 .0 0 .0
- RMP + EMB + SM 0 .0 0 .0 0 .0
- EMB + SM 1 .1 0 .0 1 .1

NUMBER OF DRUGS RESISTANT TO:
-     0 2 834 92.8 147 77.8 2 981 91.9
-     1 153 5.0 14 7.4 167 5.2
-     2 53 1.7 10 5.3 63 1.9
-     3 8 .3 8 4.2 16 .5
-    4 5 .3 10 5.3 15 .5

PREVALENCE OF DRUG RESISTANCE*

* 1 303 patients were not tested for SM; thus,%s were calculated using n=3 053 for new cases, except where SM resistance (n=1 750). Similar 
for retreatments



PROFILE OF THE COUNTRY AND ITS CONTROL PROGRAMME

• Population: 1 453 884

• World Bank Income Category: Upper-middle-income

• Tuberculosis case notification: 56.4/100 000 

• Tuberculosis estimated incidence: 50.0/100 000

• Notified incidence of new sputum smear positive TB: 302 cases 
20.8/100 000 

• Treatment success: 62%

• Previously treated cases: 17.0% of all patients 
registered

• MTB/HIV estimated co-infection rate: 1.0/100 000

• HIV-positive TB cases: 0%

• WHO Control Category: 1

• Year N.T.P. was established: 1997

• Year of Rifampicin Introduction: 1974

• Standardized Regimens: Yes

• Use of Short Course Chemotherapy: % not available

• Use of Directly Observed Therapy:  during 1st 2 months: Yes
(13% of patients) 
During continuation phase: No

• Use of Fixed Dose Combination: Yes (30% of patients)

• Treatment In Private Sector: Cat. 1
Category 1: virtually all TB patients public sector
Category 2: <15% in private sector
Category 3: 15% or more in private sector
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ESTONIA
YEAR OF SURVEY: 1998

CHARACTERISTICS OF THE SURVEY/SURVEILLANCE PROGRAMME

Target Area: Country-wide

Sampling Method: All cases

Sampling Fraction: 100%

Study duration: 12 months

Culture Media: Löwenstein-Jensen & Bactec

Drug Suceptibility Testing Method: Proportion + Bactec

Laboratory accuracy: 90.4%

Rifampicin specificity: 100.0%
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ANNEX2

New cases Previously treated Combined*
cases

N % N % N %

Total number of strains tested 377 100 82 100 100

SUSCEPTIBLE TO ALL 4 DRUGS 238 63.1 33 40.2 59.2

ANY RESISTANCE 139 36.9 49 59.8 40.8
- Isoniazid (INH) 98 26.0 45 54.9 30.9
- Rifampicin (RMP) 54 14.3 32 39.0 18.5
- Ethambutol (EMB) 42 11.1 15 18.3 12.4
- Streptomycin (SM) 122 32.4 41 50.0 35.4

MONORESISTANCE 51 13.5 8 9.8 12.9
- Isoniazid (INH) 10 2.7 4 4.9 3.0
- Rifampicin (RMP) 1 .3 1 1.2 .4
- Ethambutol (EMB) 1 .3 0 .0 .2
- Streptomycin (SM) 39 10.3 3 3.7 9.2

MULTIDRUG RESISTANCE 53 14.1 31 37.8 18.1
- INH + RMP 1 .3 2 2.4 .6
- INH + RMP + EMB 2 .5 1 1.2 .6
- INH + RMP + SM 18 4.8 14 17.1 6.9
- INH + RMP + EMB + SM 32 8.5 14 17.1 9.9

OTHER PATTERNS 35 9.3 10 12.2 8.8
- INH + EMB 2 .5 0 .0 .4
- INH + SM 28 7.4 10 12.2 8.2
- INH + EMB + SM 5 1.3 0 .0 1.1
- RMP + EMB 0 .0 0 .0 .0
- RMP + SM 0 .0 0 .0 .0
- RMP + EMB + SM 0 .0 0 .0 .0
- EMB + SM 0 .0 0 .0 .0

NUMBER OF DRUGS RESISTANT TO:
-     0 238 63.1 33 40.2 59.2
-     1 51 13.5 8 9.8 12.9
-     2 31 8.2 12 14.6 9.3
-     3 25 6.6 15 18.3 8.6
-    4 32 8.5 14 17.1 9.9

PREVALENCE OF DRUG RESISTANCE

* Combined estimates were calculated from resistance among new and previously treated cases but weighted by the proportion of retreatment cases in 
the NTP



PROFILE OF THE COUNTRY AND ITS CONTROL PROGRAMME

• Population: 5 142 000

• World Bank Income Category: High-income

• Tuberculosis case notification: 11.1/100 000

• Tuberculosis estimated incidence: 13.0/100 000

• Notified incidence of new sputum smear positive TB: 186 cases 
3.6/100 000

• Treatment success: Not available

• Previously treated cases: .5% of all patients registered

• MTB/HIV estimated co-infection rate: 1.0/100 000

• HIV-positive TB cases: 0.5%

• WHO Control Category: 1

• Year N.T.P. was established: 1953

• Year of Rifampicin Introduction: 1972

• Standardized Regimens: Yes

• Use of Short Course Chemotherapy: 100%

• Use of Directly Observed Therapy: during 1st 2 months: No
(0% of patients) 
During continuation phase: No

• Use of Fixed Dose Combination: No (0% of patients)

• Treatment In Private Sector: Cat. 1
Category 1: virtually all TB patients public sector
Category 2: <15% in private sector
Category 3: 15% or more in private sector
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FINLAND
YEAR OF SURVEY: 1997

CHARACTERISTICS OF THE SURVEY/SURVEILLANCE PROGRAMME

Target Area: Country-wide

Sampling Method: All cases

Sampling Fraction: 100%

Study duration: 12 months

Culture Media: Löwenstein-Jensen

Drug Suceptibility Testing Method: Proportion

Laboratory accuracy: 95.0%

Rifampicin specificity: 100.0%
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ANNEX2

New cases Previously treated Combined
cases

N % N % N %

Total number of strains tested 410 100 2 100 412 100

SUSCEPTIBLE TO ALL 4 DRUGS 392 95.6 2 100.0 394 95.6

ANY RESISTANCE 20 4.9 0 .0 20 4.9
- Isoniazid (INH) 19 4.6 0 .0 19 4.6
- Rifampicin (RMP) 2 .5 0 .0 2 .5
- Ethambutol (EMB) 0 .0 0 .0 0 .0
- Streptomycin (SM) 3 .7 0 .0 3 .7

MONORESISTANCE 18 4.4 0 .0 18 4.4
- Isoniazid (INH) 17 4.1 0 .0 17 4.1
- Rifampicin (RMP) 0 .0 0 .0 0 .0
- Ethambutol (EMB) 0 .0 0 .0 0 .0
- Streptomycin (SM) 1 .2 0 .0 1 .2

MULTIDRUG RESISTANCE 0 .0 0 .0 0 .0
- INH + RMP 0 .0 0 .0 0 .0
- INH + RMP + EMB 0 .0 0 .0 0 .0
- INH + RMP + SM 0 .0 0 .0 0 .0
- INH + RMP + EMB + SM 0 .0 0 .0 0 .0

OTHER PATTERNS 2 .5 0 .0 2 .5
- INH + EMB 0 .0 0 .0 0 .0
- INH + SM 2 .5 0 .0 2 .5
- INH + EMB + SM 0 .0 0 .0 0 .0
- RMP + EMB 0 .0 0 .0 0 .0
- RMP + SM 0 .0 0 .0 0 .0
- RMP + EMB + SM 0 .0 0 .0 0 .0
- EMB + SM 0 .0 0 .0 0 .0

NUMBER OF DRUGS RESISTANT TO:
-     0 392 95.6 2 100.0 394 95.6
-     1 18 4.4 0 .0 18 4.4
-     2 2 .5 0 .0 2 .5
-     3 0 .0 0 .0 0 .0
-    4 0 .0 0 .0 0 .0

PREVALENCE OF DRUG RESISTANCE



PROFILE OF THE COUNTRY AND ITS CONTROL PROGRAMME

• Population: 56 000 000

• World Bank Income Category: High-income

• Tuberculosis case notification: 11.5/100 000

• Tuberculosis estimated incidence: 19/100 000

• Notified incidence of new sputum smear positive TB: 2 430 cases 
4.3/100 000

• Treatment success: Not available

• Previously treated cases: 10.0% of all patients 
registered

• MTB/HIV estimated co-infection rate: 2.0/100 000

• HIV-positive TB cases: 13.0%

• WHO Control Category: 1

• Year N.T.P. was established: Not available

• Year of Rifampicin Introduction: 1967

• Standardized Regimens: Yes

• Use of Short Course Chemotherapy: 100%

• Use of Directly Observed Therapy:  during 1st 2 months: No
(0% of patients) 
During continuation phase: No

• Use of Fixed Dose Combination: Yes (50% of patients)

• Treatment In Private Sector: Cat. 3
Category 1: virtually all TB patients public sector
Category 2: <15% in private sector
Category 3: 15% or more in private sector
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FRANCE
YEAR OF SURVEY: 1997

CHARACTERISTICS OF THE SURVEY/SURVEILLANCE PROGRAMME

Target Area: Sentinel sites

Sampling Method: All cases

Sampling Fraction: 100%

Study duration: 12 months

Culture Media: Löwenstein-Jensen & Bactec

Drug Suceptibility Testing Method: Proportion

Laboratory accuracy: 100.0%

Rifampicin specificity: 100.0%
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ANNEX2

New cases Previously treated Combined*
cases

N % N % N %

Total number of strains tested 787 100 65 100 973 100

SUSCEPTIBLE TO ALL 4 DRUGS 714 90.7 52 80.0 865 88.9

ANY RESISTANCE 73 9.3 13 20.0 108 11.1
- Isoniazid (INH) 28 3.6 5 7.7 39 4.0
- Rifampicin (RMP) 2 .3 4 6.2 8 .8
- Ethambutol (EMB) 1 .1 2 3.1 4 .4
- Streptomycin (SM) 52 6.6 8 12.3 79 8.1

MONORESISTANCE 63 8.0 9 13.8 91 9.3
- Isoniazid (INH) 18 2.3 2 3.1 23 2.4
- Rifampicin (RMP) 2 .3 1 1.5 3 .3
- Ethambutol (EMB) 1 .1 0 .0 1 .1
- Streptomycin (SM) 42 5.3 6 9.2 64 6.6

MULTIDRUG RESISTANCE 0 .0 2 3.1 4 .4
- INH + RMP 0 .0 1 1.5 1 .1
- INH + RMP + EMB 0 .0 0 .0 0 .0
- INH + RMP + SM 0 .0 0 .0 1 .1
- INH + RMP + EMB + SM 0 .0 1 1.5 2 .2

OTHER PATTERNS 10 1.3 2 3.1 13 1.3
- INH + EMB 0 .0 0 .0 0 .0
- INH + SM 10 1.3 1 1.5 12 1.2
- INH + EMB + SM 0 .0 0 .0 0 .0
- RMP + EMB 0 .0 1 1.5 1 .1
- RMP + SM 0 .0 0 .0 0 .0
- RMP + EMB + SM 0 .0 0 .0 0 .0
- EMB + SM 0 .0 0 .0 0 .0

NUMBER OF DRUGS RESISTANT TO:
-     0 714 90.7 52 80.0 865 88.9
-     1 63 8.0 9 13.8 91 9.3
-     2 10 1.3 3 4.6 14 1.4
-     3 0 .0 0 .0 1 .1
-    4 0 .0 1 1.5 2 .2

PREVALENCE OF DRUG RESISTANCE

* 121 TB cases could not be classified according to the history of treatment. These cases are included in the combined prevalence column.



PROFILE OF THE COUNTRY AND ITS CONTROL PROGRAMME

• Population: 82 200 000

• World Bank Income Category: High-income

• Tuberculosis case notification: 12.7/100 000

• Tuberculosis estimated incidence: 15.0/100 000

• Notified incidence of new sputum smear positive TB: 3 124 cases
3.8/100 000

• Treatment success: Not available 

• Previously treated cases: Not available 

• MTB/HIV estimated co-infection rate: 6.0/100 000

• HIV-positive TB cases: 2.0%

• WHO Control Category: 1

• Year N.T.P. was established: Not available

• Year of Rifampicin Introduction: 1969

• Standardized Regimens: Yes

• Use of Short Course Chemotherapy: 100%

• Use of Directly Observed Therapy:  during 1st 2 months: No
(0% of patients) 
During continuation phase: No

• Use of Fixed Dose Combination: Yes (20% of patients)

• Treatment In Private Sector: Cat. 3
Category 1: virtually all TB patients public sector
Category 2: <15% in private sector
Category 3: 15% or more in private sector
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GERMANY
YEAR OF SURVEY: 1998

CHARACTERISTICS OF THE SURVEY/SURVEILLANCE PROGRAMME

Target Area: Sentinel sites

Sampling Method: Random

Sampling Fraction: 66%

Study duration: 12 months

Culture Media: Löwenstein-Jensen & Bactec

Drug Suceptibility Testing Method: Proportion + Bactec

Laboratory accuracy: 98.0%

Rifampicin specificity: 100.0%
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ANNEX2

New cases Previously treated Combined
cases

N % N % N %

Total number of strains tested 1 455 100 256 100 1711 100

SUSCEPTIBLE TO ALL 4 DRUGS 1 326 91.1 210 82.0 1536 89.8

ANY RESISTANCE 129 8.9 46 18.0 175 10.2
- Isoniazid (INH) 83 5.7 41 16.0 124 7.2
- Rifampicin (RMP) 21 1.4 17 6.6 38 2.2
- Ethambutol (EMB) 17 1.2 10 3.9 27 1.6
- Streptomycin (SM) 69 4.7 18 7.0 87 5.1

MONORESISTANCE 89 6.1 24 9.4 113 6.6
- Isoniazid (INH) 47 3.2 19 7.4 66 3.9
- Rifampicin (RMP) 4 .3 1 .4 5 .3
- Ethambutol (EMB) 3 .2 1 .4 4 .2
- Streptomycin (SM) 35 2.4 3 1.2 38 2.2

MULTIDRUG RESISTANCE 13 .9 16 6.3 29 1.7
- INH + RMP 2 .1 5 2.0 7 .4
- INH + RMP + EMB 1 .1 2 .8 3 .2
- INH + RMP + SM 3 .2 4 1.6 7 .4
- INH + RMP + EMB + SM 7 .5 5 2.0 12 .7

OTHER PATTERNS 27 1.9 6 2.3 33 1.9
- INH + EMB 3 .2 0 .0 3 .2
- INH + SM 18 1.2 4 1.6 22 1.3
- INH + EMB + SM 2 .1 2 .8 4 .2
- RMP + EMB 0 .0 0 .0 0 .0
- RMP + SM 3 .2 0 .0 3 .2
- RMP + EMB + SM 1 .1 0 .0 1 .1
- EMB + SM 0 .0 0 .0 0 .0

NUMBER OF DRUGS RESISTANT TO:
-     0 1 326 91.1 210 82.0 1 536 89.8
-     1 89 6.1 24 9.4 113 6.6
-     2 26 1.8 9 3.5 35 2.0
-     3 7 .5 8 3.1 15 .9
-    4 7 .5 5 2.0 12 .7

PREVALENCE OF DRUG RESISTANCE



PROFILE OF THE COUNTRY AND ITS CONTROL PROGRAMME

• Population: 7 164 893

• World Bank Income Category: Low-income

• Tuberculosis case notification: 56.8/100 000

• Tuberculosis estimated incidence: 171.0/100 000

• Notified incidence of new sputum smear positive TB: 3 362 cases
46.9/100 000

• Treatment success: 77%

• Previously treated cases: 3.4% of all patients registered

• MTB/HIV estimated co-infection rate: 340.0/100 000

• HIV-positive TB cases: 10.0%

• WHO Control Category: 4

• Year N.T.P. was established: 1990

• Year of Rifampicin Introduction: 1986

• Standardized Regimens: Yes

• Use of Short Course Chemotherapy: 100%

• Use of Directly Observed Therapy:  during 1st 2 months: Yes
(100% of patients) 
During continuation phase: No

• Use of Fixed Dose Combination: Yes (100% of patients)

• Treatment In Private Sector: Cat. 3
Category 1: virtually all TB patients public sector
Category 2: <15% in private sector
Category 3: 15% or more in private sector
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GUINEA
YEAR OF SURVEY: 1998

CHARACTERISTICS OF THE SURVEY/SURVEILLANCE PROGRAMME

Target Area: Sentinel sites 

Sampling Method: Random

Sampling Fraction: 15%

Study duration: 10 months

Culture Media: Löwenstein-Jensen

Drug Suceptibility Testing Method: Proportion

Laboratory accuracy: 95.2%

Rifampicin specificity: 100.0%
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ANNEX2

New cases Previously treated Combined*
cases

N % N % N %

Total number of strains tested 539 100 32 100 100

SUSCEPTIBLE TO ALL 4 DRUGS 460 85.3 16 50.0 84.1

ANY RESISTANCE 79 14.7 16 50.0 15.9
- Isoniazid (INH) 50 9.3 16 50.0 10.7
- Rifampicin (RMP) 4 .7 9 28.1 1.7
- Ethambutol (EMB) 3 .6 6 18.8 1.2
- Streptomycin (SM) 51 9.5 11 34.4 10.3

MONORESISTANCE 53 9.8 3 9.4 9.8
- Isoniazid (INH) 24 4.5 3 9.4 4.6
- Rifampicin (RMP) 1 .2 0 .0 .2
- Ethambutol (EMB) 0 .0 0 .0 .0
- Streptomycin (SM) 28 5.2 0 .0 5.0

MULTIDRUG RESISTANCE 3 .6 9 28.1 1.5
- INH + RMP 1 .2 1 3.1 .3
- INH + RMP + EMB 0 .0 1 3.1 .1
- INH + RMP + SM 2 .4 3 9.4 .7
- INH + RMP + EMB + SM 0 .0 4 12.5 .4

OTHER PATTERNS 23 4.3 4 12.5 4.7
- INH + EMB 2 .4 0 .0 .4
- INH + SM 20 3.7 3 9.4 3.9
- INH + EMB + SM 1 .2 1 3.1 .3
- RMP + EMB 0 .0 0 .0 .0
- RMP + SM 0 .0 0 .0 .0
- RMP + EMB + SM 0 .0 0 .0 .0
- EMB + SM 0 .0 0 .0 .0

NUMBER OF DRUGS RESISTANT TO:
-     0 460 85.3 16 50.0 84.1
-     1 53 9.8 3 9.4 9.8
-     2 23 4.3 4 12.5 4.5
-     3 3 .6 5 15.6 1.1
-    4 0 .0 4 12.5 .4

PREVALENCE OF DRUG RESISTANCE

* Combined estimates were calculated from resistance among new and previously treated cases but weighted by the proportion of retreatment cases in 
the NTP



PROFILE OF THE COUNTRY AND ITS CONTROL PROGRAMME

• Population: 61 753 400

• World Bank Income Category: Low-income

• Tuberculosis case notification: 200.0/100 000

• Tuberculosis estimated incidence: 400.0/100 000

• Notified incidence of new sputum smear positive TB: 26 532 cases 
43.0/100 000

• Treatment success: 45%

• Previously treated cases: 17.2% of all patients registered

• MTB/HIV estimated co-infection rate: Not available

• HIV-positive TB cases: 4.4%

• WHO Control Category: 2

• Year N.T.P. was established: 1962

• Year of Rifampicin Introduction: 1983

• Standardized Regimens: Yes

• Use of Short Course Chemotherapy: 90%

• Use of Directly Observed Therapy:  during 1st 2 months: Yes
(% of patients not available) 
During continuation phase: Yes

• Use of Fixed Dose Combination: No (0% of patients)

• Treatment In Private Sector: Cat. 3
Category 1: virtually all TB patients public sector
Category 2: <15% in private sector
Category 3: 15% or more in private sector
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INDIA (Tamil Nadu State)
YEAR OF SURVEY: 1997

CHARACTERISTICS OF THE SURVEY/SURVEILLANCE PROGRAMME

Target Area: State

Sampling Method: Proportionate cluster

Sampling Fraction: 100%

Study duration: 2 months

Culture Media: Löwenstein-Jensen

Drug Suceptibility Testing Method: Resistance ratio

Laboratory accuracy: 98.7%

Rifampicin specificity: 100.0%
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ANNEX2

New cases Previously treated Combined*
cases

N % N % N %

Total number of strains tested 384 100 16 100 100

SUSCEPTIBLE TO ALL 4 DRUGS 312 81.3 8 50.0 75.9

ANY RESISTANCE 72 18.8 8 50.0 24.1
- Isoniazid (INH) 59 15.4 8 50.0 21.3
- Rifampicin (RMP) 17 4.4 4 25.0 8.0
- Ethambutol (EMB) 27 7.0 5 31.3 11.2
- Streptomycin (SM) 26 6.8 2 12.5 7.8

MONORESISTANCE 40 10.4 2 12.5 10.8
- Isoniazid (INH) 29 7.6 2 12.5 8.4
- Rifampicin (RMP) 2 .5 0 .0 .4
- Ethambutol (EMB) 2 .5 0 .0 .4
- Streptomycin (SM) 7 1.8 0 .0 1.5

MULTIDRUG RESISTANCE 13 3.4 4 25.0 7.1
- INH + RMP 2 .5 1 6.3 1.5
- INH + RMP + EMB 4 1.0 2 12.5 3.0
- INH + RMP + SM 0 .0 0 .0 .0
- INH + RMP + EMB + SM 7 1.8 1 6.3 2.6

OTHER PATTERNS 19 4.9 1 6.3 4.4
- INH + EMB 7 1.8 1 6.3 2.6
- INH + SM 5 1.3 0 .0 1.1
- INH + EMB + SM 5 1.3 1 6.3 2.2
- RMP + EMB 0 .0 0 .0 .0
- RMP + SM 0 .0 0 .0 .0
- RMP + EMB + SM 2 .5 0 .0 .4
- EMB + SM 0 .0 0 .0 .0

NUMBER OF DRUGS RESISTANT TO:
-     0 312 81.3 8 50.0 75.9
-     1 40 10.4 2 12.5 10.8
-     2 14 3.6 2 12.5 5.2
-     3 11 2.9 3 18.8 5.6
-    4 7 1.8 1 6.3 2.6

PREVALENCE OF DRUG RESISTANCE

* Combined estimates were calculated from resistance among new and previously treated cases but weighted by the proportion of retreatment cases in 
the NTP



PROFILE OF THE COUNTRY AND ITS CONTROL PROGRAMME

• Population: 60 776 152

• World Bank Income Category: Lower-middle-income

• Tuberculosis case notification: 17.7/100 000

• Tuberculosis estimated incidence: 55.0/100 000

• Notified incidence of new sputum smear positive TB: 5 253 cases
8.6/100 000

• Treatment success: 87%

• Previously treated cases: 4.0% of all patients registered

• MTB/HIV estimated co-infection rate: 0.0/100 000

• HIV-positive TB cases: 0%

• WHO Control Category: 3

• Year N.T.P. was established: 1989

• Year of Rifampicin Introduction: 1961

• Standardized Regimens: Yes

• Use of Short Course Chemotherapy: 100%

• Use of Directly Observed Therapy:  during 1st 2 months: Yes
(49% of patients) 
During continuation phase: No

• Use of Fixed Dose Combination: No (0% of patients)

• Treatment In Private Sector: Cat. 3
Category 1: virtually all TB patients public sector
Category 2: <15% in private sector
Category 3: 15% or more in private sector
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ISLAMIC REPUBLIC OF IRAN
YEAR OF SURVEY: 1997–98

CHARACTERISTICS OF THE SURVEY/SURVEILLANCE PROGRAMME

Target Area: Country-wide

Sampling Method: Random

Sampling Fraction: 10%

Study duration: 18 months

Culture Media: Löwenstein-Jensen

Drug Suceptibility Testing Method: Proportion

Laboratory accuracy: 94.0%

Rifampicin specificity: 100.0%

0

10

20

30

40

50

60

70

80

90

100
DRUG RESISTANCE INDICATORS%

Any resistance MDR-TB All 4 drugs Any resistance MDR-TB All 4 drugs Any resistance MDR-TB All 4 drugs

NEW CASES PREVIOUSLY TREATED CASES ALL CASES COMBINED



183 A
N

T
I-

T
U

B
E

R
C

U
L

O
S

IS
 D

R
U

G
 R

E
S

IS
T

A
N

C
E

 I
N

 T
H

E
 W

O
R

L
D

ANNEX2

New cases Previously treated Combined*
cases

N % N % N %

Total number of strains tested 666 100 56 100 100

SUSCEPTIBLE TO ALL 4 DRUGS 560 84.1 24 42.9 82.4

ANY RESISTANCE 106 15.9 32 57.1 17.6
- Isoniazid (INH) 65 9.8 28 50.0 11.4
- Rifampicin (RMP) 41 6.2 28 50.0 7.9
- Ethambutol (EMB) 31 4.7 18 32.1 5.8
- Streptomycin (SM) 65 9.8 22 39.3 10.9

MONORESISTANCE 54 8.1 4 7.1 8.1
- Isoniazid (INH) 18 2.7 1 1.8 2.7
- Rifampicin (RMP) 6 .9 0 .0 .9
- Ethambutol (EMB) 2 .3 0 .0 .3
- Streptomycin (SM) 28 4.2 3 5.4 4.3

MULTIDRUG RESISTANCE 33 5.0 27 48.2 6.7
- INH + RMP 8 1.2 7 12.5 1.7
- INH + RMP + EMB 1 2 2 3.6 .3
- INH + RMP + SM 6 9 2 3.6 1.0
- INH + RMP + EMB + SM 18 2.7 16 28.6 3.7

OTHER PATTERNS 19 2.9 1 1.8 2.8
- INH + EMB 5 .8 0 .0 .7
- INH + SM 8 1.2 0 .0 1.2
- INH + EMB + SM 1 .2 0 .0 .1
- RMP + EMB 1 .2 0 .0 .1
- RMP + SM 1 .2 1 1.8 .2
- RMP + EMB + SM 0 .0 0 .0 .0
- EMB + SM 3 .5 0 .0 .4

NUMBER OF DRUGS RESISTANT TO:
-     0 560 84.1 24 42.9 82.4
-     1 54 8.1 4 7.1 8.1
-     2 26 3.9 8 14.3 4.3
-     3 8 1.2 4 7.1 1.4
-    4 18 2.7 16 28.6 3.7

PREVALENCE OF DRUG RESISTANCE

* Combined estimates were calculated from resistance among new and previously treated cases but weighted by the proportion of retreatment cases in 
the NTP



PROFILE OF THE COUNTRY AND ITS CONTROL PROGRAMME

• Population: 5 900 000

• World Bank Income Category: High-income

• Tuberculosis case notification: 10.8/100 000

• Tuberculosis estimated incidence: 8.0/100 000

• Notified incidence of new sputum smear positive TB: 261 cases 
4.4/100 000

• Treatment success: 91%

• Previously treated cases: 3.1% of all patients registered

• MTB/HIV estimated co-infection rate: 4.0/100 000

• HIV-positive TB cases: 1%

• WHO Control Category: 4

• Year N.T.P. was established: 1997

• Year of Rifampicin Introduction: Not available

• Standardized Regimens: Yes

• Use of Short Course Chemotherapy: 100%

• Use of Directly Observed Therapy:  during 1st 2 months: Yes
(92% of patients) 
During continuation phase: Yes

• Use of Fixed Dose Combination: No (0% of patients)

• Treatment In Private Sector: Cat. 1
Category 1: virtually all TB patients public sector
Category 2: <15% in private sector
Category 3: 15% or more in private sector
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ISRAEL
YEAR OF SURVEY: 1998

CHARACTERISTICS OF THE SURVEY/SURVEILLANCE PROGRAMME

Target Area: Country-wide

Sampling Method: All cases

Sampling Fraction: 100%

Study duration: 12 months

Culture Media: Löwenstein-Jensen

Drug Suceptibility Testing Method: Resistance ratio

Laboratory accuracy: 95.0%

Rifampicin specificity: 100.0%

DRUG RESISTANCE INDICATORS%

Any resistance MDR-TB All 4 drugs Any resistance MDR-TB All 4 drugs Any resistance MDR-TB All 4 drugs

NEW CASES PREVIOUSLY TREATED CASES ALL CASES COMBINED
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ANNEX2

New cases Previously treated Combined
cases

N % N % N %

Total number of strains tested 307 100

SUSCEPTIBLE TO ALL 4 DRUGS 248 80.8

ANY RESISTANCE 59 19.2
- Isoniazid (INH) 48 15.6
- Rifampicin (RMP) 26 8.5
- Ethambutol (EMB) 19 6.2
- Streptomycin (SM) 49 16.0

MONORESISTANCE 16 5.2
- Isoniazid (INH) 5 1.6
- Rifampicin (RMP) 1 .3
- Ethambutol (EMB) 0 .0
- Streptomycin (SM) 10 3.3

MULTIDRUG RESISTANCE 25 8.1
- INH + RMP 4 1.3
- INH + RMP + EMB 0 .0
- INH + RMP + SM 11 3.6
- INH + RMP + EMB + SM 10 3.3

OTHER PATTERNS 18 5.9
- INH + EMB 0 .0
- INH + SM 9 2.9
- INH + EMB + SM 9 2.9
- RMP + EMB 0 .0
- RMP + SM 0 .0
- RMP + EMB + SM 0 .0
- EMB + SM 0 .0

NUMBER OF DRUGS RESISTANT TO:
-     0 248 80.8
-     1 16 5.2
-     2 13 4.2
-     3 20 6.5
-    4 10 3.3

PREVALENCE OF DRUG RESISTANCE



PROFILE OF THE COUNTRY AND ITS CONTROL PROGRAMME

• Population: 57 241 000

• World Bank Income Category: High-income

• Tuberculosis case notification: 8.5/100 000

• Tuberculosis estimated incidence: 10.0/100 000

• Notified incidence of new sputum smear positive TB: 1 903 cases 
3.3/100 000

• Treatment success: 83%

• Previously treated cases: 17.0% of all patients 
registered

• MTB/HIV estimated co-infection rate: 19.0/100 000

• HIV-positive TB cases: 8.0%

• WHO Control Category: 3

• Year N.T.P. was established: 1995

• Year of Rifampicin Introduction: 1971

• Standardized Regimens: Yes

• Use of Short Course Chemotherapy: 90%

• Use of Directly Observed Therapy: during 1st 2 months: Yes
(80% of patients) 
During continuation phase: No

• Use of Fixed Dose Combination: Yes (20% of patients)

• Treatment In Private Sector: Cat. 2
Category 1: virtually all TB patients public sector
Category 2: <15% in private sector
Category 3: 15% or more in private sector
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ITALY
YEAR OF SURVEY: 1998–99*

CHARACTERISTICS OF THE SURVEY/SURVEILLANCE PROGRAMME

Target Area: Half of the country*

Sampling Method: Cluster

Sampling Fraction: 23%

Study duration: 12 months

Culture Media: Löwenstein-Jensen & Bactec

Drug Suceptibility Testing Method: Proportion + Bactec

Laboratory accuracy: 98.0%

Rifampicin specificity: 100.0%
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* 100% isolates were sampled from 45 centres in half of the country
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ANNEX2

New cases Previously treated Combined*
cases

N % N % N %

Total number of strains tested 683 100 127 100 100

SUSCEPTIBLE TO ALL 4 DRUGS 599 87.7 50 39.4 79.5

ANY RESISTANCE 84 12.3 77 60.6 20.5
- Isoniazid (INH) 38 5.6 55 43.3 12.0
- Rifampicin (RMP) 15 2.2 57 44.9 9.5
- Ethambutol (EMB) 6 .9 34 26.8 5.3
- Streptomycin (SM) 48 7.0 38 29.9 10.9

MONORESISTANCE 65 9.5 20 15.7 10.6
- Isoniazid (INH) 20 2.9 6 4.7 3.2
- Rifampicin (RMP) 6 .9 6 4.7 1.5
- Ethambutol (EMB) 3 .4 1 .8 .5
- Streptomycin (SM) 36 5.3 8 6.3 5.4

MULTIDRUG RESISTANCE 8 1.2 43 33.9 6.7
- INH + RMP 5 .7 9 7.1 1.8
- INH + RMP + EMB 2 .3 14 11.0 2.1
- INH + RMP + SM 1 .1 9 7.1 1.3
- INH + RMP + EMB + SM 0 .0 11 8.7 1.5

OTHER PATTERNS 11 1.6 14 11.0 1.5
- INH + EMB 0 .0 1 .8 .1
- INH + SM 9 1.3 3 2.4 1.5
- INH + EMB + SM 1 .1 2 1.6 .4
- RMP + EMB 0 .0 3 2.4 .4
- RMP + SM 1 .1 3 2.4 .5
- RMP + EMB + SM 0 .0 2 1.6 .3
- EMB + SM 0 .0 0 .0 .0

NUMBER OF DRUGS RESISTANT TO:
-     0 599 87.7 50 39.4 79.5
-     1 65 9.5 20 15.7 10.6
-     2 15 2.2 19 15.0 4.4
-     3 4 .6 27 21.3 4.1
-    4 0 .0 11 8.7 1.5

PREVALENCE OF DRUG RESISTANCE

* Combined estimates were calculated from resistance among new and previously treated cases but weighted by the proportion of retreatment cases in 
the NTP



PROFILE OF THE COUNTRY AND ITS CONTROL PROGRAMME

• Population: 2 458 403

• World Bank Income Category: Lower-middle-income

• Tuberculosis case notification: 88.7/100 000

• Tuberculosis estimated incidence: 82.0/100 000

• Notified incidence of new sputum smear positive TB: 668 cases 
27.2/100 000

• Treatment success: 70%

• Previously treated cases: 20.5% of all patients 
registered

• MTB/HIV estimated co-infection rate: 1.0/100 000

• HIV-positive TB cases: 0%

• WHO Control Category: 4

• Year N.T.P. was established: 1995

• Year of Rifampicin Introduction: 1975

• Standardized Regimens: Yes

• Use of Short Course Chemotherapy: 92%

• Use of Directly Observed Therapy:  during 1st 2 months: Yes
(98% of patients) 
During continuation phase: Yes

• Use of Fixed Dose Combination: Yes (% of patients not 
available)

• Treatment In Private Sector: Cat. 1
Category 1: virtually all TB patients public sector
Category 2: <15% in private sector
Category 3: 15% or more in private sector
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LATVIA
YEAR OF SURVEY: 1998

CHARACTERISTICS OF THE SURVEY/SURVEILLANCE PROGRAMME

Target Area: Country-wide

Sampling Method: All cases

Sampling Fraction: 100%

Study duration: 3 months

Culture Media: Löwenstein-Jensen

Drug Suceptibility Testing Method: Absolute concentration

Laboratory accuracy: 95.0%

Rifampicin specificity: 100.0%
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ANNEX2

New cases Previously treated Combined*
cases

N % N % N %

Total number of strains tested 789 100 224 100 100

SUSCEPTIBLE TO ALL 4 DRUGS 553 70.1 155 69.2 69.9

ANY RESISTANCE 236 29.9 69 30.8 30.1
- Isoniazid (INH) 222 28.1 65 29.0 28.3
- Rifampicin (RMP) 71 9.0 56 25.0 12.3
- Ethambutol (EMB) 36 4.6 23 10.3 5.7
- Streptomycin (SM) 173 21.9 55 24.6 22.5

MONORESISTANCE 71 9.0 11 4.9 8.2
- Isoniazid (INH) 57 7.2 7 3.1 6.4
- Rifampicin (RMP) 0 .0 3 1.3 .3
- Ethambutol (EMB) 0 .0 0 .0 .0
- Streptomycin (SM) 14 1.8 1 .4 1.5

MULTIDRUG RESISTANCE 71 9.0 53 23.7 12.0
- INH + RMP 4 .5 4 1.8 .8
- INH + RMP + EMB 1 .1 0 .0 .1
- INH + RMP + SM 36 4.6 27 12.1 6.1
- INH + RMP + EMB + SM 30 3.8 22 9.8 5.0

OTHER PATTERNS 94 11.9 5 2.2 9.7
- INH + EMB 1 .1 0 .0 .1
- INH + SM 89 11.3 4 1.8 9.3
- INH + EMB + SM 4 .5 1 .4 .5
- RMP + EMB 0 .0 0 .0 .0
- RMP + SM 0 .0 0 .0 .0
- RMP + EMB + SM 0 .0 0 .0 .0
- EMB + SM 0 .0 0 .0 .0

NUMBER OF DRUGS RESISTANT TO:
-     0 553 70.1 155 69.2 69.9
-     1 71 9.0 11 4.9 8.2
-     2 94 11.9 8 3.6 10.2
-     3 41 5.2 28 12.5 6.7
-    4 30 3.8 22 9.8 5.0

PREVALENCE OF DRUG RESISTANCE

* Combined estimates were calculated from resistance among new and previously treated cases but weighted by the proportion of retreatment cases in 
the NTP



PROFILE OF THE COUNTRY AND ITS CONTROL PROGRAMME

• Population: 16 489 355

• World Bank Income Category: Upper-middle-income

• Tuberculosis case notification: 64.4/100 000

• Tuberculosis estimated incidence: 112.0/100 000

• Notified incidence of new sputum smear positive TB: 7 596 cases
46.1/100 000

• Treatment success: 84%

• Previously treated cases: 1.9% of all patients registered

• MTB/HIV estimated co-infection rate: 108.0/100 000

• HIV-positive TB cases: 2.0%

• WHO Control Category: 4

• Year N.T.P. was established: 1961

• Year of Rifampicin Introduction: 1978

• Standardized Regimens: Yes

• Use of Short Course Chemotherapy: 96%

• Use of Directly Observed Therapy:  during 1st 2 months: Yes
(60% of patients) 
During continuation phase: Yes

• Use of Fixed Dose Combination: No (0% of patients)

• Treatment In Private Sector: Cat. 2
Category 1: virtually all TB patients public sector
Category 2: <15% in private sector
Category 3: 15% or more in private sector
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MALAYSIA
YEAR OF SURVEY: 1996–97*

CHARACTERISTICS OF THE SURVEY/SURVEILLANCE PROGRAMME

Target Area: Peninsular Malaysia*

Sampling Method: Cluster

Sampling Fraction: 9 %

Study duration: 17 months

Culture Media: Ogawa

Drug Suceptibility Testing Method: Absolute concentration

Laboratory accuracy: 98.2%

Rifampicin specificity: 100.0%
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* Profile is for all of Malaysia, while DRS data are for Peninsular Malaysia (80% of population)
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ANNEX2

New cases Previously treated Combined*
cases

N % N % N %

Total number of strains tested 1 001 100 16 100 100

SUSCEPTIBLE TO ALL 4 DRUGS 953 95.2 13 81.3 94.9

ANY RESISTANCE 48 4.8 3 18.8 5.1
- Isoniazid (INH) 16 1.6 0 .0 1.6
- Rifampicin (RMP) 5 .5 1 6.3 .6
- Ethambutol (EMB) 5 .5 0 .0 .5
- Streptomycin (SM) 30 3.0 2 12.5 3.2

MONORESISTANCE 42 4.2 3 18.8 4.5
- Isoniazid (INH) 10 1.0 0 .0 1.0
- Rifampicin (RMP) 4 .4 1 6.3 .5
- Ethambutol (EMB) 4 .4 0 .0 .4
- Streptomycin (SM) 24 2.4 2 12.5 2.6

MULTIDRUG RESISTANCE 1 .1 0 .0 .1
- INH + RMP 0 .0 0 .0 .0
- INH + RMP + EMB 0 .0 0 .0 .0
- INH + RMP + SM 0 .0 0 .0 .0
- INH + RMP + EMB + SM 1 .1 0 .0 .1

OTHER PATTERNS 5 .5 0 .0 .5
- INH + EMB 0 .0 0 .0 .0
- INH + SM 5 .5 0 .0 .5
- INH + EMB + SM 0 .0 0 .0 .0
- RMP + EMB 0 .0 0 .0 .0
- RMP + SM 0 .0 0 .0 .0
- RMP + EMB + SM 0 .0 0 .0 .0
- EMB + SM 0 .0 0 .0 .0

NUMBER OF DRUGS RESISTANT TO:
-     0 953 95.2 13 81.3 94.9
-     1 42 4.2 3 18.8 4.5
-     2 5 .5 0 .0 .5
-     3 0 .0 0 .0 .0
-    4 1 .1 0 .0 .1

PREVALENCE OF DRUG RESISTANCE

* Combined estimates were calculated from resistance among new and previously treated cases but weighted by the proportion of retreatment cases in 
the NTP



PROFILE OF THE COUNTRY AND ITS CONTROL PROGRAMME

• Population: 94 732 320

• World Bank Income Category: Upper-middle-income

• Tuberculosis case notification: 25.0/100 000

• Tuberculosis estimated incidence: 40.0/100 000

• Notified incidence of new sputum smear positive TB: 16 249 cases 
17.2/100 000

• Treatment success: 76%

• Previously treated cases: 24.3% of all patients registered

• MTB/HIV estimated co-infection rate: 31.0/100 000

• HIV-positive TB cases: 3.0%

• WHO Control Category: 2

• Year N.T.P. was established: 1939

• Year of Rifampicin Introduction: 1988

• Standardized Regimens: Yes

• Use of Short Course Chemotherapy: 79%

• Use of Directly Observed Therapy:  during 1st 2 months: Yes
(88% of patients) 
During continuation phase: Yes

• Use of Fixed Dose Combination: Yes (100% of patients)

• Treatment In Private Sector: Cat. 3
Category 1: virtually all TB patients public sector
Category 2: <15% in private sector
Category 3: 15% or more in private sector
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MEXICO (Baja California, Oaxaca and Sinaloa)
YEAR OF SURVEY: 1997*

CHARACTERISTICS OF THE SURVEY/SURVEILLANCE PROGRAMME

Target Area: 3 States

Sampling Method: All cases

Sampling Fraction: 50%

Study duration: 7 months

Culture Media: Löwenstein-Jensen

Drug Suceptibility Testing Method: Bactec

Laboratory accuracy: 97.5%

Rifampicin specificity: 100.0%
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* Country profile is for Mexico,  while DRS data are for the 3 states surveyed
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ANNEX2

New cases Previously treated Combined
cases

N % N % N %

Total number of strains tested 334 100 107 100 100

SUSCEPTIBLE TO ALL 4 DRUGS 287 85.9 63 58.9 79.4

ANY RESISTANCE 47 14.1 44 41.1 20.6
- Isoniazid (INH) 24 7.2 35 32.7 13.4
- Rifampicin (RMP) 12 3.6 30 28.0 9.5
- Ethambutol (EMB) 10 3.0 15 14.0 5.7
- Streptomycin (SM) 24 7.2 20 18.7 10.0

MONORESISTANCE 35 10.5 16 15.0 11.6
- Isoniazid (INH) 14 4.2 11 10.3 5.7
- Rifampicin (RMP) 2 .6 2 1.9 .9
- Ethambutol (EMB) 1 .3 0 .0 .2
- Streptomycin (SM) 18 5.4 3 2.8 4.8

MULTIDRUG RESISTANCE 8 2.4 24 22.4 7.3
- INH + RMP 1 .3 9 8.4 2.3
- INH + RMP + EMB 1 .3 2 1.9 .7
- INH + RMP + SM 2 .6 1 .9 .7
- INH + RMP + EMB + SM 4 1.2 12 11.2 3.6

OTHER PATTERNS 4 1.2 4 3.7 1.0
- INH + EMB 2 .6 0 .0 .5
- INH + SM 0 .0 0 .0 .0
- INH + EMB + SM 0 .0 0 .0 .0
- RMP + EMB 2 .6 0 .0 .5
- RMP + SM 0 .0 3 2.8 .7
- RMP + EMB + SM 0 .0 1 .9 .2
- EMB + SM 0 .0 0 .0 .0

NUMBER OF DRUGS RESISTANT TO:
-     0 287 85.9 63 58.9 79.4
-     1 35 10.5 16 15.0 11.6
-     2 5 1.5 12 11.2 3.9
-     3 3 .9 4 3.7 1.6
-    4 4 1.2 12 11.2 3.6

PREVALENCE OF DRUG RESISTANCE



PROFILE OF THE COUNTRY AND ITS CONTROL PROGRAMME

• Population: 3 297 000

• World Bank Income Category: Lower-middle-income

• Tuberculosis case notification: 152.5/100 000

• Tuberculosis estimated incidence: 122.0/100 000

• Notified incidence of new sputum smear positive TB: 2 163 cases
65.6/100 000

• Treatment success: 90%

• Previously treated cases: 7.3% of all patients registered

• MTB/HIV estimated co-infection rate: 8.0/100 000

• HIV-positive TB cases: 2.0%

• WHO Control Category: 4

• Year N.T.P. was established: 1954

• Year of Rifampicin Introduction: 1969

• Standardized Regimens: Yes

• Use of Short Course Chemotherapy: 100%

• Use of Directly Observed Therapy:  during 1st 2 months: Yes
(100% of patients)
During continuation phase: No

• Use of Fixed Dose Combination: Yes (100% of patients)

• Treatment In Private Sector: Cat. 1
Category 1: virtually all TB patients public sector
Category 2: <15% in private sector
Category 3: 15% or more in private sector
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MOROCCO (Casablanca)
YEAR OF SURVEY: 1997–98

CHARACTERISTICS OF THE SURVEY/SURVEILLANCE PROGRAMME

Target Area: City-wide

Sampling Method: Cluster

Sampling Fraction: 25%

Study duration: 6 months

Culture Media: Löwenstein-Jensen

Drug Suceptibility Testing Method: Proportion

Laboratory accuracy: 100.0%

Rifampicin specificity: 100.0%

DRUG RESISTANCE INDICATORS%

Any resistance MDR-TB All 4 drugs Any resistance MDR-TB All 4 drugs Any resistance MDR-TB All 4 drugs

NEW CASES PREVIOUSLY TREATED CASES ALL CASES COMBINED
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ANNEX2

New cases* Previously treated Combined
cases

N % N % N %

Total number of strains tested 510 100

SUSCEPTIBLE TO ALL 4 DRUGS 466 91.4

ANY RESISTANCE 44 8.6
- Isoniazid (INH) 40 7.8
- Rifampicin (RMP) 12 2.4
- Ethambutol (EMB) 1 .2
- Streptomycin (SM) 23 4.5

MONORESISTANCE 18 3.5
- Isoniazid (INH) 14 2.7
- Rifampicin (RMP) 1 .2
- Ethambutol (EMB) 0 .0
- Streptomycin (SM) 3 .6

MULTIDRUG RESISTANCE 11 2.2
- INH + RMP 5 1.0
- INH + RMP + EMB 1 .2
- INH + RMP + SM 5 1.0
- INH + RMP + EMB + SM 0 .0

OTHER PATTERNS 15 2.9
- INH + EMB 0 .0
- INH + SM 15 2.9
- INH + EMB + SM 0 .0
- RMP + EMB 0 .0
- RMP + SM 0 .0
- RMP + EMB + SM 0 .0
- EMB + SM 0 .0

NUMBER OF DRUGS RESISTANT TO:
-     0 466 91.4
-     1 18 3.5
-     2 20 3.9
-     3 6 1.2
-    4 0 .0

PREVALENCE OF DRUG RESISTANCE

* All samples were re-tested at the IRL (Institute Pasteur, France)



PROFILE OF THE COUNTRY AND ITS CONTROL PROGRAMME

• Population: 16 916 638

• World Bank Income Category: Low-income

• Tuberculosis case notification: 100.0/100 000

• Tuberculosis estimated incidence: 254.0/100 000

• Notified incidence of new sputum smear positive TB: 12 116 cases 
71.6/100 000

• Treatment success: 67%

• Previously treated cases: 9.3% of all patients registered

• MTB/HIV estimated co-infection rate: 2 303.0/100 000

• HIV-positive TB cases: 30.0%

• WHO Control Category: 3

• Year N.T.P. was established: 1977

• Year of Rifampicin Introduction: 1984

• Standardized Regimens: Yes

• Use of Short Course Chemotherapy: 75%

• Use of Directly Observed Therapy:  during 1st 2 months: Yes
(80% of patients) 
During continuation phase: No

• Use of Fixed Dose Combination: Yes (100% of patients)

• Treatment In Private Sector: Cat. 1
Category 1: virtually all TB patients public sector
Category 2: <15% in private sector
Category 3: 15% or more in private sector
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MOZAMBIQUE
YEAR OF SURVEY: 1998–99

CHARACTERISTICS OF THE SURVEY/SURVEILLANCE PROGRAMME

Target Area: Country-wide

Sampling Method: Proportionate cluster

Sampling Fraction: 7%

Study duration: 9 months

Culture Media: Löwenstein-Jensen

Drug Suceptibility Testing Method: Proportion

Laboratory accuracy: 90.0%

Rifampicin specificity: 100.0%
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ANNEX2

New cases Previously treated Combined*
cases

N % N % N %

Total number of strains tested 1 028 100 122 100 100

SUSCEPTIBLE TO ALL 4 DRUGS 815 79.3 67 54.9 77.0

ANY RESISTANCE 214 20.8 55 45.1 23.1
- Isoniazid (INH) 170 16.5 50 41.0 18.8
- Rifampicin (RMP) 54 5.3 5 4.1 5.1
- Ethambutol (EMB) 5 .5 1 .8 .5
- Streptomycin (SM) 108 10.5 30 24.6 11.8

MONORESISTANCE 125 12.2 27 22.1 13.1
- Isoniazid (INH) 81 7.9 22 18.0 8.8
- Rifampicin (RMP) 18 1.8 1 .8 1.7
- Ethambutol (EMB) 0 .0 0 .0 .0
- Streptomycin (SM) 26 2.5 4 3.3 2.6

MULTIDRUG RESISTANCE 36 3.5 4 3.3 3.5
- INH + RMP 7 .7 2 1.6 .8
- INH + RMP + EMB 0 .0 0 .0 .0
- INH + RMP + SM 24 2.3 1 .8 2.2
- INH + RMP + EMB + SM 5 .5 1 .8 .5

OTHER PATTERNS 53 5.2 24 19.7 5.7
- INH + EMB 0 .0 0 .0 .0
- INH + SM 53 5.2 24 19.7 6.5
- INH + EMB + SM 0 .0 0 .0 .0
- RMP + EMB 0 .0 0 .0 .0
- RMP + SM 0 .0 0 .0 .0
- RMP + EMB + SM 0 .0 0 .0 .0
- EMB + SM 0 .0 0 .0 .0

NUMBER OF DRUGS RESISTANT TO:
-     0 815 79.3 67 54.9 77.0
-     1 125 12.2 27 22.1 13.1
-     2 60 5.8 26 21.3 7.3
-     3 24 2.3 1 .8 2.2
-    4 5 .5 1 .8 .5

PREVALENCE OF DRUG RESISTANCE

* Combined estimates were calculated from resistance among new and previously treated cases but weighted by the proportion of retreatment cases in 
the NTP



PROFILE OF THE COUNTRY AND ITS CONTROL PROGRAMME

• Population: 22 847 345

• World Bank Income Category: Low-income

• Tuberculosis case notification: 105.6/100 000

• Tuberculosis estimated incidence: 211.0/100 000

• Notified incidence of new sputum smear positive TB: 11 306 cases
49.5/100 000

• Treatment success: 80%

• Previously treated cases: 7.0% of all patients registered

• MTB/HIV estimated co-infection rate: 51.0/100 000

• HIV-positive TB cases: 1.0%

• WHO Control Category: 3

• Year N.T.P. was established: 1965

• Year of Rifampicin Introduction: 1990

• Standardized Regimens: Yes

• Use of Short Course Chemotherapy: 17%

• Use of Directly Observed Therapy:  during 1st 2 months: Yes
(17% of patients) 
During continuation phase: Yes

• Use of Fixed Dose Combination: No (0% of patients)

• Treatment In Private Sector: Cat. 3
Category 1: virtually all TB patients public sector
Category 2: <15% in private sector
Category 3: 15% or more in private sector
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NEPAL
YEAR OF SURVEY: 1999*

CHARACTERISTICS OF THE SURVEY/SURVEILLANCE PROGRAMME

Target Area: Country-wide

Sampling Method: All cases

Sampling Fraction: 100%

Study duration: 6 months

Culture Media: Löwenstein-Jensen

Drug Suceptibility Testing Method: Proportion

Laboratory accuracy: 92.2%

Rifampicin specificity: 97.3%
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NEW CASES PREVIOUSLY TREATED CASES ALL CASES COMBINED
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ANNEX2

New cases Previously treated Combined*
cases

N % N % N %

Total number of strains tested 104 100 27 100 100

SUSCEPTIBLE TO ALL 4 DRUGS 98 94.2 23 85.2 93.6

ANY RESISTANCE 6 5.8 4 14.8 6.4
- Isoniazid (INH) 2 1.9 3 11.1 2.6
- Rifampicin (RMP) 1 1.0 2 7.4 1.4
- Ethambutol (EMB) 0 .0 2 7.4 .5
- Streptomycin (SM) 5 4.8 3 11.1 5.2

MONORESISTANCE 5 4.8 2 7.4 5.0
- Isoniazid (INH) 1 1.0 1 3.7 1.2
- Rifampicin (RMP) 0 .0 0 .0 .0
- Ethambutol (EMB) 0 .0 0 .0 .0
- Streptomycin (SM) 4 3.8 1 3.7 3.8

MULTIDRUG RESISTANCE 1 1.0 2 7.4 1.4
- INH + RMP 0 .0 0 .0 .0
- INH + RMP + EMB 0 .0 0 .0 .0
- INH + RMP + SM 1 1.0 0 .0 .9
- INH + RMP + EMB + SM 0 .0 2 7.4 .5

OTHER PATTERNS 0 .0 0 .0 .0
- INH + EMB 0 .0 0 .0 .0
- INH + SM 0 .0 0 .0 .0
- INH + EMB + SM 0 .0 0 .0 .0
- RMP + EMB 0 .0 0 .0 .0
- RMP + SM 0 .0 0 .0 .0
- RMP + EMB + SM 0 .0 0 .0 .0
- EMB + SM 0 .0 0 .0 .0

NUMBER OF DRUGS RESISTANT TO:
-     0 98 94.2 23 85.2 93.6
-     1 5 4.8 2 7.4 5.0
-     2 0 .0 0 .0 .0
-     3 1 1.0 0 .0 .9
-    4 0 .0 2 7.4 .5

PREVALENCE OF DRUG RESISTANCE

* Combined estimates were calculated from resistance among new and previously treated cases but weighted by the proportion of retreatment cases in 
the NTP



PROFILE OF THE COUNTRY AND ITS CONTROL PROGRAMME

• Population: 15 493 900

• World Bank Income Category: High-income

• Tuberculosis case notification: 10.8/100 000

• Tuberculosis estimated incidence: 11.0/100 000

• Notified incidence of new sputum smear positive TB: 358 cases 
2.3/100 000

• Treatment success: 82%

• Previously treated cases: 16.0% of all patients 
registered

• MTB/HIV estimated co-infection rate: 11.0/100 000

• HIV-positive TB cases: 13.0%

• WHO Control Category: 4

• Year N.T.P. was established: 1953

• Year of Rifampicin Introduction: 1965

• Standardized Regimens: Yes

• Use of Short Course Chemotherapy: 100%

• Use of Directly Observed Therapy:  during 1st 2 months: Yes
(5% of patients) 
During continuation phase: Yes

• Use of Fixed Dose Combination: Yes (% of patients not
available)

• Treatment In Private Sector: Cat. 3
Category 1: virtually all TB patients public sector
Category 2: <15% in private sector
Category 3: 15% or more in private sector
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NETHERLANDS
YEAR OF SURVEY: 1996

CHARACTERISTICS OF THE SURVEY/SURVEILLANCE PROGRAMME

Target Area: Country-wide

Sampling Method: All cases

Sampling Fraction: 100%

Study duration: 12 months

Culture Media: Various

Drug Suceptibility Testing Method: Absolute concentration

Laboratory accuracy: 91.0%

Rifampicin specificity: 100.0%
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ANNEX2

New cases Previously treated Combined
cases*

N % N % N %

Total number of strains tested 1 042 100 172 100 1 214 100

SUSCEPTIBLE TO ALL 4 DRUGS 935 89.7 145 84.3 1 080 89.0

ANY RESISTANCE 107 10.3 27 15.7 134 11.0
- Isoniazid (INH) 66 6.3 16 9.3 82 6.8
- Rifampicin (RMP) 11 1.1 2 1.2 13 1.1
- Ethambutol (EMB) 5 .5 0 .0 5 .4
- Streptomycin (SM) 50 4.8 13 7.6 63 5.2

MONORESISTANCE 65 6.2 20** 11.6 85** 7.0
- Isoniazid (INH) 36 3.5 10 5.8 46 3.8
- Rifampicin (RMP) 3 .3 0 .0 3 .2
- Ethambutol (EMB) 4 .4 0 .0 4 .3
- Streptomycin (SM) 22 2.1 8 4.7 30 2.5

MULTIDRUG RESISTANCE 6 .6 1 .6 7 .6
- INH + RMP 3 .3 1 .6 4 .3
- INH + RMP + EMB 0 .0 0 .0 0 .0
- INH + RMP + SM 2 .2 0 .0 2 .2
- INH + RMP + EMB + SM 1 .1 0 .0 1 .1

OTHER PATTERNS 26** 2.5 6** 3.5 32** 2.6
- INH + EMB 0 .0 0 .0 .0
- INH + SM 23 2.2 5 2.9 28 2.3
- INH + EMB + SM 0 .0 0 .0 0 .0
- RMP + EMB 0 .0 0 .0 0 .0
- RMP + SM 2 .2 0 .0 2 .2
- RMP + EMB + SM 0 .0 0 .0 0 .0
- EMB + SM 0 .0 0 .0 0 .0

NUMBER OF DRUGS RESISTANT TO:
-     0 935 89.7 145 84.3 1 080 89.0
-     1 65 6.2 20 11.6 85 7.0
-     2 28 2.7 6 3.5 34 2.8
-     3 2 .2 0 .0 2 .2
-    4 1 .1 0 .0 1 .1

PREVALENCE OF DRUG RESISTANCE

* 14 subjects with unknown treatment history were included in the retreatment category
** For some categories the numbers do not add up because of resistance to other drugs not tested in the Global Project



PROFILE OF THE COUNTRY AND ITS CONTROL PROGRAMME

• Population: 200 000

• World Bank Income Category: High-income

• Tuberculosis case notification: 111.0/100 000

• Tuberculosis estimated incidence: 89.0/100 000

• Notified incidence of new sputum smear positive TB: 49 cases 
24.5/100 000

• Treatment success: 83%

• Previously treated cases: 11.0% of all patients 
registered

• MTB/HIV estimated co-infection rate: 0/100 000

• HIV-positive TB cases: 0%

• WHO Control Category: 4

• Year N.T.P. was established: 1989

• Year of Rifampicin Introduction: 1966

• Standardized Regimens: Yes

• Use of Short Course Chemotherapy: 100%

• Use of Directly Observed Therapy:  during 1st 2 months: Yes
(60% of patients) 
During continuation phase: No

• Use of Fixed Dose Combination: Yes (100% of patients)

• Treatment In Private Sector: Cat. 1
Category 1: virtually all TB patients public sector
Category 2: <15% in private sector
Category 3: 15% or more in private sector
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NEW CALEDONIA
YEAR OF SURVEY: 1995–96

CHARACTERISTICS OF THE SURVEY/SURVEILLANCE PROGRAMME

Target Area: Country-wide

Sampling Method: All cases

Sampling Fraction: 100%

Study duration: 21 months

Culture Media: Löwenstein-Jensen

Drug Suceptibility Testing Method: Proportion

Laboratory accuracy: 95.0%

Rifampicin specificity: 100.0%
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ANNEX2

New cases Previously treated Combined
cases

N % N % N %

Total number of strains tested 93 100 12 100 105 100

SUSCEPTIBLE TO ALL 4 DRUGS 91 97.8 11 91.7 102 97.1

ANY RESISTANCE 2 2.2 1 8.3 3 2.9
- Isoniazid (INH) 0 .0 1 8.3 1 1.0
- Rifampicin (RMP) 0 .0 0 .0 0 .0
- Ethambutol (EMB) 0 .0 0 .0 0 .0
- Streptomycin (SM) 2 2.2 1 8.3 3 2.9

MONORESISTANCE 2 2.2 0 .0 2 1.9
- Isoniazid (INH) 0 .0 0 .0 0 .0
- Rifampicin (RMP) 0 .0 0 .0 0 .0
- Ethambutol (EMB) 0 .0 0 .0 0 .0
- Streptomycin (SM) 2 2.2 0 .0 2 1.9

MULTIDRUG RESISTANCE 0 .0 0 .0 0 .0
- INH + RMP 0 .0 0 .0 0 .0
- INH + RMP + EMB 0 .0 0 .0 0 .0
- INH + RMP + SM 0 .0 0 .0 0 .0
- INH + RMP + EMB + SM 0 .0 0 .0 0 .0

OTHER PATTERNS 0 .0 1 8.3 1 1.0
- INH + EMB 0 .0 0 .0 0 .0
- INH + SM 0 .0 1 8.3 1 1.0
- INH + EMB + SM 0 .0 0 .0 0 .0
- RMP + EMB 0 .0 0 .0 0 .0
- RMP + SM 0 .0 0 .0 0 .0
- RMP + EMB + SM 0 .0 0 .0 0 .0
- EMB + SM 0 .0 0 .0 0 .0

NUMBER OF DRUGS RESISTANT TO:
-     0 91 97.8 11 91.7 102 97.1
-     1 2 2.2 0 .0 2 1.9
-     2 0 .0 1 8.3 1 1.0
-     3 0 .0 0 .0 0 .0
-    4 0 .0 0 .0 0 .0

PREVALENCE OF DRUG RESISTANCE



PROFILE OF THE COUNTRY AND ITS CONTROL PROGRAMME

• Population: 3 618 288

• World Bank Income Category: High-income

• Tuberculosis case notification: 9.0/100 000

• Tuberculosis estimated incidence: 5.0/100 000

• Notified incidence of new sputum smear positive TB: 59 cases 
1.6/100 000

• Treatment success: 90%

• Previously treated cases: 11.2% of all patients 
registered

• MTB/HIV estimated co-infection rate: 2.0/100 000

• HIV-positive TB cases: 0%

• WHO Control Category: 5

• Year N.T.P. was established: Not available

• Year of Rifampicin Introduction: 1969

• Standardized Regimens: Yes

• Use of Short Course Chemotherapy: 96%

• Use of Directly Observed Therapy:  during 1st 2 months: Yes
(30% of patients) 
During continuation phase: Yes

• Use of Fixed Dose Combination: Yes (100% of patients)

• Treatment In Private Sector: Cat. 2
Category 1: virtually all TB patients public sector
Category 2: <15% in private sector
Category 3: 15% or more in private sector
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NEW ZEALAND
YEAR OF SURVEY: 1997

CHARACTERISTICS OF THE SURVEY/SURVEILLANCE PROGRAMME

Target Area: Country-wide

Sampling Method: All cases

Sampling Fraction: 100%

Study duration: 12 months

Culture Media: Löwenstein-Jensen & Bactec

Drug Suceptibility Testing Method: Bactec

Laboratory accuracy: 97.5%

Rifampicin specificity: 100.0%
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ANNEX2

New cases Previously treated Combined
cases

N % N % N %

Total number of strains tested 179 100 21 100 200 100

SUSCEPTIBLE TO ALL 4 DRUGS 159 88.8 17 81.0 176 88.0

ANY RESISTANCE 20 11.2 4 19.0 24 12.0
- Isoniazid (INH) 17 9.5 2 9.5 19 9.5
- Rifampicin (RMP) 2 1.1 2 9.5 4 2.0
- Ethambutol (EMB) 1 .6 2 9.5 3 1.5
- Streptomycin (SM) 5 2.8 2 9.5 7 3.5

MONORESISTANCE 15 8.4 1 4.8 16 8.0
- Isoniazid (INH) 12 6.7 1 4.8 13 6.5
- Rifampicin (RMP) 0 .0 0 .0 0 .0
- Ethambutol (EMB) 1 .6 0 .0 1 .5
- Streptomycin (SM) 2 1.1 0 .0 2 1.0

MULTIDRUG RESISTANCE 2 1.1 0 .0 2 1.0
- INH + RMP 2 1.1 0 .0 2 1.0
- INH + RMP + EMB 0 .0 0 .0 0 .0
- INH + RMP + SM 0 .0 0 .0 0 .0
- INH + RMP + EMB + SM 0 .0 0 .0 0 .0

OTHER PATTERNS 3 1.7 3 14.3 6 3.0
- INH + EMB 0 .0 0 .0 0 .0
- INH + SM 3 1.7 1 4.8 4 2.0
- INH + EMB + SM 0 .0 0 .0 0 .0
- RMP + EMB 0 .0 1 4.8 1 .5
- RMP + SM 0 .0 0 .0 0 .0
- RMP + EMB + SM 0 .0 1 4.8 1 .5
- EMB + SM 0 .0 0 .0 0 .0

NUMBER OF DRUGS RESISTANT TO:
-     0 159 88.8 17 81.0 176 88.0
-     1 15 8.4 1 4.8 16 8.0
-     2 5 2.8 2 9.5 7 3.5
-     3 0 .0 1 4.8 1 .5
-    4 0 .0 0 .0 0 .0

PREVALENCE OF DRUG RESISTANCE



PROFILE OF THE COUNTRY AND ITS CONTROL PROGRAMME

• Population: 4 420 856

• World Bank Income Category: Low-income

• Tuberculosis case notification: 64.5/100 000

• Tuberculosis estimated incidence: 95.0/100 000

• Notified incidence of new sputum smear positive TB: 1 670 cases
37.8/100 000

• Treatment success: 80%

• Previously treated cases: 7.0% of all patients registered

• MTB/HIV estimated co-infection rate: 32.0/100 000

• HIV-positive TB cases: 1.0%

• WHO Control Category: 4

• Year N.T.P. was established: 1950

• Year of Rifampicin Introduction: 1978

• Standardized Regimens: Yes

• Use of Short Course Chemotherapy: 97%

• Use of Directly Observed Therapy:  during 1st 2 months: Yes
(100% of patients) 
During continuation phase: No

• Use of Fixed Dose Combination: Yes (100% of patients)

• Treatment In Private Sector: Cat. 1
Category 1: virtually all TB patients public sector
Category 2: <15% in private sector
Category 3: 15% or more in private sector
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NICARAGUA
YEAR OF SURVEY: 1997–98

CHARACTERISTICS OF THE SURVEY/SURVEILLANCE PROGRAMME

Target Area: Country-wide

Sampling Method: Proportionate cluster

Sampling Fraction: 20%

Study duration: 20 months

Culture Media: Löwenstein-Jensen

Drug Suceptibility Testing Method: Proportion

Laboratory accuracy: 100.0%

Rifampicin specificity: 100.0%

DRUG RESISTANCE INDICATORS%

Any resistance MDR-TB All 4 drugs Any resistance MDR-TB All 4 drugs Any resistance MDR-TB All 4 drugs

NEW CASES PREVIOUSLY TREATED CASES ALL CASES COMBINED
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ANNEX2

New cases Previously treated Combined
cases

N % N % N %

Total number of strains tested 564 100

SUSCEPTIBLE TO ALL 4 DRUGS 476 84.4

ANY RESISTANCE 88 15.6
- Isoniazid (INH) 53 9.4
- Rifampicin (RMP) 10 1.8
- Ethambutol (EMB) 4 .7
- Streptomycin (SM) 49 8.7

MONORESISTANCE 68 12.1
- Isoniazid (INH) 33 5.9
- Rifampicin (RMP) 3 .5
- Ethambutol (EMB) 1 .2
- Streptomycin (SM) 31 5.5

MULTIDRUG RESISTANCE 7 1.2
- INH + RMP 1 .2
- INH + RMP + EMB 1 .2
- INH + RMP + SM 4 .7
- INH + RMP + EMB + SM 1 .2

OTHER PATTERNS 13 2.3
- INH + EMB 0 .0
- INH + SM 12 2.1
- INH + EMB + SM 1 .2
- RMP + EMB 0 .0
- RMP + SM 0 .0
- RMP + EMB + SM 0 .0
- EMB + SM 0 .0

NUMBER OF DRUGS RESISTANT TO:
-     0 476 84.4
-     1 68 12.1
-     2 13 2.3
-     3 6 1.1
-    4 1 .2

PREVALENCE OF DRUG RESISTANCE



PROFILE OF THE COUNTRY AND ITS CONTROL PROGRAMME

• Population: 1 663 000

• World Bank Income Category: High-income

• Tuberculosis case notification: 3.2/100 000 

• Tuberculosis estimated incidence: 3.8/100 000

• Notified incidence of new sputum smear positive TB: 17 cases 
1.0/100 000

• Treatment success: 95%

• Previously treated cases: 22.0% of all patients 
registered

• MTB/HIV estimated co-infection rate: 6.0/100 000

• HIV-positive TB cases: 2.0%

• WHO Control Category: 1

• Year N.T.P. was established: Not available

• Year of Rifampicin Introduction: 1969

• Standardized Regimens: Yes

• Use of Short Course Chemotherapy: 100%

• Use of Directly Observed Therapy:  during 1st 2 months: No
(0% of patients) 
During continuation phase: No

• Use of Fixed Dose Combination: Not available 
(% of patients)

• Treatment In Private Sector: Cat. 1
Category 1: virtually all TB patients public sector
Category 2: <15% in private sector
Category 3: 15% or more in private sector
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NORTHERN IRELAND
YEAR OF SURVEY: 1997

CHARACTERISTICS OF THE SURVEY/SURVEILLANCE PROGRAMME

Target Area: Country-wide

Sampling Method: All cases

Sampling Fraction: 100%

Study duration: 12 months

Culture Media: Löwenstein-Jensen & Bactec

Drug Suceptibility Testing Method: Resistance ratio

Laboratory accuracy: 100.0%

Rifampicin specificity: 100.0%

DRUG RESISTANCE INDICATORS%

Any resistance MDR-TB All 4 drugs Any resistance MDR-TB All 4 drugs Any resistance MDR-TB All 4 drugs

NEW CASES PREVIOUSLY TREATED CASES ALL CASES COMBINED
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ANNEX2

New cases Previously treated Combined
cases

N % N % N %

Total number of strains tested 41 100

SUSCEPTIBLE TO ALL 4 DRUGS 39 95.1

ANY RESISTANCE 2 4.9
- Isoniazid (INH) 1 2.4
- Rifampicin (RMP) 0 .0
- Ethambutol (EMB) 0 .0
- Streptomycin (SM) 1 2.4

MONORESISTANCE 2 4.9
- Isoniazid (INH) 1 2.4
- Rifampicin (RMP) 0 .0
- Ethambutol (EMB) 0 .0
- Streptomycin (SM) 1 2.4

MULTIDRUG RESISTANCE 0 .0
- INH + RMP 0 .0
- INH + RMP + EMB 0 .0
- INH + RMP + SM 0 .0
- INH + RMP + EMB + SM 0 .0

OTHER PATTERNS 0 .0
- INH + EMB 0 .0
- INH + SM 0 .0
- INH + EMB + SM 0 .0
- RMP + EMB 0 .0
- RMP + SM 0 .0
- RMP + EMB + SM 0 .0
- EMB + SM 0 .0

NUMBER OF DRUGS RESISTANT TO:
-     0 39 95.1
-     1 2 4.9
-     2 0 .0
-     3 0 .0
-    4 0 .0

PREVALENCE OF DRUG RESISTANCE



PROFILE OF THE COUNTRY AND ITS CONTROL PROGRAMME

• Population: 4 381 336

• World Bank Income Category: High-income

• Tuberculosis case notification: 5.0/100 000

• Tuberculosis estimated incidence: 6.0/100 000

• Notified incidence of new sputum smear positive TB: 103 cases 
2.4/100 000 

• Treatment success: 84%

• Previously treated cases: 5.0% of all patients registered

• MTB/HIV estimated co-infection rate: 4.0/100 000

• HIV-positive TB cases: 1.0%

• WHO Control Category: 4

• Year N.T.P. was established: 1900

• Year of Rifampicin Introduction: 1968

• Standardized Regimens: Yes

• Use of Short Course Chemotherapy: 100%

• Use of Directly Observed Therapy:  during 1st 2 months: No
(0% of patients) 
During continuation phase: No

• Use of Fixed Dose Combination: Yes (15% of patients)

• Treatment In Private Sector: Cat. 1
Category 1: virtually all TB patients public sector
Category 2: <15% in private sector
Category 3: 15% or more in private sector
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NORWAY
YEAR OF SURVEY: 1996

CHARACTERISTICS OF THE SURVEY/SURVEILLANCE PROGRAMME

Target Area: Country-wide

Sampling Method: All cases

Sampling Fraction: 100%

Study duration: 12 months

Culture Media: Löwenstein-Jensen

Drug Suceptibility Testing Method: Bactec

Laboratory accuracy: 97.5%

Rifampicin specificity: 100.0%
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Any resistance MDR-TB All 4 drugs Any resistance MDR-TB All 4 drugs Any resistance MDR-TB All 4 drugs

NEW CASES PREVIOUSLY TREATED CASES ALL CASES COMBINED



211 A
N

T
I-

T
U

B
E

R
C

U
L

O
S

IS
 D

R
U

G
 R

E
S

IS
T

A
N

C
E

 I
N

 T
H

E
 W

O
R

L
D

ANNEX2

New cases Previously treated Combined
cases

N % N % N %

Total number of strains tested 138 100 6 100 144 100

SUSCEPTIBLE TO ALL 4 DRUGS 123 89.1 5 83.3 128 88.9

ANY RESISTANCE 15 10.9 1 16.7 16 11.1
- Isoniazid (INH) 11 8.0 1 16.7 12 8.3
- Rifampicin (RMP) 3 2.2 1 16.7 4 2.8
- Ethambutol (EMB) 1 .7 0 .0 1 .7
- Streptomycin (SM) 6 4.3 0 .0 6 4.2

MONORESISTANCE 10 7.2 0 .0 10 6.9
- Isoniazid (INH) 6 4.3 0 .0 6 4.2
- Rifampicin (RMP) 0 .0 0 .0 0 .0
- Ethambutol (EMB) 0 .0 0 .0 0 .0
- Streptomycin (SM) 4 2.9 0 .0 4 2.8

MULTIDRUG RESISTANCE 3 2.2 1 16.7 4 2.8
- INH + RMP 2 1.4 1 16.7 3 2.1
- INH + RMP + EMB 1 .7 0 .0 1 .7
- INH + RMP + SM 0 .0 0 .0 0 .0
- INH + RMP + EMB + SM 0 .0 0 .0 0 .0

OTHER PATTERNS 2 1.4 0 .0 2 1.4
- INH + EMB 0 .0 0 .0 0 .0
- INH + SM 2 1.4 0 .0 2 1.4
- INH + EMB + SM 0 .0 0 .0 0 .0
- RMP + EMB 0 .0 0 .0 0 .0
- RMP + SM 0 .0 0 .0 0 .0
- RMP + EMB + SM 0 .0 0 .0 0 .0
- EMB + SM 0 .0 0 .0 0 .0

NUMBER OF DRUGS RESISTANT TO:
-     0 123 89.1 5 83.3 128 88.9
-     1 10 7.2 0 .0 10 6.9
-     2 4 2.9 1 16.7 5 3.5
-     3 1 .7 0 .0 1 .7
-    4 0 .0 0 .0 0 .0

PREVALENCE OF DRUG RESISTANCE



PROFILE OF THE COUNTRY AND ITS CONTROL PROGRAMME

• Population: 2 288 000

• World Bank Income Category: Upper-middle-income

• Tuberculosis case notification: 12.6/100 000

• Tuberculosis estimated incidence: 13.0/100 000

• Notified incidence of new sputum smear positive TB: 109 cases 
4.8/100 000

• Treatment success: 90%

• Previously treated cases: 2.0% of all patients registered

• MTB/HIV estimated co-infection rate: 3.0/100 000

• HIV-positive TB cases: 2.0%

• WHO Control Category: 4

• Year N.T.P. was established: 1981

• Year of Rifampicin Introduction: 1982

• Standardized Regimens: Yes

• Use of Short Course Chemotherapy: 100%

• Use of Directly Observed Therapy:  during 1st 2 months: Yes
(100% of patients) 
During continuation phase: No

• Use of Fixed Dose Combination: No (0% of patients)

• Treatment In Private Sector: Cat. 1
Category 1: virtually all TB patients public sector
Category 2: <15% in private sector
Category 3: 15% or more in private sector
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OMAN
YEAR OF SURVEY: 1998–99

CHARACTERISTICS OF THE SURVEY/SURVEILLANCE PROGRAMME

Target Area: Country-wide

Sampling Method: All cases

Sampling Fraction: 25%

Study duration: 12 months

Culture Media: Löwenstein-Jensen

Drug Suceptibility Testing Method: Proportion

Laboratory accuracy: 90.9%

Rifampicin specificity: 100.0%

DRUG RESISTANCE INDICATORS%

Any resistance MDR-TB All 4 drugs Any resistance MDR-TB All 4 drugs Any resistance MDR-TB All 4 drugs

NEW CASES PREVIOUSLY TREATED CASES ALL CASES COMBINED
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ANNEX2

New cases Previously treated Combined
cases

N % N % N %

Total number of strains tested 133 100

SUSCEPTIBLE TO ALL 4 DRUGS 127 95.5

ANY RESISTANCE 6 4.5
- Isoniazid (INH) 4 3.0
- Rifampicin (RMP) 2 1.5
- Ethambutol (EMB) 2 1.5
- Streptomycin (SM) 3 2.3

MONORESISTANCE 4 3.0
- Isoniazid (INH) 2 1.5
- Rifampicin (RMP) 1 .8
- Ethambutol (EMB) 0 .0
- Streptomycin (SM) 1 .8

MULTIDRUG RESISTANCE 1 .8
- INH + RMP 0 .0
- INH + RMP + EMB 0 .0
- INH + RMP + SM 0 .0
- INH + RMP + EMB + SM 1 .8

OTHER PATTERNS 1 .8
- INH + EMB 0 .0
- INH + SM 0 .0
- INH + EMB + SM 1 .8
- RMP + EMB 0 .0
- RMP + SM 0 .0
- RMP + EMB + SM 0 .0
- EMB + SM 0 .0

NUMBER OF DRUGS RESISTANT TO:
-     0 127 95.5
-     1 4 3.0
-     2 0 .0
-     3 1 .8
-    4 1 .8

PREVALENCE OF DRUG RESISTANCE



PROFILE OF THE COUNTRY AND ITS CONTROL PROGRAMME

• Population: 25 232 226

• World Bank Income Category: Lower-middle-income

• Tuberculosis case notification: 141.5/100 000

• Tuberculosis estimated incidence: 265.0/100 000

• Notified incidence of new sputum smear positive TB: 24 527 cases 
97.2/100 000

• Treatment success: 93%

• Previously treated cases: 14.0% of all patients registered

• MTB/HIV estimated co-infection rate: 131.0/100 000

• HIV-positive TB cases: 2.0%

• WHO Control Category: 4

• Year N.T.P. was established: 1990

• Year of Rifampicin Introduction: 1980

• Standardized Regimens: Yes

• Use of Short Course Chemotherapy: 100%

• Use of Directly Observed Therapy:  during 1st 2 months: Yes
(100% of patients) 
During continuation phase: Yes

• Use of Fixed Dose Combination: Yes (100% of patients)

• Treatment In Private Sector: Cat. 2
Category 1: virtually all TB patients public sector
Category 2: <15% in private sector
Category 3: 15% or more in private sector
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PERU
YEAR OF SURVEY: 1999

CHARACTERISTICS OF THE SURVEY/SURVEILLANCE PROGRAMME

Target Area: Country-wide

Sampling Method: Proportionate cluster

Sampling Fraction: 7%

Study duration: 8 months

Culture Media: Löwenstein-Jensen

Drug Suceptibility Testing Method: Proportion

Laboratory accuracy: 100.0%

Rifampicin specificity: 100.0%
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NEW CASES PREVIOUSLY TREATED CASES ALL CASES COMBINED
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ANNEX2

New cases Previously treated Combined*
cases

N % N % N %

Total number of strains tested 1 879 100 260 100 100

SUSCEPTIBLE TO ALL 4 DRUGS 1 541 82.0 199 76.5 81.2

ANY RESISTANCE 338 18.0 61 23.5 18.8
- Isoniazid (INH) 170 9.0 42 16.2 10.0
- Rifampicin (RMP) 76 4.0 38 14.6 5.5
- Ethambutol (EMB) 48 2.6 14 5.4 3.0
- Streptomycin (SM) 220 11.7 33 12.7 11.8

MONORESISTANCE 223 11.9 26 10.0 11.6
- Isoniazid (INH) 67 3.6 8 3.1 3.5
- Rifampicin (RMP) 14 .7 5 1.9 .9
- Ethambutol (EMB) 15 .8 0 .0 .7
- Streptomycin (SM) 127 6.8 13 5.0 6.5

MULTIDRUG RESISTANCE 57 3.0 32 12.3 4.3
- INH + RMP 16 .9 13 5.0 1.4
- INH + RMP + EMB 4 .2 0 .0 .2
- INH + RMP + SM 22 1.2 7 2.7 1.4
- INH + RMP + EMB + SM 15 .8 12 4.6 1.3

OTHER PATTERNS 58 3.1 3 1.2 2.7
- INH + EMB 1 .1 1 .4 .1
- INH + SM 41 2.2 1 .4 1.9
- INH + EMB + SM 4 .2 0 .0 .2
- RMP + EMB 1 .1 1 .4 .1
- RMP + SM 3 .2 0 .0 .1
- RMP + EMB + SM 1 .1 0 .0 .0
- EMB + SM 7 .4 0 .0 .3

NUMBER OF DRUGS RESISTANT TO:
-     0 1 541 82.0 199 76.5 81.2
-     1 223 11.9 26 10.0 11.6
-     2 69 3.7 16 6.2 4.0
-     3 31 1.6 7 2.7 1.8
-    4 15 .8 12 4.6 1.3

PREVALENCE OF DRUG RESISTANCE

* Combined estimates were calculated from resistance among new and previously treated cases but weighted by the proportion of retreatment cases in 
the NTP



PROFILE OF THE COUNTRY AND ITS CONTROL PROGRAMME

• Population: 38 649 900

• World Bank Income Category: Upper-middle-income

• Tuberculosis case notification: 36.1/100 000

• Tuberculosis estimated incidence: 45.0/100 000

• Notified incidence of new sputum smear positive TB: 3 497 cases
9.0/100 000

• Treatment success: 88%

• Previously treated cases: 11.1% of all patients 
registered

• MTB/HIV estimated co-infection rate: 5.0/100 000

• HIV-positive TB cases: 0%

• WHO Control Category: 1

• Year N.T.P. was established: 1963

• Year of Rifampicin Introduction: 1969

• Standardized Regimens: Yes

• Use of Short Course Chemotherapy: 96%

• Use of Directly Observed Therapy:  during 1st 2 months: Yes
(97% of patients) 
During continuation phase: No

• Use of Fixed Dose Combination: Yes (76% of patients)

• Treatment In Private Sector: Cat. 1
Category 1: virtually all TB patients public sector
Category 2: <15% in private sector
Category 3: 15% or more in private sector
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POLAND
YEAR OF SURVEY: 1996–97

CHARACTERISTICS OF THE SURVEY/SURVEILLANCE PROGRAMME

Target Area: Country-wide

Sampling Method: All cases

Sampling Fraction: 100%

Study duration: 12 months

Culture Media: Löwenstein-Jensen & Bactec

Drug Suceptibility Testing Method: Proportion

Laboratory accuracy: 96.0%

Rifampicin specificity: 100.0%
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ANNEX2

New cases Previously treated Combined*
cases

N % N % N %

Total number of strains tested 2 976 100 994 100 100

SUSCEPTIBLE TO ALL 4 DRUGS 2 870 96.4 825 83.0 94.9

ANY RESISTANCE 106 3.6 169 17.0 5.1
- Isoniazid (INH) 79 2.7 140 14.1 3.9
- Rifampicin (RMP) 20 .7 78 7.8 1.5
- Ethambutol (EMB) 3 .1 25 2.5 .4
- Streptomycin (SM) 53 1.8 92 9.3 2.6

MONORESISTANCE 71 2.4 77 7.7 3.0
- Isoniazid (INH) 44 1.5 50 5.0 1.9
- Rifampicin (RMP) 2 .1 6 .6 .1
- Ethambutol (EMB) 0 .0 0 .0 .0
- Streptomycin (SM) 25 .8 21 2.1 1.0

MULTIDRUG RESISTANCE 18 .6 70 7.0 1.3
- INH + RMP 5 .2 12 1.2 .3
- INH + RMP + EMB 2 .1 8 .8 .1
- INH + RMP + SM 11 .4 36 3.6 .7
- INH + RMP + EMB + SM 0 .0 14 1.4 .2

OTHER PATTERNS 17 .6 22 2.2 .5
- INH + EMB 0 .0 1 .1 .0
- INH + SM 16 .5 17 1.7 .7
- INH + EMB + SM 1 .0 2 .2 .1
- RMP + EMB 0 .0 0 .0 .0
- RMP + SM 0 .0 2 .2 .0
- RMP + EMB + SM 0 .0 0 .0 .0
- EMB + SM 0 .0 0 .0 .0

NUMBER OF DRUGS RESISTANT TO:
-     0 2 870 96.4 825 83.0 94.9
-     1 71 2.4 77 7.7 3.0
-     2 21 .7 32 3.2 1.0
-     3 14 .5 46 4.6 .9
-    4 0 .0 14 1.4 .2

PREVALENCE OF DRUG RESISTANCE

* Combined estimates were calculated from resistance among new and previously treated cases but weighted by the proportion of retreatment cases in 
the NTP



PROFILE OF THE COUNTRY AND ITS CONTROL PROGRAMME

• Population: 3 807 038

• World Bank Income Category: Upper-middle-income

• Tuberculosis case notification: 6.8/100 000

• Tuberculosis estimated incidence: 10.0/100 000

• Notified incidence of new sputum smear positive TB: 126 cases 
3.3/100 000

• Treatment success: 70%

• Previously treated cases: 3.5% of all patients registered

• MTB/HIV estimated co-infection rate: 76.0/100 000

• HIV-positive TB cases: 50%

• WHO Control Category: 4

• Year N.T.P. was established: 1953

• Year of Rifampicin Introduction: 1971

• Standardized Regimens: Yes

• Use of Short Course Chemotherapy: 90%

• Use of Directly Observed Therapy:  during 1st 2 months: No
(0% of patients) 
During continuation phase: No

• Use of Fixed Dose Combination: No (0% of patients)

• Treatment In Private Sector: Cat. 3
Category 1: virtually all TB patients public sector
Category 2: <15% in private sector
Category 3: 15% or more in private sector
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PUERTO RICO
YEAR OF SURVEY: 1997

CHARACTERISTICS OF THE SURVEY/SURVEILLANCE PROGRAMME

Target Area: Country-wide

Sampling Method: All cases

Sampling Fraction: 100%

Study duration: 12 months

Culture Media: Bactec

Drug Suceptibility Testing Method: Proportion & Bactec

Laboratory accuracy: 92.0%

Rifampicin specificity: 100.0%
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ANNEX2

New cases Previously treated Combined
cases

N % N % N %

Total number of strains tested 160 100 12 100 172 100

SUSCEPTIBLE TO ALL 4 DRUGS 142 88.8 5 41.7 147 85.5

ANY RESISTANCE 18 11.3 7 58.3 25 14.5
- Isoniazid (INH) 11 6.9 6 50.0 17 9.9
- Rifampicin (RMP) 5 3.1 3 25.0 8 4.7
- Ethambutol (EMB) 5 3.1 1 8.3 6 3.5
- Streptomycin (SM) 9 5.6 3 25.0 12 7.0

MONORESISTANCE 11 6.9 3 25.0 14 8.1
- Isoniazid (INH) 5 3.1 2 16.7 7 4.1
- Rifampicin (RMP) 1 .6 1 8.3 2 1.2
- Ethambutol (EMB) 1 .6 0 .0 1 .6
- Streptomycin (SM) 4 2.5 0 .0 4 2.3

MULTIDRUG RESISTANCE 4 2.5 2 16.7 6 3.5
- INH + RMP 1 .6 1 8.3 2 1.2
- INH + RMP + EMB 1 .6 0 .0 1 .6
- INH + RMP + SM 0 .0 0 .0 0 .0
- INH + RMP + EMB + SM 2 1.3 1 8.3 3 1.7

OTHER PATTERNS 3 1.9 2 16.7 5 2.9
- INH + EMB 0 .0 0 .0 0 .0
- INH + SM 2 1.3 2 16.7 4 2.3
- INH + EMB + SM 0 .0 0 .0 0 .0
- RMP + EMB 0 .0 0 .0 0 .0
- RMP + SM 0 .0 0 .0 0 .0
- RMP + EMB + SM 0 .0 0 .0 0 .0
- EMB + SM 1 .6 0 .0 1 .6

NUMBER OF DRUGS RESISTANT TO:
-     0 142 88.8 5 41.7 147 85.5
-     1 11 6.9 3 25.0 14 8.1
-     2 4 2.5 3 25.0 7 4.1
-     3 1 .6 0 .0 1 .6
-    4 2 1.3 1 8.3 3 1.7

PREVALENCE OF DRUG RESISTANCE



PROFILE OF THE COUNTRY AND ITS CONTROL PROGRAMME

• Population: 46 429 816

• World Bank Income Category: High-income

• Tuberculosis case notification: 94.0/100 000

• Tuberculosis estimated incidence: 87.0/100 000

• Notified incidence of new sputum smear positive TB: 10 356 cases 
22.3/100 000

• Treatment success: 82%

• Previously treated cases: 10.4% of all patients registered

• MTB/HIV estimated co-infection rate: 2.0/100 000

• HIV-positive TB cases: 1.0%

• WHO Control Category: 4

• Year N.T.P. was established: 1962

• Year of Rifampicin Introduction: 1984

• Standardized Regimens: Yes

• Use of Short Course Chemotherapy: 99%

• Use of Directly Observed Therapy:  during 1st 2 months: No
(0% of patients) 
During continuation phase: No

• Use of Fixed Dose Combination: No (0% of patients)

• Treatment In Private Sector: Cat. 3
Category 1: virtually all TB patients public sector
Category 2: <15% in private sector
Category 3: 15% or more in private sector
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REPUBLIC OF KOREA
YEAR OF SURVEY: 1998–99

CHARACTERISTICS OF THE SURVEY/SURVEILLANCE PROGRAMME

Target Area: Country-wide

Sampling Method: All cases

Sampling Fraction: 100%

Study duration: 4 months

Culture Media: Löwenstein-Jensen

Drug Suceptibility Testing Method: Proportion

Laboratory accuracy: 97.0%

Rifampicin specificity: 100.0%
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NEW CASES PREVIOUSLY TREATED CASES ALL CASES COMBINED



221 A
N

T
I-

T
U

B
E

R
C

U
L

O
S

IS
 D

R
U

G
 R

E
S

IS
T

A
N

C
E

 I
N

 T
H

E
 W

O
R

L
D

ANNEX2

New cases Previously treated Combined*
cases

N % N % N %

Total number of strains tested 2 370 100 283 100 100

SUSCEPTIBLE TO ALL 4 DRUGS 2 119 89.4 221 78.1 88.2

ANY RESISTANCE 251 10.6 62 21.9 11.8
- Isoniazid (INH) 204 8.6 49 17.3 9.5
- Rifampicin (RMP) 70 3.0 29 10.2 3.7
- Ethambutol (EMB) 26 1.1 10 3.5 1.4
- Streptomycin (SM) 74 3.1 19 6.7 3.5

MONORESISTANCE 161 6.8 28 9.9 7.1
- Isoniazid (INH) 116 4.9 19 6.7 5.1
- Rifampicin (RMP) 16 .7 5 1.8 .8
- Ethambutol (EMB) 1 .0 0 .0 .0
- Streptomycin (SM) 28 1.2 4 1.4 1.2

MULTIDRUG RESISTANCE 52 2.2 20 7.1 2.7
- INH + RMP 28 1.2 12 4.2 1.5
- INH + RMP + EMB 10 .4 4 1.4 .5
- INH + RMP + SM 9 .4 2 .7 .4
- INH + RMP + EMB + SM 5 .2 2 .7 .3

OTHER PATTERNS 38 1.6 14 4.9 1.5
- INH + EMB 6 .3 2 .7 .3
- INH + SM 26 1.1 7 2.5 1.2
- INH + EMB + SM 4 .2 1 .4 .2
- RMP + EMB 0 .0 1 .4 .0
- RMP + SM 2 .1 3 1.1 .2
- RMP + EMB + SM 0 .0 0 .0 .0
- EMB + SM 0 .0 0 .0 .0

NUMBER OF DRUGS RESISTANT TO:
-     0 2 119 89.4 221 78.1 88.2
-     1 161 6.8 28 9.9 7.1
-     2 62 2.6 25 8.8 3.3
-     3 23 1.0 7 2.5 1.1
-    4 5 .2 2 .7 .3

PREVALENCE OF DRUG RESISTANCE

* Combined estimates were calculated from resistance among new and previously treated cases but weighted by the proportion of retreatment cases in 
the NTP



PROFILE OF THE COUNTRY AND ITS CONTROL PROGRAMME

• Population: 955 039

• World Bank Income Category: Lower-middle-income

• Tuberculosis case notification: 75.2/100 000

• Tuberculosis estimated incidence: 106.0/100 000

• Notified incidence of new sputum smear positive TB: 344 cases 
36.0/100 000

• Treatment success: 78%

• Previously treated cases: 24.7% of all patients 
registered

• MTB/HIV estimated co-infection rate: 5.0/100 000

• HIV-positive TB cases: 1.0%

• WHO Control Category: 3

• Year N.T.P. was established: 1997

• Year of Rifampicin Introduction: Not available

• Standardized Regimens: Yes

• Use of Short Course Chemotherapy: 85%

• Use of Directly Observed Therapy:  during 1st 2 months: Yes
(85% of patients) 
During continuation phase: Yes

• Use of Fixed Dose Combination: Yes (70% of patients)

• Treatment In Private Sector: Cat. 1
Category 1: virtually all TB patients public sector
Category 2: <15% in private sector
Category 3: 15% or more in private sector
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RUSSIAN FEDERATION (Tomsk Oblast)
YEAR OF SURVEY: 1998–99

CHARACTERISTICS OF THE SURVEY/SURVEILLANCE PROGRAMME

Target Area: Oblast

Sampling Method: All cases

Sampling Fraction: 100%

Study duration: 12 months

Culture Media: Löwenstein-Jensen

Drug Suceptibility Testing Method: Absolute concentration

Laboratory accuracy: 81.5%

Rifampicin specificity: 95.6%
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ANNEX2

New cases Previously treated Combined
cases

N % N % N %

Total number of strains tested 417 100 232 100 649 100

SUSCEPTIBLE TO ALL 4 DRUGS 296 71.0 98 42.2 394 60.7

ANY RESISTANCE 121 29.0 134 57.8 255 39.3
- Isoniazid (INH) 81 19.4 99 42.7 180 27.7
- Rifampicin (RMP) 33 7.9 72 31.0 105 16.2
- Ethambutol (EMB) 29 7.0 49 21.1 78 12.0
- Streptomycin (SM) 104 24.9 124 53.4 228 35.1

MONORESISTANCE 44 10.6 30 12.9 74 11.4
- Isoniazid (INH) 10 2.4 4 1.7 14 2.2
- Rifampicin (RMP) 2 .5 1 .4 3 .5
- Ethambutol (EMB) 1 .2 2 .9 3 .5
- Streptomycin (SM) 31 7.4 23 9.9 54 8.3

MULTIDRUG RESISTANCE 27 6.5 62 26.7 89 13.7
- INH + RMP 1 .2 2 .9 3 .5
- INH + RMP + EMB 1 .2 0 .0 1 .2
- INH + RMP + SM 9 2.2 24 10.3 33 5.1
- INH + RMP + EMB + SM 16 3.8 36 15.5 52 8.0

OTHER PATTERNS 50 12.0 42 18.1 92 14.2
- INH + EMB 1 .2 1 .4 2 .3
- INH + SM 37 8.9 26 11.2 63 9.7
- INH + EMB + SM 6 1.4 6 2.6 12 1.8
- RMP + EMB 1 .2 0 .0 1 .2
- RMP + SM 2 .5 5 2.2 7 1.1
- RMP + EMB + SM 1 .2 4 1.7 5 .8
- EMB + SM 2 .5 0 .0 2 .3

NUMBER OF DRUGS RESISTANT TO:
-     0 296 71.0 98 42.2 394 60.7
-     1 44 10.6 30 12.9 74 11.4
-     2 44 10.6 34 14.7 78 12.0
-     3 17 4.1 34 14.7 51 7.9
-    4 16 3.8 36 15.5 52 8.0

PREVALENCE OF DRUG RESISTANCE



PROFILE OF THE COUNTRY AND ITS CONTROL PROGRAMME

• Population: 1 271 100

• World Bank Income Category: Lower-middle-income

• Tuberculosis case notification: 47.7/100 000

• Tuberculosis estimated incidence: 52.0/100 000

• Notified incidence of new sputum smear positive TB: 194 cases 
15.2/100 000

• Treatment success: 57%

• Previously treated cases: 15.0% of all patients 
registered

• MTB/HIV estimated co-infection rate: 5.0/100 000

• HIV-positive TB cases: 1.0%

• WHO Control Category: 4

• Year N.T.P. was established: 1995

• Year of Rifampicin Introduction: 1987

• Standardized Regimens: Yes

• Use of Short Course Chemotherapy: 100%

• Use of Directly Observed Therapy:  during 1st 2 months: Yes
(80% of patients) 
During continuation phase: Yes

• Use of Fixed Dose Combination: Yes (100% of patients)

• Treatment In Private Sector: Cat. 1
Category 1: virtually all TB patients public sector
Category 2: <15% in private sector
Category 3: 15% or more in private sector
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RUSSIAN FEDERATION (Ivanovo Oblast)
YEAR OF SURVEY: 1998

CHARACTERISTICS OF THE SURVEY/SURVEILLANCE PROGRAMME

Target Area: Oblast

Sampling Method: All cases

Sampling Fraction: 100%

Study duration: 12 months

Culture Media: Löwenstein-Jensen

Drug Suceptibility Testing Method: Proportion

Laboratory accuracy: 95.0%

Rifampicin specificity: 96.9%
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ANNEX2

New cases Previously treated Combined
cases

N % N % N %

Total number of strains tested 222 100 54 100 276 100

SUSCEPTIBLE TO ALL 4 DRUGS 150 67.6 17 31.5 167 60.5

ANY RESISTANCE 72 32.4 37 68.5 109 39.5
- Isoniazid (INH) 49 22.1 18 33.3 67 24.3
- Rifampicin (RMP) 35 15.8 23 42.6 58 21.0
- Ethambutol (EMB) 22 9.9 16 29.6 38 13.8
- Streptomycin (SM) 40 18.0 25 46.3 65 23.6

MONORESISTANCE 36 16.2 14 25.9 50 18.1
- Isoniazid (INH) 16 7.2 1 1.9 17 6.2
- Rifampicin (RMP) 0 .0 4 7.4 4 1.4
- Ethambutol (EMB) 6 2.7 4 7.4 10 3.6
- Streptomycin (SM) 14 6.3 5 9.3 19 6.9

MULTIDRUG RESISTANCE 20 9.0 14 25.9 34 12.3
- INH + RMP 7 3.2 1 1.9 8 2.9
- INH + RMP + EMB 2 .9 1 1.9 3 1.1
- INH + RMP + SM 2 .9 4 7.4 6 2.2
- INH + RMP + EMB + SM 9 4.1 8 14.8 17 6.2

OTHER PATTERNS 16 7.2 9 16.7 25 9.1
- INH + EMB 1 .5 0 .0 1 .4
- INH + SM 11 5.0 3 5.6 14 5.1
- INH + EMB + SM 1 .5 0 .0 1 .4
- RMP + EMB 0 .0 1 1.9 1 .4
- RMP + SM 0 .0 3 5.6 3 1.1
- RMP + EMB + SM 2 .9 1 1.9 3 1.1
- EMB + SM 1 .5 1 1.9 2 .7

NUMBER OF DRUGS RESISTANT TO:
-     0 150 67.6 17 31.5 167 60.5
-     1 36 16.2 14 25.9 50 18.1
-     2 20 9.0 9 16.7 29 10.5
-     3 7 3.2 6 11.1 13 4.7
-    4 9 4.1 8 14.8 17 6.2

PREVALENCE OF DRUG RESISTANCE



PROFILE OF THE COUNTRY AND ITS CONTROL PROGRAMME

• Population: 5 213 700

• World Bank Income Category: High-income

• Tuberculosis case notification: 8.3/100 000

• Tuberculosis estimated incidence: 8.3/100 000

• Notified incidence of new sputum smear positive TB: 335 cases 
6.4/100 000

• Treatment success: Not available

• Previously treated cases: Not available 

• MTB/HIV estimated co-infection rate: 6.0/100 000

• HIV-positive TB cases: 2.0%

• WHO Control Category: 1

• Year N.T.P. was established: Not available

• Year of Rifampicin Introduction: 1969

• Standardized Regimens: Yes

• Use of Short Course Chemotherapy: 100%

• Use of Directly Observed Therapy:  during 1st 2 months: No
(0% of patients) 
During continuation phase: No

• Use of Fixed Dose Combination: Yes (100% of patients)

• Treatment In Private Sector: Cat. 1
Category 1: virtually all TB patients public sector
Category 2: <15% in private sector
Category 3: 15% or more in private sector
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SCOTLAND
YEAR OF SURVEY: 1997

CHARACTERISTICS OF THE SURVEY/SURVEILLANCE PROGRAMME

Target Area: Country-wide

Sampling Method: All cases

Sampling Fraction: 100%

Study duration: 12 months

Culture Media: Bactec

Drug Suceptibility Testing Method: Bactec

Laboratory accuracy: 100.0%

Rifampicin specificity: 100.0%
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NEW CASES PREVIOUSLY TREATED CASES ALL CASES COMBINED
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ANNEX2

New cases Previously treated Combined
cases

N % N % N %

Total number of strains tested 299 100 8 100 307 100

SUSCEPTIBLE TO ALL 4 DRUGS 288 96.3 6 75.0 294 95.8

ANY RESISTANCE 11 3.7 2 25.0 13 4.2
- Isoniazid (INH) 11 3.7 2 25.0 13 4.2
- Rifampicin (RMP) 1 .3 1 12.5 2 .7
- Ethambutol (EMB) 0 .0 1 12.5 1 .3
- Streptomycin (SM) 1 .3 1 12.5 2 .7

MONORESISTANCE 9 3.0 1 12.5 10 3.3
- Isoniazid (INH) 9 3.0 1 12.5 10 3.3
- Rifampicin (RMP) 0 .0 0 .0 0 .0
- Ethambutol (EMB) 0 .0 0 .0 0 .0
- Streptomycin (SM) 0 .0 0 .0 0 .0

MULTIDRUG RESISTANCE 1 .3 1 12.5 2 .7
- INH + RMP 1 .3 0 0 1 .3
- INH + RMP + EMB 0 .0 0 .0 0 .0
- INH + RMP + SM 0 .0 0 .0 0 .0
- INH + RMP + EMB + SM 0 .0 1 12.5 1 .3

OTHER PATTERNS 1 .3 0 .0 1 .3
- INH + EMB 0 .0 0 .0 0 .0
- INH + SM 1 .3 0 .0 1 .3
- INH + EMB + SM 0 .0 0 .0 0 .0
- RMP + EMB 0 .0 0 .0 0 .0
- RMP + SM 0 .0 0 .0 0 .0
- RMP + EMB + SM 0 .0 0 .0 0 .0
- EMB + SM 0 .0 0 .0 0 .0

NUMBER OF DRUGS RESISTANT TO:
-     0 288 96.3 6 75.0 294 95.8
-     1 9 3.0 1 12.5 10 3.3
-     2 2 .7 0 .0 2 .7
-     3 0 .0 0 .0 0 .0
-    4 0 .0 1 12.5 1 .3

PREVALENCE OF DRUG RESISTANCE



PROFILE OF THE COUNTRY AND ITS CONTROL PROGRAMME

• Population: 4 600 000

• World Bank Income Category: Low-income

• Tuberculosis case notification: 76.6/100 000

• Tuberculosis estimated incidence: 315.0/100 000

• Notified incidence of new sputum smear positive TB: 2 296 cases
49.9/100 000

• Treatment success: 78%

• Previously treated cases: 7.9% of all patients registered

• MTB/HIV estimated co-infection rate: 517.0/100 000

• HIV-positive TB cases: 10%

• WHO Control Category: 3

• Year N.T.P. was established: 1990

• Year of Rifampicin Introduction: 1990

• Standardized Regimens: Yes

• Use of Short Course Chemotherapy: 100%

• Use of Directly Observed Therapy:  during 1st 2 months: Yes
(100% of patients) 
During continuation phase: No

• Use of Fixed Dose Combination: Yes (100% of patients)

• Treatment In Private Sector: Cat. 3
Category 1: virtually all TB patients public sector
Category 2: <15% in private sector
Category 3: 15% or more in private sector
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SIERRA LEONE
YEAR OF SURVEY: 1997

CHARACTERISTICS OF THE SURVEY/SURVEILLANCE PROGRAMME

Target Area: Nearly country-wide

Sampling Method: Random

Sampling Fraction: 15%

Study duration: 6 months

Culture Media: Löwenstein-Jensen

Drug Suceptibility Testing Method: Proportion

Laboratory accuracy: 95.0%

Rifampicin specificity: 100.0%
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ANNEX2

New cases Previously treated Combined*
cases

N % N % N %

Total number of strains tested 117 100 13 100 100

SUSCEPTIBLE TO ALL 4 DRUGS 88 75.2 5 38.5 72.3

ANY RESISTANCE 29 24.8 8 61.5 27.7
- Isoniazid (INH) 12 10.3 8 61.5 14.3
- Rifampicin (RMP) 1 .9 3 23.1 2.6
- Ethambutol (EMB) 0 .0 1 7.7 .6
- Streptomycin (SM) 25 21.4 3 23.1 21.5

MONORESISTANCE 21 17.9 4 30.8 19.0
- Isoniazid (INH) 4 3.4 4 30.8 5.6
- Rifampicin (RMP) 0 .0 0 .0 .0
- Ethambutol (EMB) 0 .0 0 .0 .0
- Streptomycin (SM) 17 14.5 0 .0 13.4

MULTIDRUG RESISTANCE 1 .9 3 23.1 2.6
- INH + RMP 0 .0 0 .0 .0
- INH + RMP + EMB 0 .0 0 .0 .0
- INH + RMP + SM 1 .9 3 23.1 2.6
- INH + RMP + EMB + SM 0 .0 0 .0 .0

OTHER PATTERNS 7 6.0 1 7.7 6.0
- INH + EMB 0 .0 1 7.7 .6
- INH + SM 7 6.0 0 .0 5.5
- INH + EMB + SM 0 .0 0 .0 .0
- RMP + EMB 0 .0 0 .0 .0
- RMP + SM 0 .0 0 .0 .0
- RMP + EMB + SM 0 .0 0 .0 .0
- EMB + SM 0 .0 0 .0 .0

NUMBER OF DRUGS RESISTANT TO:
-     0 88 75.2 5 38.5 72.3
-     1 21 17.9 4 30.8 19.0
-     2 7 6.0 1 7.7 6.1
-     3 1 .9 3 23.1 2.6
-    4 0 .0 0 .0 .0

PREVALENCE OF DRUG RESISTANCE

* Combined estimates were calculated from resistance among new and previously treated cases but weighted by the proportion of retreatment cases in 
the NTP



PROFILE OF THE COUNTRY AND ITS CONTROL PROGRAMME

• Population: 3 044 300 

• World Bank Income Category: High-income

• Tuberculosis case notification: 64.1/100 000

• Tuberculosis estimated incidence: 48.0/100 000

• Notified incidence of new sputum smear positive TB: 519 cases 
17.0/100 000

• Treatment success: 83%

• Previously treated cases: 13.2% of all patients 
registered

• MTB/HIV estimated co-infection rate: 24.0/100 000

• HIV-positive TB cases: 1.0%

• WHO Control Category: 3

• Year N.T.P. was established: 1958

• Year of Rifampicin Introduction: 1975

• Standardized Regimens: No

• Use of Short Course Chemotherapy: 45%

• Use of Directly Observed Therapy:  during 1st 2 months: Yes
(15% of patients) 
During continuation phase: Yes

• Use of Fixed Dose Combination: Yes (% of patients not 
available)

• Treatment In Private Sector: Cat. 2
Category 1: virtually all TB patients public sector
Category 2: <15% in private sector
Category 3: 15% or more in private sector
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SINGAPORE
YEAR OF SURVEY: 1996

CHARACTERISTICS OF THE SURVEY/SURVEILLANCE PROGRAMME

Target Area: Country-wide

Sampling Method: All cases

Sampling Fraction: 100%

Study duration: 12 months

Culture Media: Löwenstein-Jensen & Bactec

Drug Suceptibility Testing Method: Bactec

Laboratory accuracy: 99.0%

Rifampicin specificity: 100.0%
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ANNEX2

New cases Previously treated Combined
cases

N % N % N %

Total number of strains tested 980 100 151 100 1 131 100

SUSCEPTIBLE TO ALL 4 DRUGS 933 95.2 131 86.8 1 064 94.1

ANY RESISTANCE 47 4.8 20 13.2 67 5.9
- Isoniazid (INH) 33 3.4 18 11.9 51 4.5
- Rifampicin (RMP) 4 .4 8 5.3 12 1.1
- Ethambutol (EMB) 3 .3 3 2.0 6 .5
- Streptomycin (SM) 19 1.9 3 2.0 22 1.9

MONORESISTANCE 39 4.0 9 6.0 48 4.2
- Isoniazid (INH) 25 2.6 8 5.3 33 2.9
- Rifampicin (RMP) 1 .1 1 .7 2 .2
- Ethambutol (EMB) 0 .0 0 .0 0 .0
- Streptomycin (SM) 13 1.3 0 .0 13 1.1

MULTIDRUG RESISTANCE 3 .3 6 4.0 9 .8
- INH + RMP 1 .1 5 3.3 6 .5
- INH + RMP + EMB 1 .1 1 .7 2 .2
- INH + RMP + SM 0 .0 0 .0 0 .0
- INH + RMP + EMB + SM 1 .1 0 .0 1 .1

OTHER PATTERNS 5 .5 5 3.3 10 .9
- INH + EMB 0 .0 2 1.3 2 .2
- INH + SM 4 .4 2 1.3 6 .5
- INH + EMB + SM 1 .1 0 .0 1 .1
- RMP + EMB 0 .0 0 .0 0 .0
- RMP + SM 0 .0 1 .7 1 .1
- RMP + EMB + SM 0 .0 0 .0 0 .0
- EMB + SM 0 .0 0 .0 0 .0

NUMBER OF DRUGS RESISTANT TO:
-     0 933 95.2 131 86.8 1 064 94.1
-     1 39 4.0 9 6.0 48 4.2
-     2 5 .5 10 6.6 15 1.3
-     3 2 .2 1 .7 3 .3
-    4 1 .1 0 .0 1 .1

PREVALENCE OF DRUG RESISTANCE



PROFILE OF THE COUNTRY AND ITS CONTROL PROGRAMME

• Population: 5 383 214

• World Bank Income Category: Upper-middle-income

• Tuberculosis case notification: 24.3/100 000

• Tuberculosis estimated incidence: 35.0/100 000

• Notified incidence of new sputum smear positive TB: 396 cases 
7.4/100 000

• Treatment success: 85%

• Previously treated cases: 3.4% of all patients registered

• MTB/HIV estimated co-infection rate: 0/100 000

• HIV-positive TB cases: 0%

• WHO Control Category: 4

• Year N.T.P. was established: 1982

• Year of Rifampicin Introduction: 1972

• Standardized Regimens: Yes

• Use of Short Course Chemotherapy: 78%

• Use of Directly Observed Therapy:  during 1st 2 months: Yes
(90% of patients) 
During continuation phase: Yes

• Use of Fixed Dose Combination: No (0% of patients)

• Treatment In Private Sector: Cat. 1
Category 1: virtually all TB patients public sector
Category 2: <15% in private sector
Category 3: 15% or more in private sector
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SLOVAKIA
YEAR OF SURVEY: 1998

CHARACTERISTICS OF THE SURVEY/SURVEILLANCE PROGRAMME

Target Area: Country-wide

Sampling Method: All cases

Sampling Fraction: 100%

Study duration: 12 months

Culture Media: Löwenstein-Jensen

Drug Suceptibility Testing Method: Proportion

Laboratory accuracy: 94.0%

Rifampicin specificity: 90.0%
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ANNEX2

New cases Previously treated Combined
cases

N % N % N %

Total number of strains tested 589 100 157 100 746 100

SUSCEPTIBLE TO ALL 4 DRUGS 573 97.3 132 84.1 705 94.5

ANY RESISTANCE 16 2.7 25 15.9 41 5.5
- Isoniazid (INH) 12 2.0 17 10.8 29 3.9
- Rifampicin (RMP) 2 .3 16 10.2 18 2.4
- Ethambutol (EMB) 1 .2 8 5.1 9 1.2
- Streptomycin (SM) 6 1.0 7 4.5 13 1.7

MONORESISTANCE 12 2.0 7 4.5 19 2.5
- Isoniazid (INH) 8 1.4 5 3.2 13 1.7
- Rifampicin (RMP) 0 .0 2 1.3 2 .3
- Ethambutol (EMB) 0 .0 0 .0 0 .0
- Streptomycin (SM) 4 .7 0 .0 4 .5

MULTIDRUG RESISTANCE 2 .3 13 8.3 15 2.0
- INH + RMP 1 .2 4 2.5 5 .7
- INH + RMP + EMB 1 .2 6 3.8 7 .9
- INH + RMP + SM 0 .0 2 1.3 2 .3
- INH + RMP + EMB + SM 0 .0 1 .6 1 .1

OTHER PATTERNS 2 .3 5 3.2 7 .9
- INH + EMB 0 .0 0 .0 0 .0
- INH + SM 2 .3 4 2.5 6 .8
- INH + EMB + SM 0 .0 0 .0 0 .0
- RMP + EMB 0 .0 1 .6 1 .1
- RMP + SM 0 .0 0 .0 0 .0
- RMP + EMB + SM 0 .0 0 .0 0 .0
- EMB + SM 0 .0 0 .0 0 .0

NUMBER OF DRUGS RESISTANT TO:
-     0 573 97.3 132 84.1 705 94.5
-     1 12 2.0 7 4.5 19 2.5
-     2 3 .5 9 5.7 12 1.6
-     3 1 .2 8 5.1 9 1.2
-    4 0 .0 1 .6 1 .1

PREVALENCE OF DRUG RESISTANCE



PROFILE OF THE COUNTRY AND ITS CONTROL PROGRAMME

• Population: 1 986 848

• World Bank Income Category: High-income

• Tuberculosis case notification: 25.0/100 000

• Tuberculosis estimated incidence: 30.0/100 000

• Notified incidence of new sputum smear positive TB: 156 cases 
7.9/100 000

• Treatment success: 89%

• Previously treated cases: 14.3% of all patients 
registered

• MTB/HIV estimated co-infection rate: 1.0/100 000

• HIV-positive TB cases: 1.0%

• WHO Control Category: 4

• Year N.T.P. was established: 1952

• Year of Rifampicin Introduction: 1973

• Standardized Regimens: Yes

• Use of Short Course Chemotherapy: 85%

• Use of Directly Observed Therapy:  during 1st 2 months: Yes
(100% of patients) 
During continuation phase: No

• Use of Fixed Dose Combination: Yes (30% of patients)

• Treatment In Private Sector: Cat. 1
Category 1: virtually all TB patients public sector
Category 2: <15% in private sector
Category 3: 15% or more in private sector
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SLOVENIA
YEAR OF SURVEY: 1997

CHARACTERISTICS OF THE SURVEY/SURVEILLANCE PROGRAMME

Target Area: Country-wide

Sampling Method: All cases

Sampling Fraction: 100%

Study duration: 12 months

Culture Media: Löwenstein-Jensen

Drug Suceptibility Testing Method: Proportion

Laboratory accuracy: 100.0%

Rifampicin specificity: 100.0%
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ANNEX2

New cases Previously treated Combined
cases

N % N % N %

Total number of strains tested 290 100 36 100 326 100

SUSCEPTIBLE TO ALL 4 DRUGS 283 97.6 33 91.7 316 96.9

ANY RESISTANCE 7 2.4 3 8.3 10 3.1
- Isoniazid (INH) 3 1.0 2 5.6 5 1.5
- Rifampicin (RMP) 2 .7 1 2.8 3 .9
- Ethambutol (EMB) 2 .7 0 .0 2 .6
- Streptomycin (SM) 6 2.1 1 2.8 7 2.1

MONORESISTANCE 5 1.7 2 5.6 7 2.1
- Isoniazid (INH) 1 .3 1 2.8 2 .6
- Rifampicin (RMP) 0 .0 0 .0 0 .0
- Ethambutol (EMB) 0 .0 0 .0 0 .0
- Streptomycin (SM) 4 1.4 1 2.8 5 1.5

MULTIDRUG RESISTANCE 2 .7 1 2.8 3 .9
- INH + RMP 0 .0 1 2.8 1 .3
- INH + RMP + EMB 0 .0 0 .0 0 .0
- INH + RMP + SM 0 .0 0 .0 0 .0
- INH + RMP + EMB + SM 2 .7 0 .0 2 .6

OTHER PATTERNS 0 .0 0 .0 0 .0
- INH + EMB 0 .0 0 .0 0 .0
- INH + SM 0 .0 0 .0 0 .0
- INH + EMB + SM 0 .0 0 .0 0 .0
- RMP + EMB 0 .0 0 .0 0 .0
- RMP + SM 0 .0 0 .0 0 .0
- RMP + EMB + SM 0 .0 0 .0 0 .0
- EMB + SM 0 .0 0 .0 0 .0

NUMBER OF DRUGS RESISTANT TO:
-     0 283 97.6 33 91.7 316 96.9
-     1 5 1.7 2 5.6 7 2.1
-     2 0 .0 1 2.8 1 .3
-     3 0 .0 0 .0 0 .0
-    4 2 .7 0 .0 2 .6

PREVALENCE OF DRUG RESISTANCE



PROFILE OF THE COUNTRY AND ITS CONTROL PROGRAMME

• Population: 3 020 000

• World Bank Income Category: Upper-middle-income

• Tuberculosis case notification: 120.0/100 000

• Tuberculosis estimated incidence: 208.0/100 000

• Notified incidence of new sputum smear positive TB: 2 994 cases
99.1/100 000

• Treatment success: 78%

• Previously treated cases: 15.5% of all patients 
registered

• MTB/HIV estimated co-infection rate: 2540.0/100 000

• HIV-positive TB cases: 45%

• WHO Control Category: 3

• Year N.T.P. was established: 1982

• Year of Rifampicin Introduction: 1979

• Standardized Regimens: Yes

• Use of Short Course Chemotherapy: 100%

• Use of Directly Observed Therapy:  during 1st 2 months: Yes
(70% of patients) 
During continuation phase: Yes

• Use of Fixed Dose Combination: Yes (100% of patients)

• Treatment In Private Sector: Cat. 2
Category 1: virtually all TB patients public sector
Category 2: <15% in private sector
Category 3: 15% or more in private sector
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SOUTH AFRICA (Mpumalanga Province)
YEAR OF SURVEY: 1997

CHARACTERISTICS OF THE SURVEY/SURVEILLANCE PROGRAMME

Target Area: Province

Sampling Method: Proportionate cluster

Sampling Fraction: 43%

Study duration: 6 months

Culture Media: Löwenstein-Jensen

Drug Suceptibility Testing Method: Proportion

Laboratory accuracy: 89.0%

Rifampicin specificity: 91.0%
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ANNEX2

New cases Previously treated Combined*
cases

N % N % N %

Total number of strains tested 661 100 100 100 100

SUSCEPTIBLE TO ALL 4 DRUGS 608 92.0 78 78.0 89.8

ANY RESISTANCE 53 8.0 22 22.0 10.2
- Isoniazid (INH) 37 5.6 16 16.0 7.2
- Rifampicin (RMP) 11 1.7 9 9.0 2.8
- Ethambutol (EMB) 3 .5 1 1.0 .5
- Streptomycin (SM) 25 3.8 7 7.0 4.3

MONORESISTANCE 39 5.9 11 11.0 6.7
- Isoniazid (INH) 23 3.5 5 5.0 3.7
- Rifampicin (RMP) 1 .2 1 1.0 .3
- Ethambutol (EMB) 0 .0 0 .0 .0
- Streptomycin (SM) 15 2.3 5 5.0 2.7

MULTIDRUG RESISTANCE 10 1.5 8 8.0 2.5
- INH + RMP 4 .6 8 8.0 1.8
- INH + RMP + EMB 0 .0 0 .0 .0
- INH + RMP + SM 3 .5 0 .0 .4
- INH + RMP + EMB + SM 3 .5 0 .0 .4

OTHER PATTERNS 4 .6 3 3.0 .5
- INH + EMB 0 .0 1 1.0 .2
- INH + SM 4 .6 2 2.0 .8
- INH + EMB + SM 0 .0 0 .0 .0
- RMP + EMB 0 .0 0 .0 .0
- RMP + SM 0 .0 0 .0 .0
- RMP + EMB + SM 0 .0 0 .0 .0
- EMB + SM 0 .0 0 .0 .0

NUMBER OF DRUGS RESISTANT TO:
-     0 608 92.0 78 78.0 89.8
-     1 39 5.9 11 11.0 6.7
-     2 8 1.2 11 11.0 2.7
-     3 3 .5 0 .0 .4
-    4 3 .5 0 .0 .4

PREVALENCE OF DRUG RESISTANCE

* Combined estimates were calculated from resistance among new and previously treated cases but weighted by the proportion of retreatment cases in 
the NTP



PROFILE OF THE COUNTRY AND ITS CONTROL PROGRAMME

• Population: 1 508 805

• World Bank Income Category: High-income

• Tuberculosis case notification: 48.5/100 000

• Tuberculosis estimated incidence: 49.0/100 000

• Notified incidence of new sputum smear positive TB: 279 cases 
18.5/100 000

• Treatment success: 75%

• Previously treated cases: 9.7% of all patients registered

• MTB/HIV estimated co-infection rate: 48.0/100 000

• HIV-positive TB cases: 20%

• WHO Control Category: 3

• Year N.T.P. was established: 1982

• Year of Rifampicin Introduction: 1968

• Standardized Regimens: Yes

• Use of Short Course Chemotherapy: 90%

• Use of Directly Observed Therapy: during 1st 2 months: Yes
(20% of patients) 
During continuation phase: Yes

• Use of Fixed Dose Combination: Yes (90% of patients)

• Treatment In Private Sector: Cat. 2
Category 1: virtually all TB patients public sector
Category 2: <15% in private sector
Category 3: 15% or more in private sector
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SPAIN (Barcelona)
YEAR OF SURVEY: 1997–98

CHARACTERISTICS OF THE SURVEY/SURVEILLANCE PROGRAMME

Target Area: City-wide

Sampling Method: Cluster

Sampling Fraction: 59%

Study duration: 24 months

Culture Media: Löwenstein-Jensen & Bactec

Drug Suceptibility Testing Method: Proportion

Laboratory accuracy: 95.0%

Rifampicin specificity: 100.0%
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NEW CASES PREVIOUSLY TREATED CASES ALL CASES COMBINED
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ANNEX2

New cases Previously treated Combined*
cases

N % N % N %

Total number of strains tested 315 100 69 100 100

SUSCEPTIBLE TO ALL 4 DRUGS 304 96.5 53 76.8 94.6

ANY RESISTANCE 11 3.5 16 23.2 5.4
- Isoniazid (INH) 7 2.2 15 21.7 4.1
- Rifampicin (RMP) 1 .3 8 11.6 1.4
- Ethambutol (EMB) 1 .3 4 5.8 .8
- Streptomycin (SM) 5 1.6 2 2.9 1.7

MONORESISTANCE 10 3.2 7 10.1 3.9
- Isoniazid (INH) 6 1.9 6 8.7 2.6
- Rifampicin (RMP) 0 .0 0 .0 .0
- Ethambutol (EMB) 0 .0 0 .0 .0
- Streptomycin (SM) 4 1.3 1 1.4 1.3

MULTIDRUG RESISTANCE 1 .3 8 11.6 1.4
- INH + RMP 0 .0 5 7.2 .7
- INH + RMP + EMB 0 .0 2 2.9 .3
- INH + RMP + SM 0 .0 0 .0 .0
- INH + RMP + EMB + SM 1 .3 1 1.4 .4

OTHER PATTERNS 0 .0 1 1.4 .0
- INH + EMB 0 .0 1 1.4 .1
- INH + SM 0 .0 0 .0 .0
- INH + EMB + SM 0 .0 0 .0 .0
- RMP + EMB 0 .0 0 .0 .0
- RMP + SM 0 .0 0 .0 .0
- RMP + EMB + SM 0 .0 0 .0 .0
- EMB + SM 0 .0 0 .0 .0

NUMBER OF DRUGS  RESISTANT TO:
-     0 304 96.5 53 76.8 94.6
-     1 10 3.2 7 10.1 3.9
-     2 0 .0 6 8.7 .8
-     3 0 .0 2 2.9 .3
-    4 1 .3 1 1.4 .4

PREVALENCE OF DRUG RESISTANCE

* Combined estimates were calculated from resistance among new and previously treated cases but weighted by the proportion of retreatment cases in 
the NTP



PROFILE OF THE COUNTRY AND ITS CONTROL PROGRAMME

• Population: 8 844 000

• World Bank Income Category: High-income

• Tuberculosis case notification: 5.2/100 000

• Tuberculosis estimated incidence: 5.0/100 000

• Notified incidence of new sputum smear positive TB: 107 cases 
1.2/100 000

• Treatment success: 86%

• Previously treated cases: 7.0% of all patients registered

• MTB/HIV estimated co-infection rate: 4.0/100 000

• HIV-positive TB cases: 0%

• WHO Control Category: 5

• Year N.T.P. was established: Not available

• Year of Rifampicin Introduction: 1970

• Standardized Regimens: Yes

• Use of Short Course Chemotherapy: Not available

• Use of Directly Observed Therapy:  during 1st 2 months: No
(0% of patients) 
During continuation phase: No

• Use of Fixed Dose Combination: No (0% of patients)

• Treatment In Private Sector: Cat. 1
Category 1: virtually all TB patients public sector
Category 2: <15% in private sector
Category 3: 15% or more in private sector
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SWEDEN
YEAR OF SURVEY: 1997

CHARACTERISTICS OF THE SURVEY/SURVEILLANCE PROGRAMME

Target Area: Country-wide

Sampling Method: All cases

Sampling Fraction: 100%

Study duration: 12 months

Culture Media: Löwenstein-Jensen & Bactec

Drug Suceptibility Testing Method: Bactec

Laboratory accuracy: 94.0%

Rifampicin specificity: 100.0%
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NEW CASES PREVIOUSLY TREATED CASES ALL CASES COMBINED
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ANNEX2

New cases Previously treated Combined
cases

N % N % N %

Total number of strains tested 356 100 24 100 380 100

SUSCEPTIBLE TO ALL 4 DRUGS 328 92.1 20 83.3 348 91.6

ANY RESISTANCE 28 7.9 4 16.7 32 8.4
- Isoniazid (INH) 20 5.6 4 16.7 24 6.3
- Rifampicin (RMP) 2 .6 2 8.3 4 1.1
- Ethambutol (EMB) 0 .0 0 .0 0 .0
- Streptomycin (SM) 17 4.8 1 4.2 18 4.7

MONORESISTANCE 19 5.3 2 8.3 21 5.5
- Isoniazid (INH) 11 3.1 2 8.3 13 3.4
- Rifampicin (RMP) 0 .0 0 .0 0 .0
- Ethambutol (EMB) 0 .0 0 .0 0 .0
- Streptomycin (SM) 8 2.2 0 .0 8 2.1

MULTIDRUG RESISTANCE 2 .6 2 8.3 4 1.1
- INH + RMP 0 .0 1 4.2 1 .3
- INH + RMP + EMB 0 .0 0 .0 0 .0
- INH + RMP + SM 2 .6 1 4.2 3 .8
- INH + RMP + EMB + SM 0 .0 0 .0 0 .0

OTHER PATTERNS 7 2.0 0 .0 7 1.8
- INH + EMB 0 .0 0 .0 0 .0
- INH + SM 7 2.0 0 .0 7 1.8
- INH + EMB + SM 0 .0 0 .0 0 .0
- RMP + EMB 0 .0 0 .0 0 .0
- RMP + SM 0 .0 0 .0 0 .0
- RMP + EMB + SM 0 .0 0 .0 0 .0
- EMB + SM 0 .0 0 .0 0 .0

NUMBER OF DRUGS RESISTANT TO:
-     0 328 92.1 20 83.3 348 91.6
-     1 19 5.3 2 8.3 21 5.5
-     2 7 2.0 1 4.2 8 2.1
-     3 2 .6 1 4.2 3 .8
-    4 0 .0 0 .0 0 .0

PREVALENCE OF DRUG RESISTANCE



PROFILE OF THE COUNTRY AND ITS CONTROL PROGRAMME

• Population: 7 113 400

• World Bank Income Category: High-income

• Tuberculosis case notification: 10.5/100 000

• Tuberculosis estimated incidence: 11.0/100 000

• Notified incidence of new sputum smear positive TB: 172 cases 
2.4/100 000

• Treatment success: 79%

• Previously treated cases: 17.0% of all patients 
registered

• MTB/HIV estimated co-infection rate: 21.0/100 000

• HIV-positive TB cases: 25%

• WHO Control Category: 1

• Year N.T.P. was established: Not available

• Year of Rifampicin Introduction: 1967

• Standardized Regimens: Yes

• Use of Short Course Chemotherapy: 60%

• Use of Directly Observed Therapy:  during 1st 2 months: Yes
(5% of patients)
During continuation phase: Not available

• Use of Fixed Dose Combination: Yes (90% of patients)

• Treatment In Private Sector: Cat. 3
Category 1: virtually all TB patients public sector
Category 2: <15% in private sector
Category 3: 15% or more in private sector
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SWITZERLAND
YEAR OF SURVEY: 1997

CHARACTERISTICS OF THE SURVEY/SURVEILLANCE PROGRAMME

Target Area: Country-wide

Sampling Method: All cases

Sampling Fraction: 100%

Study duration: 12 months

Culture Media: Various

Drug Suceptibility Testing Method: Various

Laboratory accuracy: 98.8%

Rifampicin specificity: 100.0%
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NEW CASES PREVIOUSLY TREATED CASES ALL CASES COMBINED
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ANNEX2

New cases Previously treated Combined
cases

N % N % N %

Total number of strains tested 322 100 40 100 362 100

SUSCEPTIBLE TO ALL 4 DRUGS 312 96.9 29 72.5 341 94.2

ANY RESISTANCE 10 3.1 11 27.5 21 5.8
- Isoniazid (INH) 9 2.8 10 25.0 19 5.2
- Rifampicin (RMP) 0 .0 6 15.0 6 1.7
- Ethambutol (EMB) 0 .0 4 10.0 4 1.1
- Pyrazinamide (PZA) 1 .3 4 10.0 5 1.4

MONORESISTANCE 10 3.1 5 12.5 15 4.1
- Isoniazid (INH) 9 2.8 4 10.0 13 3.6
- Rifampicin (RMP) 0 .0 1 2.5 1 .3
- Ethambutol (EMB) 0 .0 0 .0 0 .0
- Pyrazinamide (PZA) 1 .3 0 .0 1 .3

MULTIDRUG RESISTANCE 0 .0 5 12.5 5 1.4
- INH + RMP 0 .0 1 2.5 1 .3
- INH + RMP + PZA 0 .0 0 .0 0 .0
- INH + RMP + SM 0 .0 1 2.5 1 .3
- INH + RMP + PZA + SM 0 .0 3 7.5 3 .8

OTHER PATTERNS 0 .0 1 2.5 1 .3
- INH + PZA 0 .0 1 2.5 1 .3
- INH + SM 0 .0 0 .0 0 .0
- INH + PZA + SM 0 .0 0 .0 0 .0
- RMP+ PZA 0 .0 0 .0 0 .0
- RMP + SM 0 .0 0 .0 0 .0
- RMP + PZA + SM 0 .0 0 .0 0 .0
- EMB + SM 0 .0 0 .0 0 .0

NUMBER OF DRUGS RESISTANT TO:
-     0 312 96.9 29 72.5 341 94.2
-     1 10 3.1 5 12.5 15 4.1
-     2 0 .0 2 5.0 2 .6
-     3 0 .0 1 2.5 1 .3
-    4 0 .0 3 7.5 3 .8

PREVALENCE OF DRUG RESISTANCE*

* No testing for Streptomycin but testing for Pyrazinamide



PROFILE OF THE COUNTRY AND ITS CONTROL PROGRAMME

• Population: 59 460 000

• World Bank Income Category: Lower-middle-income

• Tuberculosis case notification: 51.2/100 000

• Tuberculosis estimated incidence: 142.0/100 000

• Notified incidence of new sputum smear positive TB: 13 214 cases 
22.2/100 000

• Treatment success: 74%

• Previously treated cases: 10.7% of all patients registered

• MTB/HIV estimated co-infection rate: 561.0/100 000

• HIV-positive TB cases: 10%

• WHO Control Category: 2

• Year N.T.P. was established: 1966

• Year of Rifampicin Introduction: 1985

• Standardized Regimens: Yes

• Use of Short Course Chemotherapy: 100%

• Use of Directly Observed Therapy:  during 1st 2 months: No
(0% of patients) 
During continuation phase: No

• Use of Fixed Dose Combination: Yes (20% of patients)

• Treatment In Private Sector: Cat. 2
Category 1: virtually all TB patients public sector
Category 2: <15% in private sector
Category 3: 15% or more in private sector
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THAILAND
YEAR OF SURVEY: 1996–97

CHARACTERISTICS OF THE SURVEY/SURVEILLANCE PROGRAMME

Target Area: Country-wide

Sampling Method: Proportionate cluster

Sampling Fraction: 13%

Study duration: 12 months

Culture Media: Löwenstein-Jensen

Drug Suceptibility Testing Method: Proportion

Laboratory accuracy: 91.0%

Rifampicin specificity: 97.0%

DRUG RESISTANCE INDICATORS%

Any resistance MDR-TB All 4 drugs Any resistance MDR-TB All 4 drugs Any resistance MDR-TB All 4 drugs

NEW CASES PREVIOUSLY TREATED CASES ALL CASES COMBINED
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ANNEX2

New cases Previously treated Combined
cases

N % N % N %

Total number of strains tested 1 137 100

SUSCEPTIBLE TO ALL 4 DRUGS 847 74.5

ANY RESISTANCE 290 25.5
- Isoniazid (INH) 142 12.5
- Rifampicin (RMP) 66 5.8
- Ethambutol (EMB) 91 8.0
- Streptomycin (SM) 127 11.2

MONORESISTANCE 191 16.8
- Isoniazid (INH) 70 6.2
- Rifampicin (RMP) 23 2.0
- Ethambutol (EMB) 34 3.0
- Streptomycin (SM) 64 5.6

MULTIDRUG RESISTANCE 24 2.1
- INH + RMP 6 .5
- INH + RMP + EMB 7 .6
- INH + RMP + SM 1 .1
- INH + RMP + EMB + SM 10 .9

OTHER PATTERNS 75 6.6
- INH + EMB 11 1.0
- INH + SM 30 2.6
- INH + EMB + SM 7 .6
- RMP + EMB 12 1.1
- RMP + SM 5 .4
- RMP + EMB + SM 2 .2
- EMB + SM 8 .7

NUMBER OF DRUGS RESISTANT TO:
-     0 847 74.5
-     1 191 16.8
-     2 72 6.3
-     3 17 1.5
-    4 10 .9

PREVALENCE OF DRUG RESISTANCE*

* Final data (preliminary data in 1st monograph)



PROFILE OF THE COUNTRY AND ITS CONTROL PROGRAMME

• Population: 9 919 700

• World Bank Income Category: Low-income

• Tuberculosis case notification: 87.0/100 000

• Tuberculosis estimated incidence: 320.0/100 000

• Notified incidence of new sputum smear positive TB: 5 405 cases
54.5/100 000

• Treatment success: 61%

• Previously treated cases: 7.3% of all patients registered

• MTB/HIV estimated co-infection rate: 1532.0/100 000

• HIV-positive TB cases: 50%

• WHO Control Category: 4

• Year N.T.P. was established: 1990

• Year of Rifampicin Introduction: 1990

• Standardized Regimens: Yes

• Use of Short Course Chemotherapy: 100%

• Use of Directly Observed Therapy:  during 1st 2 months: Yes
(100% of patients) 
During continuation phase: No

• Use of Fixed Dose Combination: Yes (100% of patients)

• Treatment In Private Sector: Cat. 1
Category 1: virtually all TB patients public sector
Category 2: <15% in private sector
Category 3: 15% or more in private sector
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UGANDA (GLRA Supported Zones*)
YEAR OF SURVEY: 1996–97

CHARACTERISTICS OF THE SURVEY/SURVEILLANCE PROGRAMME

Target Area: GLRA supported zones *

Sampling Method: Cluster

Sampling Fraction: 3%

Study duration: 18 months

Culture Media: Löwenstein-Jensen

Drug Suceptibility Testing Method: Proportion

Laboratory accuracy: 98.0%

Rifampicin specificity: 100.0%
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*  German Leprosy Relief Association (TB estimates are country-wide, reported cases are regional)

%

Any resistance MDR-TB All 4 drugs Any resistance MDR-TB All 4 drugs Any resistance MDR-TB All 4 drugs

NEW CASES PREVIOUSLY TREATED CASES ALL CASES COMBINED
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ANNEX2

New cases Previously treated Combined*
cases

N % N % N %

Total number of strains tested 374 100 45 100 100

SUSCEPTIBLE TO ALL 4 DRUGS 300 80.2 22 48.9 77.9

ANY RESISTANCE 74 19.8 23 51.1 22.1
- Isoniazid (INH) 25 6.7 17 37.8 9.0
- Rifampicin (RMP) 3 .8 2 4.4 1.1
- Ethambutol (EMB) 23 6.1 5 11.1 6.5
- Streptomycin (SM) 50 13.4 10 22.2 14.0

MONORESISTANCE 48 12.8 13 28.9 14.0
- Isoniazid (INH) 12 3.2 8 17.8 4.3
- Rifampicin (RMP) 1 .3 0 .0 .2
- Ethambutol (EMB) 9 2.4 3 6.7 2.7
- Streptomycin (SM) 26 7.0 2 4.4 6.8

MULTIDRUG RESISTANCE 2 .5 2 4.4 .8
- INH + RMP 1 .3 1 2.2 .4
- INH + RMP + EMB 1 .3 0 .0 .2
- INH + RMP + SM 0 .0 1 2.2 .2
- INH + RMP + EMB + SM 0 .0 0 .0 .0

OTHER PATTERNS 24 6.4 8 17.8 7.1
- INH + EMB 0 .0 1 2.2 .2
- INH + SM 11 2.9 6 13.3 3.7
- INH + EMB + SM 0 .0 0 .0 .0
- RMP + EMB 0 .0 0 .0 .0
- RMP + SM 0 .0 0 .0 .0
- RMP + EMB + SM 0 .0 0 .0 .0
- EMB + SM 13 3.5 1 2.2 3.4

NUMBER OF DRUGS RESISTANT TO:
-     0 300 80.2 22 48.9 77.9
-     1 48 12.8 13 28.9 14.0
-     2 25 6.7 9 20.0 7.7
-     3 1 .3 1 2.2 .4
-    4 0 .0 0 .0 .0

PREVALENCE OF DRUG RESISTANCE

* Combined estimates were calculated from resistance among new and previously treated cases but weighted by the proportion of retreatment cases in 
the NTP



PROFILE OF THE COUNTRY AND ITS CONTROL PROGRAMME

• Population: 267 636 000

• World Bank Income Category: High-income

• Tuberculosis case notification: 7.4/100 000

• Tuberculosis estimated incidence: 7.0/100 000

• Notified incidence of new sputum smear positive TB: 6 882 cases
2.6/100 000

• Treatment success: 91%

• Previously treated cases: 3.5% of all patients registered

• MTB/HIV estimated co-infection rate: 21.0/100 000

• HIV-positive TB cases: 20%

• WHO Control Category: 4

• Year N.T.P. was established: 1953

• Year of Rifampicin Introduction: 1971

• Standardized Regimens: Yes

• Use of Short Course Chemotherapy: 95%

• Use of Directly Observed Therapy:  during 1st 2 months: Yes
(22% of patients) 
During continuation phase: Yes

• Use of Fixed Dose Combination: Yes (% of patients not 
available)

• Treatment In Private Sector: Cat. 3
Category 1: virtually all TB patients public sector
Category 2: <15% in private sector
Category 3: 15% or more in private sector
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UNITED STATES OF AMERICA
YEAR OF SURVEY: 1997

CHARACTERISTICS OF THE SURVEY/SURVEILLANCE PROGRAMME

Target Area: Country-wide

Sampling Method: All cases

Sampling Fraction: 100%

Study duration: 12 months

Culture Media: Various

Drug Suceptibility Testing Method: Various

Laboratory accuracy: 92.0%

Rifampicin specificity: 100.0%
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NEW CASES PREVIOUSLY TREATED CASES ALL CASES COMBINED
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ANNEX2

New cases Previously treated Combined
cases

N % N % N %

Total number of strains tested 12 063 100 612 100 12 675 100

SUSCEPTIBLE TO ALL 4 DRUGS 10 618 88.0 484 79.1 11 102 87.6

ANY RESISTANCE 1 445 12.0 128 20.9 1 573 12.4
- Isoniazid (INH) 962 8.0 94 15.4 1 056 8.3
- Rifampicin (RMP) 206 1.7 49 8.0 255 2.0
- Ethambutol (EMB) 193 1.6 25 4.1 218 1.7
- Streptomycin (SM) 710 5.9 51 8.3 761 6.0

MONORESISTANCE 1 004 8.3 72 11.8 1 076 8.5
- Isoniazid (INH) 536 4.4 39 6.4 575 4.5
- Rifampicin (RMP) 52 .4 14 2.3 66 .5
- Ethambutol (EMB) 56 .5 4 .7 60 .5
- Streptomycin (SM) 360 3.0 15 2.5 375 3.0

MULTIDRUG RESISTANCE 146 1.2 34 5.6 180 1.4
- INH + RMP 37 .3 13 2.1 50 .4
- INH + RMP + EMB 26 .2 6 1.0 32 .3
- INH + RMP + SM 29 .2 5 .8 34 .3
- INH + RMP + EMB + SM 54 .4 10 1.6 64 .5

OTHER PATTERNS 295 2.4 22 3.6 317 2.5
- INH + EMB 24 .2 1 .2 25 .2
- INH + SM 234 1.9 17 2.8 251 2.0
- INH + EMB + SM 22 .2 3 .5 25 .2
- RMP + EMB 4 .0 0 .0 4 .0
- RMP + SM 4 .0 0 .0 4 .0
- RMP + EMB + SM 0 .0 1 .2 1 .0
- EMB + SM 7 .1 0 .0 7 .1

NUMBER OF DRUGS RESISTANT TO:
-     0 10 618 88.0 484 79.1 11 102 87.6
-     1 1 004 8.3 72 11.8 1 076 8.5
-     2 210 2.6 31 5.1 341 2.7
-     3 77 .6 15 2.5 92 .7
-    4 54 .4 10 1.6 64 .5

PREVALENCE OF DRUG RESISTANCE



PROFILE OF THE COUNTRY AND ITS CONTROL PROGRAMME

• Population: 3 170 154

• World Bank Income Category: Upper-middle-income

• Tuberculosis case notification: 22.0/100 000

• Tuberculosis estimated incidence: 31.0/100 000

• Notified incidence of new sputum smear positive TB: 423 cases 
13.3/100 000

• Treatment success: 86%

• Previously treated cases: 6.5% of all patients registered

• MTB/HIV estimated co-infection rate: 32.0/100 000

• HIV-positive TB cases: 2.0%

• WHO Control Category: 4

• Year N.T.P. was established: 1980

• Year of Rifampicin Introduction: 1970

• Standardized Regimens: Yes

• Use of Short Course Chemotherapy: 100%

• Use of Directly Observed Therapy:  during 1st 2 months: Yes
(87% of patients) 
During continuation phase: Yes

• Use of Fixed Dose Combination: No (0% of patients)

• Treatment In Private Sector: Cat. 2
Category 1: virtually all TB patients public sector
Category 2: <15% in private sector
Category 3: 15% or more in private sector
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URUGUAY
YEAR OF SURVEY: 1997

CHARACTERISTICS OF THE SURVEY/SURVEILLANCE PROGRAMME

Target Area: Country-wide

Sampling Method: All cases

Sampling Fraction: 100%

Study duration: 12 months

Culture Media: Löwenstein-Jensen

Drug Suceptibility Testing Method: Proportion

Laboratory accuracy: 97.5%

Rifampicin specificity: 100.0%

0

10

20

30

40

50

60

70

80

90

100
DRUG RESISTANCE INDICATORS%

Any resistance MDR-TB All 4 drugs Any resistance MDR-TB All 4 drugs Any resistance MDR-TB All 4 drugs

NEW CASES PREVIOUSLY TREATED CASES ALL CASES COMBINED



251 A
N

T
I-

T
U

B
E

R
C

U
L

O
S

IS
 D

R
U

G
 R

E
S

IS
T

A
N

C
E

 I
N

 T
H

E
 W

O
R

L
D

ANNEX2

New cases Previously treated Combined
cases

N % N % N %

Total number of strains tested 484 100 16 100 500 100

SUSCEPTIBLE TO ALL 4 DRUGS 476 98.3 1 6.3 477 95.4

ANY RESISTANCE 8 1.7 15 93.8 23 4.6
- Isoniazid (INH) 2 .4 13 81.3 15 3.0
- Rifampicin (RMP) 2 .4 3 18.8 5 1.0
- Ethambutol (EMB) 0 .0 0 .0 0 .0
- Streptomycin (SM) 4 .8 1 6.3 5 1.0

MONORESISTANCE 8 1.7 13 81.3 21 4.2
- Isoniazid (INH) 2 .4 11 68.8 13 2.6
- Rifampicin (RMP) 2 .4 2 12.5 4 .8
- Ethambutol (EMB) 0 .0 0 .0 0 .0
- Streptomycin (SM) 4 .8 0 .0 4 .8

MULTIDRUG RESISTANCE 0 .0 1 6.3 1 .2
- INH + RMP 0 .0 1 6.3 1 .2
- INH + RMP + EMB 0 .0 0 .0 0 .0
- INH + RMP + SM 0 .0 0 .0 0 .0
- INH + RMP + EMB + SM 0 .0 0 .0 0 .0

OTHER PATTERNS 0 .0 1 6.3 1 .2
- INH + EMB 0 .0 0 .0 0 .0
- INH + SM 0 .0 1 6.3 1 .2
- INH + EMB + SM 0 .0 0 .0 0 .0
- RMP + EMB 0 .0 0 .0 0 .0
- RMP + SM 0 .0 0 .0 0 .0
- RMP + EMB + SM 0 .0 0 .0 0 .0
- EMB + SM 0 .0 0 .0 0 .0

NUMBER OF DRUGS RESISTANT TO:
-     0 476 98.3 1 6.3 477 95.4
-     1 8 1.7 13 81.3 21 4.2
-     2 0 .0 2 12.5 2 .4
-     3 0 .0 0 .0 0 .0
-    4 0 .0 0 .0 0 .0

PREVALENCE OF DRUG RESISTANCE



PROFILE OF THE COUNTRY AND ITS CONTROL PROGRAMME

• Population: 23 242 435

• World Bank Income Category: Upper-middle-income

• Tuberculosis case notification: 26.3/100 000

• Tuberculosis estimated incidence: 42.0/100 000

• Notified incidence of new sputum smear positive TB: 3 450 cases
14.8/100 000

• Treatment success: 80%

• Previously treated cases: 5.2% of all patients registered

• MTB/HIV estimated co-infection rate: 88.0/100 000

• HIV-positive TB cases: 3.0%

• WHO Control Category: 4

• Year N.T.P. was established: 1936

• Year of Rifampicin Introduction: 1982

• Standardized Regimens: Yes

• Use of Short Course Chemotherapy: 100%

• Use of Directly Observed Therapy:  during 1st 2 months: Yes
(80% of patients) 
During continuation phase: Yes

• Use of Fixed Dose Combination: Yes (100% of patients)

• Treatment In Private Sector: Cat. 2
Category 1: virtually all TB patients public sector
Category 2: <15% in private sector
Category 3: 15% or more in private sector
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VENEZUELA
YEAR OF SURVEY: 1998*

CHARACTERISTICS OF THE SURVEY/SURVEILLANCE PROGRAMME

Target Area: Country-wide

Sampling Method: Proportionate cluster

Sampling Fraction: 100%

Study duration: 6 months

Culture Media: Löwenstein-Jensen

Drug Suceptibility Testing Method: Proportion

Laboratory accuracy: 89.7%

Rifampicin specificity: 100.0%
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ANNEX2

New cases Previously treated Combined*
cases

N % N % N %

Total number of strains tested 221 100 24 100 100

SUSCEPTIBLE TO ALL 4 DRUGS 212 95.9 20 83.3 95.3

ANY RESISTANCE 9 4.1 4 16.7 4.7
- Isoniazid (INH) 4 1.8 3 12.5 2.4
- Rifampicin (RMP) 1 .5 3 12.5 1.1
- Ethambutol (EMB) 1 .5 1 4.2 .6
- Streptomycin (SM) 6 2.7 1 4.2 2.8

MONORESISTANCE 6 2.7 1 4.2 2.8
- Isoniazid (INH) 3 1.4 1 4.2 1.5
- Rifampicin (RMP) 0 .0 0 .0 .0
- Ethambutol (EMB) 0 .0 0 .0 .0
- Streptomycin (SM) 3 1.4 0 .0 1.3

MULTIDRUG RESISTANCE 0 .0 2 8.3 .4
- INH + RMP 0 .0 2 8.3 .4
- INH + RMP + EMB 0 .0 0 .0 .0
- INH + RMP + SM 0 .0 0 .0 .0
- INH + RMP + EMB + SM 0 .0 0 .0 .0

OTHER PATTERNS 3 1.4 1 4.2 1.3
- INH + EMB 0 .0 0 .0 .0
- INH + SM 1 .5 0 .0 .4
- INH + EMB + SM 0 .0 0 .0 .0
- RMP + EMB 0 .0 0 .0 .0
- RMP + SM 1 .5 0 .0 .4
- RMP + EMB + SM 0 .0 1 4.2 .2
- EMB + SM 1 .5 0 .0 .4

NUMBER OF DRUGS RESISTANT TO:
-     0 212 95.9 20 83.3 95.3
-     1 6 2.7 1 4.2 2.8
-     2 3 1.4 2 8.3 1.7
-     3 0 .0 1 4.2 .2
-    4 0 .0 0 .0 .0

PREVALENCE OF DRUG RESISTANCE

* Combined estimates were calculated from resistance among new and previously treated cases but weighted by the proportion of retreatment cases in 
the NTP
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