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[ABSTRACT]
lem after two decades of neglect. In 1993, the World Health Organization (WHO) declared that TB had been a global emergency

Tuberculosis (TB) is a global burden disease and is being resurrected as a major worldwide public health prob-

because of the scale of the epidemic and the urgent need to improve global tuberculosis control. China is one of the countries with
the largest population,and also the top of the 22 TB high-burden countries in the world. In the United States, the longstanding
downward trend in TB incidence was interrupted in the mid-to-late 1980s, where the national TB incidence peaked in 1992. Sub-
Saharan Africa is one of the three regions to dominate the worldwide distribution of notified TB cases. Of the 15 countries with
the highest estimated tuberculosis incidence rates in the world, 13 are in sub-Saharan Africa, where HIV is the most important
single predictor of tuberculosis incidence. The largest share of the global burden of HIV-related tuberculosis falls on this region.
The reasons for the persisting global tuberculosis burden include increased poverty in some regions,immigration from countries
with high tuberculosis prevalence,the impact of HIV,and most importantly, the failure to maintain the necessary public health
infrastructure under the mistaken belief that tuberculosis was a problem of the past. Relying on currently available methods of
diagnosis and treatment,the DOT strategy promoted by the WHO for global tuberculosis control is effective, affordable,and a-
daptable in different settings.
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Tuberculosis (TB) is an infectious disease that
can affect many organs. The causative organisms of
TB include Mycobacterium tuberculosis , Mycobacte-
rium bovis ,and Mycobacterium a fricanum.

TB is a global burden disease, most possibly
ranking high among diseases over the coming sev-
eral decades with 2 million deaths and over 8 mil-
lion new cases annually’”. Anyone can get TB,
people of all races,all nationalities, the rich and the
poor and at any age, though there is much differ-
ence about control and prevention of the disease in
different areas of the world. The infectious rate is
higher in developing countries than in developed
countries. The aim of this paper is to review the TB
epidemiology and control in countries of different e-

conomic states.
1 EPEDEMIOLOGY OF TUBERCULOSIS

1.1 TB in China TB is a disease of overcrowding
and poverty. China and India are 2 top countries with
the largest populations in the world,and also the first 2
of the 22 TB high-burden countries. TB seriously af-
fects the health of people and remains to be a major

public health problem in China. During 1950-1980, TB

control activities were carried out in cities only. In Bei-
jing and Shanghai, the active pulmonary TB prevalence
was 4 000-5 000/100 000, and the TB mortality was
more than 200/100 000 in the early 1950s. No data of
nationwide epidemiology was obtainable due to the lack
of proper information systems. In 1979, the results of
the first nationwide random sampling survey for the
epidemiology of TB showed that the active pulmonary
TB prevalence and the smear-positive TB prevalence
were 796/100 000 and 218/100 000, respectively. The
incidence of pulmonary TB in the rural areas was high-
er than that in the urban areas (2.8 : 1),

The National TB Program (1981-1990) was
designed and the program activities were carried
out. The National Tuberculosis Control Center was
established within the Beijing Tuberculosis Re-
search Institute in 1982, which provides guidance to
each province in implementing a national TB con-
trol plan. A reporting and recording system was es-
tablished in 1982. TB service facilities had been es-

tablished in most provinces (85%) and counties
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(70% ) by 1990. Not until the early 1980s was
short-course chemotherapy introduced in China. By
1986 it had expanded to most areas of China. Di-
rectly observed treatment was implemented in some
cities. However, TB institutions in poorer provinces
with a weaker primary health care infrastructure
were unable to provide sufficient financial support
and adequate supervision due to resource con-
straints. In 1990, the results of the third nationwide
epidemiological survey showed that the TB preva-
lence had not been reduced significantly. The active
pulmonary TB prevalence was 523/100 000 and the
smear-positive pulmonary TB prevalence was 134/
100 000. Compared with the results of the first sur-
vey in 1979, the former reduced by 34. 3% ,and the
latter, by 38. 5%, with an annual reduction rate
3.7% and 4. 3% ,respectively */.

The second National TB Program (1991-2000)
was formally established in 1991. The Government
introduced a TB control project using the WHO-
recommended 5 points strategy called DOTS, which
was a cost-effective mechanism to detect and treat
TB cases. The project, entitled the Infectious and
Endemic Disease Control (IEDC) ,was assisted by a
World Bank Loan and was implemented in 12 prov-
inces and 1 municipality (Chongging) with a popu-
lation of 573 million, roughly a half population of
China in 1991. In 1993, the WHO declared that TB
had been a global emergency. The Ministry of Fi-
nance gave the national budget to promote DOTS
expansion in 15 additional provinces, autonomous
regions and municipalities covering a 140 million
population. The project, entitled the Strengthening
and Promoting Tuberculosis Control, was different
from the IEDC project including partly free-of-
charge treatment for smear-positive cases.

In 2000, the data of the fourth TB epidemiolo-
gy survey by the Ministry of Health ( MOH)
showed that the active pulmonary TB prevalence
was 367/100 000 and the smear-positive pulmonary
TB prevalence was 122/100 000. From 1991-2000,
standardized prevalence of active pulmonary TB
and smear-positive pulmonary TB decreased by
42.6% and 27. 6%, respectively, with an annual
reduction rate 5. 4% and 3. 2% . respectively. In

China,drug resistant rates were still high. The inci-
dence rates of primary drug resistance and acquired
drug resistance were 7. 6% and 17. 1%, respective-
ly. The incidence rate of MDR was 10. 7%, the
main cause of which was inadequate application of
anti-TB drugs including insufficient use of active
drugs, irregular drug administration, non-compli-
ance,irregular drug supply.and unsupervised treat-
ment.

The decline of nationwide TB prevalence was
sluggish especially in the non-project areas. There
was an unbalance between the project areas and the
non-project areas. From 1990 to 2000, according to
the standardized data,the national extent of decline
in the smear-positive prevalence of pulmonary TB
in project areas was 44. 4% and 12. 3% in the non-
project areas,averaging 27. 6% nationally. The an-
nual reduction rates were 5. 7%,1.3% and 3.2%.,
respectively. However,in western China, the extent
of decline in the smear-positive prevalence of pul-
monary TB was 33. 4% in the project areas and was
11. 7% in the non-project areas.

Chen et al"”) reported that DOTS expanded
rapidly from 1991-1995 in China, covering more
than 90% of the target population and counties. By
2000,8 million TB suspects had received free diag-
nostic evaluation: 1. 8 million of TB cases were di-
agnosed,free treatment was provided to 1. 3 million
smear-positive cases, and more than 90% were
cured. The global target of an 85% cure rate was
quickly achieved. Nevertheless, the majority of TB
cases were diagnosed in the hospital system. Some
received treatment in hospitals but then failed to
complete a full course of treatment. In the non-pro-
ject areas, the completed cure rate was only
27.3%. The detection rate for new smear-positive
cases in the project areas was estimated to be only
54% in 1998,and 41. 2% in the counties which had
a below average or low level of case-finding,far be-
low the global target of a 70% case-detection rate.
This may be due to poor program management,in-
adequate human resources, poor staff motivation, fi-
nancial constraints, poor primary health care infra-
structure,and a lack of community involvement.

1.2 TB in the United States The epidemiology of



% 3 . Gninafon Daniel, %5, 2 BR45AZ% 05 10 AT 5 £ 1l

+ 305 -

TB in the United States has changed remarkably o-
ver the last 2 centuries. In the 19" century, TB was
the leading cause of death in the United States. Af-
ter the Tubercle bacillus was identified as the caus-
ative agent of TB by Robert Koch in 1882, the ap-
proach to TB control changed greatly,and the con-
cepts of public health, prevention, and segregation
of TB patients gained more acceptancem'”. In 1904,
the first voluntary health agency, the National Tu-
berculosis Association (now the American Lung
Association ), was organized and dedicated to
TB™. In 1920 it published the first Diagnostic
Standards and Classifications of TB to assist health
care providers and standardize diagnostic crite-
ria”’. National TB mortality and morbidity data,
coordinated by the National Tuberculosis Associa-
tion, became available in 1933, In 1944, the United
States Public Health Service Act mandated the cre-
ation of a national TB control program"’. With the
introduction of the therapeutic agents streptomy-
cin, p-aminosalicylic acid, isoniazid and pyzazi-
namide, TB mortality rates decreased dramatically.
Between 1930 and 1960, the mortality rate de-
creased by 92%, from 71 to 6 deaths per 100 000
population. In 1952, the United States Pubic Health
Service (USPHS) Tuberculosis Control Program
instituted procedures to report new cases of TB.
Not until 1953, through the cooperation of the
States, did the USPHS receive reports from the en-
tire United States, heralding the birth of the na-
tional TB surveillance system "' | TB incidence
continued to decrease. From 1953 to 1985, the num-
ber of TB cases decreased by 74% ,from 84 304 to
22 201 cases,and the case rate decreased by 82%,
from 53.0 to 9. 3 cases per 100 000 population. As a
result, many people no longer considered TB to be a
major problem and federal fundings allocated for
TB control services was dismantled >,

In the mid-to-late 1980s, the longstanding
downward trend in TB incidence was interrupted.
In 1986,a 216 % annual increase in the case number
was documented, signaling the beginning of the TB
resurgence. Between 1985 and 1992, the change in
the TB incidence trend resulted in an estimated ex-

cess of 52 100 TB cases. During the resurgence,

the national TB incidence peaked in 1992 at 26 673
cases (10. 5 cases per 100 000 population). The dis-
tribution of TB cases and case rates among age
groups remained relatively stable. In 2003, 34. 2%
of TB patients were 25 to 44 years old,28. 9% were
45 to 64, and 20. 2% were 65 years and older. In
contrast,among persons who were 65 years and ol-
der, TB case rates (cases per 100 000 population)
were the highest (8. 4) followed by a rate of 6. 3
for those aged from 45 to 64.

In the United States, TB resurgence was relat-
ed to deterioration of the TB control program infra-
structure. Immigration from other countries with
high rates of TB also contributed to the resurgence
and continues to be a major contributing factor.
The proportion of reported TB cases among for-
eign-born persons had increased from 22% in 1986
to 30% in 1993,and the proportion was steadily in-
creasing from 49% to 53. 4% of total cases from
2001 to 2003. In 2003, the TB rate among all for-
eign-born persons was 8. 8 times that among US-
born persons,and 12 states and the District of Co-
lumbia reported case rates above the national aver-
age,and 20 states reported increases in case number
compared with that in 2002. The majority of for-
eign-born persons with TB have consistently come
from Mexico, the Philippines, Vietnam, India, Chi-
na, Haiti and South Korea where TB is endemic'""’,
TB among foreign born persons is a major compo-
nent of TB morbidity in the United States and re-
flects the global TB situation. The HIV/AIDS epi-
demic also strongly influenced the resurgence of TB
disease in the United States. Today,any discussion
about TB is incomplete without a discussion about
HIV/AIDS. HIV infection is considered to be the
greatest risk factor known today for TB. MDRTRB is
a serious challenge for TB control programs. Na-
tional drug susceptibility surveys on TB cases con-
ducted by CDC in 1991 revealed that 14.2% of all
cases were resistant to at least one drug and 3. 5%
were resistant to at least isoniazid and rifampin
(MDRTB). However, of 2883 isolates obtained
from TB patients reported between 1993 and 2002,
287 (10%) were resistant to INH, 11 (< 1%)

were resistant to RMP, and 40 (1%) were
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MDRTB. 81% of patients with INH resistance and
85% of patients with MDR were born outside the
United States "'®'. The highest MDRTB rate in the
United States was seen in New York city (13%),
accounting for more than 60% of the total MDRTB
cases reported in the US". Almost all (90%) of
the MDRTB cases had pulmonary involvement,
making transmission of these drug-resistant M. tu-
berculosis strains likely, especially in congregate
and institutional settings.

In 1993, the WHO declared tuberculosis a
global emergency because of the scale of the epi-
demic and the urgent need to improve global tuber-

| [0 Tn the United States,a monu-

culosis contro
mental public health effort to control TB was initi-
ated ™ *" . Federal funding was increased and used
to rebuild the TB infrastructure, strengthen sur-
veillance,augment case finding and contact investi-
gations, advance laboratory capacity (e. g. drug-
susceptibility testing and new diagnostic tools) ,and
ensure each patient to complete therapy through
the use of DOT. From 1992 to 2001, the TB inci-
dence decreased by 40% and the annual decline av-
eraged 5%-6%; however, from 2000 to 2003, the
annual TB incidence decreased by only 2%. In
2003,14 874 TB cases were reported in the United
States,with a rate of 5. 1 per 100 000 population
that remains higher than the national interim goal
of 3. 5 cases per 100 000 population set for
2000, The smallest decline since the resurgence
was seen in 2003, raising the concern about a possi-
ble slowing of the progress against TB or even a re-
versal of the decline. Despite increasing health care
costs and demands for increased programmatic and
operational efforts, funding for TB control has not
increased™. The elimination of TB in the United
States will require sustained efforts such as identif-
ying and targeting populations at high risk for TB,
remaining actively involved in the global effort a-
gainst TB,and maintaining adequate resources.

1.3 TB in sub-Saharan Africa Not until the 19®
century was TB disease known in sub-Sahara Afri-
ca. Rapid spread of infections due to Mycobacteri-
um tuberculosis occurred during the 20™ century

and was in up to 50% of the adult population by

the 1950s"*". It is one of the 3 regions that domi-
nate the worldwide distribution of notified TB ca-
ses. Of the 15 countries with the highest estimated
tuberculosis incidence rates, 13 are in sub-Sahara
Africa; in most of these countries the prevalence of
HIV infection among tuberculosis patients is high
%1 HIV is now the most important single predic-
tor of tuberculosis incidence. Sub-Saharan Africa is
the region most severely affected by this disease.
HIV fuels the TB epidemic; nearly three-quarters
of people infected with both HIV and Mycobacteri-
um tuberculosis live in sub-Saharan Africa . By
the end of 2003,an estimated 38 million adults and
children worldwide had contracted HIV infection or
AIDS, of whom 25 million(66%) was in sub-Saha-
ran Africa. This region is bearing the burnt of the
HIV pandemic, and HIV-associated tuberculosis
has become a major clinical and public health prob-
lem. Of the 11. 4 million adults co-infected with
Mycobacterium tuberculosis and HIV worldwide by
the end of 2000,70% were in sub-Sahara Africa*".
In several African countries, including those with
well-organized control programs,annual tuberculo-
sis case notification rates have risen more than five
folds since the mid 1980s, reaching more than 400

1 The largest share

cases per 100 000 population
of the global burden of HIV-related tuberculosis
falls on sub-Sahara Africa,where 31% of new cases
of tuberculosis (all forms) and 34 % of tuberculosis
deaths are attributable to HIV. Because HIV infec-
tion rates are higher in women than in men, more
tuberculosis cases are also being reported among
women, especially those aged from 25 to 34 years
(45%) and residents in urban areas (37%). Al-
though tuberculosis case notifications typically
show a male gender predominance,in several Afri-
can countries with high rates of HIV infection, the
majority of notified tuberculosis cases are now
women. Data on tuberculosis case fatality in the
pre-chemotherapy era in sub-Sahara Africa are lac-
king, but data from clinical trials of combination
chemotherapy in Eastern Africa in the 1970s
showed a low case fatality™. HIV has dramatically
increased tuberculosis case fatality because of their

greater degree of immunosuppression. The increase
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of TB deaths in populations with high HIV preva-
lence in sub-Sahara Africa may change the popular
perception of tuberculosis as a curable disease. In
early 1994, the WHO’ s Global Tuberculosis Pro-
gramme joined forces with the International Union
Against Tuberculosis and Lung Disease (I1U-
ATLD) and started the Global Project on Anti-tu-
berculosis Drug Resistance Surveillance. The Glob-
al Project did not specifically test the association
between individuals with HIV and MDR-TB, but
no correlation was found at the ecological level. In
fact,the countries with the highest HIV seropreva-
lence among tuberculosis patients living in sub-
Saharan generally had a low prevalence of MDR-
TB; the opposite occurred in Eastern Europe. HIV
is not an independent risk factor for MDR-TB"",
Despite the poor health infrastructure in Afri-
ca, standardized combination chemotherapy is pro-
vided at least to all patients with smear-positive
pulmonary TB. 55% of the population is covered by
DOTS,60% of TB cases notified are treated under
a DOTS programme, and 63% of such cases suc-
cessfully complete treatment. This treatment cures
the disease and aims to prevent further transmis-
sion of infection. The targets for control include cu-
ring 85% of detected new smear-positive cases of
pulmonary TB and detecting 70% of existing ca-
sest . However, the implementation of a good
DOTS programme is not easy and requires adequate
funding and human resources B . 20%-30% of
HIV-positive with smear-positive pulmonary TB
patients die before the end of treatment™". African
countries with good DOTS programmes continue to
have escalating notifications of TB cases in the face
of high HIV infection rates®*. DOTS alone may
not be sufficient to control TB in areas of epidemic
HIV infection. In Africa, preventive therapy for
HIV-related infections in general and for HIV-re-
lated TB is currently based on cotrimoxazole and i-
soniazid, respectively. Cotrimoxazole significantly
reduced the case-fatality rate in HIV-positive TB
patients™* and reduced morbidity in HIV- infected
patients without TB P, The Joint United Nations
Programme on HIV/AIDS has therefore provision-

ally recommended that cotrimoxazole be given to all

patients in Africa living with AIDS, which, by defi-
nition, includes HIV-positive patients with TB"",
Although there are doubts about the value of isoni-
azid preventive therapy as a TB control strategy, it
deserves to be included as part of the package of
care offered to HIV-positive individuals"**. As HIV
is the main factor responsible for the current epi-
demic of TB in Africa,an integrated programme has
a greater chance of affecting the TB burden here
than any course of action undertaken by TB control
programmes alone. TB is the main opportunistic in-
fection resulting from HIV. Even with treatment
regiments that are highly effective in HIV-negative
pulmonary tuberculosis patients, cohort deaths for
HIV-positive pulmonary tuberculosis patients in
some sub-Saharan African countries are now as
high as 20% for sputum smear-negative cases and

50% for sputum smear-positive cases .

2 TARGET OF CONTROL

About 8-10 million new cases and 3 million
deaths are being reported each year. About 95% of
these occur in developing countries and only about
5% in the developed world. But frequent travel and
migration between countries has brought TB back
to almost all countries. Worldwide, TB causes more
deaths than any other infectious disease. A global
strategy is required.

2.1 Implementation of DOTS The most impor-
tant reasons for the persisting global tuberculosis
burden is the failure to maintain the necessary pub-
lic health infrastructure and an unwillingness to
provide necessary financial and manpower resources
under the mistaken belief that tuberculosis was a
problem in the past. In 1993, the WHO declared tu-
berculosis a global emergency. Since then, WHO
has promoted the strategy for global tuberculosis
control known as DOTS. It includes 5 elements:
(1) Sustained government commitment to tubercu-
losis control. (2) Diagnosis based on quality-as-
sured sputum-smear microscopy mainly among
symptomatic patients presenting to health services.
(3) Standardized short-course chemotherapy for all
cases of TB,under proper case-management condi-

tions including direct observation of treatment. (4)
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Uninterrupted supply of quality-assured drugs. (5)
A standard recording and reporting system enab-
ling program monitoring by systematic assessment
of treatment outcomes of all patients registered " .
Relying on the methods of diagnosis and treatment
currently available,the DOTS strategy is effective,
affordable, and adaptable in different settings.
There is now general agreement that DOT with a
short-course anti-TB regiment (DOTS) is the only
effective way to reverse the TB epidemic. The use
of DOTS has 3 very important results: it cures pa-
tients,renders them noninfectious,and prevents the
development of drug-resistant organisms. DOTS
can literally stop the TB epidemic at its source, the
sick and infectious TB patient. It is clear that
DOTS is the most effective weapon we have in the
fight against TB. Rather than going on the defen-
sive and trying to protect uninfected groups,DOTS
takes the offensive and can stop the disease at its
source. Investment in TB control programmes in-
volving DOTS 1is essential, particularly in the
worst-affected parts of the world. The global aims
of DOTS programmes are to detect at least 70% of
all new infectious cases and to cure at least 85% of
those detected by 2005, Global efforts to imple-
ment the DOTS strategy widely and effectively re-
sulted in a global case detection rate of 37% in
2002, more than half of the target of 70%, and
treatment success for the 2001 cohort of 82%,on
average,close to the target. As the number of pa-
tients receiving DOTS increased, the number of
new TB cases decreased.
2.2 Development of new tools An important
component of disease control is the development of
new diagnostic tests, pharmacologic agents, and
vaccines. The resurgence of TB in the mid-to-late
1980s to 1992 was associated with delays in the di-
agnosis and identification of drug resistance.
During the past few years, TB diagnostic capa-
bilities have improved through new techniques that
include more rapid detection of growth and tests to
identify RNA or DNA of Mycobacterium tuberculo-
sis complex directly in clinical samplest. The e-
mergence of multidrug-resistant strains of Myco-

bacterium tuberculosis is an increasing problem

which adversely affects patient care and public
health. In contrast to other bacteria, resistance of
Mycobacterium tuberculosis is exclusively associat-
ed with chromosomal mutations. Recently devel-
oped molecular biological techniques have signifi-
cantly helped in understanding the basis of drug ac-
tion and resistance mechanisms in this organism.
Our understanding of TB transmission dynamics
has been refined by genotyping of Mycobacterium
tuberculosis strains. The National Tuberculosis
Genotyping and Surveillance Network in the United
States was established in 1996 and implemented to
systematically evaluate the role of genotyping tech-
nology in improving TB prevention and control ac-
tivities. Genotyping proved to be a useful adjunct to
investigations of outbreaks, unusual clusters, and
laboratory cross-contamination"'*.

Identifying persons with latent tuberculosis in-
fection (LTBID) is crucial to the goal of TB elimina-
tion. There is no reliable means of detecting latent
Mycobacterium tuberculosis infection, and even in
patients with active TB, infection is often uncon-
firmed. However,in 2001,a new test (QuantiFER-
ON-TB or QFT; manufactured by Cellestis Limit-
ed,Carnegie, Victoria, Australia) that measures the
release of interferon-gamma in whole blood in re-
sponse to stimulation by purified protein derivative
was developed. The QuantiFERON-TB test is a
promising in vitro diagnostic test for LTBI that has
potential advantages over the tuberculin skin test
(TST) ™.

A new vaccine against TB more potent than the
current inadequate vaccine, Mycobacterium bovis BCG,
is urgently needed. Recombinant bacillus Calmette-
Guerin strains, DNA-based vaccines, live attenuated
Mycobacterium tuberculosis vaccines and subunit vac-
cines formulated with novel adjuvants have shown
promise in preclinical animal challenge models. Three of
these vaccines are being evaluated in human clinical
studies,and several other vaccine preparations are being
targeted for clinical trials in the near future. We de-
scribe a recombinant BCG vaccine (rBCG30) express-
ing and secreting the 30 000 major secretory protein of
Mycobacterium tuberculosis, the primary causative a-

gent of TB,that affords greater survival after challenge
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than parental BCG in the highly demanding guinea pig
model of pulmonary TB. Animals immunized with rB-
CG30 and then challenged by aerosol with a highly vir-
ulent strain of Mycobacterium tuberculosis survived sig-
nificantly longer than animals immunized with conven-
tional BCG. rBCG30, the first vaccine against TB more
potent than nearly century-old BCG,is under way for
human clinical trials"'".

Because of the global health problems of TB,
the increasing rate of MDR-TB and the high rate of
a co-infection with HIV,the development of potent
new antituberculous drugs without cross-resistance
with known antimycobacterial agents is also ur-
gently needed. Rifamycin derivatives (rifabutin, ri-
fapentine, and rifalazil ), fluoroquinolones (cipro-
floxacin, ofloxacin, sparfloxacin, levofloxacin, gati-
floxacin, sitafloxacin, moxifloxacin, and others),
and new macrolides (clarithromycin, azithromycin,
and roxithromycin) are considered effective for the
disease. New antimycobacterial, especially antitu-
berculous agents including oxazolidinone (PNU-
100480), 5’-nitroimidazole (CGI 17341), 2-pyri-
done (ABT-255),new riminophenazines, nitroimid-
azopyran (PA-824), new ketolides ( ABT-773, te-
lithromycin) and defensins (human neutrophil pep-
tide- I ) are already under preliminary clinical in-
vestigation or appear to be promising candidates for
future development. New critical information on the
whole genome of Mycobacterium tuberculosis re-
cently elucidated and increasing knowledge on vari-
ous mycobacterial virulence genes will promote the
progression in the identification of genes that code
for new drug targets. Using such findings on myco-
bacterial genomes, drug development using quanti-
tative structure-activity relationship may be possi-
ble in the near future-*"**1.

Faster progress toward global targets depends on
future development of new drugs,diagnositics,and vac-
cines, Meanwhile, overcoming health system constrains
to intensified implementation of the DOTS strategy and
to its adaptations in areas with high prevalence of MDR

tuberculosis is very important.
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