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I.INTRODUCTION

Tuberculosis (TB) is an airborne infectious disease caused by Mycobacterium
tuberculosis. The common source of the disease is an infectious person who, by
sharing common air space, infects the other one. The most effective way to stop
the spread of TB is early identification of the infectious cases and immediate
treatment. However, the progression from TB infection to development of the
disease and further to cure or death depends on the etiologic agent, host orga-
nism, clinical management and socio-economic factors (1), which all should be
counted in the management of TB.

In 2011, the World Health Organization (WHO) estimated the incidence as
8.7 million cases of TB globally. During 2011, approximately 1.4 million
people died of TB (2). Most of the cases occurred in the WHO regions of
South-East Asia, the Western Pacific and African Region (2). It is recognised
that the immunodeficiency virus (HIV) is the major factor fuelling the TB
epidemic. Thus, the HIV and TB co-infected patients accounted for 13% of all
TB cases in 2011, the highest proportion of them estimated to be among the
residents of the WHO African Region. During the same year, 0.99 million
deaths occurred among HIV-negative cases of TB and an additional 0.43 mil-
lion deaths among people with an HIV infection (2).

During the last few decades, drug-resistant TB, a man-made phenomenon,
has increased significantly. Annually, around 630,000 patients fall sick with
multidrug-resistant TB (MDR-TB) worldwide (2). MDR-TB is defined as TB
caused by M. tuberculosis resistant in vitro to isoniazid (INH) and rifampicin
(RMP). MDR-TB takes longer to treat than non-MDR-TB and necessitates use
of expensive and less-effective second-line anti-TB drugs (SLDs) (3). In 2011,
it was estimated that 3.7% of new TB cases and 20% of retreatment cases had
MDR-TB (2). Of the 27 high-MDR-TB-prevalence countries, i.e. those count-
ries where the proportion of MDR-TB among never previously treated cases
exceeds 6.5%, 15 were in the WHO European Region, Estonia being one of
them (2).

Misuse or mismanagement of SLDs may result in development of strains of
extensively drug-resistant TB (XDR-TB), which is in vitro resistant to INH and
RMP, a fluoroquinolone, and to at least one of the three injectable SLDs
(amikacin (AMK), capreomycin (CM), or kanamycin (KM)) (3). By the end of
2011 at least one case of XDR-TB was reported by 84 countries worldwide. It
was estimated that approximately 9.0% of all MDR-TB cases have XDR-TB,
equivalent to 58,500 cases (4).

After a rapid diagnosis of TB or M/XDR-TB, an effective treatment bringing
long-term cure should be initiated as soon as possible to stop the transmission of
the infection. The Stop TB a scale-up intervention plan for the period
2011-2015 foresees at least a 90% treatment success rate among drug-
susceptible TB and >75% among MDR-TB cases (5). In cases of the non-HIV-
infected drug-sensitive TB patients, it is possible to achieve 97-99% treatment
success rates with an average disease recurrence of less than 5% (6). In 2010,



the global treatment success among the new smear positive TB cases was 87%,
whereas in the African Region, where the proportion of persons with TB/HIV
co-infection was the highest, reached 82%. Meanwhile, the treatment success
among new smear positive cases in the WHO European Region, where elevated
MDR-TB rates are a problem, was only 67% (2).

It is known that treatment success is considerably lower among the drug-
resistant cases; thus, for the MDR-TB patients the global treatment success was
48% and for XDR-TB patients 33% (2). The particularly deadly liaison of
XDR-TB and HIV infection was demonstrated in a study from KwaZulu Natal,
South Africa, where 52 of 53 (98.1%) patients with XDR-TB and HIV co-
infection died (7).

Provided the treatment is effective, TB recurrence has been shown to be
moderate in cases of drug-sensitive TB. According to a systematic review of 16
studies (8), the disease recurrence after successful treatment ranged from
0-14%. However, there is a significantly higher risk of TB recurrence and
mortality among TB and HIV co-infected persons (9). Little is known about the
recurrence rate among MDR-TB patients after successful treatment (10) and
none of the studies is of a countrywide-design.

It is acknowledged that TB, HIV, smoking and alcohol abuse are closely
related, fuelling epidemics exacerbated by interacting factors (11, 12). HIV,
smoking and alcohol abuse are risk factors for TB infection, disease and
mortality. All of the four mentioned pose a major public health challenge, as
well as torment at the individual level.

In Estonia, the problem of TB, but also of M/XDR-TB, escalated after the
sharp social and economic changes in the 1990’s, i.e. the break-up of the Soviet
Union. In 1998 the first survey of drug-resistance was carried out in Estonia and
a proportion of MDR-TB as high as 10.2% of the new cases was found (13). To
address the increasing TB incidence and prevent further escalation of M/XDR-
TB, the Estonian National TB Control Programme (NTP) was established in
1998.

The present series of studies was undertaken to evaluate the impact of
M/XDR-TB on TB incidence, disease recurrence and mortality and to identify
the causes of death of TB and M/XDR-TB patients in Estonia and subsequently
identify ways to effectively decrease TB and M/XDR-TB incidence and to
increase the survival rate of individual TB patients.
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2. REVIEW OF THE LITERATURE

The review of the literature touches upon the origin and definitions of TB, the
Stop TB Strategy and summarises TB and M/XDR-TB occurrence globally and
in Estonia. Incidence, treatment, disease recurrence and mortality of TB and
drug resistant TB are dealt with.

2.1. Origin and definition of TB, MDR-TB and XDR-TB

The causative agent of TB, M. tuberculosis, is as old as 3 million years (14).

The oldest known human remains showing signs of TB are 9,000 years old (15).

It has been estimated that in the early 19" century, 30% of all deaths under

50 years of age in Europe could have been attributed to TB (16). Disappoin-

tingly, only as late as in January 1944, the discovery of the anti-TB drug

streptomycin (STM) was announced (17). A few months before, in March 1943,

a proposal to manufacture a para-amino salt of aspirin as an anti-TB agent was

presented by Lehmann in Sweden (17). The first treatment with para-amino

salicylic acid (PAS) was initiated in October and with STM in November 1944

(17). With the introduction of anti-TB drugs, a hope appeared to win over the

disease. Meanwhile, already in 1948, in trials in Great Britain (18) and later in

the United States (19), it was shown that resistance to STM had emerged.

Putting this into context with our present knowledge, the resistance to STM was

most probably due to monotherapy of patients with this agent, novel at that

time.

The spontaneous occurrence of drug-resistant mutants among wild strains of
M. tuberculosis has been well described (20, 21). Nonetheless, it is considered
that the drug resistance is primarily a man-made phenomenon, i.e. caused by
inadequate or poorly administered treatment regimens that enable drug resis-
tance to develop (3).

The hypothesis of how the resistance to anti-TB drugs may develop was
introduced by Mitchison (22). In his paper, Mitchison described three modes of
action of anti-TB drugs:

1) Prevention of drug-resistance — a drug of high activity is able to prevent
growth of the entire bacterial population in the lesions throughout chemo-
therapy. A drug of low activity fails to be as suppressive and may allow
growth of mutant bacilli;

2) Early bactericidal activity — the ability of anti-TB drugs to kill most of the
live bacilli during first two days of treatment. By doing so, the number of
bacteria and therefore, the number of possible mutations, will decrease;

3) Sterilizing activity — ability to kill all of the bacilli in the lesions as rapidly
as possible. Sterilizing activity measures the speed with which the last few
viable bacilli are killed.
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In 1948, it was demonstrated that combined chemotherapy, i.e., using more than

one drug simultaneously, could appreciably prevent the emergence of drug-

resistance (23). Furthermore, it was deemed necessary to ensure that all pre-
scribed doses of combination therapy were actually taken by the patients. In

1960, the British Medical Research Council developed a fully supervised

chemotherapy routine to ensure patient adherence to the prescribed treatment

regimen. Over twenty years passed before the International Union against

Tuberculosis and Lung Disease gradually implemented fully supervised chemo-

therapy under programmatic conditions in Tanzania and other African countries

in the 1980s (24). Meanwhile, more drugs were introduced for treatment of TB
and, unfortunately, further resistance developed.

In 1998, Mitchison (25) went on describing four mechanisms of develop-
ment of resistance in case of poor compliance during short course chemo-
therapy. The mechanisms were:

1) Bactericidal effect during initial killing — resistance emerging during first
days of interrupted treatment due to selection of spontaneously occurred
mutations;

2) Mono-therapy during sterilisation of special populations — selection of
resistant bacilli from special populations of semi-dormant organisms, with
only one anti-TB drug having action in them;

3) Sub-inhibitory drug concentrations during re-growth — in this case the resis-
tant bacilli will grow faster than sensitive;

4) Bacteriopausal effects during re-growth — the selective growth of drug-
resistant mutants during the period, when no drugs are taken.

It is known that in case the bacilli are resistant to the two most potent first-line
anti-TB drugs (FLDs), INH and RMP, the patient is very difficult to cure and this
form of TB is demarcated by a special name, MDR-TB. Since the 1990’s highly
or extremely resistant bacilli, resistant to six or more drugs, have been reported
(26-28). In those cases, the treatment success was worse (56.0%) (27) than in the
case of drug-sensitive TB (97-99%) (6), and even worse than that of MDR-TB
(66.2-70.2%) (29). In 2005, a provisional definition of extensive drug resistance
was first introduced (30). In 2006 WHO convened and revised the provisional
XDR-TB case definition (31). The current definition of XDR-TB states that it is a
form of TB in which bacilli is resistant in vitro to INH, RMP, a fluoroquinolone
and to at least one of three injectable SLDs (AMK, CM, or KM).

The increasing number of reports of high prevalence of drug resistance and
lack of novel anti-TB drugs has given rise to pessimistic thoughts on the future
of TB control. In that context, a question has been posed; exactly how trans-
mittable are these resistant strains compared to drug-sensitive strains. In 2009,
Borrell and Ganneux (32) reviewed available studies on infectiousness, repro-
ductive fitness and evolution of drug-resistant M. tuberculosis. They concluded
that the transmissibility was variable, being from 10 times more (33) to 10 times
less (34) transmittable, and could depend on two major aspects:
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1) Relative fitness compared to the drug-sensitive strains — likelihood to sur-
vive and reproduce. This could be varying based on the strain’s genetic
background;

2) “Fitness cost” — a reduced growth of resistant strains due to the impact of
the mutations on the normal function of the genes. Nevertheless, even if the
drug-resistant strains are of decreased relative fitness due to the occurred
mutations, in some cases, the drug-resistant strains, after initial reduction of
fitness, undergo compensatory evolution and regain their fitness.

Based on these theories, certain mathematical models lead to a possibility that,
given time, a fit MDR-TB strain may nonetheless replace the drug-sensitive
strain (35). Other models conclude that the future spread of drug-resistant
strains is not that alarming because the resistance is often associated with
reduction in bacterial fitness (36). Dye (37) has brought forward the hypothesis
of severe and benign epidemics. A severe epidemic, illustrated by an example of
Russia during the period 1999-2005, is characterised by a self-sustaining
epidemic of drug-resistant strains. Dye et al. (36) reviewed the trends of MDR-
TB incidence rates among new cases in 10 high-MDR-TB-countries, including
Estonia. They concluded that in those settings the reproduction of INH-resistant
and MDR-TB strains was less than that of the sensitive strains, representing a
benign TB epidemic. Furthermore, as resistant strains are likely to occur due to
mutations developing within the sensitive strains and resistant mutants are less
fit than the sensitive ones, the production of resistant strains could be decreased
by stopping the spread of regular TB (37). This finding led to the conclusion
that the current diagnostic and treatment strategies can still result in elimination
of MDR-TB. There is, however, a contradiction to the hypothesis of a benign
epidemic in Estonia, as Kriiiiner et al. (38) found that the prevailing TB strain
spreading in Estonia belongs to the Beijing genotype family with a high
probability (11.5%) of being MDR. More importantly, this strain was found to
be at least as transmissible as other strains (32, 38). It is not known which type
of TB and MDR-TB epidemic is prevailing in Estonia, therefore one of the aims
of the current study was to assess the notification rates of both TB and MDR-
TB in Estonia.

2.2. Occurrence of TB and M/XDR-TB

The WHO has been collecting TB case notification data since 1997 (39) from
all its Member States, other countries and territories in order to assess the
burden of disease and its trend worldwide. In 2012, a total of 182 out of 194
Member States reported TB-related data to the WHO. In Estonia the TB data
have been collected throughout the last century but aligned to the international
recommendations since 1998.

13



2.2.1. Global occurrence of TB and M/XDR-TB

In 2011, there were an estimated 8.7 million incident cases of TB (range
8.3-9.0 million), accounting for 125/100,000 (range 120—130) globally. Most of
the cases occurred in the WHO regions of South-East Asia, the Western Pacific
(59%) and Africa (26%) (2). About 2.9 million cases (range 2.6—3.2 million),
equivalent to 33.3% of all cases, occurred among women. The proportion of TB
cases co-infected with HIV was estimated to be 13%, with the highest pro-
portion in the African Region, which accounts for 79% of all TB cases among
people living with the HIV infection. Globally, the incidence rate/100,000 has
been falling since 2001; from 2010 through 2011, it declined by 2.2%.

In 2011, around 0.99 million deaths (range 0.84—1.1 million) occurred
among HIV-negative cases of TB and an additional 0.43 million deaths (range
0.40—-0.46 million) among HIV-positive people, being equivalent in total to
14 deaths/100,000 (range 12—17) (2). Approximately 1.4 million people died of
TB in 2011. A total of 0.3 million deaths occurred among HIV-negative and
0.20 million among HIV-positive women. Globally, the mortality rates have
fallen by more than one-third since 1990.

From 1994, anti-TB drug-resistance data have been collected worldwide by
the WHO and the International Union against Tuberculosis and Lung Disease
within the Global Projects on Anti-Tuberculosis Resistance Surveillance.
Reports have been published in 1997, 2001, 2004 and 2008; the last one in-
cludes data from 77 countries or settings (40). After that, the yearly WHO
global TB reports include data on drug resistance. Already in 1994, drug
resistance was reported in almost every country surveyed. Annually, 630,000
patients (range 460,000—790,000) fall ill with MDR-TB worldwide (2). In 2011,
it was estimated that 3.7% (95% confidence interval, CI 2.1-5.2%) out of new
TB cases and 20% (95% CI 13-26%) of retreatment cases have MDR-TB (2).
The probability of MDR-TB was more than 10-fold higher among previously
treated patients (40). However, globally, only 4% of new cases and 6% of
retreatment cases are actually tested for MDR-TB. In 2012, out of the 27 high-
MDR-TB-prevalence countries where the proportion of MDR-TB exceeded
6.5% among never previously treated cases, 15 belonged to the WHO European
Region. The highest reported values of MDR-TB among the new cases were in
Belarus (32.3%), followed by those in Estonia (22.9%) (2). The WHO estimates
that 60% out of the global MDR-TB burden lie in China, India, the Russian
Federation, and South Africa.

By the end of 2011, the presence of XDR-TB was reported by 84 countries.
It was estimated that globally, approximately 9.0% (95% CI 6.7—11.2%) of all
MDR-TB cases have XDR-TB, which is equivalent to 58,500 cases (4). How-
ever, the data on XDR-TB are incomplete because the low-income countries do
not always have well equipped laboratories to perform drug susceptibility
testing (DST) against SLDs.

In 2011, only 4.3% of all TB cases emerged in the WHO European Region
(2). The estimated incidence rate was 42/100,000 (range 39—-45), which equals
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380,000 cases (range 350,000—400,000), including 23,000 (range 20,000-
25,000) TB/HIV co-infected cases. Between 2010 and 2011, the TB incidence
decreased by 8.5%; however, no data were available on the annual decrease of
TB incidence in Estonia. The highest rates of difficult-to-treat M/XDR-TB are
found in Europe. It is estimated that 15.1% (range 10-20%) of all new cases
and 44% (range 40-49%) among all retreatment cases have MDR-TB, mean-
while, only 56% of new and 27% of retreatment cases were tested for MDR-TB
in 2011. In the same year, 32,348 laboratory-confirmed MDR-TB cases were
reported to the WHO, of which 10,290 were new and 12,097 were retreatment
cases (2). It is estimated that 5% among the detected MDR-TB cases are XDR-
TB in the WHO European Region (41). As much as 12% of MDR-TB cases
died in Europe in 2011. Among all TB cases the estimated mortality rate was
5.0/100,000 (range 4.9-5.1).

2.2.2. Occurrence of TB and M/XDR-TB in Estonia

In Estonia, TB persists as a major problem, both, at the level of individual
patients, as well as at the national level. During the 20" century the highest
notification rate was recorded in 1953, with 417 new and relapse cases/100,000.
By 1991, the time of the breakdown of the Soviet Union, the TB notification
rate had decreased to the lowest level, 25.9/100,000. From 1993, as a result of
the so-called transition shock characteristic of most of the Central and Eastern
European countries, an increase was observed. Thus, by 1998, the notification
rate almost doubled, being 59.4/100,000 (Figure 1). Throughout the last decade,
the notification rate has steadily decreased below the level of that in 1991, being
25.4/100,000 in 2011. This is also the lowest recorded TB notification rate in
Estonia.

From 2001, retreatment cases other than relapses are included in the case
notification (Figure 1); however, the number of these retreatment cases is not
large, adding only 1.7/100,000 in 2011.
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Figure 1. Tuberculosis (TB) notification rate in Estonia, 1998-2011: all new cases and
relapses, all notified cases (including all new and all retreatment cases) and all multi-
drug-resistant (MDR-TB) cases.

Beginning in the 1960’s, information on drug resistance has been available in
the laboratories in Estonia; although the first survey was carried out only in
1994 (13) to find 10.2% of MDR-TB among new and 19.2% among previously
treated cases. Following that, routine anti-TB drug resistance surveillance was
established. During the last decade the notification rate of MDR-TB has been
relatively stable, but the proportion of MDR-TB among all TB cases has
increased, while the overall TB notification rate has decreased (Figures 1 and
2). In 1998 the MDR-TB notification rate among all TB cases was 7.1/100,000
and in 2011, 5.8/100,000. Among the new pulmonary TB (PTB) cases, the
MDR-TB notification rate was 4.3 and 3.5/100,000, respectively. Meanwhile, in
1998, the proportion of MDR-TB cases among the culture-confirmed new PTB
cases was 13.9% and in 2011 the proportion reached the alarming level of
23.4%. Among retreatment cases, the proportion of MDR-TB was 35.0% in
1998 and 53.6% in 2011 (Figure 3), whereas the notification rate was 2.6 and
2.2/100,000, respectively. Little is known about the factors possibly influencing
the TB and M/XDR-TB epidemic in Estonia.
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Figure 2. Tuberculosis (TB) notification rate in Estonia, 1998-2011: all new pulmonary
TB cases; new culture- confirmed pulmonary TB cases and new pulmonary multidrug-
resistant TB (MDR-TB) cases.

The DST to SLDs has been systematically performed since 2001. The pro-
portion of XDR-TB cases among the new pulmonary MDR-TB cases was
10.0% (5 out of 50) in 2001 and 8.5% (4 out of 47) in 2011. Among the
retreatment cases, the proportion of XDR-TB was significantly higher, being
34.0% (35 outof 103) and 33.3% (10 out of 30), respectively. In 2011, the
notification rate of all XDR-TB cases was 1.3/100,000.

Since 2001 there has been an HIV epidemic in Estonia, resulting in a steady
increase of notified HIV and TB co-infected cases (Figure 4). The first HIV-
positive TB case was notified in 1999, but by 2011, the number was 46
(3.4/100,000), accounting for 12.7% of all notified cases. The proportion of
HIV-positive cases among MDR-TB cases was 19.2% (15 out of 78),
translating into a notification rate of 1.1/100,000, which was comparable to that
of XDR-TB.

In 2010, 10% of new pulmonary TB patients died during the treatment
course in Estonia (2). However, little is known about the specific causes of
death.
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Figure 4. Tuberculosis (TB) notification rate in Estonia, 1998-2011: all multidrug-
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2.3. Stop TB strategy

To decrease global TB incidence rates and to prevent development of drug
resistance in 1994 WHO developed the Directly Observed Short-course (DOTS)
strategy (42) as a package of five elements, aimed at achieving at least 70%
case detection and 85% cure rate.

The five elements of DOTS include (43):
1) Political commitment with increased and sustained financing;
2) Case detection through quality-assured bacteriology;
3) Standardised treatment with supervision and patient support;
4) An effective drug supply and management system;
5) Monitoring and evaluation system and impact measurement.

The initial DOTS framework has subsequently been expanded to a fundamental
pillar of the Stop TB strategy, which itself consists of six elements (44):

1) Pursue quality DOTS expansion and enhancement;

2) Address TB/HIV, MDR-TB and other challenges;

3) Contribute to health system strengthening;

4) Engage all care providers;

5) Empower people with TB and communities;

6) Enable and promote research.

In 2011, 182 WHO Member States out of a total of 194 reported on the progress
achieved in TB control (2). The Stop TB targets set for 2012 and 2050 are to
reduce prevalence and death rates by 50% compared to their levels in 1990 and
to reduce the global incidence rate of active TB cases to less than 1 case per
million population per year. However, globally not all countries and regions
will achieve the WHO-set targets; therefore, one of the aims of our study was to
assess the barriers to reaching the targets globally and specifically in the WHO
European Region, which includes Estonia.

In 2000, the WHO and the Stop TB Partnership launched an initiative, the
Green Light Committee (GLC), to support countries to manage MDR-TB and to
prevent development of further drug resistance. The GLC’s role was to review
applications from countries and projects wishing to purchase concessionally-
priced SLDs and determine whether such projects would be in line with the
WHO guidelines (45). Such projects were eligible for technical assistance
provided by members of the GLC.

In 1998, the Estonian NTP adopted the DOTS strategy with all five com-
ponents and reached a countrywide expansion by 2000. The first five-year TB
programme for the period 1997-2003 aimed at decreasing TB incidence among
new cases to 30/100,000 population by 2005. The current, third five-year TB
programme aims at decreasing TB incidence among new cases to 20/100,000.
In 2001, due to the alarmingly high rate of MDR-TB and the lack of SLDs to
treat these patients, the NTP applied to the GLC for the countrywide project on
management of MDR-TB, which started on the 1% of August 2001. The
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technical support has been provided to the NTP by WHO and The International
Union against Tuberculosis and Lung Diseases. Furthermore, technical and
financial support has been provided by the Finnish Lung Health Association,
the joint project of the Non-Governmental Organizations in the Nordic
Countries, the Centers for Disease Control and Prevention, Atlanta, USA, and
the Open Estonia Foundation. From 2001 onward all TB-related services in
Estonia have been funded from domestic sources (2).

Currently, the effect of the countrywide availability of the SLDs on
incidence of TB, as well as MDR-TB, has not been evaluated either globally or
in Estonia. Therefore, one of the aims of our study was to evaluate the impact of
the countrywide availability of SLDs on the TB and MDR-TB incidence.

2.4. Incidence of TB and M/ XDR-TB

TB incidence depends on the presence of the source of infection and trans-
mission of the infection in the society (1). To interrupt the chain of transmission
the source should be eliminated (diagnosed and treated) as soon as possible.
There are numerous challenges on the way to the elimination of TB and
M/XDR-TB. The risk factors for being exposed to infection, for developing the
disease after being infected and for mortality, are largely overlapping. This
section presents a short overview of the known risk factors.

2.4.1. Risk of developing TB and M/XDR-TB disease

Following an infection with M. tuberculosis the host organism has approxi-
mately 10% lifetime risk of developing TB disease, with half of the risk falling
within the first 5 years following the infection (1). The risk of TB among HIV-
positive persons is much higher, up to 5-10% annually (1), as the HIV infection
impairs cell-mediated immunity. Among 2,737 newly HIV-seroconverted South
African gold miners, the incidence of TB doubled within the first year of HIV
infection (adjusted risk ratio, ARR 2.1; 95% CI 1.4-3.1) (46).

HIV infection not only aids the progression of a TB infection into disease,
but also increases the severity of the TB disease by undermining granuloma
formation, mainly due to impairing the maturation of macrophages in the lungs
(47, 48). On the other hand, TB exacerbates the acquired immunodeficiency
syndrome (AIDS) by increasing viral replication, where the possible mecha-
nisms include: 1) stimulation of HIV-1 production by inflammatory cytokines,
mainly by tumour necrosis factor-a, 2) increasing the expression of chemokine
receptors CXRC-4 and CCRS5 and 3) down-regulating the chemokine receptor
CCL5 (47-49).

In addition to HIV infection, there are multiple other interacting factors
influencing the development of TB disease (1, 50, 51):

20



1) The factors that depend on the host organism like age, sex, ethnicity, body
build, and pregnancy;

2) Medical factors: immunosuppressive treatment, renal failure, haemophilia,
gastrectomy and jejunoileal bypass, carcinoma, pneumoconiosis (silicosis,
coal worker’s pneumoconiosis), and diabetes;

3) Genetic factors: human immune response to TB;

4) Environmental factors: poverty, occupation, diet, smoking, alcohol and drug
abuse, place of residence (urban vs. rural), etc.;

5) Factors associated with M. tuberculosis: infecting dose and strain virulence.

As for the risk factors for developing M/XDR-TB, a review of 29 papers by
Faustini et al. (52) concluded that the pooled risk of MDR-TB was 10.23 times
higher in previously treated than in never treated cases. The risk estimates were
higher in studies carried out in Western Europe (risk ratio, RR 12.63; 95% CI
8.20—19.45) than in Eastern Europe (RR 8.53; 95% CI 6.57-11.06). The
patients with MDR-TB were more likely to be foreign born (odds ratio, OR
2.46; 95% CI 1.86-3.24), younger than 65 years (OR 2.53; 95% CI 1.74-4.83),
male (OR 1.38; 95% CI 1.16—1.65), and HIV positive (OR 3.52; 95% CI
2.48-5.01). In Estonia, the risk factors for developing MDR-TB were: previous
anti-TB treatment (OR 4.11; 95% CI 2.77-6.08), being younger than 65 years
of age [24 years or younger (OR 2.57; 95% CI 1.09-6.06), 25—44 years (OR
2.64; 95% CI 1.35-5.16), and 45-64 years (OR 2.06; 95% CI 1.06-3.99)],
female sex (OR 6.23; 95% CI 1.02-37.99) and birth outside of Estonia (OR
82.04; 95% CI 3.46-1945.47) (53). The determinants of XDR-TB were:
previous anti-TB treatment (OR 10.54; 95% CI, 5.97-18.62), HIV infection
(OR 3.12; 95% CI, 1.31-7.41), homelessness (OR 2.73; 95% CI 1.15-6.48),
and alcohol abuse (OR 1.98; 95% CI 1.08-3.64) (53).

Once the infectious TB and M/XDR-TB individuals are present in the
community and disseminate infection, these factors play a significant role in
increasing the number of patients with both active TB and M/XDR-TB disease.
Beyond addressing the socio-economic and clinical factors to decrease the risk
of contracting infection and developing the disease, it is of pivotal importance
to diagnose infectious cases early and provide prompt effective treatment to halt
the infectiousness. The impact of the various risk factors listed above on TB and
MDR-TB notification in Estonia is not known; therefore one of our studies was
designed to evaluate the impact of poverty and HIV on TB and MDR-TB
notification rates.

2.4.2. Treatment and recurrence of TB and M/ XDR-TB

Besides the immediate treatment success, the effectiveness of the treatment is
measured by the rate of TB recurrence after successful treatment. In cases of
non-HIV-infected drug-sensitive TB patients with RMP included in the
treatment regimen at least in the intensive phase, it is possible to achieve

21



97-99% treatment success with an average disease recurrence rate of less than
5% (6).

It has been proven that FLDs are not effective in the treatment of MDR-TB.
Studies addressing the treatment success among MDR-TB patients using FLDs
have found that the treatment success rate was low and the relapse rate was
high. In a study from China, MDR-TB patients treated with FLDs had a treat-
ment success of 66—83%, while 57% of patients had disease recurrence during
4 years of follow-up (54). In an 18-month follow-up study of patients treated
with FLDs in four districts in Karakalpakstan, Uzbekistan, 6% and 43%
mortality and 23.0% and 60.0% disease recurrence were found for TB and
MDR-TB, respectively (55).

Management of patients with drug-resistant TB, i.e. mono-resistant,
polydrug-resistant (PDR-TB), and particularly M/XDR-TB, is complicated
because of the longer treatment, lesser effectiveness of anti-TB drugs and more
side effects. Mono-resistance refers to resistance to a single anti-TB drug and
PDR-TB refers to resistance to two or more anti-TB drugs but not to both INH
and RMP. The patients with M/XDR-TB remain infectious for longer periods as
the sputum conversion is slower, the overall treatment success lower and
mortality significantly higher than among those with non-MDR-TB (56-59).
Furthermore, because of the high cost of the SLDs, the management of
M/XDR-TB represents a significant monetary burden for TB programmes (60).

The treatment of MDR-TB cases using internationally recommended treat-
ment regimens with SLDs provides better results. Although noted among
patients specially selected for the GLC-project, the treatment success was up to
77% among new and up to 69% among previously treated cases (61). In a meta-
analysis by Johnston et al. (62), the pooled treatment success of 27 studies was
much lower, 62% (95% CI 57—67), while 11% (95% CI 9-13) of patients died.

In India, MDR-TB patients enrolled on a standardized MDR-TB treatment
regimen, i.e. a regimen of same drugs for all patients in a given area, reported a
treatment success of 61% (63). In South Korea, the treatment success among
MDR-TB patients treated with individualized treatment regimens, ie. drug
regimens tailored according to the DST results, was higher, reaching 73.2%
(10). Orenstein et al. (64) compared data on treatment success of individualized
vs. standardized treatment regimens from 29 studies. The patients with MDR-
TB treated with individualized regimens had a treatment success of 64% (95%
CI 59-68%) vs. 54% (95% CI 43-68%), when using standardised regimens,
although this difference was not statistically significant. The proportion of those
who died during the treatment was 11% and 12%, respectively; again, the
difference was not statistically significant.

The treatment success among TB patients is known to be decreasing in the
following order: drug-sensitive TB > PDR-TB > MDR-TB > XDR-TB. Thus, in
Abkhazia, Georgia, the treatment success of patients with different resistance
patterns was compared and it was found that 85.2% of patients with drug-
sensitive TB completed the treatment successfully, while those with PDR-TB
had a treatment success of 78.3% and those with MDR-TB only 32.3% (65).
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Pulmonary MDR-TB and XDR-TB patients treated with individualized
treatment regimens in Estonia during the period 2003—2005 had a treatment
success of 60.4% and 42.6%, respectively (66). The difference was statistically
significant. During the period from 2002 to 2004, a total of 1,027 M/XDR-TB
patients were enrolled on individualized treatment regimens in Latvia. The
treatment success was 67.9%, with a statistically significant difference between
MDR-TB and XDR-TB patients (69.3% and 38%, respectively) (67). In Tomsk,
Russia, the difference between the treatment success of MDR-TB (66.7%) and
XDR-TB (48.3%) patients was also statistically significant (68). However, the
difference between the treatment success of XDR- and MDR-TB patients is not
always significant, as for example in Peru, where 66.3% of MDR-TB patients
and 60.4% of XDR-TB patients were successfully treated (69). In a study
assessing treatment results among XDR-TB patients pooled together from
4 countries/settings, the treatment success was as low as 39.3% (70). The lowest
reported treatment success among non-HIV-infected XDR-TB patients was in
South Korea, or only 18% (71).

It was mentioned before that the effectiveness of treatment is measured by a
stable cure and the aim is to have not more than 5% TB recurrence (6). It has
been shown that it is possible to achieve as low as 5% recurrence in case of
drug-sensitive TB, but the follow-up time of the majority of studies did not
exceed 3 years. According to the 2008 systematic review of 16 studies by Cox
et al. (8), the disease recurrence rates after successful treatment ranged from
0-14%. The median follow-up time in these studies ranged from 12 to
31 months. Chang et al. (72) found that out of 12,183 patients with mainly non-
resistant pulmonary TB in Hong Kong, 0.9% (95% CI 0.8-1.1%) relapsed
within 30 months after commencement of therapy. A study from Spain reported
4.3% TB recurrence among successfully treated predominantly drug-sensitive
TB patients after as long as 8-year follow-up (73).

The patients with recurrent disease are known to be at higher risk for
M/XDR-TB and mortality, as found by Jeon et al. (71) and, also in a review by
Johnston et al. (62). Little is known about the rate and time of recurrence among
drug-resistant TB cases. Moreover, none of the studies is of a country wide
design. In South Korea, the pooled treatment success of drug resistant cases was
45.3%, or 46.2% among MDR-TB and 29.3% among XDR-TB cases. In that
study the total disease recurrence during 3-7 years of follow-up from the
beginning of treatment was 8.9%, or 13.6% among XDR-TB and 8.8% among
MDR-TB cases (74). In a previously mentioned study from South Korea, the
disease recurrence of MDR-TB patients treated with individualized treatment
regimens was 4.4% during the median follow-up period of 38.7 months (10).
The recurrence of TB after treatment of pulmonary MDR-TB in Peru with a
minimum follow-up time of 24 months after treatment was 5.1% (95% CI
3.0-8.2) (75). None of the studies referred to were of countrywide design. In
2001, country wide management of M/XDR-TB was launched in Estonia, but
until now no data have been available to determine the long-term effectiveness
of the treatment regimens used at that time.
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Numerous studies have demonstrated an association between HIV status and
TB death. In Brazil, a total of 161,481 drug-sensitive TB patients were
evaluated for treatment success, which was 85.7% among HIV-negative and
55.7% among HIV-positive persons, while the mortality was 4.2% vs. 23%,
respectively (76). When stratifying mortality by HIV infection in 22 relevant
studies, Stractemans et al. (77) found that mortality was significantly higher
among HIV-infected drug-sensitive persons compared to non-HIV-infected
(9.2% vs. 3.0%). In the Netherlands, Borgdorff et al. (78) found that the HIV-
infected TB patients had an increased risk of death compared to non-infected
patients (hazard ratio, HR 9.9, 95% CI 5.4-18). In a study by Mallory et al. (9)
from South Africa, HIV infection was associated with a significantly higher TB
recurrence compared to non-HIV-infected patients (8.2 vs. 2.2 per 100 person-
years; multivariate-adjusted incidence RR 4.9, 95% CI 3.0-8.1). Furthermore,
HIV-positive patients continue to die more rapidly after completion of anti-TB
treatment. In Zomba, Malawi, up to seven years after completing the TB
treatment, the HIV-infected patients had higher death rates than the HIV-
negative ones (HR 2.2, 95% CI 1.7-2.8) (79). In sub-Saharan Africa, 25.7% of
deaths among the HIV-positive patients occurred during anti-TB therapy, while
the rest of the deaths (74.3%) occurred during the 2.5-year period after suc-
cessful completion of anti-TB therapy (80). It is known that the cause of death
among the HIV-positive patients after completing TB treatment is most often
not TB but rather AIDS-related causes, including Mycobacterium avium
complex infection, Prneumocystis jiroveci pneumonia, non-Hodgkin’s lympho-
ma, etc. (81, 82). This evidence makes it important to ensure early initiation of
highly active antiretroviral therapy (HAART) in HIV-infected patients with TB
(80, 83, 84).

The death toll is known to be much higher in cases of M/XDR-TB and HIV
co-infection. In a cohort of South African MDR-TB patients, 35.2% of HIV-
positive died versus 1.62% HIV-negative ones (P<0.0001) (85). The particularly
deadly liaison of M/XDR-TB and HIV has been demonstrated in a study from
KwaZulu Natal, South Africa, where 52 of 53 (98.1%) patients with XDR-
TB/HIV co-infection died within 16 days from the time of diagnosis (7). In
another study from KwaZulu Natal, HIV co-infection was an independent risk
factor for death (adjusted odds ratio, aOR 5.6) among 1,209 MDR-TB patients
(86). In Lima, Peru, 57% of HIV-positive individuals (31 out of 52) died on
treatment, with a majority of deaths occurring due to MDR-TB (83). However,
in that study, individuals receiving HAART showed a lower mortality compared
to those without such treatment (HR 0.4 95% CI 0.2-0.9). In Thailand the
survival of MDR-TB patients was reduced in case they were co-infected with
HIV (HR 11.7; 95% CI 2.1-64.9). In the same study, the absence of HAART
was an independent risk factor for death (HR 7.9; 95% CI 1.543.1) (87).
HAART has been shown to significantly improve not only the survival, but
even the overall treatment outcome of HIV-infected XDR-TB patients (88). To
conclude, there is an international consensus that an effort should be made to
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prevent TB in people with HIV infection and to provide comprehensive HIV
care in association with directly observed therapy for TB/HIV (89, 90).

Apart from HIV infection, other risk factors for poor treatment outcome and
mortality have been thoroughly studied. Nevertheless, these studies are mainly
done either on drug-sensitive TB or with inclusion of all TB cases. Fortunately,
during the last decade, there have been several studies available also on MDR-
TB. The risk factors for poor treatment outcome and mortality are largely
similar to those for TB infection and progression to disease and include: 1)
demographic factors: male sex (62, 91-93), older age (78, 80, 91, 94-100),
younger age in a low-income country (92); 2) socio-economic and life-style
factors: low BMI and hypoalbuminemia (51, 62, 74, 80, 83, 100-102), poverty
or social marginalization (51, 100, 102), marital status (102) educational level
(51, 100, 102), imprisonment (institutionalization) in the past (100, 102),
smoking and air pollution, although it is considered to be more evidence of the
relationship between TB disease than association between TB infection and
mortality (11, 51, 77, 92, 100, 102—110), alcohol abuse (51, 62, 66, 92, 98, 100,
102, 111, 112), overall co-morbidities (93, 100, 101, 113), HIV infection (7, 11,
62, 64, 83, 100, 114); and 3) TB-related factors: previous anti-TB treatment (62,
66, 71, 74, 98, 115), extent of disease and/or cavitary disease (71, 92, 97, 112,
113), smear positivity at diagnosis (62, 66, 92, 100, 115), smear negative at
diagnosis in HIV-infected patients (100), different composition of treatment
regimens (64, 116).

2.5. TB and M/XDR-TB mortality

Mortality from TB is an important indicator for monitoring the effectiveness of
treatment regimens, but also of the capacity of TB control programmes to
diagnose TB and manage the patients. The M/XDR-TB has been associated
with high mortality rates during treatment (7—17%) (62, 64, 70), particularly
among HIV-infected patients (7, 83), as previously mentioned.

According to the WHO recommendations for TB programmes, the definition
for treatment outcomes include definition of death, i.e. a patient who dies from
any cause during the course of treatment (117). This definition, however,
excludes deaths that occur among TB patients after treatment failure, default
from treatment and transfers out, and therefore underestimates the true mortality
among TB patients. Furthermore, this definition includes all other causes of
death apart from death due to TB itself. In a study by Straetemans et al. (77), the
pooled percentage of TB patients dying of TB itself during treatment among
HIV-infected persons was 9.2% (95% CI 3.7-14.7%) and among HIV-un-
infected persons, 3.0% (95% CI 21.2-7.4%), whereas the pooled percentage of
TB patients dying due to any cause during TB treatment was 18.8% (95% CI
14.8-22.8%) and 3.5% (95% CI 2.0-4.92%), among HIV-infected and HIV-
uninfected persons, respectively.
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To improve the evaluation of the NTP efficiency, it has been proposed to
estimate mortality among TB patients recorded in vital registration (VR)
systems along with the internationally-recommended standard treatment
outcome definitions for TB (118). However, Korenromp et al. (119) has urged
using the standard definitions of the causes of deaths in both national VR
systems as well as in the cohort treatment outcome reports in a way that would
allow both systems to adhere to the International Classification of Diseases and
Related Health Problems (ICD-10).

In cases when the VR system is not in place alternative methods should be
used. In the sample registration system, events are recorded routinely from a
representative sample of the population and demographic surveillance systems
using verbal autopsies to assess causes of death (120). However, the reliability
of the method of verbal autopsy has been increasingly questioned, as it includes
inherent errors, mainly due to the expert errors in determining the cause of death
(121, 122). Thus, the cause of death may be recorded differently, depending
largely on the subjectivity and training of the experts. For example, a
publication from Taiwan by Lu et al. (123) points out that the doctors trained in
diverse local and foreign educational systems use different terminology in the
native language for the same diagnosis. Sibai (120) in his paper concludes,
based on the one by Lenfant et al. (124), that the reporting of causes of death is
less accurate, when the death is sudden, attributable to a stigmatized condition,
or occurs among certain minorities, social classes and older age groups. In the
case of TB, at least three out of these occasions certainly apply.

In 2003 the VR systems of 115 countries, including Estonia, were assessed
for timeliness, completeness and coverage of registration and the proportion of
deaths assigned to ill-defined causes. The VR system in Estonia was evaluated
as being of high-quality with 100% completeness and coverage and only 5% of
deaths being coded as ill-defined (125). However, there is also some possible
misclassification in the Estonian VR system, as identified in the classification of
alcohol poisoning in the mortality statistics (126). In 2011, WHO used for the
first time the VR data from 91 countries representing 46% of the deaths caused
by TB to estimate the global TB-mortality (90). Those countries had well-
functioning VR systems defined as the following: 1) coverage of at least 70% of
the population, and 2) ill-defined causes of death (ICD-19 code B46, ICD-10
codes RO0—R99) of less than 20% of all registered death (125). In cases when
the VR was for some reason incomplete, sample VR systems or mortality
surveys were used to obtain direct measurements of TB deaths. Before 2011, the
estimates of TB mortality were based on the data from 89 countries, mainly
from the European region and regions in the Americas, representing only 8% of
the world’s TB cases. The improved quality of the data on TB mortality allowed
revising the global estimates. Thus in 2010, in total, 1.4 million (range 1.2—
1.5 million), including an estimated 0.35 million deaths (range 0.32—0.39 mil-
lion) among HIV-positive cases occurred due to TB. The WHO estimate
published in 2011 was lower than that published in 2010 (1.7 million, including
0.4 million among HIV-positive people) (127).
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It is well established that patients with TB have an increased risk of death
during and after treatment as compared to the general population. While there
are several studies on the standardized mortality ratio (SMR) and causes of
deaths during and after TB treatment, there are neither studies addressing
specifically M/XDR-TB patients nor studies from countries with a high MDR-
TB incidence, like Estonia. A study of fatality in patients with pulmonary TB,
diagnosed in England and Wales in 1983 (97) and followed up until the end of
anti-TB chemotherapy, found, using standardized rates, that the all cause
mortality among people with PTB was 10 times higher than that of the general
population. The case fatality in that study was 12.9%. A retrospective survey of
TB patients in Liverpool (99) with an 8-year follow-up period revealed that
patients previously diagnosed with TB were 4.5 times more likely to die (95%
CI 3.7-5.4) than did the general Liverpool population. Furthermore, subjects
below 75 years of age had a high mortality from cancer. There are two studies
from India with an average follow-up time of 1.6 (92) and 3.3 years (128),
respectively. The case fatality was 9.4% in the first and 20.4% in the second
study, the all cause mortality compared to the general population was 6.1 (95%
CI 54-6.9) and 4.2 (95% CI 3.9-4.5) in the urban and sub-rural cohort,
respectively. Furthermore, the mortality of TB patients continues to be higher
than in the general population even after successful treatment. A 4.5-fold (95%
CI 3.42-5.57) excess all cause mortality rate was found among successfully
treated drug-sensitive TB patients in a study from southern Ethiopia with an
average follow-up time of 3.6 years (91).

Up to now, the causes of the death of TB and MDR-TB patients and their
assumed excess mortality compared to the general population has not been
evaluated in Estonia, even though this information is important in order to
improve the survival of this group of patients, particularly considering that in
Estonia, the majority of TB and MDR-TB patients are of working age.
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3. AIMS OF THE STUDY

The overall aim was to evaluate the impact of M/XDR-TB on the TB notifica-
tion rate, disease recurrence and mortality, and to identify the causes of death of
TB and M/XDR-TB patients.

The specific aims of the studies were:

Paper I

Paper 11

Paper 111

Paper IV

To identify the global barriers to reaching the targets for TB
control.

To evaluate the impact of countrywide management of TB and the
availability of SLDs on the notification rates of overall pulmonary
TB and MDR-TB, taking into account HIV co-infection and the
national economy in Estonia.

To assess the treatment outcome of the first GLC-approved
countrywide management of MDR-TB and XDR-TB in Estonia
and to evaluate risk factors contributing to TB recurrence.

To assess overall and cause-specific mortality among TB and
MDR-TB patients at the diagnosis and after successful completion
of treatment compared to the general population in Estonia.
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4. METHODS

This section encompasses the study population, definitions, laboratory methods,
treatment regimens and modalities of TB and M/XDR-TB management, data
collection and statistical methods.

4.1. Study population

This thesis is based on one round table article and the results of three studies
which were carried out on partly overlapping cohorts consisting of subjects
diagnosed with TB or M/XDR-TB in Estonia during the period January 01,
1998 to December 31, 2009. The partly overlapping cohorts and the different
time periods of the studies were determined by the specific aims and timing of
the studies. Throughout all the studies the subjects who emigrated were defined
as transferred out from Estonia and were excluded from analysis. The Ethics
Committee on Human Research at the University of Tartu, Estonia, approved
the study protocols.

Paper |

The round table article identifying the main barriers to reaching the targets for
TB control in the different regions of the world covered data available from
various publications, including the WHO reports on TB, MDR-TB and HIV/
AIDS. The population covered by WHO annual reports on TB has been steadily
increasing. Thus, only 65 countries or 29% of WHO Member States submitted
their data directly to the WHO for the 1993 report (129), while the 2006-WHO
report (130), which was the latest assessed document for the Paper, covered 200
out of 211 countries and territories. The reports on drug-resistance included
publications on various populations starting from 1943 as well as the WHO
reports on anti-TB drug resistance surveillance. The first WHO report on drug
resistance (13) summarizes data made available from 35 countries, whereas in
the 2004 report (131) data on drug resistance were available from 77 countries
or settings (70% of 194 Member States). The Paper included data on noti-
fication of TB and MDR-TB in Estonia during the periods January 1, 2000
through December 31, 2000 (131) and the treatment outcome of MDR-TB
patients notified in Estonia from August 1, 2001 through December 31, 2001

(61).
Paper Il

All subjects from both the civilian and the penitentiary sectors who fulfilled the
criteria for PTB diagnosed during the period 1998-2006 were included to
evaluate the impact of countrywide management of TB and M/XDR-TB
patients on the respective notification rates in Estonia. Patients with extra-
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pulmonary TB and retreatment cases other than relapses were excluded from the
analyses.

The beginning of the study was determined by: 1) the start of imple-
mentation of the DOTS strategy in Estonia in 1998 and 2) launching the country
wide management of M/XDR-TB in 2002. The two observation periods
(January 01, 1998 through December 31, 2001 and January 01, 2002 through
December 31, 2006) were defined to evaluate the effect of the country wide
availability of SLDs on TB and M/XDR-TB notification rates.

Paper Il

In Paper III the treatment outcome of M/XDR-TB patients as well as recurrence
of TB among those successfully treated was evaluated. All subjects diagnosed
with active pulmonary or extra-pulmonary M/XDR-TB from both civilian and
penitentiary sectors in Estonia during the period August 01, 2001, through July
31, 2003, were included with the exclusion of those who received treatment
with SLDs for less than 1 month. The subjects enrolled were followed until
December 31, 2010.

Paper IV

The excess mortality and causes of death of all patients diagnosed while alive
with new respiratory TB during the period from January 01, 2002 through
December 31, 2009 were measured. The subjects included belonged to the age
group of 25-64 years and were followed up until death, emigration or until
December 31, 2011, whichever event occurred first. Two cohorts were defined:
one involved everyone fulfilling the criteria for inclusion and the second was
composed only of the successfully treated patients from the former group. The
subjects with an unknown survival status at the end of the observation period
were excluded (Figure 5). The beginning of the study period (January 01, 2002)
coincided with the country wide availability of FLDs and SLDs.

4.2. Definitions

WHO TB and M/XDR-TB case definitions, as well as treatment outcome

definitions, were used (132-134). The TB cases were classified as pulmonary or

extra-pulmonary. The case definitions used in the studies were as follows:

— New case — a patient who has received no anti-TB treatment or has received
it for less than one month.

— Relapse — a patient whose most recent treatment outcome was “cured” or
“treatment completed” and who is subsequently diagnosed with bacterio-
logically positive TB by sputum smear microscopy or culture.
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Retreatment cases other than relapses included treatment after default,
treatment after failure, and others. Others were patients who did not fit into
any of the above categories.

Chronic case — a patient who remained smear-, sputum- or culture-positive
after completing a retreatment regimen.

The definitions used for recording treatment outcome were:

Cured: 1) In case of drug-sensitive TB — a patent whose sputum smear or
culture was positive at the beginning of the treatment but who was smear-
or culture-negative during the last months of treatment and on at least one
previous occasion; 2) in case of M/XDR-TB — a patient who has completed
treatment and has at least five consecutive negative cultures from samples
collected at least 30 days apart during the final 12 months of treatment.
Treatment completed — a patient who has completed treatment but does not
meet the definition for cure because of a lack of bacteriological results.
Failed: 1) in case of drug-sensitive TB, the treatment is considered to have
failed if sputum smear or culture is positive at 5 months or later during
treatment, and 2) in case of M/XDR-TB, the treatment is considered to have
failed if two or more of the five cultures recorded in the final 12 months of
therapy are positive or if any of the final three cultures is positive.

Defaulted — a patient whose treatment was interrupted for two or more
consecutive months.

Died — a patient who dies for any reason during the course of treatment.
Successfully treated patients were defined as the sum of patients who were
cured and those who completed the treatment. A poor treatment outcome
was defined as the sum of treatment failures, defaulters of treatment, and
those who died.

Patient with respiratory TB (IV) — a patient who has TB of respiratory
organs, confirmed or not by bacteriological or histological means (ICD-10
A15-A16).

Bacteriological confirmation of subjects by culture was used instead of that
by smear; M/XDR-TB, as well as non-M/XDR-TB was confirmed by DST.
Non-M/XDR-TB cases included those with drug-sensitive TB or any
pattern of resistance other than M/XDR-TB. The disease recurrence was
confirmed by culture without performing genotyping of isolates to diffe-
rentiate between recurrence caused by the former strain and re-infection.
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4.3. Laboratory methods

According to the country policy, at the diagnosis, three smear microscopies had
to be performed and at least two samples of a biological material from affected
sites were sent for culture and DST to FLDs. In cases when mono-drug-resis-
tance, PDR-TB, or MDR-TB was confirmed, DST to SLDs was done routinely.

From 1997, the TB laboratory network in Estonia has been quality-assured
by the supranational reference laboratory, the Swedish Institute for Infectious
Disease Control (SMI). From 1998 onwards, culture and DST were routinely
performed and recorded. The cultures were performed on conventional
Lowenstein-Jensen solid media and in BACTEC® broth media using BACTEC®
MIGIT960 fluorometric mycobacterial detection system or BACTEC"
MIGIT460 radiometric system (both from Becton Dickinson Diagnostic
Systems, Sparks, MD, USA). For identification of species, the AccuProbe TM
Rapid DNA Probe Test (Gen-Probe Inc., San Diego, CA, USA) and GenoType®
MTBC (Hain LifeScience GmbH, Nehren, Germany) were used. DST was per-
formed by the proportion method using BACTEC® MIGIT460 (Becton Dickin-
son) for nine drugs: INH (0.2 pg/mL), RMP (2.0 ug/mL), STM (4.0 ng/mL),
ethambutol (EMB) (5.0 pg/mL), AMK (2.0 pg/mL), KM (5.0 pg/mL), CPM
(5.0 pg/mL), prothionamide (PTH) (5.0 pg/mL) or ethionamide (ETH)
(5.0 pg/mL) and ofloxacin (OFX) (2.0 ug/mL). From 2003, the DST for
pyrazinamide (Z) (100.0 pg/mL) was performed. Resistance was defined as the
presence of growth of >1% of the colonies in the drug-containing media,
compared with the growth in the drug-free medium.

Smears were stained with Ziehl-Neelsen method and/or fluorochrome.
Competence in performing sputum smear microscopy, culture and DST for
INH, RMP, STM and EMB was ensured by quality assurance procedures
organised by the Estonian Reference Laboratory of Tuberculosis and Myco-
bacterioses (ERLTM) and by the SMI. Random verification of DST results for
KM, CPM, ETH, AMK and OFX was performed by the SMI.

4.4. Treatment

For the treatment of drug-sensitive and bacteriologically non-confirmed TB
cases the internationally recommended standardized short-course treatment
regimens, such as category I for new cases and category II for previously treated
cases, were used. Commonly, the category I treatment regimen consisted of
daily dosing of INH, RMP, EMB and Z for 2 months, followed by INH and
RMP once daily three times per week for 4 months. Category II treatment
regimen consisted of daily dosing of INH, RMP, EMB, Z and STM, followed
by one month of INH, RMP, EMB and Z and 5 months of INH and RMP once
daily three times per week.

For treatment of mono-resistant or PDR-TB, the treatment regimens re-
commended by the Partners in Health (135) were used (Table 1). In case of

33



M/XDR-TB individualised treatment regimens were designed based on the

GLC-approval in 2001:

— The treatment regimen consisted of at least four oral drugs (a fluoroquino-
lone, PTH, CS, Z) and one of the second-line injectables, KM, CPM or
AMK; SM could be used if the strain was confirmed to be susceptible;

— EMB was added if the strain was susceptible;

— Para-aminosalicylic acid (PAS) was added in case of extensive resistance or
intolerance of other drugs;

— Agents with an unclear role in M/XDR-TB treatment, such as amoxicillin/
clavulanate and clarithromycin, were added in case of poly-resistance to
SLDs;

— Injectables, STM, KM, AMK and CPM, were used until 2—3 consecutive
months of culture-negative results had been obtained, but not for less than 6
months;

— The total duration of treatment was at least 18 months after bacteriological
conversion.

Table 1. Commonly used treatment regimens in case of polydrug-resistant tuberculosis
(PDR-TB) in Estonia, 2002—-2011

Patterns of drug resistance

Suggested regimen

Intensive phase '

Continuation phase '

INH (= STM)

INH and Z

INH and EMB

RMP

RMP and EMB (+ STM)

RMP and Z (+ STM)

INH, EMB and Z (+ STM)

3 RMP, Z and EMB (+ STM)

6 STM, RMP, EMB and a
fluoroquinolone

6 STM, RMP, Z and a
fluoroquinolone

6 INH, EMB, Z , STM and a
fluoroquinolone

6 KM, INH, Z, PTH? and a
fluoroquinolone

6 KM, INH, EMB, PTH? and
a fluoroquinolone

6 KM, RMP, PTH?, CS and a
fluoroquinolone

6 RMP, Z and EMB

6 RMP, EMB and a
fluoroquinolone

6 RMP, Z and a fluoroquinolone

6 INH, EMB, Z and a fluoro-
quinolone

12 KM, INH, Z, PTH? and a
fluoroquinolone

12 KM, INH, EMB, PTH? and a
fluoroquinolone

12 KM, RMP, PTH?, CS and a
fluoroquinolone

"The number indicates the duration of the respective treatment phase with the drugs pro-
vided in months. > Prothionamide (PTH) and ethionamide (ETH) were interchangeable.
AMK: amikacin; CPM: capreomycin; CS: cycloserine; EMB: ethambutol; INH: iso-
niazid; KM: kanamycin; PAS: para-aminosalicylic acid; RMP: rifampicin; STM:
streptomycin; Z: pyrazinamide.
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The treatment regimens were slightly different from the 2011-WHO M/XDR-
TB guidelines (84), where longer use of an injectable agent (minimum
8 months) and use of a newer generation of fluoroquinolone, such as levo-
floxacin and moxifloxacin instead of ofloxacin was recommended. From 2006,
levofloxacin as the preferred fluoroquinolone agent replaced ofloxacin in the
treatment regimens in Estonia.

The treatment of non-MDR-TB patients was carried out under direct ob-
servation six times per week during the intensive phase (i.e. first 2-3 months of
treatment) and three times per week during the continuation phase. Treatment of
M/XDR-TB patients was directly observed six times per week during the whole
treatment course. However, in cases where the SLDs were administered twice
per day, then only the first daily dose was given under direct supervision. All
patients were receiving social support in the form of food parcels and trans-
portation support to and from the health care centre, which equalled to an
average USD 2.5 per day.

4.5. Data collection

To create the study-specific databases, the TB-related data for the three studies
(II-1IV) were extracted from the Estonian Tuberculosis Registry (ETR) data-
base. The ETR database is continuously updated from standardized NTP forms
completed by the physicians and nurses involved in management of TB
patients. The study data were reviewed by the principal investigator with an
assistance of the ETR personnel and physicians responsible for patient
management to verify the results and to complete the missing data. The data on
drug resistance and smear and culture results were obtained from the ERLTM.
For calculation of the incidence and mortality rates, the mid-year population
was downloaded from the Statistical Office of Estonia (136). The data on HIV
infection in Estonia originated from the Health Board (137). Follow-up for
death or emigration was carried out at the Estonian Mortality and Population
Registries by using a unique personal identification number and/or name date of
birth, and place of residence. The causes of death, which to our prior judgment,
could be affected by residual TB sequelae, anti-TB treatment or known
behavioural risk factors for TB disease (50), such as smoking and alcohol abuse,
were chosen in order to analyse the mortality of TB and M/XDR-TB patients
(IV). Due to the possible misclassification of alcohol poisoning in the mortality
statistics, which is recognized in Estonia (126), the selected alcohol-related
causes of deaths like mental and behavioural disorders due to alcohol abuse
(F10 according to the ICD-10), alcoholic cardiomyopathy (142.6), alcoholic
liver disease (K70) and accidental poisoning by and exposure to alcohol (X45)
were grouped together. The cancers, which, according to the International
Agency for Research on Cancer (138) are affected by alcohol, included cancers
of the oral cavity (C01-C08), pharynx (C09-C14), oesophagus (C15), colon
(C18), rectum (C19—C21), liver (C22), larynx (C32) and female breast (C50).
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The smoking-related cancers included cancers of the oral cavity (CO1-CO08),
pharynx (C09-C14), oesophagus (C15), stomach (C16), colon (C18), rectum
(C19-C21), liver (C22), pancreas (C25), nose and sinuses (C30-C31), larynx
(C32), bronchus and the lungs (C34), cervix uteri (C53), ovary (C56) and urinary
organs (C64—C68) and myeloid leukaemia (C92) (138).

The data on gross domestic product (GDP) per capita in purchasing power
standards were obtained from Eurostat (139) and expressed in current inter-
national dollars (II).

To analyse the risk factors for disease recurrence (II), the variables were
arranged into five groups: 1) demographic and socio-economic factors that
included sex, age, place of birth, marital status, education, housing, employment
status, history of imprisonment and health insurance; 2) factors related to
baseline clinical history that included the way of case finding, i.e. active case
finding by the health care workers or passive case finding or self-referral by the
patient, time from the diagnosis to current treatment, history of previous use of
anti-TB drugs, belonging to the group of chronic patients, TB localization,
bacteriological status at the time of diagnosis, and presence or absence of a
cavity in the lungs; 3) drug-resistance stratified by individual drugs (including
resistance to ETM, OFX and thioamides and resistance to all three second-line
injectable agents); 4) different resistance groups (including the total number of
resistant drugs tested, XDR-TB and MDR-TB); 5) factors related to treatment
that included duration of treatment in months, inclusion of an injectable agent
into the regimen, SLDs being stopped due to the side effects, the number of
drugs given in the intensive phase, the number of drugs given in the conti-
nuation phase and inclusion of any of the following drugs: a fluorquinolone,
thioamide, CS, PAS or Z into the regimen.

Codes of the International Statistical Classification of Diseases and Related
Health Problems, 10™ revision (ICD-10), were used for assessing the excess
mortality and causes of death of subjects (IV) as well as for assessing the risk
factors contributing to TB recurrence (I1I).

The TB-related data for the round table article (I) for identification of main
barriers to reaching the targets for TB control were taken from the literature,
including WHO reports on TB, M/XDR-TB and HIV/AIDS (13, 18, 19, 23, 24,
26,31, 39,42,43,61, 130, 131, 140-144) and ETR.

4.6. Statistical analysis

For analysing the data for the three Estonia-based Papers (II-IV), the SPSS®
statistical package, version 17.0 (Statistical Package for Social Sciences,
Chicago, IL, USA), was used. The Visual FoxPro 6.0 (Microsoft Corporation,
Redmond, WA, USA) and Stata 10 (StataCorp LP, College Station, TX, USA)
were used to calculate the excess mortality and determine the causes of death of
all patients diagnosed alive with new respiratory TB (IV). In case of missing
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data, the analyses were performed only for the cases with complete sets of
information.

Time trends in the overall notification rates and notification rates of culture
confirmed pulmonary TB were tested using the Cochran-Armitage test for trend
(IT). Linear regression analysis was used to assess the impact of the availability
of the SLDs and changes in GDP per capita on the change in yearly TB noti-
fication rates, as well as to evaluate the influence of HIV infection on the PTB
and M/XDR-TB notification rates (II).

Cox regression analysis with the Wald statistical criteria and backward
elimination method were used to estimate the predictors of TB recurrence and
mortality among all diagnosed M/XDRTB patients as well as among success-
fully treated ones (III). Both univariate and multivariate analyses stratified by
XDR-TB patients were performed. To demonstrate the probability of TB
recurrence, the Kaplan-Meier method was used, whereas the difference between
strata was assessed with Breslow’s test (III).

The SMR was calculated for males and females separately by dividing the
observed number of deaths by the expected number of deaths (IV). The
expected number of deaths in the cohorts was calculated by multiplying the age-
and sex-specific person-years by the corresponding national mortality rates. The
calculation was stratified by two calendar periods, 2002—2006 and 2007-2011.
The 95% CI for SMR was calculated assuming a Poisson distribution for the
observed deaths. Multivariate Poisson regression models were used to estimate
the effect of age (45—64 vs. 25—44 years), education (basic or less vs. higher or
secondary), ethnicity (non-Estonian vs. Estonian) and MDR-TB (MDR-TB vs.
non-MDR-TB) on the risk of death.
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5. RESULTS

The main results of Papers I-IV are summarised in this section. In Paper I the
barriers to reach the targets laid out for global TB control were assessed by
WHO regions. Paper I enabled to placing Estonia in the context of global TB
and M/XDR-TB control. Paper II assessed the TB and MDR-TB notification
trend and selected determinants of disease. Treatment outcome and disease
recurrence of M/XDR-TB were the subject of the Paper III. Paper IV analysed
the overall and cause-specific mortality among TB and M/XDR-TB patients as
compared to the general population.

Paper |

By the end of 2004, 83% of the world’s population lived in countries or parts of
countries covered by DOTS. Treatment success among 1.7 million DOTS pa-
tients notified in 2003 averaged 82%, which was close to the 2005 global target
of 85%. However, the treatment success was below average in the African
Region (72%), as well as in the European Region (75%). The main identified
barrier to reach the global target was TB/HIV co-infection in the WHO African
Region and drug-resistance in the WHO European Region (130).

In 2004, Estonia belonged to the top ten countries or areas with the highest
proportion of MDR-TB among never-previously-treated cases (12.2%) (Figure
6). In addition to Estonia, five more high-MDR-TB-prevalence countries or
regions originated from the former Soviet Union: Kazakhstan (14.2%); the
Tomsk oblast in the Russian Federation (13.7%); Karakalpakstan, Uzbekistan
(13.2%); Lithuania (9.4%) and Latvia (9.3%) (130, 145). The reported highest
values of MDR-TB among previously treated cases were in Oman (58.3%) and
Kazakhstan (56.4%), followed by Lithuania (53.3%), Estonia (45.3%), the
Tomsk oblast in the Russian Federation (43.6%), the Orel oblast in the Russian
Federation (42.4%), Karakalpakstan in Uzbekistan (40.2%), Egypt (38.2%) and
Henan in China (36.6%) (130, 145).

Estonia was one of the five first GLC-approved countries for management of
MDR-TB. The treatment success among the first 46 MDR-TB patients enrolled
for treatment from August 1, 2001 through December 31, 2001 was 65.2%
(30/46). Meanwhile, the pooled treatment success of the first five GLC-
approved projects (Estonia, Latvia, Manila in the Philippines and the Tomsk
oblast in the Russian Federation) was as high as 70%, or 78% among the never
previously treated patients and 69% among previously treated patients (61).
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Figure 6. Prevalence of multidrug-resistant tuberculosis (MDR-TB) in the ten countries or
areas with the highest MDR-TB prevalence. RF: Russian Federation (modified from I).

Paper Il

A total of 5,196 new and relapse pulmonary cases were included in the study, of
whom 3,725 (71.7%) were males. The mean age of all subjects was 45.9 years.
A total of 3,862 study subjects (74.3%) had DST results. Of those with the
available DST results, 760 cases (19.7%) were diagnosed as having MDR-TB.
Starting in 2000, 541 of MDR-TB strains (98.8%) were tested against SLDs and
of theses, 95 (17.6%) were confirmed as having XDR-TB. Since 2001, 99.6%
of patients (3,033 of 3,045) have been tested for HIV and of these, 132 (4.4%)
have been HIV-positive.

During the period 1998-2006 the incidence of TB decreased from
59.2/100,000 in 1998, when the NTP was launched, to 32.7/100,000 in 2006,
resulting in a mean annual decrease of 3.3 cases/100,000 or 7.02% (P=0.007).
During the same period, the notification rate of M/XDR-TB decreased from 6.7
to 3.5/100,000, resulting in a mean annual decrease of 1.7 cases/100,000 (5.5%
yearly, P=0.008). During the whole study period (1998-2006), a significant
increase in GDP per capita occurred, together with a lowering of the notification
rate of overall TB, as well as that of MDR-TB (P<0.001 and P<0.001,
respectively) (Figure 7). At the same time, there was an increase in TB/HIV co-
infection, which had a negative impact on the notification rates (P<0.001 and
P=0.001, respectively) (Figure 8).

The availability of SLDs after 2002 did not have any significant impact on
the case notification rates of M/XDR-TB as compared to the previous period
(1998-2001). However, there was a significant accelerating impact of the
availability of SLDs on the decline in the annual notification (Figure 9).
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During 1998-2006 the mean treatment success rate among all PTB cases in-
creased from 72.7% to 77.4% (P=0.009), whereas there was a decrease among
the MDR-TB cases, from 54.8% to 51.1% (P=0.018). Meanwhile, the mean
pooled treatment success of XDR-TB (47.7%) was much lower than that of all
PTB and MDR-TB patients. Due to the low number of XDR-TB cases, it was
not possible to analyse the treatment success over the years.
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Figure 7. Notification rate of overall (new and relapses) culture-confirmed pulmonary
tuberculosis (PTB) and multidrug-resistant TB (MDR-TB) in correlation with the Gross
Domestic Product (GDP) per capita expressed in current international dollars per year in
Estonia, 1998-2006. One international dollar equals one USD at a given point in time
(modified from II).
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Figure 8. Notification rate of overall (new and relapses) culture-confirmed pulmonary
tuberculosis (PTB) and multidrug-resistant tuberculosis (MDR-TB) patients in corre-
lation with that of TB and human immunodeficiency virus (HIV) co-infection in Esto-
nia, 1998-2006 (modified from II).
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Figure 9. Time trends in the notification rates of culture-confirmed pulmonary tuber-
culosis (TB) in Estonia, 1998-2006, before and after second-line drugs (SLD) became
available in 2002: A) for multidrug-resistant TB (MDR-TB) and B) for overall pulmo-
nary TB. The time trends, tested by the Cochran-Armitage test, were non-significant for
MDR-TB and overall pulmonary TB during both tested periods (1998-2001 and
2002-2006). Linear regression analysis using the availability of SLDs as a covariate
showed a significant accelerating impact on the down-going trends in MDR-TB
(P=0.025), as well as in overall pulmonary TB (P=0.003) (modified from II).

Paper Il

A total of 211 patients diagnosed with MDR-TB during the period from August
01, 2001 through July 31, 2003, were included; out of these 43 patients had
XDR-TB. The median age of all subjects was 42.9 years (range 17-76), 154
(73.0%) were males and 172 (81.5%) were Estonians. A total of 5 (2.5%) HIV-
positive cases were diagnosed out of the 197 subjects tested for HIV infection.
The treatment was successfully completed by 129 patients (61.1%). Treatment
success among the MDR-TB and XDR-TB patients was 63.1% and 53.5%,
respectively. The median duration of treatment among the successfully treated
patients was 19.8 months (range 6.1-53.7). Out of all successfully treated
patients, 11 (8.5%) had relapsed by the end of the follow-up time. A total of 82
patients (38.9%), including 20 patients with XDR-TB, had a poor treatment
outcome: 47 (22.3%) defaulted, 18 (8.5%) failed treatment and 17 (8.1%) died.
The median follow-up time of all study subjects from the start of treatment
with SLDs until the disease recurrence, death, emigration, or December 31,
2010, whichever date was earlier, was 98.1 months (range 2.1-125.7 months).
By the end of the observation period, 38 patients (18.0%) had died of TB and 23
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(10.9%) of other reasons. The cumulative recurrence-free survival was lower
among XDR-TB patients than among MDR-TB patients (P=0.012) (Figure 10).
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Figure 10. Cumulative probability of tuberculosis (TB) recurrence-free survival of the
211 multidrug-resistant- and extensively drug-resistant TB (M/XDR-TB) patients, who
started treatment in Estonia, 01.08.2001-31.07.2003, stratified by XDR-TB (n=43) and
MDR-TB patients (n=168). Reproduced with permission from III.
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Figure 11. Cumulative probability of tuberculosis (TB) recurrence-free survival of the
129 successfully treated multidrug-resistant- and extensively drug-resistant TB
(M/XDR-TB) patients, who started treatment in Estonia, 01.08.2001-31.01.2003, strati-
fied by XDR-TB (n=23) and MDR-non-XDR-TB (n=106). Reproduced with permission
from III.
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There was no difference between the 129 successfully treated XDR-TB (n=43)
and MDR-TB patients (n=168) in terms of the cumulative recurrence-free
survival (Figure 11). The median time to TB recurrence was 70.1 months (range
32.3-106.9). However, the probability of recurrence peaked during the period
from year 5 to year 7 (63.6%) of follow-up. Of all patients with a successful
treatment outcome, 118 (91.5%) remained without active TB, eight (6.2%) died
of other reasons; 11 (8.5%) had a TB recurrence.

In a multivariate model the risk factors associated with TB recurrence for all
included patients were male sex, birth outside Estonia, history of previous anti-
TB treatment, sputum smear positivity at the beginning of treatment, resistance
to >4 anti-TB drugs, resistance to all three second-line injectable and the
absence of an injectable agent from the treatment regimen (P<0.05 for all). On
the other hand inclusion of PAS in the regimen and a greater number of drugs
given during the continuation phase of treatment appeared to be protective
against TB recurrence (P<0.05) (Table 2).

Among all successfully treated patients, only a history of previous TB treat-
ment was a risk-factor for TB recurrence (HR 4.28, 95% CI 1.13-16.15,
P=0.032). The median length of treatment among the 11 patients, who later
developed TB recurrence, was 20.2 months (range 18.2-36.2); the difference
was not statistically significant for those 118 patients who stayed TB free
(median 19.7 months; range 6.1-53.7).

In a multivariable model, including all 43 XDR-TB patients, male sex
(P=0.007), birth outside Estonia (P=0.041), a history of previous anti-TB
treatment (P<0.001), sputum-smear-positivity at the start of treatment with
SLDs (P=0.021), resistance to >4 TB drugs (P=0.033) and the absence of an
injectable drug from the treatment regimen (P=0.009) were found to have a
negative impact on TB recurrence, whereas the higher number of anti-TB drugs
given during the continuation phase (P<0.001), the presence of PAS (P=0.010)
and OFX (P=0.037), and non-interruption of any of the SLDs due to their side
effects (P=0.029) were protective against recurrence (Table 2). No significant
risk factors were found, when the covariates were stratified by XDR-TB among
the 129 successfully treated patients in a multivariable model.
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Paper IV

A total of 2,449 patients, 1,777 (72.6%) males and 674 (27.5%) females with
newly diagnosed respiratory TB and M/XDR-TB were included in this study
(Figure 5). Out of all study subjects 321 (13.1%) were diagnosed with M/XDR-
TB, of whom 224 (69.8%) were males and 97 (30.2%) females. A total of 34
cases were diagnosed with XDR-TB. Out of the 2,210 subjects tested for HIV-
infection, 131 (5.9%) were positive. The mean age of the males was 44.3
(standard deviation, SD 10.0 years) and that of the included females 42.2 (SD
10.9 years). More than half (54.2%) of the subjects were Estonians, the majority
with secondary or lower education (93.1%) and confirmed as having non-MDR-
TB (64.6%). During the overall follow-up period, a total of 661 (27.0%)
patients died. A total of 2,013 (82.2%) were successfully treated and 182 (7.4%)
died during TB treatment, of whom 63.8% were males (95 out of 149) and
63.6% females (21 out of 33) who died from TB. The treatment success among
males with non-MDR-TB was 84.3% and among males with MDR-TB 56.3%,
whereas the respective figures among females were 86.3% and 68.0%.

The notification rate of new respiratory TB stratified by age groups was
higher among males than among females (Figure 12). In both Cohort 1 and
Cohort 2 the difference in female mortality from all causes vs. the general
female population was larger than the difference in male mortality from all
causes vs. the general male population; the SMR was 10.0 and 6.24 among
females and 5.3 and 3.46 among males, respectively.

Cohort 1 (males with new respiratory TB)

During the follow-up period, 535 deaths (8,858 person-years; average follow-up
time 5.0 years) occurred among 1,775 males diagnosed with new respiratory TB
compared to the expected 100.99 (SMR 5.30; 95% CI 4.85-5.75) (Table 3).

100 +
90 - Males
80 1
70 +
60 -
50
40 Females

30 1

20 \/\/—/\

10
0 w w w \ \ \ \ |

25-29  30-34 35-39 40-44 4549 50-54 55-59 60-64
Age groups

Rate / 100,000 population

Figure 12. Notification rate among the study IV patients diagnosed with new respira-
tory tuberculosis in Estonia, 2002—-2009.
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A total of 137 men died of respiratory TB. Mortality was increased in all
groups of causes of death assessed: due to HIV disease (SMR 58.24; 95% CI
39.30-83.14), external causes of death (SMR 4.59; 95% CI 3.71-5.48), neo-
plasms, including alcohol-related (SMR 4.06; 95% CI 2.44—6.34) and smoking-
related cancers (SMR 3.18; 95% CI 2.36—4.20) and selected alcohol-related
causes (SMR 4.85; 95% CI 3.67-6.28). There was also an excess mortality due
to the diseases of the respiratory (SMR 5.86; 95% CI 3.60-8.53), digestive
(SMR 4.79; 95% CI 3.32—6.70) and circulatory (SMR 2.44; 95% CI 1.95-3.02)
systems.

Being diagnosed with MDR-TB increased the relative risk of death due to
respiratory TB (ARR 2.98; 95% CI 2.00—4.44). Furthermore, the relative risk of
all cause mortality was higher among cases with MDR-TB compared to those
with non-MDR-TB (ARR 1.58; 95% CI 1.24-2.02). Older persons, persons of
foreign ethnicity or with a lower level of education had a relatively higher risk
of all cause mortality and mortality due to respiratory TB.

Cohort I (females with new respiratory TB)

A total of 126 deaths (3,806 person-years; average follow-up time 5.6 years)
occurred among 674 females diagnosed with new respiratory TB, compared to
the expected 12.60 deaths (SMR 10.00; 95% CI 8.25-11.74) (Table 3). A total
of 29 females died due to respiratory TB. As with males, there was an increased
mortality in all assessed groups of causes of death. The mortality was notably
increased due to HIV disease (SMR 165.78; 95% CI 82.75-296.63), but also
due to external causes of deaths (SMR 7.80; 95% CI 4.15-13.33), selected
alcohol-related causes of death (SMR 16.28; 95% CI 9.94-25.14), neoplasms,
including smoking-related cancers (SMR 5.27; 95% CI 2.81-9.01) and alcohol-
related cancers (SMR 4.02; 95% CI 1.47-8.74), along with diseases of the
respiratory, digestive and circulatory systems (Table 3).

The relative risk of death due to respiratory TB among females increased in
cases of MDR-TB compared to those of non-MDR-TB and bacteriologically
non-confirmed TB (ARR 3.26; 95% CI 1.42-7.50). The all cause mortality and
mortality due to respiratory TB was increased in cases were the subjects were of
foreign ethnicity (ARR 1.94; 1.63-2.32 and ARR 2.38; 95% CI 1.69-3.37,
respectively) or older than 45 years of age (ARR 1.97; 1.65-2.35 and ARR
2.02; 95% CI 1.42-2.88, respectively). A lower level of education conveyed
increased risk of all cause mortality (ARR 1.65; 95% CI 1.3-1.96).

Cohort -2 (successfully treated males)

A total of 318 deaths (7,950 person-years, average follow-up time 5.5 years)
occurred among the 1,438 successfully treated males, compared to the expected
92.01 deaths (SMR 3.46; 95% CI 3.08-3.84). A total of 32 deaths occurred due
to TB. The excess mortality was observed in all assessed groups of causes of
death, although the SMRs were smaller than in Cohort 1 (Table 4).
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Across the sub-groups of successfully treated males, having had MDR-TB
did not increase the relative risk of all cause mortality as compared to the non-
MDR-TB patients. As with Cohort 1, foreign ethnicity (ARR 1.65; 95% CI
1.32-2.07), lower level of education (ARR 1.44; 95% CI 1.15-1.78) and older
age (ARR 2.00; 95% CI 1.58-2.53) increased the all cause mortality.

Cohort 2 (successfully treated females)

A total of 70 deaths (3,420 person-years, average follow-up time 6.0 years)
occurred among the successfully treated 575 females as compared to the
expected 11.22 deaths (SMR 6.24; 95% CI 4.86—7.88). One person died due to
respiratory TB. The excess mortality was observed in most of the assessed
groups of causes of deaths; however, as among the males, the SMRs were lower
than in Cohort 1 (Table 4).

Having successfully treated MDR-TB did not increase the relative risk of all
cause mortality compared to the non-MDR-TB patients. Foreign ethnicity (ARR
1.87; 95% CI 1.17-3.01) or older age (ARR 4.03; 95% CI 2.36—6.87) were
associated with higher risk of all cause mortality among females.
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6. DISCUSSION

The aim of the chapter is to discuss the findings of all four papers as a whole as
to answer the main study question, i.e. the impact of M/XDR-TB on the TB
notification rate, disease recurrence and mortality, rather than to discuss sepa-
rately the interlinked specific findings of the four studies.

In Estonia, as elsewhere, M/XDR-TB is a man-made phenomenon (I-1V).
Starting in the 1990s the TB incidence began to increase and reached the
highest rates in 1998 when the NTP was established. In fact, in Estonia it was
not merely a TB epidemic, but rather a combined TB and M/XDR-TB epidemic
(I-IV) as is also shown in the studies by Lockman et al. and in WHO reports
(13, 93). One of the main barriers to reach the Stop TB targets in the European
Region, which Estonia is part of, is the high proportion of difficult-to-treat
MDR-TB (I). Historically, the incidence of TB and M/XDR-TB has been
influenced by clinical factors along with the socio-economic conditions and
HIV infection. Does this still hold true for contemporary Estonia?

6.1. TB and M/XDR-TB incidence (I-1V)

Poverty (II)

In order to assess the association between poverty and TB, we used GDP per
capita, available from 1998, as an indicator of deprivation (II). We found that,
while the GDP was gradually increasing, the TB and M/XDR-TB incidence
decreased, particularly after 2002, when a decade had passed after the sharp
economic and political changes occasioned by the break-up of the Soviet Union.
However, the association between TB and poverty is complex and social
conditions have a strong influence on the spread of TB infection on the one
hand and defence mechanisms of the host on the other (1). There is a variety of
indexes for grading poverty, each encompassing different factors. In 2005, the
GDP per capita has been used to assess deprivation among European Union
countries by Fahey et al. (146). In a different paper Fahey (147) outlines the
concept of complex and simple relative deprivation. British studies confirmed a
strong association between TB and poverty in Liverpool in the 1980's and in

metropolitan areas of London in the 1990's by using the Jarman and Townsend
simple deprivation indices (148, 149). Based on our current findings, we can
conclude that the future of TB epidemics in Estonia depends partly on the
economic development of the country.

TB and HIV and M/XDR-TB co-infection (I-1V)

We have currently confirmed that HIV has a major impact on TB and M/XDR-
TB epidemics in Estonia (I). This has also been proven for high-HIV prevalence
areas, such as Southern and Eastern Africa (2). In 2001, there was an upsurge of
TB/HIV co-infection in Estonia (II-IV), which significantly heightened TB
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incidence (II). Furthermore, we confirmed an excess mortality due to AIDS
among new respiratory TB and M/XDR-TB cases during, as well as after,
successful treatment of TB (IV). There is sufficient evidence from other
researchers to support the concept of the deadly liaison of TB and HIV in the
European region (150). It is known that HIV infection suppresses the cell-
mediated immunity contributing to the susceptibility of the co-infected person
to TB (48, 151). HIV infection also increases the progression and severity of TB
by impairing granuloma formation and recruitment of CD4 lymphocytes into
the lungs and elaboration of cytokines by bronchoalveolar immunocompetent
cells (48, 151). On the other hand, TB leads to an increase in the viral load in
HIV-infected persons by activating innate adaptive signalling cascades that
stimulate HIV-1 replication (151). In context with the high mortality rate among
HIV-infected patients with XDR-TB, a hypothesis exists that the resistant TB
bacteria, often considered to be of a lower relative fitness compared to drug
sensitive strains, may still thrive well in the condition of immune suppression
(32). In line with this view, since Estonia is one of the countries with the fastest
growing HIV epidemics in the world (152), a significant increase in TB and
M/XDR-TB incidence ought to occur in the nearest future unless more effort is
made to decrease the occurrence and, thus, the co-occurrence of both diseases.

National Tuberculosis Programme and treatment of TB and M/XDR-TB (I-11I)
Since 1998, the NTP has been implemented in Estonia to improve the
management of TB and M/XDR-TB (II-III). The cornerstones of the NTP are
the countrywide access to good quality laboratory services and anti-TB drugs,
including SLDs. The NTP is aligning its targets to the Stop TB Strategy
announced in 2006, which aims at achieving at least 70% detection and an 85%
cure rate (44). The new WHO targets for a treatment success rate by 2015 are
even higher: 90% among TB cases and 75% among MDR-TB cases (5).
Although the average treatment success for the global 2003 cohort was 82%, in
the WHO European Region with high M/XDR-TB prevalence, it was only 75%.
Thus, M/XDR-TB turns out to be the main barrier to reaching the target (I). By
2010, the global treatment success among newly-diagnosed TB was already
85%, but only 74% in the WHO European Region (2).

The mean treatment success among all diagnosed pulmonary non-MDR-TB
cases in Estonia was 80.8%, or 53.1% among MDR-TB cases but only 47.7%
among XDR-TB cases (II). As expected, the treatment success among the
selected MDR-TB and XDR-TB patients was higher, being 63.1% and 53.3%,
respectively (III). It is estimated that the treatment success among M/XDR-TB
cases has to be far above 50% to cut the transmission of infection and, therefore,
to decrease the incidence (6). Although currently the number of XDR-TB
patients in Estonia is still low, the suboptimal treatment success of these cases is
of great concern as the likelihood of continued transmission of the XDR-TB
infection in society is high. Not surprisingly, the treatment success among the
XDR-TB patients has been reported to be lower than that of MDR-TB
worldwide. In a meta-analysis of nine studies, the treatment success of the
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XDR-TB cases ranged from 34% to 67% (153), while in a study from South
Korea, the treatment success was reported to be as low as 18% (71). In a study
from Peru (69) the treatment success of XDR-TB was 60.4% compared to
66.3% among MDR-TB patients. For comparison, in a different study from
Estonia (66), the treatment success among XDR-TB cases was 40.7%, close to
what we found in our study (II).

We found that the combined treatment success among selected M/XDR-TB
patients that were treated with SLDs for longer than one month was 61.1% (II1),
which is rather similar to the success reported in two recent surveys: 62% (mean
95% CI 57-67) among the 36 reviewed MDR-TB studies by Johnston et al. (62)
and 64% (mean 95% CI 59-68%) among the 29 reviewed studies using
individualized treatment regimens by Orenstein et al. (64). There are numerous
reasons why the treatment success among M/XDR-TB patients is generally low:
socio-economic, clinical, and managerial (154). The socio-economic factors
have been extensively described in many countries, including in Estonia (115).
This Estonian study showed that a history of imprisonment, alcohol abuse,
being foreign born, being homeless and jobless and living in an urban area were
predictors of poor treatment outcome among patients with pulmonary
tuberculosis. The same factors were prominent in case of M/XDR-TB, where
these mentioned risk factors are already operative for the development of
M/XDR-TB in the first place, as is also shown by Faustini et al. (52). The low
treatment success among M/XDR-TB patients in our study could have been
influenced in part by the lengthy treatment that lasted more than 20 months
(III), which possibly increases the defaulter rate. In our study (III), we
concluded that the low treatment success was largely due to the high default rate
(22.3%), rather than to the ineffectiveness of the treatment regimens. The
ineffectiveness or/and toxicity of the treatment regimens would be presumably
expressed by failure and death rates. The pooled proportion of those who died
(8.1%) and those who failed (8.5%) in our study was 16.4%, which was less
than the percentage of those who defaulted. The risk factors for default among
TB and M/XDR-TB patients have been described in various settings in the
world (154, 155) including in Estonia (115). Kliiman et al. found that the risk
factors for default are largely socio-economic, i.e. urban residence, unemploy-
ment, alcohol abuse, and history of previous anti-TB treatment (115).

We demonstrated that the implementation of the NTP in Estonia together
with the other factors such as the increase in GDP, contributed to the 7.01%
yearly decrease in the incidence of TB and 5.5% of M/XDR-TB (II). It is
considered that in developing countries an effective TB programme could
achieve 7-10% and exceptionally, even 15% of the yearly decrease in the TB
notification rate (6). However, we found no studies assessing the average annual
decrease in the M/XDR-TB notification rate globally, and the present study (II)
evaluated it for the first time in Estonia. Despite our finding that the M/XDR-
TB incidence has decreased annually by 5.5% in Estonia, one might interpret
this to be too low to achieve the global targets, especially as HIV infection is
still on the rise and the relative fitness and following transmissibility of RMP-

55



resistant mutant strains of M. tuberculosis in the society might not differ from
that of drug-sensitive TB (32, 38). However, in case of a possible benign TB
epidemic (36, 37), the earlier described treatment success among the non-MDR-
TB cases, as well as M/XDR-TB cases, has probably contributed to the
observed decrease of the incidence of TB and M/XDR-TB in Estonia (II).

Second-line anti-TB drugs (11, IV)

The availability of SLDs in Estonia accelerated the decrease in incidence of TB,
as well as that of M/XDR-TB (II). However, the introduction of the country
wide availability of the SLDs after the first centralized procurement in 2001 did
not have a significant additional impact on incidence of TB. The reason might
be that the SLDs were to some extent available already before the centralized
procurement, although not for full-course therapy. On the other hand, although
prominent in Estonia, the proportion of M/XDR-TB cases is probably still too
low to have a significant impact on the incidence in such a short time. The
successful treatment of TB and M/XDR-TB depends, apart from other deter-
minants, also on the effectiveness of the treatment regimens. In our study (I1I)
the older WHO recommendations (141) for treatment of M/XDR-TB were used;
therefore, the treatment success might improve if the recommendations of the
WHO MDR-TB guidelines published in 2011 (84) are applied. However, it is
acknowledged that the currently used SLDs are generally less effective in the
treatment of TB than FLDs (3, 6). There are several novel anti-TB drugs in the
pipeline (156, 157), such as bedaquiline (158, 159) and delamanid (160).
However, limited evidence is available regarding the role of these drugs in
M/XDR-TB treatment.

Evidence exists that the side effects of the FLDs (161), particularly in
combination with anti-retroviral therapy (162), are contributing to the
heightened default rate. Little is known about the exact magnitude of the effect
of treatment with SLDs on the adherence to treatment; however, the multiple
well-documented side effects of the SLDs (163—168) and the long treatment
duration of M/XDR-TB should not be underestimated. The effect of the SLDs
on mortality during treatment and later on, after successfully completing the
treatment, has not been studied. Currently, we found that among our study
subjects (IV) mortality due to the diseases likely to be affected by the SLDs,
such as gastrointestinal, hepatic, and cardio-vascular disturbances, cancers, was
similarly increased not only among the diagnosed but also successfully treated
TB and M/XDR-TB patients. This suggests a modest impact of the SLDs
compared to the FLDs on the later mortality.

6.2. TB recurrence and mortality (11-1V)

To measure the long-term effectiveness of the M/XDR-TB treatment regimens,
we analysed the TB recurrence and mortality after being diagnosed with MDR-
TB and after successful completion of the treatment (III). Among the M/XDR-
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TB patients, the cumulative disease-free survival was significantly lower in
XDR-TB than in MDR-TB. However, among those patients who were
successfully treated, the two cohorts did not differ from each other in terms of
TB recurrence and mortality (III). More importantly, we demonstrated that after
successful treatment, the risk of death among patients with M/XDR-TB did not
increase compared to the patients with drug-sensitive TB (IV). In this light, our
findings point out the paramount importance of achieving treatment success,
whatever the resistance pattern is. This is also supported by the fact that after
successful treatment, the risk factors for all cause mortality had a comparable
effect in all three sub-groups, i.e. patients with a history of MDR-TB, non-
MDR-TB or bacteriologically non-confirmed TB (IV).

In our study (III) TB recurrence occurred in 8.5% of M/XDR-TB patients
over an 8-year follow-up period, which was also the longest follow-up period
published so far. Lee et al. demonstrated that in a selected cohort of MDR-TB
patients, the 2-year recurrence was 4.4% (10). In our study (III), the 2-year
recurrence was even lower (Figure 11), suggesting that the treatment regimens
used to treat M/XDR-TB in Estonia are reasonably effective.

Paradoxically, we found that the previous anti-TB treatment had a significant
negative impact on the disease recurrence among successfully treated M/XDR-
TB patients (III). The previous anti-TB treatment could be associated with
possibly larger inflammatory damage of the lung tissue resulting in decreased
lung reserve and scarring. This could affect the drug concentration in the
affected area and, possibly, even the ability to kill all bacteria. On the other
hand, it has also been shown that the retreatment cases are more prone to have
boosted behavioural challenges that negatively influence their possible cure
(169).

Among all M/XDR-TB patients TB recurrence and later mortality were more
likely to occur when the resistance of the pathogen to the anti-TB drugs was
more extensive but also when there was a resistance to all three second-line
injectable drugs or a resistance to PAS (III). Our current finding of PAS as an
important agent in the treatment regimen differs from that in the meta-analysis
of 9,153 patients by Ahuja et al. (116), where the use of just fluoroquinolones
and thioamides were found to be important to achieve treatment success.
Nonetheless, considering that the analysis by Ahuja et al. (116), as well as our
study, was not blind, it is difficult to make a definite statement regarding the
role of a particular drug. However, one may still conclude that the combination
therapy has a prominent role in the treatment of M/XDR-TB. Complimentary to
the aforementioned findings, the total number of anti-TB drugs used during the
continuation phase of treatment was found to be significantly protective against
disease recurrence (III), possibly due to the lower effectiveness of SLDs
compared to that of FLDs (6, 170). However, being ill with XDR-TB did not
result in a higher TB recurrence as compared to MDR-TB-non-XDR-TB among
our study subjects (III). It can be reasoned that in the case of XDR-TB it would
still be possible to compose a treatment regimen with an inclusion of an
injectable agent of proven susceptibility (3, 84). On the other hand, the more
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vulnerable hosts might have died during the treatment course, no matter what is
the resistance pattern or the risk factors affecting the TB recurrence and later
survival of the successfully treated patients (III, IV). In cases of XDR-TB,
adding fluoroquinolone to the regimen, even if the pathogen was resistant to it,
was still effective to avoid disease recurrence (III). This finding could be
associated with 1) a different level of resistance among the bacterial population
(25) in the affected tissue and 2) possible misinterpretation of the DST for SLDs
in general and for fluoroquinolones in particular (171, 172). TB was more likely
to recur among XDR-TB patients when any of the SLDs were stopped due to
their side effects. This is understandable because of extensive resistance and
loss of the benefits of combination therapy (18). The median length of treatment
among those patients who later developed TB recurrence, as well as among
those, who remained TB-free was approximately 20 months (III), which is
similar to the finding by Ahuja et al. (116). Nowadays, there is no clear
consensus about the duration of M/XDR-TB treatment with the currently
available anti-TB drugs. Nine-month chemotherapy for MDR-TB patients has
been piloted in Bangladesh with excellent results, 87.9% cure (173). However,
the extent of drug-resistance prevailing in that pilot project was considerably
lower than that in Estonia (I-1V). Based on our findings (III), we can recom-
mend for treatment of M/XDR-TB in Estonia a 220 month combination therapy
with a higher rather than with a lower number of second-line drugs in the
intensive as well as in the continuation phase.

Smear positivity at the start of treatment (111)

Smear-positivity at the start of TB treatment was proven to be a risk factor for
the disease recurrence in both MDR-TB and XDR-TB patients (III). Smear-
positivity has been found to be a significant predictor of disease recurrence in
drug-susceptible TB without HIV infection (174, 175). Smear-positivity is
linked to the severity of disease (176), which in turn may be associated with
longer patient and/or health care related delay (177). Early case finding, early
diagnosis and early commencement of the SLD treatment need to be enforced to
prevent the recurrence of M/XDR-TB.

Sex differences (111, IV)

Along with numerous studies on TB patients (77, 91-93), we currently found
that male sex was an independent predictor of the disease recurrence and
mortality among the M/XDR-TB patients in Estonia (III). The review by
Holmes et al. (178) demonstrated that although in industrialized countries the
prevalence of TB infection was almost equal among males and females below
10—-16 years of age, the TB prevalence (179) as well as the notification rates
(178) were initially higher among females up to 24—34 years of age, but shifted
towards increased notification rates among males older than 34 years. In
Estonia, the notification rates among new respiratory TB cases in both sexes
aged 25 to 64 years (IV) followed the trends similar to those found in low-
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income countries, for example in Tanzania during the period 1986—-1991 (178).
It is acknowledged that there are sex differences in TB, which are partly
explained by socio-economic and cultural factors. It has been assumed that in
low-income countries, there could be under-reporting among women due to
social disparities and unequal access to health care facilities (178). This is
apparently not a predominant cause in Estonia nor qualifies the country for a
low-income definition by the World Bank. On the other hand, a survey
comparing alcohol consumption in Estonia and Finland during the period
1994-2006 found that alcohol consumption among Estonian males is estimated
to be three times higher than among females (180). In our present study (IV),
the all cause SMR among females was higher than that among males. It is
possible that the life-style-associated risk factors for death have a stronger
negative impact on females than males. Further studies are needed to compare
the risk factors for TB disease and later mortality between males and females in
Estonia. Alcohol abuse and tobacco smoking are widely acknowledged risk
factors for TB infection, TB disease and mortality (100, 181-183).

While the socio-economic factors have been extensively explored, the role of
biological sex differences such as the role of sexual hormones, sex-related
genetic background and genetic regulations and metabolism is not clear (184,
185) and necessitates further research.

It is anticipated that when TB incidence falls in Estonia below 30/100,000,
the sex-specific TB notification rates will follow those observed during the last
40 years in industrialized countries (178), i.e. higher notification rates among
younger females, similar rates in the age group 25-34, followed by relatively
higher rates among older males.

Status of foreign birth (111, 1V)

Being foreign born increased the risk of TB recurrence and mortality among
diagnosed pulmonary M/XDR-TB patients (III) and was a risk factor for all
cause and TB-mortality among patients with respiratory TB (IV). It is con-
sidered that a period of 2-5 years is crucial for TB occurrence in immigrants
(186) and has been attributed to socio-economic disparities in the host country
(149). The country of origin is also important: a person born in a high-TB-
incidence country is more likely to be infected at the place of origin and has
therefore a higher risk of developing TB. Furthermore, Weinstock (187) implies
that chronic stress among immigrants has a manifold effect on the health in
overall and immune system in particular. In our studies (III, IV) the foreign
born persons have lived in Estonia more than 5 years, which may imply that the
risk factors which have been operative during the first 2—5 years continue their
influence later on in Estonia. Given global trends for migration it can be
assumed that the proportion of immigrants will increase in Estonia as the GDP
per capita increases in the country. Therefore, there is a need to develop a
comprehensive public health policy (188) to address the health needs of this
particular population group.
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6.3. Causes of death (1V)

The mortality of patients with respiratory TB and particularly that of respiratory
M/XDR-TB was hundreds of times higher than that in the general population
(IV). Unfortunately, the same was true even after the TB patients had success-
fully completed their treatment, although the treatment should presumably
provide a stable cure. The important finding was that during an average follow-
up of more than 4 years (IV), the patients diagnosed with TB and MDR-TB also
had an increased risk of all cause mortality in comparison to the general
population (IV). In our study (IV), the risk of death following the diagnosis was
higher among M/XDR-TB patients compared to the non-MDR-TB patients,
which is in-line with the findings of other authors (189).

There are only a few studies assessing SMR among the non-MDR-TB
patients. However, we are unaware of country wide studies with as high a
proportion of M/XDR-TB patients as has been the case in Estonia. Two studies
from India with an average follow-up of 1.6 (92) and 3.3 (128) years,
respectively, assessed mortality of DOTS patients and found a 4.2-fold and 6.1-
fold increase in all cause mortality, compared to the general population,
respectively.

In our study, the all cause mortality remained higher compared to that of the
general population even after successful treatment (IV). In a study from
Liverpool which involved mainly non-MDR-TB patients an 11-fold excess
mortality was found among successfully treated patients, compared to that in the
general population (99). In a similar study from Ethiopia, 4.5-fold excess all
cause mortality was found among TB cases after successful treatment (91).

In our current study, we found no significant difference for the risk of death
among the successfully treated M/XDR-TB compared to the successfully
treated non-MDR-TB patients (IV). To our knowledge there are no comparable
studies available. Our results may suggest that after successful treatment, the
risk factors in TB and MDR-TB sub-groups have a comparable effect on the
risk of mortality. Researchers from England (190) have found that after
successful completion of TB treatment, the patients acquired a healthier lifestyle
(i.e. with less smoking and alcohol consumption), which, although not yet
addressed, might also be the case in Estonia.

The excess mortality due to HIV disease among diagnosed, as well as
successfully treated respiratory TB patients (IV), was not unexpected given the
rapidly growing and decade-long HIV epidemic in Estonia. HIV infection is a
well-known major risk factor for developing TB disease (50, 51), but also for
death during (77, 100) and after TB treatment (100).

We found increased mortality due to causes affected by smoking, such as
neoplasms, diseases of the circulatory system (191), and chronic lower
respiratory diseases (192). It has been shown that there is a significant risk of
death due to cancer among smokers in Estonia (193). It is well established that
smoking (11, 103, 105, 106, 109, 194) and alcohol abuse (100, 111) are
determinants of TB disease. Alcohol abuse, but less clearly tobacco smoking are
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contributing factors for the poor treatment outcome of TB patients (98, 100,
110, 111, 194). Smoking has been implicated in reducing mucociliary clearance
as well as in affecting the length of cilia in the airways (195). This mechanism
could possibly also affect the innate defences of the host organism against M.
tuberculosis (109). Furthermore, tobacco smoke is considered to turn off the
production of TNF-a by the macrophages in the lungs, thereby increasing the
likelihood of the progression of an infection to TB disease (107, 196). The
effect of smoking is well studied in the context of human cancers (138).

In Paper 1V, the mortality due to the diseases of the respiratory system,
particularly chronic lower respiratory diseases, was significantly increased in
comparison with the general population. Currently, tobacco smoke remains the
primary risk factor for chronic lower respiratory diseases, including chronic
obstructive pulmonary disease (COPD) (197). However, among non-smokers as
well, COPD and chronic airflow obstruction is often considered to be a risk
factor for PTB (192). On the other hand, PTB is identified as one of the
predictors of COPD and chronic bronchitis (11, 192, 198-200). The excess
mortality due to smoking-related disease (IV), assuming the interaction between
smoking and TB among study subjects, might be the cause of the increased
mortality due to the chronic lower respiratory diseases in our study (IV). The
possible mechanisms for chronic airflow obstruction after TB are airflow
limitation as a consequence of lung scarring and bronchial stenosis. Further-
more, TB increases the activity of matrix metalloproteinases, which contribute
to the damage of the alveolar tissue observed in COPD (192, 201, 202). On the
other hand, factors like impaired mucociliary clearance and low body mass
index affect cell-mediated immunity in COPD and may predispose occurrence
of bacterial infections including also TB (192, 203). Nevertheless, the mecha-
nisms discussed are not completely understood, nor is the mechanism of HIV
infection as a cause of pulmonary emphysema (204). Further studies are
therefore needed to understand the complex interactions between TB, HIV,
COPD, and tobacco smoking.

In study IV, we grouped together the main alcohol-related causes of death
(205), such as mental and behavioural disorders due to the use of alcohol,
alcoholic cardiomyopathy, alcoholic liver disease, and accidental poisoning by
alcohol. This was done due to the recognised misclassification of alcohol
poisoning in the mortality statistics in Estonia (126). The excess mortality due
to these causes was found among the males, but even more among the female
subjects in comparison to the general population (IV). This finding and the fact
that in our study (IV) only a third were women leads to the possibility that
females are particularly vulnerable to life-style factors. The problem of alcohol
abuse in Estonia in general (180) and among TB and MDR-TB patients in
particular (115) has been identified by several authors. Expectedly, poverty,
malnutrition and related diseases are rampant among alcohol abusers (205).
Indeed, among the study subjects (IV), the mortality due to alcohol-related
cancers (138) had increased. Furthermore, there was an excess mortality of the
study subjects compared to that of the general population due to external causes
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of death (IV), which are known to be alcohol-related (205, 206). Also, the
mortality due to respiratory diseases was increased in our study (IV). As with
TB, an increase in mortality from other lower respiratory tract infections, such
as pneumonia, has been attributed to alcohol abuse (205). However, the exact
extent to which the mortality due to respiratory diseases is attributed to alcohol
has yet to be determined.

The findings that both diagnosed and successfully treated TB and MDR-TB
patients are at risk of dying from alcohol- and smoking-related causes (IV)
highlights the importance of addressing the socio-economic drivers behind
smoking and alcohol abuse.

The level of education (1V)

We found that an educational level lower than secondary was associated with a
higher risk of mortality (IV). Lower education has been formally associated
with both a higher risk of TB (100, 164) and poor treatment outcome (175). In a
multinational study from 16 European countries, which included persons aged
<30 years, subjects with higher levels of education had significantly lower
mortality rates (207). In a survey from Lithuania, survival of M/XDR-TB
patients was influenced, apart from other factors, by a lower education level
(208).

Age (1V)

We found currently that all cause mortality and mortality from TB increased
with advancing age (IV). Higher age has been found to be a risk factor for death
during anti-TB treatment in the majority of former studies (78, 80, 94-96). In
particular, the effect of higher age has been attributed to co-morbidities (100).
However in our study it could as well have reflected limited access to health
care services among older people in Estonia.

The link between TB, HIV, tobacco smoking and alcohol and substance abuse
epidemics is well established (11). Furthermore, smoking, alcohol abuse,
educational status, and social marginalization are closely linked to malnutrition
and poverty (51), as demonstrated also by the present studies from Estonia
(II-1V).
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7. CONCLUSIONS

One of the main barriers to reaching the global targets for TB control in
Estonia, as well as internationally, is the high rate of M/XDR-TB. We found
that in Estonia the TB and MDR-TB epidemic is closely connected to the
HIV epidemic and interlinked with the higher mortality related to the
lifestyle factors of tobacco smoking and alcohol abuse, as well as social
factors such as educational status, social marginalization and poverty. To
improve TB and M/XDR-TB management in general and the M/XDR-TB
treatment outcome in particular, the TB-related service package should take
into account all the listed challenges.

From 1998, the TB and M/XDR-TB incidence has decreased in Estonia in a
close time relation to launching of the NTP, countrywide availability of the
SLDs and growth of the wealth of the population. The increased prevalence
of HIV infection during the last decade has fuelled an increase in the
incidence of TB, which is anticipated to continue during the forthcoming
years. To avoid colliding TB/HIV and even worse, a difficult-to-treat
M/XDR-TB and HIV co-epidemic, it is crucial to decrease the TB incidence
faster than the current annual decline of 7.07% and 5.5%, respectively.

An effort should be made by the health care services in Estonia to improve
the treatment outcome of M/XDR-TB patients to that of the WHO-
recommended 75%. The proportion of successfully treated M/XDR-TB
patients within the first GLC-approved project was as low as 61.1%, mainly
due to the high proportion of defaulters. Besides decreasing the defaulter
rate, we recommend for treatment of M/XDR-TB in Estonia a combination
therapy with the duration of >20 months and with a higher rather than a
lower number of SLDs during the intensive phase, as well as during the
continuation phase.

The M/XDR-TB recurrence in Estonia was 8.5%. Males, persons of foreign
ethnicity and those who were previously treated for TB or M/XDR-TB were
at high risk for M/XDR-TB recurrence. The risk factors for increased all
cause and TB mortality included as well the factors of male sex and foreign
ethnicity besides higher age and lower level of education. More attention
should be directed to persons of foreign ethnicity, as they are at higher risk
of disease recurrence as well as all cause and TB mortality. The trends for
international migration suggest that the proportion of foreign immigrants
will increase in the forthcoming years, attracted by the increasing national
wealth of Estonia. A more comprehensive immigration policy, considering
the health issues, including TB, should be developed in Estonia.
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8. FUTURE RESEARCH

Evaluation of the effectiveness of the treatment of the M/XDR-TB patients
with the novel drugs compared to the SLDs used in our studies up to now.

For further evaluation of the performance of the NTP, assessment of overall
and cause-specific mortality among TB and M/XDR-TB patients in
comparison with a population group matched for socio-economic status.

Evaluation of the actual problem of alcohol abuse and tobacco smoking
among TB and M/XDR-TB patients in relation to 1) the general population

and 2) to a population group matched for socio-economic status.

Assessment of the quality of the TB-related care provided to the foreign
born in comparison to Estonian-born persons.

64



10.

11.

12.

13.

14.

15.

16.

17.

9. REFERENCES

Rieder HL. Epidemiological basis of tuberculosis control. Paris: International
Union Against Tuberculosis and Lung Disease; 1999.

WHO. Global Tuberculosis Report 2012. WHO/HTM/TB/2012.6. Geneva: World
Health Organization; 2012.

WHO. Guidelines for the programmatic management of drug-resistant tuber-
culosis: emergency update 2008. WHO/HTM/TB/2008.402. Geneva: World
Health Organization; 2008.

World Health Organization [Internet]. Geneva: Frequently asked questions-XDR-
TB; 2012 (Accessed 2012 November 10). Available from: www.who.int/tb/
challenges/xdr/fags.

WHO. The global plan to stop TB 2011-2015. WHO/HTM/STB/2010.2. Geneva:
World Health Organization; 2010.

Frieden T, editor. Toman’s tuberculosis: case detection, treatment and monitoring-
questions and answers. 2™ ed. WHO/HTM/TB/2004.334. Geneva: World Health
Organization; 2004.

Gandhi NR, Moll A, Sturm AW, Pawinski R, Govender T, Lalloo U, et al. Exten-
sively drug-resistant tuberculosis as a cause of death in patients co-infected with
tuberculosis and HIV in a rural area of South Africa. Lancet. 2006; 368(9547):
1575-1580.

Cox HS, Morrow M, Deutschmann PW. Long term efficacy of DOTS regimens for
tuberculosis: systematic review. BMJ. 2008;336(7642):484-487.

Mallory KF, Churchyard GJ, Kleinschmidt I, De Cock KM, Corbett EL. The
impact of HIV infection on recurrence of tuberculosis in South African gold
miners. Int J Tuberc Lung Dis. 2000;4(5):455-462.

Lee J, Lim HJ, Cho YJ, Park YS, Lee SM, Yang SC, et al. Recurrence after
successful treatment among patients with multidrug-resistant tuberculosis. Int J
Tuberc Lung Dis. 2011;15(10):1331-1333.

van Zyl Smit RN, Pai M, Yew WW, Leung CC, Zumla A, Bateman ED, et al.
Global lung health: the colliding epidemics of tuberculosis, tobacco smoking, HIV
and COPD. Eur Respir J. 2010;35(1):27-33.

Lonnroth K, Williams BG, Stadlin S, Jaramillo E, Dye C. Alcohol use as a risk
factor for tuberculosis — a systematic review. BMC Public Health. 2008;8:289.
WHO. Anti-tuberculosis drug resistance in the world. The WHO/IUATLD global
project on anti-tuberculosis surveillance. WHO/TB/97.229. Geneva: World Health
Organization; 1997.

Gutierrez MC, Brisse S, Brosch R, Fabre M, Omais B, Marmiesse M, et al. An-
cient origin and gene mosaicism of the progenitor of Mycobacterium tuberculosis.
PLoS Pathog. 2005;1(1):e5.

Hershkovitz I, Donoghue HD, Minnikin DE, Besra GS, Lee OY, Gernaey AM, et
al. Detection and molecular characterization of 9,000-year-old Mycobacterium
tuberculosis from a Neolithic settlement in the Eastern Mediterranean. PLoS One.
2008;3(10):e3426.

Evans C. Historical background. In: Davies PDO, editor. Clinical tuberculosis. 2™
ed. Cambridge: Chapman & Hall; 1998. p. 3—-19.

Ryan F. Tuberculosis: the greatest story never told: the human story of the search
for the cure for tuberculosis and the new global threat. Bath: Swift Publishers;
1992.

65



18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

British Medical Research Council. Streptomycin treatment of pulmonary tuber-
culosis. A Medical Research Council Investigation. 1948; 2:769-783.

Long ER, Ferebee SH. A controlled investigation of streptomycin treatment in
pulmonary tuberculosis. Publ Health Rep. 1950;65(44):1421-1451.

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

Grosset J. Bacteriologic basis of short-course chemotherapy for tuberculosis.
Clinics in Chest Medicine. 1980;1(2):231-241.

Mitchison DA. The action of antituberculosis drugs in short-course chemotherapy.
Tubercle. 1985;66(3):219-225.

British Medical Research Council. Treatment of pulmonary tuberculosis with
streptomycin and para-amino-salicylic acid. A Medical Research Council Investi-
gation Br Med J. 1950;2(4688):1073—-1085.

Enarson DA. Principles of [IUATLD collaborative tuberculosis progammes. Bull
Int Union Tuberc Lung Dis. 1991;66(4):195-200.

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

Frieden TR, Sherman LF, Maw KL, Fujiwara PI, Crawford JT, Nivin B, et al. A
multi-institutional outbreak of highly drug-resistant tuberculosis: epidemiology
and clinical outcomes. JAMA. 1996;276(15):1229—-1235.

Goble M, Iseman MD, Madsen LA, Waite D, Ackerson L, Horsburgh CR.
Treatment of 171 patients with pulmonary tuberculosis resistant to isoniazid and
rifampin. N Engl J Med. 1993;328(8):527-532.

Mitnick C, Bayona J, Palacios E, Shin S, Furin J, Alcantara F, et al. Community-
based therapy for multidrug-resistant tuberculosis in Lima, Peru. N Engl J Med.
2003;348(2):119-128.

Leimane V, Riekstina V, Holtz TH, Zarovska E, Skripconoka V, Thorpe LE, et al.
Clinical outcome of individualised treatment of multidrug-resistant tuberculosis in
Latvia: a retrospective cohort study. Lancet. 2005;365(9456):318-326.

Holtz TH, Cegielski JP. Origin of the term XDR-TB. Eur Respir J. 2007; 30(2):
396.

Extensively drug-resistant tuberculosis (XDR-TB): recommendations for pre-
vention and control. Wkly Epidemiol Rec. 2006;81(45):430-432.

Borrell S, Gagneux S. Infectiousness, reproductive fitness and evolution of drug-
resistant Mycobacterium tuberculosis. Int J Tuberc Lung Dis. 2009;13(12):1456—
1466.

Toungoussova OS, Sandven P, Mariandyshev AO, Nizovtseva NI, Bjune G,
Caugant DA. Spread of drug-resistant Mycobacterium tuberculosis strains of the
Beijing genotype in the Archangel Oblast, Russia. J Clin Microbiol. 2002; 40(6):
1930-1937.

Garcia-Garcia ML, Ponce de Ledn A, Jiménez-Corona ME, Jiménez-Corona A,
Palacios-Martinez M, Balandrano-Campos S, et al. Clinical consequences and
transmissibility of drug-resistant tuberculosis in southern Mexico. Arch Intern
Med. 2000; 160(5):630-636.

Cohen T, Murray M. Modeling epidemics of multidrug-resistant M. tuberculosis of
heterogeneous fitness. Nat Med. 2004;10(10):1117-1121.

Dye C, Williams BG. Slow elimination of multidrug-resistant tuberculosis. Sci
Transl Med. 2009;1(3):3ra8.

66



37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Dye C. Drug resistant tuberculosis: biology, epidemiology and control, in
Gillespie, S. (ed.), antibiotic resistance: from genes to global prevalence. The
Biomedical & Life Sciences Collection, Henry Stewart Talks Ltd, London; 2009
(Accessed September 19). Available from: 2010, at http://hstalkscom/bio

Kriiiiner A, Hoffner SE, Sillastu H, Danilovits M, Levina K, Svenson SB, et al.
Spread of drug-resistant pulmonary tuberculosis in Estonia. J Clin Microbiol.
2001;39(9):3339-3345.

WHO. Global tuberculosis control. WHO report 1997. WHO/TB/97.225. Geneva:
World Health Organization; 1997.

WHO. Anti-tuberculosis drug resistance in the world. Fourth global report. The
WHO/IUATLD Global Project on Anti-tuberculosis Drug Resistance Surveillance
2002-2007. WHO/HTM/TB/2008.394. Geneva: World Health Organization; 2008.
WHO. Roadmap to prevent and combat drug-resistant tuberculosis: The
consolidated action plan to prevent and combat multidrug-and extensively drug-
resistant tuberculosis in the WHO European Region, 2011-2015. Copenhagen:
WHO Regional Office for Europe; 2011.

WHO. WHO Tuberculosis Programme: framework for effective tuberculosis
control. WHO/TB/94.179. Geneva: World Health Organization; 1994.

WHO. The Stop TB Strategy. Building on and enhancing DOTS to meet TB-
related Millenium Developmental Goals. WHO/HTM/STB/2006.37. Geneva:
World Health Organization; 2006.

Raviglione MC, Uplekar MW. WHO's new Stop TB Strategy. Lancet. 2006;
367(9514):952-955.

WHO. Guidelines for establishing DOTS-PLUS pilot projects for the management
of multidrug-resistant tuberculosis (MDR-TB). WHO/CDS/TB/2000.279: World
Health Organization; 2000.

Sonnenberg P, Glynn JR, Fielding K, Murray J, Godfrey-Faussett P, Shearer S.
How soon after infection with HIV does the risk of tuberculosis start to increase?
A retrospective cohort study in South African gold miners. J Infect Dis.
2005;191(2):150-158.

Monedero I, Caminero JA. Management of multidrug-resistant tuberculosis: an
update. Ther Adv Respir Dis. 2010;4(2):117-127.

Hoshino Y, Raju B, Weiden M. Molecular mechanisms of human immuno-
deficiency virus/tuberculosis interaction in the lung. In: Rom WM, Garay SM,
Bloom BR, editors. Tuberculosis. 2" ed. Philadelphia: Lippincott Williams &
Wilkins; 2004. p. 301-308.

Pawlowski A, Jansson M, Skold M, Rottenberg ME, Killenius G. Tuberculosis
and HIV co-infection. PLoS Pathog. 2012;8(2):e1002464.

Davies PD. Risk factors for tuberculosis. Monaldi Arch Chest Dis. 2005;63(1):37—
46.

Millet JP, Moreno A, Fina L, Del Bafio L, Orcau A, de Olalla PG, et al. Factors
that influence current tuberculosis epidemiology. Eur Spine J. 2012. (Epub ahead
of print).

Faustini A, Hall AJ, Perucci CA. Risk factors for multidrug resistant tuberculosis
in Europe: a systematic review. Thorax. 2006;61(2):158-163.

Kliiman K, Altraja A. Predictors of extensively drug-resistant pulmonary
tuberculosis. Ann Intern Med. 2009;150(11):766-775.

He GX, Xie YG, Wang LX, Borgdorff MW, van der Werf MJ, Fan JH, et al.
Follow-up of patients with multidrug resistant tuberculosis four years after
standardized first-line drug treatment. PLoS One. 2010;5(5):¢10799.

67



55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Cox H, Kebede Y, Allamuratova S, Ismailov G, Davletmuratova Z, Byrnes G, et
al. Tuberculosis recurrence and mortality after successful treatment: impact of
drug resistance. PLoS Med. 2006;3(10):e384.

Banerjee R, Allen J, Westenhouse J, Oh P, Elms W, Desmond E, et al. Extensively
drug-resistant tuberculosis in california, 1993-2006. Clin Infect Dis. 2008;47(4):
450-457.

CDC. Emergence of Mycobacterium tuberculosis with extensive resistance to
second-line drugs-worldwide, 2000-2004. MMWR Morb Mortal Wkly Rep.
2006;55(11):301-305.

Kwon YS, Kim YH, Suh GY, Chung MP, Kim H, Kwon OJ, et al. Treatment
outcomes for HIV-uninfected patients with multidrug-resistant and extensively
drug-resistant tuberculosis. Clin Infect Dis. 2008;47(4):496-502.

Shean KP, Willcox PA, Siwendu SN, Laserson KF, Gross L, Kammerer S, et al.
Treatment outcome and follow-up of multidrug-resistant tuberculosis patients,
West Coast/Winelands, South Africa, 1992-2002. Int J Tuberc Lung Dis.
2008;12(10):1182-1189.

Gupta R, Kim JY, Espinal MA, Caudron JM, Pecoul B, Farmer PE, et al. Public
health. Responding to market failures in tuberculosis control. Science. 2001;
293(5532):1049-1051.

Nathanson E, Lambregts-van Weezenbeek C, Rich ML, Gupta R, Bayona J,
Blondal K, et al. Multidrug-resistant tuberculosis management in resource-limited
settings. Emerg Infect Dis. 2006;12(9):1389-1397.

Johnston JC, Shahidi NC, Sadatsafavi M, Fitzgerald JM. Treatment outcomes of
multidrug-resistant tuberculosis: a systematic review and meta-analysis. PLoS One
[Internet]. 2009; 4(9):e6914. Available from: http://www.ncbi.nlm.nih.gov/
pubmed/19742330.

Singla R, Sarin R, Khalid UK, Mathuria K, Singla N, Jaiswal A, et al. Seven-year
DOTS-Plus pilot experience in India: results, constraints and issues. Int J Tuberc
Lung Dis. 2009;13(8):976-981.

Orenstein EW, Basu S, Shah NS, Andrews JR, Friedland GH, Moll AP, et al.
Treatment outcomes among patients with multidrug-resistant tuberculosis:
systematic review and meta-analysis. Lancet Infect Dis. 2009;9(3):153-161.
Bonnet M, Pardini M, Meacci F, Orru G, Yesilkaya H, Jarosz T, et al. Treatment
of tuberculosis in a region with high drug resistance: outcomes, drug resistance
amplification and re-infection. PLoS One. 2011;6(8):e23081.

Kliiman K, Altraja A. Predictors of poor treatment outcome in multi- and
extensively drug-resistant pulmonary TB. Eur Respir J. 2009;33(5):1085-1094.
Leimane V, Dravniece G, Riekstina V, Sture I, Kammerer S, Chen MP, et al.
Treatment outcome of multidrug/extensively drug-resistant tuberculosis in Latvia,
2000-2004. Eur Respir J. 2010;36(3):584-593.

Keshavjee S, Gelmanova 1Y, Farmer PE, Mishustin SP, Strelis AK, Andreev YG,
et al. Treatment of extensively drug-resistant tuberculosis in Tomsk, Russia: a
retrospective cohort study. Lancet. 2008;372(9647):1403—1409.

Mitnick CD, Shin SS, Seung KJ, Rich ML, Atwood SS, Furin JJ, et al. Compre-
hensive treatment of extensively drug-resistant tuberculosis. N Engl J Med.
2008;359(6):563-574.

Migliori GB, Besozzi G, Girardi E, Kliiman K, Lange C, Toungoussova OS, et al.
Clinical and operational value of the extensively drug-resistant tuberculosis
definition. Eur Respir J. 2007;30(4):623—-626.

68



71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

Jeon DS, Kim DH, Kang HS, Hwang SH, Min JH, Kim JH, et al. Survival and
predictors of outcomes in non-HIV-infected patients with extensively drug-
resistant tuberculosis. Int J Tuberc Lung Dis. 2009;13(5):594—600.

Chang KC, Leung CC, Yew WW, Ho SC, Tam CM. A nested case-control study
on treatment-related risk factors for early relapse of tuberculosis. Am J Respir Crit
Care Med. 2004;170(10):1124-1130.

Millet JP, Orcau A, de Olalla PG, Casals M, Rius C, Cayla JA. Tuberculosis
recurrence and its associated risk factors among successfully treated patients. J
Epidemiol Community Health. 2009;63(10):799-804.

Kim DH, Kim HJ, Park SK, Kong SJ, Kim YS, Kim TH, et al. Treatment
outcomes and long-term survival in patients with extensively drug-resistant
tuberculosis. Am J Respir Crit Care Med. 2008;178(10):1075-1082.

Becerra MC, Appleton SC, Franke MF, Chalco K, Bayona J, Murray MB, et al.
Recurrence after treatment for pulmonary multidrug-resistant tuberculosis. Clin
Infect Dis. 2010;51(6):709-711.

Sanchez M, Bartholomay P, Arakaki-Sanchez D, Enarson D, Bissell K, Barreira D,
et al. Outcomes of TB treatment by HIV status in national recording systems in
Brazil, 2003-2008. PLoS One. 2012;7(3):e33129.

Stractemans M, Glaziou P, Bierrenbach AL, Sismanidis C, van der Werf MJ.
Assessing tuberculosis case fatality ratio: a meta-analysis. PLoS One. 2011;6(6):
€20755.

Borgdorff MW, Veen J, Kalisvaart NA, Nagelkerke N. Mortality among tuber-
culosis patients in The Netherlands in the period 1993-1995. Eur Respir J.
1998;11(4):816-820.

Kang'ombe CT, Harries AD, Ito K, Clark T, Nyirenda TE, Aldis W, et al. Long-
term outcome in patients registered with tuberculosis in Zomba, Malawi: mortality
at 7 years according to initial HIV status and type of TB. Int J Tuberc Lung Dis.
2004;8(7):829-836.

Mugusi FM, Mehta S, Villamor E, Urassa W, Saathoff E, Bosch RJ, et al. Factors
associated with mortality in HIV-infected and uninfected patients with pulmonary
tuberculosis. BMC Public Health. 2009;9:409.

Krentz HB, Kliewer G, Gill MJ. Changing mortality rates and causes of death for
HIV-infected individuals living in Southern Alberta, Canada from 1984 to 2003.
HIV Med. 2005;6(2):99-106.

Mocroft A, Gill MJ, Davidson W, Phillips AN. Are there gender differences in
starting protease inhibitors, HAART, and disease progression despite equal access
to care? J Acquir Immune Defic Syndr. 2000;24(5):475-482.

Palacios E, Franke M, Mufioz M, Hurtado R, Dallman R, Chalco K, et al. HIV-
positive patients treated for multidrug-resistant tuberculosis: clinical outcomes in
the HAART era. Int J Tuberc Lung Dis. 2012;16(3):348-354.

WHO. Guidelines for the programmatic management of drug-resistant tuberculosis
- 2011 update. WHO/HTM/TB/2011.6. Geneva: World Health Organization; 2011.
Farley JE, Ram M, Pan W, Waldman S, Cassell GH, Chaisson RE, et al. Outcomes
of multi-drug resistant tuberculosis (MDR-TB) among a cohort of South African
patients with high HIV prevalence. PLoS One. 2011;6(7):e20436.

Brust JC, Gandhi NR, Carrara H, Osburn G, Padayatchi N. High treatment failure
and default rates for patients with multidrug-resistant tuberculosis in KwaZulu-
Natal, South Africa, 2000-2003. Int J Tuberc Lung Dis. 2010;14(4):413—-419.

69



87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

Sungkanuparph S, Eampokalap B, Chottanapund S, Thongyen S, Manosuthi W.
Impact of drug-resistant tuberculosis on the survival of HIV-infected patients. Int J
Tuberc Lung Dis. 2007;11(3):325-330.

Dheda K, Shean K, Zumla A, Badri M, Streicher EM, Page-Shipp L, et al. Early
treatment outcomes and HIV status of patients with extensively drug-resistant
tuberculosis in South Africa: a retrospective cohort study. Lancet. 2010;375(9728):
1798-1807.

Harries AD, Zachariah R, Corbett EL, Lawn SD, Santos-Filho ET, Chimzizi R, et
al. The HIV-associated tuberculosis epidemic-when will we act? Lancet.
2010;375(9729):1906-1919.

WHO. Global Tuberculosis Control 2011. WHO/HTM/TB/2011.16. Geneva:
World Health Organization; 2011.

Datiko DG, Lindtjern B. Mortality in successfully treated tuberculosis patients in
southern Ethiopia: retrospective follow-up study. Int J Tuberc Lung Dis. 2010;
14(7):866-871.

Kolappan C, Subramani R, Karunakaran K, Narayanan PR. Mortality of tuber-
culosis patients in Chennai, India. Bull World Health Organ. 2006;84(7):555-560.
Lockman S, Kruuner A, Binkin N, Levina K, Wang Y, Danilovitsh M, et al.
Clinical outcomes of Estonian patients with primary multidrug-resistant versus
drug-susceptible tuberculosis. Clin Infect Dis. 2001;32(3):373-380.

Abuaku B, Tan H, Li X, Chen M, Huang X. Treatment default and death among
tuberculosis patients in Hunan, China. Scand J Infect Dis. 2010;42(4):281-287.
Bao QS, Du YH, Lu CY. Treatment outcome of new pulmonary tuberculosis in
Guangzhou, China 1993-2002: a register-based cohort study. BMC Public Health.
2007;7:344.

Cayla JA, Rodrigo T, Ruiz-Manzano J, Caminero JA, Vidal R, Garcia JM, et al.
Tuberculosis treatment adherence and fatality in Spain. Respir Res. 2009;10:121.
Cullinan P, Meredith SK. Deaths in adults with notified pulmonary tuberculosis
1983-5. Thorax. 1991;46(5):347-350.

Mathew TA, Ovsyanikova TN, Shin SS, Gelmanova I, Balbuena DA, Atwood S,
et al. Causes of death during tuberculosis treatment in Tomsk Oblast, Russia. Int J
Tuberc Lung Dis. 2006;10(8):857—863.

Tocque K, Convrey RP, Bellis MA, Beeching NJ, Davies PD. Elevated mortality
following diagnosis with a treatable disease: tuberculosis. Int J Tuberc Lung Dis.
2005;9(7):797-802.

Waitt CJ, Squire SB. A systematic review of risk factors for death in adults during
and after tuberculosis treatment. Int J Tuberc Lung Dis. 2011;15(7):871-885.

Kim HR, Hwang SS, Kim HJ, Lee SM, Yoo CG, Kim YW, et al. Impact of
extensive drug resistance on treatment outcomes in non-HIV-infected patients with
multidrug-resistant tuberculosis. Clin Infect Dis. 2007;45(10):1290—1295.

Tekkel M, Rahu M, Loit HM, Baburin A. Risk factors for pulmonary tuberculosis
in Estonia. Int J Tuberc Lung Dis. 2002;6(10):887—894.

Bates MN, Khalakdina A, Pai M, Chang L, Lessa F, Smith KR. Risk of tuber-
culosis from exposure to tobacco smoke: a systematic review and meta-analysis.
Arch Intern Med. 2007;167(4):335-342.

Davies PD, Yew WW, Ganguly D, Davidow AL, Reichman LB, Dheda K, et al.
Smoking and tuberculosis: the epidemiological association and immunopatho-
genesis. Trans R Soc Trop Med Hyg. 2006;100(4):291-298.

70



105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.
122.

den Boon S, van Lill SW, Borgdorff MW, Verver S, Bateman ED, Lombard CJ, et
al. Association between smoking and tuberculosis infection: a population survey in
a high tuberculosis incidence area. Thorax. 2005;60(7):555-557.

Gajalakshmi V, Peto R, Kanaka TS, Jha P. Smoking and mortality from tuber-
culosis and other diseases in India: retrospective study of 43000 adult male deaths
and 35000 controls. Lancet. 2003;362(9383):507-515.

Keane J, Gershon S, Wise RP, Mirabile-Levens E, Kasznica J, Schwieterman WD,
et al. Tuberculosis associated with infliximab, a tumor necrosis factor alpha-
neutralizing agent. N Engl J Med. 2001;345(15):1098—1104.

Leung CC, Li T, Lam TH, Yew WW, Law WS, Tam CM, et al. Smoking and
tuberculosis among the elderly in Hong Kong. Am J Respir Crit Care Med.
2004;170(9):1027—-1033.

Lin HH, Ezzati M, Murray M. Tobacco smoke, indoor air pollution and tuber-
culosis: a systematic review and meta-analysis. PLoS Med. 2007;4(1):e20.

Slama K, Chiang CY, Enarson DA, Hassmiller K, Fanning A, Gupta P, et al.
Tobacco and tuberculosis: a qualitative systematic review and meta-analysis. Int J
Tuberc Lung Dis. 2007;11(10):1049—-1061.

Rehm J, Samokhvalov AV, Neuman MG, Room R, Parry C, Lonnroth K, et al.
The association between alcohol use, alcohol use disorders and tuberculosis (TB).
A systematic review. BMC Public Health. 2009;9:450.

Shin SS, Pasechnikov AD, Gelmanova IY, Peremitin GG, Strelis AK, Mishustin S,
et al. Treatment outcomes in an integrated civilian and prison MDR-TB treatment
program in Russia. Int J Tuberc Lung Dis. 2006;10(4):402—408.

Dewan PK, Arguin PM, Kiryanova H, Kondroshova NV, Khorosheva TM,
Laserson K, et al. Risk factors for death during tuberculosis treatment in Orel,
Russia. Int J Tuberc Lung Dis. 2004;8(5):598-602.

Kim DH, Kim HJ, Park SK, Kong SJ, Kim YS, Kim TH, et al. Treatment out-
comes and survival based on drug resistance patterns in multidrug-resistant
tuberculosis. Am J Respir Crit Care Med. 2010;182(1):113-119.

Kliiman K, Altraja A. Predictors and mortality associated with treatment default in
pulmonary tuberculosis. Int J Tuberc Lung Dis. 2010;14(4):454-463.

Ahuja SD, Ashkin D, Avendano M, Banerjee R, Bauer M, Bayona JN, et al. Multi-
drug resistant pulmonary tuberculosis treatment regimens and patient outcomes: an
individual patient data meta-analysis of 9,153 patients. PLoS Med. 2012;9(8):
€1001300.

WHO. Revised TB recording and reporting forms and registers version 2006.
WHO/HTM/TB/2006.373. Geneva: World Health Organization; 2006.

WHO. TB impact measurement: policy and recommendations for how to assess
the epidemiological burden of TB and the impact of TB control. Stop TB policy
paper no. 2. WHO/HTM/TB/2009.416. Geneva: World Health Organization; 2009.
Korenromp EL, Bierrenbach AL, Williams BG, Dye C. The measurement and
estimation of tuberculosis mortality. Int J Tuberc Lung Dis. 2009;13(3):283-303.
Sibai AM. Mortality certification and cause-of-death reporting in developing
countries. Bull World Health Organ. 2004;82(2):83.

Butler D. Verbal autopsy methods questioned. Nature. 2010;467(7319):1015.
Dhingra N, Jha P, Sharma VP, Cohen AA, Jotkar RM, Rodriguez PS, et al. Adult
and child malaria mortality in India: a nationally representative mortality survey.
Lancet. 2010;376(9754):1768—1774.

71



123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

Lu TH, Lee MC, Chou MC. Accuracy of cause-of-death coding in Taiwan: types
of miscoding and effects on mortality statistics. Int J Epidemiol. 2000;29(2):336—
343.

Lenfant C, Friedman L, Thom T. Fifty years of death certificates: the Framingham
Heart Study. Ann Intern Med. 1998;129(12):1066—1067.

Mathers CD, Fat DM, Inoue M, Rao C, Lopez AD. Counting the dead and what
they died from: an assessment of the global status of cause of death data. Bull
World Health Organ. 2005;83(3):171-177.

Rahu K, Palo E, Rahu M. Diminishing trend in alcohol poisoning mortality in
Estonia: reality or coding peculiarity? Alcohol Alcohol. 2011;46(4):485—489.
WHO. Global Tuberculosis Control 2010. WHO/HTM/TB/2010.7. Geneva: World
Health Organization; 2010.

Kolappan C, Subramani R, Kumaraswami V, Santha T, Narayanan PR. Excess
mortality and risk factors for mortality among a cohort of TB patients from rural
south India. Int J Tuberc Lung Dis. 2008;12(1):81-86.

Dolin PJ, Raviglione MC, Kochi AA. A review of current epidemiological data
and estimation of future tuberculosis incidence and mortality. 2" ed. WHO/TB/
93.173. Geneva: World Health Organization; 1993.

WHO. Global Tuberculosis Control: surveillance, planning, financing. WHO
report 2006. WHO/HTM/TB/2006.362. Geneva: World Health Organization;
2006.

WHO. Anti-tuberculosis drug resistance in the world. Third global report.
WHO/CDS/TB/2004.343. Geneva: World Health Organization; 2004.

Laserson KF, Thorpe LE, Leimane V, Weyer K, Mitnick CD, Riekstina V, et al.
Speaking the same language: treatment outcome definitions for multidrug-resistant
tuberculosis. Int J Tuberc Lung Dis. 2005;9(6):640—645.

WHO. Treatment of tuberculosis: guidelines. WHO/HTM/TB/2009.420. Geneva:
World Health Organization; 2009.

WHO. Multidrug and extensively drug-resistant TB (M/XDR-TB): 2010 global
report on surveillance and response. WHO/HTM/TB/2010.3. Geneva: World
Health Organization; 2010.

PIH. The PIH Guide to the medical management of multidrug-resistant tuber-
culosis. Boston: Partners in Health; 2003.

Statistical Office of Estonia. Statistics Estonia. Tallinn, Estonia: Statistical Office
of Estonia 2010 (Accessed 2010 September). Available from: http://pub.stat.ee.
Murd M, Trummal A. HIV ja seotud nakkused arvudes 2009. aasta seisuga.
Tallinn: Health Board, Ministry of Social Affairs; 2010 (Accessed 2010 Septem-
ber). Available from: http://www.tai.ee/failid/HIV_statistika 2009 06.2010.pdf.
International Agency for Research on Cancer. IARC Monographs on the
Evaluation of Carcinogenic Risks to Humans, Volume 100 E, A Review of Human
Carcinogens: Personal Habits and Indoor Combustions. Lyon: IARC; 2012.
European Commission. Eurostat (Accessed 2010 September 19). Available from:
http://epp.eurostat.eceuropa.eu.

WHO. Tuberculosis — a global emergency: case notification update. WHO/TB/
96.197. Geneva: World Health Organization; 1996.

WHO. Guidelines for the programmatic management of drug-resistant tubercu-
losis. WHO/HTM/TB/2006.361. Geneva: World Health Organization; 2006.

72



142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

Zignol M, Hosseini MS, Wright A, Weezenbeek CL, Nunn P, Watt CJ, et al. Glo-
bal incidence of multidrug-resistant tuberculosis. J Infect Dis. 2006;194(4):479—
485.

Fox W. Ambulatory chemotherapy in a developing country: clinical and epide-
miological studies. Bibl Tuberc. 1963;17:28—-149.

Lawn SD, Wilkinson R. Extensively drug resistant tuberculosis. BMJ. 2006;
333(7568):559-560.

Aziz MA, Wright A, Laszlo A, De Muynck A, Portaels F, Van Deun A, et al.
Epidemiology of antituberculosis drug resistance (the Global Project on Anti-
tuberculosis Drug Resistance Surveillance): an updated analysis. Lancet. 2006;
368(9553):2142-2154.

Fahey T, Whelan CT, Maitre B. First European quality of life survey: income
inequalities and deprivation. Dublin: European Foundation for the Improvement of
Living and Working Conditions; 2005.

Fahey T. UCD School of Applied Social Science. Working paper series. Poverty
and the two concepts of relative deprivation. Dublin: University College; 2010.
Spence DP, Hotchkiss J, Williams CS, Davies PD. Tuberculosis and poverty.
BMJ. 1993;307(6907):759-761.

Tocque K, Doherty MJ, Bellis MA, Spence DP, Williams CS, Davies PD. Tuber-
culosis notifications in England: the relative effects of deprivation and immi-
gration. Int J Tuberc Lung Dis. 1998;2(3):213-218.

Podlekareva DN, Mocroft A, Post FA, Rickstina V, Miro JM, Furrer H, et al.
Mortality from HIV and TB coinfections is higher in Eastern Europe than in
Western Europe and Argentina. AIDS. 2009;23(18):2485-2495.

Diedrich CR, Flynn JL. HIV-1/mycobacterium tuberculosis coinfection immuno-
logy: how does HIV-1 exacerbate tuberculosis? Infect Immun. 2011;79(4):1407—
1417.

ECDC. European Centre for Disease Prevention and Control. WHO Regional
Office for Europe: HIV/AIDS surveillance in Europe 2010. Stockholm: European
Centre for Disease Prevention and Control; 2011.

Sotgiu G, Ferrara G, Matteelli A, Richardson MD, Centis R, Ruesch-Gerdes S, et
al. Epidemiology and clinical management of XDR-TB: a systematic review by
TBNET. Eur Respir J. 2009;33(4):871-881.

Santha T, Garg R, Frieden TR, Chandrasekaran V, Subramani R, Gopi PG, et al.
Risk factors associated with default, failure and death among tuberculosis patients
treated in a DOTS programme in Tiruvallur District, South India, 2000. Int J
Tuberc Lung Dis. 2002;6(9):780-788.

Brasil PE, Braga JU. Meta-analysis of factors related to health services that predict
treatment default by tuberculosis patients. Cad Saude Publica. 2008;24 Suppl
4:5485-502.

Gothi D, Joshi JM. Resistant TB: Newer Drugs and Community Approach. Recent
Pat Antiinfect Drug Discov. 2011;6(1):27-37.

Villemagne B, Crauste C, Flipo M, Baulard AR, Déprez B, Willand N. Tuber-
culosis: the drug development pipeline at a glance. Eur ] Med Chem. 2012;51:1—
16.

Diacon AH, Dawson R, von Groote-Bidlingmaier F, Symons G, Venter A, Donald
PR, et al. 14-day bactericidal activity of PA-824, bedaquiline, pyrazinamide, and
moxifloxacin combinations: a randomised trial. Lancet. 2012;380(9846):986-993.
Diacon AH, Donald PR, Pym A, Grobusch M, Patientia RF, Mahanyele R, et al.
Randomized pilot trial of eight weeks of bedaquiline (TMC207) treatment for

73



160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

multidrug-resistant tuberculosis: long-term outcome, tolerability, and effect on
emergence of drug resistance. Antimicrob Agents Chemother. 2012;56(6):3271—
3276.

Skripconoka V, Danilovits M, Pehme L, Tomson T, Skenders G, Kummik T, et al.
Delamanid improves outcomes and reduces mortality for multidrug-resistant
tuberculosis. Eur Respir J. 2012. (Epub ahead of print).

Tekle B, Mariam DH, Ali A. Defaulting from DOTS and its determinants in three
districts of Arsi Zone in Ethiopia. Int J Tuberc Lung Dis. 2002;6(7):573-579.
Rabahi MF, Rodrigues AB, Queiroz de Mello F, de Almeida Netto JC, Kritski AL.
Noncompliance with tuberculosis treatment by patients at a tuberculosis and AIDS
reference hospital in midwestern Brazil. Braz J Infect Dis. 2002;6(2):63-73.
Nathanson E, Gupta R, Huamani P, Leimane V, Pasechnikov AD, Tupasi TE, et
al. Adverse events in the treatment of multidrug-resistant tuberculosis: results from
the DOTS-Plus initiative. Int J Tuberc Lung Dis. 2004;8(11):1382—-1384.

Baghaei P, Tabarsi P, Dorriz D, Marjani M, Shamaei M, Pooramiri MV, et al.
Adverse effects of multidrug-resistant tuberculosis treatment with a standardized
regimen: a report from Iran. Am J Ther. 2011;18(2):e29-34.

Keshavjee S, Gelmanova 1Y, Shin SS, Mishustin SP, Andreev YG, Atwood S, et
al. Hepatotoxicity during treatment for multidrug-resistant tuberculosis: occur-
rence, management and outcome. Int J Tuberc Lung Dis. 2012;16(5):596-603.
Kurbatova EV, Taylor A, Gammino VM, Bayona J, Becerra M, Danilovitz M, et
al. Predictors of poor outcomes among patients treated for multidrug-resistant
tuberculosis at DOTS-plus projects. Tuberculosis (Edinb). 2012;92(5):397—-403.
Shin SS, Pasechnikov AD, Gelmanova IY, Peremitin GG, Strelis AK, Mishustin S,
et al. Adverse reactions among patients being treated for MDR-TB in Tomsk,
Russia. Int J Tuberc Lung Dis. 2007;11(12):1314-1320.

Sturdy A, Goodman A, Jos¢ RJ, Loyse A, O'Donoghue M, Kon OM, et al.
Multidrug-resistant tuberculosis (MDR-TB) treatment in the UK: a study of
injectable use and toxicity in practice. J Antimicrob Chemother. 2011;66(8):1815—
1820.

Azhar GS. DOTS for TB relapse in India: A systematic review. Lung India.
2012;29(2):147-153.

Fox W. General considerations in the choice and management of regimens of
chemotherapy for pulmonary tuberculosis. Bull Int Union Tuberc. 1972;47:49-67.
Kim SJ. Drug-susceptibility testing in tuberculosis: methods and reliability of
results. Eur Respir J. 2005;25(3):564-569.

WHO. Policy guidance on drug-susceptibility testing (DST) of second-line anti-
tuberculosis drugs: World Health Organization; 2008.

Van Deun A, Maug AK, Salim MA, Das PK, Sarker MR, Daru P, et al. Short,
highly effective, and inexpensive standardized treatment of multidrug-resistant
tuberculosis. Am J Respir Crit Care Med. 2010;182(5):684—-692.

Hesseling AC, Walzl G, Enarson DA, Carroll NM, Duncan K, Lukey PT, et al.
Baseline sputum time to detection predicts month two culture conversion and
relapse in non-HIV-infected patients. Int J Tuberc Lung Dis. 2010;14(5):560-570.
Yen YF, Yen MY, Shih HC, Deng CY. Risk factors for unfavorable outcome of
pulmonary tuberculosis in adults in Taipei, Taiwan. Trans R Soc Trop Med Hyg.
2012;106(5):303-308.

Kim TC, Blackman RS, Heatwole KM, Kim T, Rochester DF. Acid-fast bacilli in
sputum smears of patients with pulmonary tuberculosis. Prevalence and signifi-

74



177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

190.

191.

192.

193.

194.

195.

196.

cance of negative smears pretreatment and positive smears post-treatment. Am
Rev Respir Dis. 1984;129(2):264-8.

Pehme L, Rahu K, Rahu M, Altraja A. Factors related to patient delay in pulmo-
nary tuberculosis in Estonia. Scand J Infect Dis. 2006;38(11-12):1017-1022.
Holmes CB, Hausler H, Nunn P. A review of sex differences in the epidemiology
of tuberculosis. Int J Tuberc Lung Dis. 1998;2(2):96—104.

Nyboe J. Interpretation of tuberculosis infection age curves. Bull World Health
Organ. 1957;17(2):319-39.

Péarna K, Rahu K, Helakorpi S, Tekkel M. Alcohol consumption in Estonia and
Finland: Finbalt survey 1994-2006. BMC Public Health. 2010;10:261.

Allotey P, Gyapong M. Gender in tuberculosis research. Int J Tuberc Lung Dis.
2008;12(7):831-836.

Lewis JG, Chamberlain DA. Alcohol consumption and smoking hapits in male
patients with pulmonary tuberculosis. Br J Prev Soc Med. 1963;17:149-152.

Weiss MG, Sommerfeld J, Uplekar MW. Social and cultural dimensions of gender
and tuberculosis. Int J Tuberc Lung Dis. 2008;12(7):829-830.

Diwan V, Thorson A, Winkvist A, editors. Gender and tuberculosis. NHV report
1998. Gotenborg: Nordic School of Public Health; 1998.

Neyrolles O, Quintana-Murci L. Sexual inequality in tuberculosis. PLoS Med.
2009;6(12):¢1000199.

Lilleback T, Andersen AB, Dirksen A, Smith E, Skovgaard LT, Kok-Jensen A.
Persistent high incidence of tuberculosis in immigrants in a low-incidence country.
Emerg Infect Dis. 2002;8(7):679-684.

Weinstock M. Does prenatal stress impair coping and regulation of hypothalamic-
pituitary-adrenal axis? Neurosci Biobehav Rev. 1997;21(1):1-10.

Gushulak BD, MacPherson DW. Health aspects of the pre-departure phase of
migration. PLoS Med. 2011;8(5):e1001035.

Lefebvre N, Falzon D. Risk factors for death among tuberculosis cases: analysis of
European surveillance data. Eur Respir J. 2008;31(6):1256—60.

Tocque K, Bellis MA, Beeching NJ, Syed Q, Remmington T, Davies PD. A case-
control study of lifestyle risk factors associated with tuberculosis in Liverpool,
North-West England. Eur Respir J. 2001;18(6):959-964.

Critchley JA, Capewell S. Mortality risk reduction associated with smoking
cessation in patients with coronary heart disease: a systematic review. JAMA.
2003;290(1):86-97.

Inghammar M, Ekbom A, Engstrom G, Ljungberg B, Romanus V, Léfdahl CG, et
al. COPD and the risk of tuberculosis-a population-based cohort study. PLoS One.
2010;5(4):e10138.

Innos K, Rahu K, Baburin A, Rahu M. Cancer incidence and cause-specific
mortality in male and female physicians: a cohort study in Estonia. Scand J Public
Health. 2002;30(2):133-140.

Pai M, Mohan A, Dheda K, Leung CC, Yew WW, Christopher DJ, et al. Lethal
interaction: the colliding epidemics of tobacco and tuberculosis. Expert Rev Anti
Infect Ther. 2007;5(3):385-391.

Leopold PL, O'Mahony MJ, Lian XJ, Tilley AE, Harvey BG, Crystal RG.
Smoking is associated with shortened airway cilia. PLoS One. 2009;4(12):e8157.
Davies PDO, Yew WW, Ganguly D, Davidow AL, Reichman LB, Dheda K, et al.
Smoking and tuberculosis: the epidemiological association and immunopatho-
genesis. Transactions of the Royal Society of Tropical Medicine and Hygiene.
2006;100(4):291-298.

75



197.

198.

199.

200.

201.

202.

203.

204.

205.

206.

207.

208.

Rabe KF, Hurd S, Anzueto A, Barnes PJ, Buist SA, Calverley P, et al. Global
strategy for the diagnosis, management, and prevention of chronic obstructive
pulmonary disease: GOLD executive summary. Am J Respir Crit Care Med.
2007;176(6):532-555.

Ehrlich RI, White N, Norman R, Laubscher R, Steyn K, Lombard C, et al.
Predictors of chronic bronchitis in South African adults. Int J Tuberc Lung Dis.
2004;8(3):369-376.

Lee CH, Lee MC, Lin HH, Shu CC, Wang JY, Lee LN, et al. Pulmonary tuber-
culosis and delay in anti-tuberculous treatment are important risk factors for
chronic obstructive pulmonary disease. PLoS One. 2012;7(5):e37978.

Salvi SS, Barnes PJ. Chronic obstructive pulmonary disease in non-smokers.
Lancet. 2009;374(9691):733-743.

Elkington PT, Friedland JS. Matrix metalloproteinases in destructive pulmonary
pathology. Thorax. 2006;61(3):259-266.

Menezes AM, Hallal PC, Perez-Padilla R, Jardim JR, Muifio A, Lopez MV, et al.
Tuberculosis and airflow obstruction: evidence from the PLATINO study in Latin
America. Eur Respir J. 2007;30(6):1180—-1185.

Cegielski JP, McMurray DN. The relationship between malnutrition and tuber-
culosis: evidence from studies in humans and experimental animals. Int J Tuberc
Lung Dis. 2004;8(3):286—298.

Petrache I, Diab K, Knox KS, Twigg HL, Stephens RS, Flores S, et al. HIV
associated pulmonary emphysema: a review of the literature and inquiry into its
mechanism. Thorax. 2008;63(5):463—469.

Zaridze D, Brennan P, Boreham J, Boroda A, Karpov R, Lazarev A, et al. Alcohol
and cause-specific mortality in Russia: a retrospective case-control study of 48 557
adult deaths. Lancet. 2009;373(9682):2201-2214.

Durkin A, Connolly S, O’Reilly D. Quantifying alcohol-related mortality: should
alcohol-related contributory causes of death be included? Alcohol Alcohol.
2010;45(4):374-378.

Alvarez JL, Kunst AE, Leinsalu M, Bopp M, Strand BH, Menvielle G, et al.
Educational inequalities in tuberculosis mortality in sixteen European populations.
Int J Tuberc Lung Dis. 2011;15(11):1461-1467.

Balabanova Y, Radiulyte B, Davidaviciene E, Hooper R, Ignatyeva O, Niko-
layevskyy V, et al. Survival of drug resistant tuberculosis patients in Lithuania:
retrospective national cohort study. BMJ Open. 2011;1(2):e000351.

76



SUMMARY IN ESTONIAN

Tuberkuloos Eestis r6huasetusega ravimresistentsele tuberkuloosile:
koguhaigestumus, korduvhaigestumus ja suremus

Tuberkuloos (TB) on nakkushaigus, mille tekitaja on peamiselt Shu kaudu leviv
Mycobacterium tuberculosis. Peamine nakkusallikas ja nakkuse levitaja on
baktereid eritav ehk nn lahtist TB-d pddev inimene. Pérast nakatumist piisib
10%-ne eluaegne risk haigestuda TB-sse (1).

Maailma Terviseorganisatsiooni (MTO) andmetel haigestus 2011. aastal TB-
sse 8,7 miljonit ja suri 1,4 miljonit inimest (2). Enamik juhtudest diagnoositi
Kagu-Aasias, Vaikse ookeani lddneosas ja Aafrikas (2).

Inimese immuunpuudulikkuse viirus (HIV) on iiks peamisi TB-sse haigestu-
must soodustavaid tegureid. 2011. aastal oli kogu maailmas ligi 13% TB-hai-
getest HIV-infitseeritud, neist enamik Aafrikas. Samal aastal suri TB-sse 0,99
miljonit inimest ja lisaks veel 0,43 miljonit HIV-koinfitseeritud TB-haiget (2).

Viimastel aastakiimnetel on kogu maailmas tSusnud haigestumus ravim-
resistentsesse TB-sse. Multiresistentne TB (MDR-TB) on TB vorm, mille puhul
M. tuberculosis pole tundlik kahe koige efektiivsema TB- ravimi, isoniasiidi ja
rifampitsiini suhtes (2). Eeldatakse, et igal aastal haigestub maailmas ligikaudu
630 000 inimest MDR-TB-sse. MDR-TB pdhjuseks peetakse ebaregulaarset,
ebapiisava annuse ja vale kombinatsiooniga ravimite kasutamist. 2011. aastal
oli kokku 27 riiki, kus MDR-TB-haigete osakaal kdikide TB-haigete seas iiletas
6%, kahjuks oli Eesti liks neist (2). Lisaks MDR-TB-le on levimas nn eriti
resistentne TB vorm (XDR-TB), mille puhul on haigustekitaja M. tuberculosis
resistentne lisaks isoniasiidile ja rifampitsiinile veel vidhemalt iihele fluorokino-
loonile ja vdhemalt iihele teise rea siistitavale TB-ravimile (3). 2011. aasta
1opuks teatasid 84 riiki, nende seas Eesti, XDR-TB haigusjuhtude esinemisest.
Eeldatakse, et ligikaudu 9% koikidest MDR-TB-haigetest poevad XDR-TB-d,
mis vrdub ligikaudu 58 500 haigusjuhuga (4).

MTO eesmargiks maailmas on saavutada aastaks 2015 uute haigete ravi
efektiivsus 90% ja MDR-TB juhtude ravi efektiivsus 75% (5). See eeldab
Oigeaegset TB ja M/XDR-TB diagnoosimist ning kohest efektiivset ravi. Ravi
efekti hinnatakse nii vahetult ravikuuri 16pus kui pikemas perspektiivis, mille
puhul on haiguse taaspuhkemine iiks olulisem niitaja. Maailmas oli 2010. aastal
ravi alustanud uute haigete ravi efektiivsus 87%, kusjuures Aafrikas, kus on
suur HIV-infitseeritud TB-haigete osakaal, oli see 82%. Seevastu Euroopas, kus
MDR-TB-haigete osakaal on maailma suurim, oli ravi efektiivsus vaid 67% (2).
Multiresistentsete haigusvormide ravitulemus on ravimite madalama efektiiv-
suse, tugevate korvaltoimete ja pikema ravikestuse tOttu halvem vorreldes
ravimtundliku TB-ga (3). Nii oli MDR-TB-haigete ravi efektiivsus maailmas
48%, kuid XDR-TB-haigetel ainult (33%) (2).

2008. aastal avaldatud siistemaatiline iilevaade jargi retsidiveerub haigus
ravimtundlike haigete puhul 0—14% juhtudest (8). HIV-infitseeritud TB-haigetel
esineb TB retsidiive sagedamini kui mitteinfitseeritute seas (8,2 vs 2,2/100
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inimaasta kohta) (9). MDR-TB retsidiveerumist kisitlevaid uuringuid on aga
tehtud vihe. Louna-Koreas ravitud haigetel esines niiteks kaheaastase jilgi-
misaja jooksul retsidiive 4,4%-1 patsientidest, kes kasutasid individualiseeritud
raviskeeme (10).

On teada, et TB, HIV-nakkus, suitsetamine ja alkoholi kuritarvitamine on
kujunenud epideemiateks ning omavahel tihedalt seotuna (11) nad tdstavad TB-
sse haigestumise ja surmariski.

Eestis hakkas TB- ja MDR-TB-haigestumus kasvama 1993. aastal, parast
Noukogude Liidu lagunemist, mis ulatuslike sotsiaalsete ja majanduslike muu-
tuste ndol t01 kaasa nn {ileminekusoki. Eestis 1994. aastal 14bi viidud esimene
ravimiresistentsuse uuring tuvastas MDR-TB 10,3%-1 uutest TB juhtudest (13).
1998. aastal joudis TB-haigestumus Eestis haripunkti — 59,4 uut juhtu/100 000.
Samal aastal, vditlemaks kasvava TB ja M/XDR-TB ohuga, kehtestati Eestis
Riiklik TB-tdrje programm, mis juhindus MTO otseselt kontrollitava ravi-
strateegia (DOTYS) printsiipidest: 1) valitsuse toetus TB-tdrje programmile; 2)
prioriteet TB-juhtude passiivsele (haige poordumisel) ja riskirithmades aktiiv-
sele avastamisele; 3) standarditud 6—8-kuulise otseselt kontrollitava ravi
skeemide kasutamine; 4) koigi vajalike TB-ravimitega varustamise tagamine; 5)
iihtne registreerimis- ja kontrollsiisteem. Seoses kdrge MDR-TB-sse haigestu-
muse ja kallite reservpreparaatide puudumisega taotles Eesti iihena esimesest
viiest riigist MTO ja Peatage TB Partnerluse (Stop TB Partnership) MDR-TB
komitee (GLC) luba jargida tollal uudset MDR-TB kaésitlust ning véimalust osta
hea kvaliteediga reservpreparaate alandatud hindadega. Uks kiesoleva uuringu
eesmirkidest oli hinnata eelpool mainitud esimese MDR-TB projekti ravi
efektiivsust.

Eestis ja kogu maailmas varitseb oht, et kahe samaaegselt laieneva ja
teineteist ohutava epideemia, M/XDR-TB ja HIV koosmdju tulemusena véljub
TB- ja M/XDR-TB-epideemia kontrolli alt. Pérast iile 10 aastat kestnud TB-
programmi on oluline analiiisida TB-sse ja M/XDR-TB-sse haigestumust ja
suremust ning neid mdjutavaid tegureid, et tohustada TB-vastast t66d ning
pakkuda tulemusrikkamat patsientide ravi.

UURINGUTE EESMARGID
Uuringute {ildine eesmirk oli hinnata TB ja M/XDR-TB mdju TB haigestu-

musele, korduvhaigestumusele ja suremusele ning miiratleda surma pShjused
TB ja M/XDR-TB-haigetel.

To66 alaeesmaérgid olid:

Too osa I Maératleda kitsaskohad {ilemaailmses TB-tdrjes joudmaks
rahvusvaheliselt seatud eesmérkideni globaalsel tasandil.
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Too osa 11 Hinnata iileriigilise TB késitluse ja reservpreparaatide kasutuse
efekti kopsu-TB ja spetsiifiliselt kopsu-MDR-TB haigestu-
musele arvestades Eesti majandusniitajate moju ning HIV-
infektsiooni ja TB koosesinemist.

To6 osa III  Hinnata esimese MTO MDR-TB komitee projekti (GLC)
raames ravitud MDR-TB- and XDR-TB-haigete ravi efektiiv-
sust ning hinnata korduvhaigestumise riskitegureid Eestis.

Too osalV  Hinnata ravimtundlikku TB-d ja MDR-TB-d pddevate patsien-
tide iild- ja pShjusomast suremust vorreldes seda Eesti kogu-
rahvastiku omaga nii parast diagnoosimist kui ka pérast edukat
ravi.

PATSIENDID JA MEETODIKA

To66 osa I vottis kokku erialakirjanduse andmed leidmaks kitsaskohti iilemaa-
ilmse TB-torje tarvis.

T66 osa 1l hindas TB ja MDR-TB haigestumust ning sisemajanduse kogu-
produkti, reservrea preparaatide ja HIV-nakkuse olemasolu efekti haigestu-
misele Eestis. Sellesse uuringusse (II) kaasati koik ajavahemikus
01.01.1998-31.12.2006 diagnoositud kopsu-TB esmased haiged ja retsidiivid.

M/XDR-TB-haigete ravi efektiivsuse hindamiseks (III) kaasati uuringusse
esimese MTO MDR-TB komitee projekti raames ravitud MDR-TB- ja XDR-
TB-haiged, kes olid diagnoositud nimetatud TB vormidega ajavahemikus
1.08.2001-31.07.2003. Uuringust arvati vélja haiged, keda oli teise rea TB-
ravimitega ravitud alla ithe kuu. Korduvravijuhtude esinemise hindamiseks
moodustati kaks haigete rithma: 1) kohort 1, kuhu holmati koik diagnoositud
haiged ja 2) kohort 2, kuhu kuulusid ainult edukalt ravitud haiged.

Hindamaks TB ja MDR-TB patsientide iild- ja pdhjusomast suremust
vorreldes kogurahvastikuga (IV), kaasati uuringusse koik esmaselt hingamis-
elundite TB-sse haigestunud patsiendid ajavahemikus 01.01.2002-31.12.2009.
Haigete suremust ravi jooksul ja samuti pérast edukat ravi hinnati eraldi
kohordis 1 ja kohordis 2.

Andmekogumine ja statistiline andmeto6tlus

Uuringu andmebaas pohines Eesti Tuberkuloosi Registri ning Tartu ja Tallinna
tuberkuloosi ja miikobakterioosi laborite andmebaasidel (II-1V). Andmed aasta
keskmise rahvaarvu kohta saadi Eesti Vabariigi Statistikaametist; andmed HIV-
infitseerituse kohta Tervise Arengu Instituudist ning andmed surmade kohta
Eesti surmaregistrist rahvusvahelise haiguste ja nendega seotud tervise-
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probleemide statistilise klassifikatsiooni 10. versiooni (RHK-10) jargi. Andmed
sisemajanduse koguprodukti kohta saadi Eurostatist.

Andmete statistiliseks analiiiisiks (II, III) kasutati tarkvarapaketi SPSS®,
versiooni 17.0; t66 osa IV puhul kasutati tarkvara Visual FoxPro 6.0 ja Stata 10.
Analiiiisiti vaid tédielike andmetega haigusjuhte.

Trendi hindamiseks kasutati Cochrani-Armitage’i trendifunktsiooni ja
lincaarset regressioonanaliilisi analiilisimaks TB-vastaste reservpreparaatide,
HIV-infektsiooni ning sisemajanduse koguprodukti efekti TB ja M/XDR-TB
haigestumusele.

Elulemust ja korduvhaigestumust analiiiisiti Kaplani-Meieri meetodiga,
kusjuures rithmadevahelise erinevuse testimiseks kasutati Breslow’i testi.
Riskitegurite hindamiseks (III) kasutati Cox’i regressioonanaliilisi meetodit
Wald’i statistiliste kriteeriumitega.

Standarditud suremusmédr (SMR) arvutati eraldi meestele ja naistele, selle
korral jagati tegelik surmajuhtude arv eeldatava surmajuhtude arvuga. Eeldatav
surmajuhtude arv arvutati korrutades soo- ja vanuse jérgi esitatud inimaastad
vastavate Eesti rahvastiku suremuskordajatega. Eraldi analiiiisiti suremust TB
tagajirjel ja suremust muudel pdhjustel kahe perioodi kohta: 2002-2006 ja
2007-2011. SMR-idele arvutati 95% usaldusvahemik (95% CI) eeldades Pois-
son’i jaotust. Mitmemddtmelist Poisson’i regressiooni mudelit kasutati hinda-
maks vanuse, hariduse, rahvuse ja MDR-TB efekti suremusele.

UURINGUTE PEAMISED TULEMUSED
Too osa l

2003. aastaks oli iilemaailmne TB ravi edukus 82%, mis oli ldhedal globaalsele
eesmargile 85%. Siiski, Aafrikas oli see vaid 72% ja Euroopas 75%. Peamised
kitsaskohad TB-vastases voitluses rahvusvaheliselt seatud eesmirkideni joud-
misel oli korge MDR-TB-haigestumus Euroopas ja korge HIV-infektsiooni
haigestumus Aafrikas (130). 2004. aastal kuulus Eesti kiimne kdige korgema
MDR-TB haigestumusega riigi hulka maailmas, s.o riikide hulka, kus MDR-TB-
levimus on tile 6,5% koikidest TB juhtudest. Konkreetselt oli Eestis MDR-TB-
haigestumus esmaste TB-haigete seas 12,2%. Lisaks Eestile kuulusid esikiim-
nesse veel: Kasahstan (14,2%), Tomski oblast Vene Foderatsioonis (13,7%),
Karakalpakstan Usbekistanis (13,2%), Leedu (9,4%) ja Liti (9,3%) (130, 145).

Detsembriks 2006 oli kdivitunud 53 GLC egiidi all olevat projekti MDR-TB
kasitluseks 42 riigis. Tanu GLC projektidele said riigid vdimaluse osta soodus-
tusega hea kvaliteediga reservrea preparaate MDR-TB-haigete raviks. Eesti oli
iiks esimesest viiest GLC egiidi all tegutsevast MDR-TB-projektist, esimese 84
MDR-TB-haige ravi efektiivsus oli 51.2% (43/84). Viie esimese MTO MDR-
TB-projekti (Eesti, Léti, Peruu, Filipiinid ja Tomsk Vene Fodderatsioonis)
raviedukus koondarvestuses oli 77% esmajuhtude ja 69% korduvravijuhtude
puhul (61).
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To66 osa ll

Uuringusse kaasati 5196 esmast kopsu-TB juhtu ja retsidiivi, kellest 4086
(71,7%) olid mehed. Patsientide vanuse mediaan oli 45,9 aastat. HIV-infit-
seerituse andmed olid teada 3033 isikul (58,4%), neist 132 (4,4%) olid HIV-
positiivsed. Ravimtundlikkus oli médratud 3862 isikul (74,3%), kellest oma-
korda 760 (19,7%) pddesid MDR-TB-d. Viimastest omakorda 95-1 (17,1%) oli
XDR-TB.

Ajavahemikul 1998-2006 vdhenes TB-haigestumus 50,2-1t juhult kuni 32,7-
ni 100 000 inimese kohta. TB-torje programmi kéivitumise jargsel 1998. aastal
vahenes haigestumus keskmise kiirusega 3,3 juhtu 100 000 inimese kohta aastas
(langus keskmiselt 7,02% aastas, P=0,007). Sama perioodi jooksul kahanes
M/XDR-TB haigestumus vastavalt 6,7-1t 3,5-le. Keskmine aastane haigestumise
langus oli seega 1,7 juhtu 100 000 inimese kohta aastas ehk 5,5% aastas
(P=0,008).

Vaatlusperioodi ajal suurenenud sisemajanduse koguprodukt mojutas TB ja
M/XDR-TB-haigestumuse langust (vastavalt P<(0,001 ja P<0,001). TB-vastaste
reservpreparaatide olemasolu alates 2002. aastast kiirendas haigestumuse
langust. Samas tousis HIV-infitseeritute TB-haigete osakaal, mis mdjutas TB
haigestumust olulisel méadral negatiivselt (vastavalt P<0,001 ja P=0,001).
Ajavahemikul 1998-2006 uuringusse kaasatud mitte-MDR-TB-haigete ravi
efektiivsus tousis 72,7%-1t 77,4%-le (P=0.009), kuid MDR-TB-haigetel ravi
efektiivsus seevastu alanes 54,8%-1t 51,1%-le (P=0,018). XDR-TB-haigete ravi
koondtulemus oli 47,7%, kuid vdhese arvu uuritavate tottu polnud vdimalik
ajatrendi statistiliselt hinnata.

Too osa lll

Uuringus osales 211 ajavahemikul 01.08.2001-31.07.2003 diagnoositud MDR-
TB-haiget, sealhulgas 43 XDR-TB-haiget. Haigete jélgimine kestis kuni
31.12.2010 voi kuni jargmise haiguse episoodi alguse, surma voi lahkumiseni
Eestist. Keskmine vanus oli 42,9 aastat. Uuritavatest 154 (73,0%) olid mehed ja
172 (81,5%) eestlased. Kokku 197 haiget (93,4%) olid testitud HIV-nakkuse
suhtes ja neist 5 (2,5%) olid HIV-positiivsed.

Edukas ravitulemus saavutati kokku 129 (61,1%) haige puhul, MDR-TB-
haigete puhul oli ravi efektiivsus 63,1% ja XDR-TB-haigete puhul 53,5%.
Edukalt ravitud haigete ravikestus jidi 6,1 ja 53,7 kuu vahele, keskmine
ravikestus oli 19,8 kuud. Edukalt ravitutest 11 isikut (8,5%) haigestus uuringu
jooksul TB-sse teistkordselt. Kokku 47 isikut (22,3%) katkestas ravi, 18 (8,5%)
osutusid ebaedukalt ravituteks ja 17 (8,1%) surid.

Koiki haigeid arvesse vottes oli keskmine jilgimisaeg 98,1 kuud, mille
jooksul 38 haiget (18,0%) suri TB-sse. Kumulatiivne haigusvaba aeg oli pikem
MDR-TB-haigetel vorreldes XDR-TB-haigetega. Taashaigestumist esilekutsu-
vad riskitegurid olid: meessugu, mitte-eesti rahvus, eelnevalt pdetud TB, ravi
alustamisel TB-bakterite suhtes positiivse roga dige olemasolu, ravimresistent-
sus suurema hulga ravimite suhtes, resistentsus kahe reservrea aminogliikosiidi
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voi tsiiklilise peptiidi suhtes ning eelnimetatud preparaatide ja lisaks strepto-
miitsiini puudumine raviskeemist. Suurema tdendosuse selleks, et haigus ei
retsidiveeruks, andis para-aminosalitsiiiilhappe lisamine raviskeemi ja suurema
arvu ravimite kasutamine jérelravifaasis. XDR-TB-haigete puhul olid riski-
tegurid samad, ent lisaks oli retsidiveerumise véltimiseks oluline ofloksatsiini
lisamine raviskeemi ja ravimite mittedrajitmine korvaltoimete tottu.

Edukalt ravitud 129 haigest ei erinenud M/XDR-TB- ja mitte-MDR-TB-
haiged omavahel haiguse retsidiveerumise tdendosuse poolest. Ainsaks teguriks,
mis mojutas TB kordumist edukalt ravitute puhul, oli TB pddemine enne
uuringu algust.

To66 osa lV

Ajavahemikul 01.01.2002-31.12.2011 kaasati uuringusse 2449 esmast
hingamiselundite TB-i podevat haiget vanuses 25—64 aastat, neist 1777 (72,5%)
olid mehed ja 674 (27,5%) naised. HIV-infektsiooni suhtes oli testitud 2210
isikut (90,2%), kellest 131 (5,9%) olid HIV-positiivsed. Keskmine vanus oli
meestel 44,3 aastat (standardhdlve (SD) 10,0 aastat) ja naistel 42,2 aastat (SD
10,9 aastat). Rohkem kui pool haigetest (54,2%) olid eestlased. Enamik (93,1%)
olid kesk- ja madalama haridusega ning pddesid mitte-M/XDR-TB-i (64,4%).
Kokku 2013 haiget (82,2%) osutusid edukalt ravituteks, kuid samas 182 (7,4%)
surid TB-ravi ajal. Haigete jélgimine kestis kuni 31. detsembrini 2011 voi kuni
jargmise haigusepisoodi alguse, surma voi lahkumiseni Eestist. Kogu uurimis-
perioodi jooksul suri 661 haiget (27,0% uuringusse kaasatutest). Diagnoositud
1775 mehest suri 535 (8858 inimaastat; keskmine jalgimisaeg 5,0 aastat), SMR
oli 5,3 (95% CI 4,85-5,75) ja diagnoositud 674 naisest suri 126 (3806 inim-
aastat; keskmine jalgimisaeg 5,6 aastat), SMR oli 10,00 (95% CI 8,25-11,74).
TB tottu suri 137 meest ja 29 naist.

Nii meestel kui naistel olid surmapdhjused nii parast diagnoosimist kui ka
parast edukat ravi sarnased. Korge oli suremus HIV-nakkuse tottu. Tahele-
panuvédrne oli korge suitsetamisest ja alkoholi kuritarvitamisest tingitud sur-
made osakaal vorreldes kogurahvastikuga, seda nii parast TB-sse haigestumist
kui ka pirast eduka TB-ravi 16ppu. Meeste puhul olid tdiendavad riskitegurid
mitte-eesti rahvus, madalam haridus, kdrgem iga ja M/XDR-TB esinemine.
Pérast edukat ravi ei erinenud MDR-TB-haiged suremuse poolest mitte-MDR-
TB-haigetest. Naiste puhul olid surma riskitegurid samad, mis meestel, vilja
arvatud haridus, mis naistel ei osutunud surma riskiteguriteks.

JARELDUSED

— M/XDR-TB on peamiseks takistuseks joudmaks TB-vastases voitluses nii
Eestis kui globaalsel tasandil rahvusvaheliselt seatud eesmérkideni. Antud
tod pohjal jareldame, et Eestis on TB ja M/XDR-TB korge haigestumus
tihedalt seotud HIV-infektsiooniga. TB- ja M/XDR-TB-haigete kdrgem
suremus Eestis on mojutatud sellistest teguritest nagu suitsetamine ja
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alkoholi liigtarvitamine, madalam haridustase ja sotsiaalne tdrjutus, mis
omakorda on seotud vaesusega. Selleks, et Eestis parandada M/XDR-TB
ravi edukust ja tShustada TB ja M/XDR-TB torjet {ildisemalt, peavad TB-ga
seotud raviteenused olema suunatud koikide eelmainitud kitsaskohtade
vastu.

Alates 1998. aastast, samaaegselt Eesti Tuberkuloositdrje programmi
kehtestamisega ja késikées iileriigilise M/XDR-TB raviks vajalike reservrea
preparaatide olemasoluga ning sisemajanduse koguprodukt suurenemisega,
on TB ja M/XDR-TB haigestumus Eestis vdhenenud. Samas on HIV-
infitseeritus viimase kiimnendi jooksul tdusnud ja eelduste kohaselt jatkab
tousu veel mone aja jooksul. Viltimaks kahe epideemia, HIV ja TB, eriti
aga HIV ja M/XDR-TB koosmdju, on oluline senisest kiiremas tempos
alandada TB- ja M/XDR-TB-haigestumust, mis pracgu alaneb vastavalt
7,07% ja 5,5% aastas.

Senisest suuremat tdhelepanu on vaja osutada M/XDR-TB-juhtude varasele
diagnoosimisele ja samas parandada ravitulemusi, et saavutada MTO poolt
soovitatud 75%-ne ravi efektiivsus. Esimese GLC soovituste kohaselt
ravitud M/XDR-TB-haigete ravi edukus oli vaid 61,1%, nii madal oli see
peamiselt ravikatkestajate tottu. Meie uurimistodle tuginedes soovitame
lisaks ravikatkestuste vdhendamisele kasutada Eestis M/XDR-TB-haigete
puhul kombinatsioonravi pigem suurema kui viiksema arvu TB-ravimitega.
Ravi on soovitatav jatkata vidhemalt 20 kuud.

M/XDR-TB-korduvhaigestumus oli Eestis 8,5%. Meestel, mitte-eestlastel ja
eelnevalt TB-d pddenutel on suurem tdendosus korduvalt haigestuda
M/XDR-TB-sse. Samas on TB- ja M/XDR-TB-haigete kogusuremuse ja
TB-tingitud surma risk suurem meestel ja mitte-eestlastel nagu ka mada-
lama haridustasemega ja vanematel isikutel. Rohkem tdhelepanu tuleb
osutada mitte-eestlastest TB-d pddevatele isikutele, sest neil esines rohkem
korduvhaigestumist. Samuti oli mitte-eestlastest TB-d ja M/XDR-TB-d
pddevatel isikutel vorreldes kogurahvastikuga korgem nii kogusuremuse
risk kui ka TB-st tingitud surmarisk. Jélgides rahvusvahelisi rdndetrende
saab oletada, et seoses sisemajanduse koguprodukti suurenemisega voib
mitte-eestlastest isikute osakaal ldhiaastatel suureneda. Vajalik on vilja
tootada Eestis terviklik, ka immigrantide tervise ja TB-ga tegelev
programm.

83



ACKNOWLEDGEMENTS

The study was carried out at the Department of Pulmonary Medicine, University
of Tartu, and at the Departments of Infectious Diseases and Drug Abuse
Prevention and Epidemiology and Biostatistics, National Institute for Health
Development, Tallinn, Estonia. The thesis has been partly supported by the
Estonian Doctoral School of Clinical Investigations, the Estonian Ministry of
Education and Science, and by the Estonian Science Foundation.

This thesis was made possible with contributions from many great people.
Especially, I would like to thank my tutor Professor Alan Altraja, for excellent
guidance, persistence and friendly support during my studies. I would wish to
extend my greatest thanks to my tutor Former Professor Mati Rahu for his
scientific guidance from the very beginning of my career on TB.

My warmest thanks to my co-authors, Kaja Rahu for her professional help,
Larus Jon Gudmundsson, who always had a simple solution to an impossible
problem and Dr Piret Viiklepp for her magic with the data.

My sincerest respect and deepest gratitude to Professor Emeritus Heinart
Sillastu for introducing me to pulmonary medicine, Professor Gunnar Boman
for planting the seed of research into my head and Professor Porarinn Gislason
for his warm support during my emigration years. | am very grateful to
Professor Allan-Raul Kiivet, Professor Emeritus Marika Mikelsaar and Dr Enn-
Jaagup Piittsepp for their guidance in the beginning of my career on TB. My
warmest thanks to Terry G. Lacy, Ph.D., for editing my dissertation.

I am very grateful to Associate Professor Aavo Lang, Professor Joel
Starkopf, Mrs. Tuuli Ruus and Mrs. Halja Suss from the Faculty of Medicine of
The University of Tartu for their support for me as an overseas student.

I give my warmest thanks to my friends and colleagues Drs Manfred
Danolovits and Annika Kriiliner for their never failing support through the
years. 1 wish to express my warmest thanks to Drs Kai Kliiman, Vahur Hollo,
Anu Kurve, Andrus Rumm, Veronika Iljina, Valerii Dushkevits, Klavdia Levina
and Mrs. Tiina Kummik, for their exemplary performance and effective
collaboration.

I extend my sincere gratitude to Drs Anu Albrecht, Lea Pehme and Oie
Lindpere from Tartu, to Drs Natalja SertSenkova, Olga Popova from Tallinn, to
Drs Jiri Anissimov, Kristin Helk, Krista Nokkur, Aavo Raitar and Mihkel
Virkus from Kose, to Drs Andrei Losev and Vladimir Gruzdev from Narva, to
Dr Ursula Moon from Pérnu, to Dr Ullar Kirs from Paide, to Dr Mati Ratt from
Haapsalu, to Dr Jaanika Suluste from Kuressaare, to Dr Arvo Olvet from
Rakvere, to Dr Urve Tiidla from Voru, to Drs Alvi Mikk and Asta Rosenfeldt
from Viljandi and to Dr Tiiu Toss from Pdlva.

I wish to give my warmest thanks to Kaja Hurt, Milvi Miil and Antonina
LevaSova for their everlasting optimistic attitude and support though all my
professional years. | give my sincerest gratitude to Ingigerdur Jonasdottir and
Ragnheidur Lilja Georgsdottir for their kind understanding and support during
my studies.

84



I would like to give my sincere thanks to Professor Ruth Kalda and Dr
Helle-Mai Loit for reviewing the dissertation and for their valuable comments.

I wish to express my most sincere gratitude to my opponent Professor Peter
D. O. Davies, for agreeing to provide objective criticism of my thesis.

Finally, my deepest and humblest gratitude to my never failing family: my
friend, co-author and husband Professor Porsteinn Blondal, who generously
shared his knowledge and experience with me, my fellow Ph.D. student and
daughter Mai, who never failed to stand by me, my dear twins Mart and Viiu,
who filled my life with warmth and light, my father, who has always been there
for me. And last, but not least, to Samuel the Bold.

85






PUBLICATIONS



CURRICULUM VITAE

Name: Kai Blondal

Date of birth:  03.10.1962

Citizenship: Estonian

Phone: +372 731 8 915, + 345 849 6375

E-mail: kaivink@kodu.ee

Education:

2002- University of Tartu, Department of Pulmonary Medicine,
Ph.D. student

1997-2001 Residency in pulmonary medicine, Tartu University
Hospital, Lung Clinic

1994-1997 Internship at the Tartu University Lung Clinic

1982—-1989 University of Tartu, Faculty of Medicine

1973-1981 Secondary School No 2, Tartu, Estonia

1968—1973 Inta Secondary School, Komi ASSR, Russia

Professional employment:

Since 2007 Division of Communicable Disease Control, Reykjavik
Health Care Services, Iceland, pulmonary physician,
international TB advisor

2003-2006 The Royal Netherlands Tuberculosis Association (KNCV),
international TB advisor

2003 Helsinki Consulting Group, Project Lung Health in
Kyrgyzstan, expert

1998-2003 National Institute for Health Development, National
Tuberculosis Program, manager

2001-2003 Tartu University Lung Clinic, pulmonary physician

1995-1999 Pharmaceutical company Eli Lilly and Company, sales

representative

Scientific experience:

Research fields: epidemiology of tuberculosis and drug-resistant tuberculosis. A
total of seven scientific publications in international peer reviewed journals, one
in Estonian professional journal and nine publications on international congresses.

Membership:

— Member of the Estonian Respiratory Society since 1997

— Member of the International Union against Tuberculosis and Lung Disease
since 2000

— Member of the Green Light Committee for DOTS-Plus for MDR-TB, Stop
TB Partnership, 2002—-2003 and from 2011

— Member of the Icelandic Respiratory Society since 2005

139



Nimi:
Siinniaeg:

Kodakondsus:

Telefon:
E-post:

Haridus:
2002—
1997-2001
1994-1997
1982—-1989
1973-1981
1968-1973

ELULOOKIRJELDUS

Kai Blondal

03.10.1962

Eesti

+ 372 731 8915, + 345 849 6375
kaivink@kodu.ee

Tartu Ulikooli Kopsukliinik, doktorantuur
Residentuur Tartu Ulikooli Kliinikumi Kopsukliinikus
Internatuur Tartu Ulikooli Kliinikumi Kopsukliinikus
Tartu Ulikooli arstiteaduskond, ravi eriala

Tartu 2. Keskkool, Eesti

Inta Keskkool, Komi ANSV, Venemaa

Erialane teenistuskiik:

Alates 2007

2003-2006

2003

1998-2003

2001-2003
1995-1999

Teadustegevus:

Uurimisvaldkond: tuberkuloosi ja multiresistentse tuberkuloosi epidemioloogia.
Ilmunud seitse teaduspublikatsiooni rahvusvahelise levikuga ajakirjades ja
itheksa rahvusvahelise konverentsi teesi; iiks publikatsioon Eesti eriala-

ajakirjas.

Nakkushaiguste torje osakond, Reykjaviki tervishoiu
osakond, Island, pulmonoloog, rahvusvaheline TB
konsultant

Hollandi Kuninglik Tuberkuloosi Liit (KNCV),
rahvusvaheline TB konsultant

Helsingi Konsultatsiooni Grupp, Kopsutervise Projekt
Kirgiisias, kopsuhaiguste ekspert

Tervise Arengu Instituut, riikliku tuberkuloositorje
programmi juht

Tartu Ulikooli Kliinikum, Kopsukliinik, pulmonoloog
Ravimifirma Eli Lilly and Company, ravimiesitleja

Kuulumine erialastesse organisatsioonidesse:
— Eesti Kopsuarstide Selts, liige alates 1997

— Rahvusvaheline Tuberkuloosi ja Kopsuhaiguste Vastane Liit, liige alates

2000

— Peatage Tuberkuloos-Partnerluse Multiresistentse Tuberkuloosi Késitluse

DOTS-Plus Komitee, liige 2002—2003 ja alates 2011
— Islandi Kopsuarstide Selts, liige alates 2005

140



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

DISSERTATIONES MEDICINAE
UNIVERSITATIS TARTUENSIS

. Heidi-Ingrid Maaroos. The natural course of gastric ulcer in connection

with chronic gastritis and Helicobacter pylori. Tartu, 1991.

Mihkel Zilmer. Na-pump in normal and tumorous brain tissues: Structu-
ral, functional and tumorigenesis aspects. Tartu, 1991.

Eero Vasar. Role of cholecystokinin receptors in the regulation of beha-
viour and in the action of haloperidol and diazepam. Tartu, 1992.

Tiina Talvik. Hypoxic-ischaemic brain damage in neonates (clinical,
biochemical and brain computed tomographical investigation). Tartu, 1992.

. Ants Peetsalu. Vagotomy in duodenal ulcer disease: A study of gastric

acidity, serum pepsinogen I, gastric mucosal histology and Helicobacter
pylori. Tartu, 1992.

Marika Mikelsaar. Evaluation of the gastrointestinal microbial ecosystem
in health and disease. Tartu, 1992.

Hele Everaus. Immuno-hormonal interactions in chronic lymphocytic leu-
kaemia and multiple myeloma. Tartu, 1993.

. Ruth Mikelsaar. Etiological factors of diseases in genetically consulted

children and newborn screening: dissertation for the commencement of the
degree of doctor of medical sciences. Tartu, 1993.

Agu Tamm. On metabolic action of intestinal microflora: clinical aspects.
Tartu, 1993.

Katrin Gross. Multiple sclerosis in South-Estonia (epidemiological and
computed tomographical investigations). Tartu, 1993.

Oivi Uibo. Childhood coeliac disease in Estonia: occurrence, screening,
diagnosis and clinical characterization. Tartu, 1994.

Viiu Tuulik. The functional disorders of central nervous system of che-
mistry workers. Tartu, 1994.

Margus Viigimaa. Primary haemostasis, antiaggregative and anticoagulant
treatment of acute myocardial infarction. Tartu, 1994,

Rein Kolk. Atrial versus ventricular pacing in patients with sick sinus
syndrome. Tartu, 1994.

Toomas Podar. Incidence of childhood onset type 1 diabetes mellitus in
Estonia. Tartu, 1994.

Kiira Subi. The laboratory surveillance of the acute respiratory viral
infections in Estonia. Tartu, 1995.

Irja Lutsar. Infections of the central nervous system in children (epidemi-
ologic, diagnostic and therapeutic aspects, long term outcome). Tartu, 1995.
Aavo Lang. The role of dopamine, 5-hydroxytryptamine, sigma and
NMDA receptors in the action of antipsychotic drugs. Tartu, 1995.

Andrus Arak. Factors influencing the survival of patients after radical
surgery for gastric cancer. Tartu, 1996.

141



20.

21.

22.

23.

24.

25.

26.

27.
28.
29.
30.
31.
32.

33.
34.

35.

36.

37.

38.

39.

40.

Tonis Karki. Quantitative composition of the human lactoflora and
method for its examination. Tartu, 1996.

Reet Méindar. Vaginal microflora during pregnancy and its transmission
to newborn. Tartu, 1996.

Triin Remmel. Primary biliary cirrhosis in Estonia: epidemiology, clinical
characterization and prognostication of the course of the disease. Tartu,
1996.

Toomas Kivastik. Mechanisms of drug addiction: focus on positive rein-
forcing properties of morphine. Tartu, 1996.

Paavo Pokk. Stress due to sleep deprivation: focus on GABA4 receptor-
chloride ionophore complex. Tartu, 1996.

Kristina Allikmets. Renin system activity in essential hypertension. As-
sociations with atherothrombogenic cardiovascular risk factors and with
the efficacy of calcium antagonist treatment. Tartu, 1996.

Triin Parik. Oxidative stress in essential hypertension: Associations with
metabolic disturbances and the effects of calcium antagonist treatment.
Tartu, 1996.

Svetlana Pii. Factors promoting heterogeneity of the course of rheumatoid
arthritis. Tartu, 1997.

Maarike Sallo. Studies on habitual physical activity and aerobic fitness in
4 to 10 years old children. Tartu, 1997.

Paul Naaber. Clostridium difficile infection and intestinal microbial eco-
logy. Tartu, 1997.

Rein Péhkla. Studies in pinoline pharmacology. Tartu, 1997.

Andrus Juhan Voitk. Outpatient laparoscopic cholecystectomy. Tartu, 1997.
Joel Starkopf. Oxidative stress and ischaemia-reperfusion of the heart.
Tartu, 1997.

Janika Korv. Incidence, case-fatality and outcome of stroke. Tartu, 1998.
Ulla Linnamigi. Changes in local cerebral blood flow and lipid peroxida-
tion following lead exposure in experiment. Tartu, 1998.

Ave Minajeva. Sarcoplasmic reticulum function: comparison of atrial and
ventricular myocardium. Tartu, 1998.

Oleg Milenin. Reconstruction of cervical part of esophagus by revascular-
ised ileal autografts in dogs. A new complex multistage method. Tartu,
1998.

Sergei Pakriev. Prevalence of depression, harmful use of alcohol and
alcohol dependence among rural population in Udmurtia. Tartu, 1998.
Allen Kaasik. Thyroid hormone control over B-adrenergic signalling
system in rat atria. Tartu, 1998.

Vallo Matto. Pharmacological studies on anxiogenic and antiaggressive
properties of antidepressants. Tartu, 1998.

Maire Vasar. Allergic diseases and bronchial hyperreactivity in Estonian
children in relation to environmental influences. Tartu, 1998.

142



41.
42.
43.
44,
45.
46.
47.
48.
49,
50.
51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Kaja Julge. Humoral immune responses to allergens in early childhood.
Tartu, 1998.

Heli Griinberg. The cardiovascular risk of Estonian schoolchildren.
A cross-sectional study of 9-, 12- and 15-year-old children. Tartu, 1998.
Epp Sepp. Formation of intestinal microbial ecosystem in children. Tartu,
1998.

Mai Ots. Characteristics of the progression of human and experimental
glomerulopathies. Tartu, 1998.

Tiina Ristimide. Heart rate variability in patients with coronary artery
disease. Tartu, 1998.

Leho Kaiv. Reaction of the sympatho-adrenal and hypothalamo-pituitary-
adrenocortical system in the acute stage of head injury. Tartu, 1998.

Bela Adojaan. Immune and genetic factors of childhood onset IDDM in
Estonia. An epidemiological study. Tartu, 1999.

Jakov Shlik. Psychophysiological effects of cholecystokinin in humans.
Tartu, 1999.

Kai Kisand. Autoantibodies against dehydrogenases of a-ketoacids. Tartu,
1999.

Toomas Marandi. Drug treatment of depression in Estonia. Tartu, 1999.
Ants Kask. Behavioural studies on neuropeptide Y. Tartu, 1999.
Ello-Rahel Karelson. Modulation of adenylate cyclase activity in the rat
hippocampus by neuropeptide galanin and its chimeric analogs. Tartu, 1999.
Tanel Laisaar. Treatment of pleural empyema — special reference to
intrapleural therapy with streptokinase and surgical treatment modalities.
Tartu, 1999.

Eve Pihl. Cardiovascular risk factors in middle-aged former athletes.
Tartu, 1999.

Katrin Ounap. Phenylketonuria in Estonia: incidence, newborn screening,
diagnosis, clinical characterization and genotype/phenotype correlation.
Tartu, 1999.

Siiri Koljalg. Acinetobacter — an important nosocomial pathogen. Tartu,
1999.

Helle Karro. Reproductive health and pregnancy outcome in Estonia:
association with different factors. Tartu, 1999.

Heili Varendi. Behavioral effects observed in human newborns during
exposure to naturally occurring odors. Tartu, 1999.

Anneli Beilmann. Epidemiology of epilepsy in children and adolescents in
Estonia. Prevalence, incidence, and clinical characteristics. Tartu, 1999.
Vallo Volke. Pharmacological and biochemical studies on nitric oxide in
the regulation of behaviour. Tartu, 1999.

Pilvi Ilves. Hypoxic-ischaemic encephalopathy in asphyxiated term infants.
A prospective clinical, biochemical, ultrasonographical study. Tartu, 1999.
Anti Kalda. Oxygen-glucose deprivation-induced neuronal death and its
pharmacological prevention in cerebellar granule cells. Tartu, 1999.

143



63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

Eve-Irene Lepist. Oral peptide prodrugs — studies on stability and
absorption. Tartu, 2000.

Jana Kivastik. Lung function in Estonian schoolchildren: relationship
with anthropometric indices and respiratory symptomas, reference values
for dynamic spirometry. Tartu, 2000.

Karin Kull. Inflammatory bowel disease: an immunogenetic study. Tartu,
2000.

Kaire Innos. Epidemiological resources in Estonia: data sources, their
quality and feasibility of cohort studies. Tartu, 2000.

Tamara Vorobjova. Immune response to Helicobacter pylori and its
association with dynamics of chronic gastritis and epithelial cell turnover
in antrum and corpus. Tartu, 2001.

Ruth Kalda. Structure and outcome of family practice quality in the
changing health care system of Estonia. Tartu, 2001.

Annika Kriiiiner. Mycobacterium tuberculosis — spread and drug
resistance in Estonia. Tartu, 2001.

Marlit Veldi. Obstructive Sleep Apnoea: Computerized Endopharyngeal
Myotonometry of the Soft Palate and Lingual Musculature. Tartu, 2001.
Anneli Uuskiila. Epidemiology of sexually transmitted diseases in Estonia
in 1990-2000. Tartu, 2001.

Ade Kallas. Characterization of antibodies to coagulation factor VIIL
Tartu, 2002.

Heidi Annuk. Selection of medicinal plants and intestinal lactobacilli as
antimicrobil components for functional foods. Tartu, 2002.

Aet Lukmann. Early rehabilitation of patients with ischaemic heart
disease after surgical revascularization of the myocardium: assessment of
health-related quality of life, cardiopulmonary reserve and oxidative stress.
A clinical study. Tartu, 2002.

Maigi Eisen. Pathogenesis of Contact Dermatitis: participation of Oxida-
tive Stress. A clinical — biochemical study. Tartu, 2002.

Piret Hussar. Histology of the post-traumatic bone repair in rats. Elabora-
tion and use of a new standardized experimental model — bicortical perfora-
tion of tibia compared to internal fracture and resection osteotomy. Tartu,
2002.

Tonu Ritsep. Aneurysmal subarachnoid haemorrhage: Noninvasive moni-
toring of cerebral haemodynamics. Tartu, 2002.

Marju Herodes. Quality of life of people with epilepsy in Estonia. Tartu,
2003.

Katre Maasalu. Changes in bone quality due to age and genetic disorders
and their clinical expressions in Estonia. Tartu, 2003.

Toomas Sillakivi. Perforated peptic ulcer in Estonia: epidemiology, risk
factors and relations with Helicobacter pylori. Tartu, 2003.

Leena Puksa. Late responses in motor nerve conduction studies. F and A
waves in normal subjects and patients with neuropathies. Tartu, 2003.

144



82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

Krista Loivukene. Helicobacter pylori in gastric microbial ecology and
its antimicrobial susceptibility pattern. Tartu, 2003.

Helgi Kolk. Dyspepsia and Helicobacter pylori infection: the diagnostic
value of symptoms, treatment and follow-up of patients referred for upper
gastrointestinal endoscopy by family physicians. Tartu, 2003.

Helena Soomer. Validation of identification and age estimation methods
in forensic odontology. Tartu, 2003.

Kersti Oselin. Studies on the human MDRI1, MRPI1, and MRP2 ABC
transporters: functional relevance of the genetic polymorphisms in the
MDRI and MRPI gene. Tartu, 2003.

Jaan Soplepmann. Peptic ulcer haemorrhage in Estonia: epidemiology,
prognostic factors, treatment and outcome. Tartu, 2003.

Margot Peetsalu. Long-term follow-up after vagotomy in duodenal ulcer
disease: recurrent ulcer, changes in the function, morphology and Helico-
bacter pylori colonisation of the gastric mucosa. Tartu, 2003.

Kersti Klaamas. Humoral immune response to Helicobacter pylori a study
of host-dependent and microbial factors. Tartu, 2003.

Pille Taba. Epidemiology of Parkinson’s disease in Tartu, Estonia. Pre-
valence, incidence, clinical characteristics, and pharmacoepidemiology.
Tartu, 2003.

Alar VeraksitS. Characterization of behavioural and biochemical pheno-
type of cholecystokinin-2 receptor deficient mice: changes in the function
of the dopamine and endopioidergic system. Tartu, 2003.

Ingrid Kalev. CC-chemokine receptor 5 (CCR5) gene polymorphism in
Estonians and in patients with Type I and Type II diabetes mellitus. Tartu,
2003.

Lumme Kadaja. Molecular approach to the regulation of mitochondrial
function in oxidative muscle cells. Tartu, 2003.

Aive Liigant. Epidemiology of primary central nervous system tumours in
Estonia from 1986 to 1996. Clinical characteristics, incidence, survival and
prognostic factors. Tartu, 2004.

Andres, Kulla. Molecular characteristics of mesenchymal stroma in
human astrocytic gliomas. Tartu, 2004.

Mari Jirvelaid. Health damaging risk behaviours in adolescence. Tartu,
2004.

Ulle Pechter. Progression prevention strategies in chronic renal failure and
hypertension. An experimental and clinical study. Tartu, 2004.

Gunnar Tasa. Polymorphic glutathione S-transferases — biology and role
in modifying genetic susceptibility to senile cataract and primary open
angle glaucoma. Tartu, 2004.

Tuuli Kidambre. Intracellular energetic unit: structural and functional
aspects. Tartu, 2004.

145



99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

Vitali Vassiljev. Influence of nitric oxide syntase inhibitors on the effects
of ethanol after acute and chronic ethanol administration and withdrawal.
Tartu, 2004.

Aune Rehema. Assessment of nonhaem ferrous iron and glutathione
redox ratio as markers of pathogeneticity of oxidative stress in different
clinical groups. Tartu, 2004.

Evelin Seppet. Interaction of mitochondria and ATPases in oxidative
muscle cells in normal and pathological conditions. Tartu, 2004.

Eduard Maron. Serotonin function in panic disorder: from clinical expe-
riments to brain imaging and genetics. Tartu, 2004.

Marje Oona. Helicobacter pylori infection in children: epidemiological
and therapeutic aspects. Tartu, 2004.

Kersti Kokk. Regulation of active and passive molecular transport in the
testis. Tartu, 2005.

Vladimir Jirv. Cross-sectional imaging for pretreatment evaluation and
follow-up of pelvic malignant tumours. Tartu, 2005.

Andre Oun. Epidemiology of adult epilepsy in Tartu, Estonia. Incidence,
prevalence and medical treatment. Tartu, 2005.

Piibe Muda. Homocysteine and hypertension: associations between
homocysteine and essential hypertension in treated and untreated hyper-
tensive patients with and without coronary artery disease. Tartu, 2005.
Kiilli Kingo. The interleukin-10 family cytokines gene polymorphisms in
plaque psoriasis. Tartu, 2005.

Mati Merila. Anatomy and clinical relevance of the glenohumeral joint
capsule and ligaments. Tartu, 2005.

Epp Songisepp. Evaluation of technological and functional properties of
the new probiotic Lactobacillus fermentum ME-3. Tartu, 2005.

Tiia Ainla. Acute myocardial infarction in Estonia: clinical characte-
ristics, management and outcome. Tartu, 2005.

Andres Sell. Determining the minimum local anaesthetic requirements for
hip replacement surgery under spinal anaesthesia — a study employing a
spinal catheter. Tartu, 2005.

Tiia Tamme. Epidemiology of odontogenic tumours in Estonia. Patho-
genesis and clinical behaviour of ameloblastoma. Tartu, 2005.

Triine Annus. Allergy in Estonian schoolchildren: time trends and
characteristics. Tartu, 2005.

Tiia Voor. Microorganisms in infancy and development of allergy: com-
parison of Estonian and Swedish children. Tartu, 2005.

Priit Kasenomm. Indicators for tonsillectomy in adults with recurrent
tonsillitis — clinical, microbiological and pathomorphological investi-
gations. Tartu, 2005.

Eva Zusinaite. Hepatitis C virus: genotype identification and interactions
between viral proteases. Tartu, 2005.

146



118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.
131.

132.

133.

134.

135.

136.
137.

Piret K6ll. Oral lactoflora in chronic periodontitis and periodontal health.
Tartu, 2006.

Tiina Stelmach. Epidemiology of cerebral palsy and unfavourable neuro-
developmental outcome in child population of Tartu city and county,
Estonia Prevalence, clinical features and risk factors. Tartu, 2006.

Katrin Pudersell. Tropane alkaloid production and riboflavine excretion
in the field and tissue cultures of henbane (Hyoscyamus niger L.). Tartu,
2006.

Kiilli Jaako. Studies on the role of neurogenesis in brain plasticity. Tartu,
2006.

Aare Mirtson. Lower limb lengthening: experimental studies of bone
regeneration and long-term clinical results. Tartu, 2006.

Heli Téhepold. Patient consultation in family medicine. Tartu, 2006.
Stanislav Liskmann. Peri-implant disease: pathogenesis, diagnosis and
treatment in view of both inflammation and oxidative stress profiling.
Tartu, 2006.

Ruth Rudissaar. Neuropharmacology of atypical antipsychotics and an
animal model of psychosis. Tartu, 2006.

Helena Andreson. Diversity of Helicobacter pylori genotypes in
Estonian patients with chronic inflammatory gastric diseases. Tartu, 2006.
Katrin Pruus. Mechanism of action of antidepressants: aspects of sero-
toninergic system and its interaction with glutamate. Tartu, 2006.

Priit Pdder. Clinical and experimental investigation: relationship of
ischaemia/reperfusion injury with oxidative stress in abdominal aortic
aneurysm repair and in extracranial brain artery endarterectomy and possi-
bilities of protection against ischaemia using a glutathione analogue in a
rat model of global brain ischaemia. Tartu, 2006.

Marika Tammaru. Patient-reported outcome measurement in rheumatoid
arthritis. Tartu, 2006.

Tiia Reimand. Down syndrome in Estonia. Tartu, 2006.

Diva Eensoo. Risk-taking in traffic and Markers of Risk-Taking Beha-
viour in Schoolchildren and Car Drivers. Tartu, 2007.

Riina Vibo. The third stroke registry in Tartu, Estonia from 2001 to 2003:
incidence, case-fatality, risk factors and long-term outcome. Tartu, 2007.
Chris Pruunsild. Juvenile idiopathic arthritis in children in Estonia.
Tartu, 2007.

Eve Oiglane-Slik. Angelman and Prader-Willi syndromes in Estonia.
Tartu, 2007.

Kadri Haller. Antibodies to follicle stimulating hormone. Significance in
female infertility. Tartu, 2007.

Pille O6pik. Management of depression in family medicine. Tartu, 2007.
Jaak Kals. Endothelial function and arterial stiffness in patients with
atherosclerosis and in healthy subjects. Tartu, 2007.

147



138.

139.
140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

Priit Kampus. Impact of inflammation, oxidative stress and age on
arterial stiffness and carotid artery intima-media thickness. Tartu, 2007.
Margus Punab. Male fertility and its risk factors in Estonia. Tartu, 2007.
Alar Toom. Heterotopic ossification after total hip arthroplasty: clinical
and pathogenetic investigation. Tartu, 2007.

Lea Pehme. Epidemiology of tuberculosis in Estonia 1991-2003 with
special regard to extrapulmonary tuberculosis and delay in diagnosis of
pulmonary tuberculosis. Tartu, 2007.

Juri Karjagin. The pharmacokinetics of metronidazole and meropenem
in septic shock. Tartu, 2007.

Inga Talvik. Inflicted traumatic brain injury shaken baby syndrome in
Estonia — epidemiology and outcome. Tartu, 2007.

Tarvo Rajasalu. Autoimmune diabetes: an immunological study of type
1 diabetes in humans and in a model of experimental diabetes (in RIP-
B7.1 mice). Tartu, 2007.

Inga Karu. Ischaemia-reperfusion injury of the heart during coronary
surgery: a clinical study investigating the effect of hyperoxia. Tartu, 2007.
Peeter Padrik. Renal cell carcinoma: Changes in natural history and
treatment of metastatic disease. Tartu, 2007.

Neve Vendt. Iron deficiency and iron deficiency anaemia in infants aged
9 to 12 months in Estonia. Tartu, 2008.

Lenne-Triin Heidmets. The effects of neurotoxins on brain plasticity:
focus on neural Cell Adhesion Molecule. Tartu, 2008.

Paul Korrovits. Asymptomatic inflammatory prostatitis: prevalence, etio-
logical factors, diagnostic tools. Tartu, 2008.

Annika Reintam. Gastrointestinal failure in intensive care patients. Tartu,
2008.

Kristiina Roots. Cationic regulation of Na-pump in the normal, Alzhei-
mer’s and CCK; receptor-deficient brain. Tartu, 2008.

Helen Puusepp. The genetic causes of mental retardation in Estonia:
fragile X syndrome and creatine transporter defect. Tartu, 2009.

Kristiina Rull. Human chorionic gonadotropin beta genes and recurrent
miscarriage: expression and variation study. Tartu, 2009.

Margus Eimre. Organization of energy transfer and feedback regulation
in oxidative muscle cells. Tartu, 2009.

Maire Link. Transcription factors FoxP3 and AIRE: autoantibody
associations. Tartu, 2009.

Kai Haldre. Sexual health and behaviour of young women in Estonia.
Tartu, 2009.

Kaur Liivak. Classical form of congenital adrenal hyperplasia due to
21-hydroxylase deficiency in Estonia: incidence, genotype and phenotype
with special attention to short-term growth and 24-hour blood pressure.
Tartu, 2009.

148



158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168

169

170.

171.

172.

173.

174.

175.

176.

177.

178.

Kersti Ehrlich. Antioxidative glutathione analogues (UPF peptides) —

molecular design, structure-activity relationships and testing the protec-

tive properties. Tartu, 2009.

Anneli Rétsep. Type 2 diabetes care in family medicine. Tartu, 20009.

Silver Tiirk. Etiopathogenetic aspects of chronic prostatitis: role of

mycoplasmas, coryneform bacteria and oxidative stress. Tartu, 2009.

Kaire Heilman. Risk markers for cardiovascular disease and low bone

mineral density in children with type 1 diabetes. Tartu, 2009.

Kristi Riiiitel. HIV-epidemic in Estonia: injecting drug use and quality of

life of people living with HIV. Tartu, 2009.

Triin Eller. Immune markers in major depression and in antidepressive

treatment. Tartu, 2009.

Siim Suutre. The role of TGF-f isoforms and osteoprogenitor cells in the

pathogenesis of heterotopic ossification. An experimental and clinical

study of hip arthroplasty. Tartu, 2010.

Kai Kliiman. Highly drug-resistant tuberculosis in Estonia: Risk factors

and predictors of poor treatment outcome. Tartu, 2010.

Inga Villa. Cardiovascular health-related nutrition, physical activity and

fitness in Estonia. Tartu, 2010.

Tonis Org. Molecular function of the first PHD finger domain of Auto-

immune Regulator protein. Tartu, 2010.

. Tuuli Metsvaht. Optimal antibacterial therapy of neonates at risk of early
onset sepsis. Tartu, 2010.

. Jaanus Kahu. Kidney transplantation: Studies on donor risk factors and

mycophenolate mofetil. Tartu, 2010.

Koit Reimand. Autoimmunity in reproductive failure: A study on as-

sociated autoantibodies and autoantigens. Tartu, 2010.

Mart Kull. Impact of vitamin D and hypolactasia on bone mineral

density: a population based study in Estonia. Tartu, 2010.

Rael Laugesaar. Stroke in children — epidemiology and risk factors.

Tartu, 2010.

Mark Braschinsky. Epidemiology and quality of life issues of hereditary

spastic paraplegia in Estonia and implemention of genetic analysis in

everyday neurologic practice. Tartu, 2010.

Kadri Suija. Major depression in family medicine: associated factors,

recurrence and possible intervention. Tartu, 2010.

Jarno Habicht. Health care utilisation in Estonia: socioeconomic determi-

nants and financial burden of out-of-pocket payments. Tartu, 2010.

Kristi Abram. The prevalence and risk factors of rosacea. Subjective

disease perception of rosacea patients. Tartu, 2010.

Malle Kuum. Mitochondrial and endoplasmic reticulum cation fluxes:

Novel roles in cellular physiology. Tartu, 2010.

Rita Teek. The genetic causes of early onset hearing loss in Estonian

children. Tartu, 2010.

149



179.

180.
181.

182.

183.

184.

185.

186.

187.

188.

189.

190.

191.

192.

193.

194.

195.

196.

197.

198.

Daisy Volmer. The development of community pharmacy services in
Estonia — public and professional perceptions 1993-2006. Tartu, 2010.
Jelena Lissitsina. Cytogenetic causes in male infertility. Tartu, 2011.
Delia Lepik. Comparison of gunshot injuries caused from Tokarev,
Makarov and Glock 19 pistols at different firing distances. Tartu, 2011.
Ene-Renate Péhkla. Factors related to the efficiency of treatment of
advanced periodontitis. Tartu, 2011.

Maarja Krass. L-Arginine pathways and antidepressant action. Tartu,
2011.

Taavi Lai. Population health measures to support evidence-based
health policy in Estonia. Tartu, 2011.

Tiit Salum. Similarity and difference of temperature-dependence of the
brain sodium pump in normal, different neuropathological, and aberrant
conditions and its possible reasons. Tartu, 2011.

Tonu Vooder. Molecular differences and similarities between histo-
logical subtypes of non-small cell lung cancer. Tartu, 2011.

Jelena Stiepetova. The characterisation of intestinal lactic acid bacteria
using bacteriological, biochemical and molecular approaches. Tartu, 2011.
Radko Avi. Natural polymorphisms and transmitted drug resistance in
Estonian HIV-1 CRF06 cpx and its recombinant viruses. Tartu, 2011, 116 p.
Edward Laane. Multiparameter flow cytometry in haematological malig-
nancies. Tartu, 2011, 152 p.

Triin Jagomégi. A study of the genetic etiology of nonsyndromic cleft lip
and palate. Tartu, 2011, 158 p.

Ivo Laidmie. Fibrin glue of fish (Salmo salar) origin: immunological
study and development of new pharmaceutical preparation. Tartu, 2012,
150 p.

Ulle Parm. Early mucosal colonisation and its role in prediction of inva-
sive infection in neonates at risk of early onset sepsis. Tartu, 2012, 168 p.
Kaupo Teesalu. Autoantibodies against desmin and transglutaminase 2 in
celiac disease: diagnostic and functional significance. Tartu, 2012, 142 p.
Maksim Zagura. Biochemical, functional and structural profiling of
arterial damage in atherosclerosis. Tartu, 2012, 162 p.

Vivian Kont. Autoimmune regulator: characterization of thymic gene
regulation and promoter methylation. Tartu, 2012, 134 p.

Pirje Hiitt. Functional properties, persistence, safety and efficacy of
potential probiotic lactobacilli. Tartu, 2012, 246 p.

Innar Toru. Serotonergic modulation of CCK-4- induced panic. Tartu,
2012, 132 p.

Sigrid Vorobjov. Drug use, related risk behaviour and harm reduction
interventions utilization among injecting drug users in Estonia: impli-
cations for drug policy. Tartu, 2012, 120 p.

150



199.

200.

201.

202.

203.

204.

205.

206.

Martin Serg. Therapeutic aspects of central haemodynamics, arterial
stiffness and oxidative stress in hypertension. Tartu, 2012, 156 p.

Jaanika Kumm. Molecular markers of articular tissues in early knee
osteoarthritis: a population-based longitudinal study in middle-aged sub-
jects. Tartu, 2012, 159 p.

Kertu Riinkorg. Functional changes of dopamine, endopioid and endo-
cannabinoid systems in CCK2 receptor deficient mice. Tartu, 2012, 125 p.
Mai Blondal. Changes in the baseline characteristics, management and
outcomes of acute myocardial infarction in Estonia. Tartu, 2012, 127 p.
Jana Lass. Epidemiological and clinical aspects of medicines use in
children in Estonia. Tartu, 2012, 170 p.

Kai Truusalu. Probiotic lactobacilli in experimental persistent Salmo-
nella infection. Tartu, 2013, 139 p.

Oksana Jagur. Temporomandibular joint diagnostic imaging in relation
to pain and bone characteristics. Long-term results of arthroscopic treat-
ment. Tartu, 2013, 126 p.

Katrin Sikk. Manganese-ephedrone intoxication — pathogenesis of
neurological damage and clinical symptomatology. Tartu, 2013, 125 p.

151





