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Abstract

Current trends of TB rates indicate the Millennium Development Goal of TB elimination by 2050
will not be achieved. The majority of incident cases are occurring in population dense and HIV-
endemic regions of Africa and Asia. The persistence of TB in the setting of poor existing health
infrastructure has led to a rise in drug-resistant cases, exacerbated by the strong association with
HIV co-infection. Spreading drug-resistance threatens to undo decades of progress in controlling
the disease. Several significant gaps can be identified in various aspects of national and
international-directed TB control efforts. Various governing bodies and international organizations
need to address the immediate challenges. This paper highlights some of the major policies
lawmakers and funding institutions should consider. Existing economic and social obstacles must
be overcome if TB elimination is to be a reachable goal.
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INTRODUCTION

The foundation of current global tuberculosis strategy began in the 1990s when the rising
trends of tuberculosis (TB) led to the creation of the directly observed treatment, short
course (DOTS) strategy [1,2]. The multidimensional DOTS framework was implemented in
184 countries which led to over 32 million patients being treated and over 25 million being
cured (figure 1) [3,4]. Despite these advances, continued challenges to effectively address
the epidemic arose [7,8]. In January 2006, the Stop TB Partnership launched its Global Plan
to Stop TB 2006-2015 to tackle these issues [9]. The six part strategy detailed a
comprehensive approach to halve the 1990 TB death and prevalence rates by 2015 (table 1
and figure 2). The strategy was also in-line with the World Health Organization’s (WHO)
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prior goals of a 70% detection rate and an 85% cure rate by 2005 [10]. The ultimate aim of
the strategy was to achieve the Millennium Developmental Goal of eliminating TB as a
public health concern by 2050 (less than one case per million population) [11].

The Global Plan’s total cost was $56 billion, of which $47 billion was slated for
implementation of currently available interventions and $9 billion for research and
development [9,12]. However, even when launched in 2006 — a time when the global
economy was relatively strong - the overall estimated funding gap for the Global Plan was
over $30 billion [13]. In past recessions, several countries had reduced spending on overseas
developmental programs [14-16]. Thus, there is great concern in 2009 that the burden of
TB, which lies largely in developing nations, may be further enhanced in the context of
decreased international funding [5,17]. High TB-burden countries will not have the
resources to compensate for this monetary loss in funding — especially in the context of an
additional 100 million people sinking into poverty because of the ongoing financial crisis
[18]. Moreover, poverty brings with it increased household crowding and poor nutrition —
known risk factors that enhance TB incidence and transmission [19,20].

In an increasingly globalized environment, where local and international travel is available
to a variety of populations, the problems in high TB-burden countries may be easily
translated to a multitude of world settings [21,22]. This scenario, along with increasing
amounts of drug-resistance, has led to a greater resolve among various governments and
international organizations to act against the ongoing epidemic [23-25]. The challenges that
must be addressed by the numerous governmental and nongovernmental bodies must be
framed in the most recent available epidemiologic indicators.

EPIDEMIOLOGY

A 2009 report on global tuberculosis control published by the WHO describes the most
recent figures available on TB epidemiology. The comprehensive data derives from 196
countries and territories that reported information in 2008. The countries account for 99.6%
of the world’s estimated TB cases and 99.7% of the world’s population [26]. The report
provides a comprehensive analysis of the current state of the epidemic at the global, national
and local levels. The results are derived from a standard data collection form reported to the
WHO in 2008 from individual nations. The impact of current TB control methods continue
to be measured by incidence, prevalence and mortality indicators. It is these three which
frame the ultimate aims of TB Control as determined by the Millennium Developmental
Goals and Stop TB Partnership [26-28].

An estimated 9.27 million incident cases of TB were documented in 2007, thirty thousand
more than in 2006. Over 80% of those cases were in Africa and Asia (figure 3). Although
the absolute number of incident cases is increasing, the number of cases per capita is falling.
The global rate of decline is slightly less than 1% per year which precludes any possibility
of achieving TB elimination by 2050 [26]. In the USA, the average annual percentage
decline in the TB rate decreased from 7.3% per year during 1993-2000 to 3.8% during
2000-2008. The slowing of the decline in TB was largely due to persistence of TB in
foreign born populations and racial/ethnic minorities. The TB rate was nearly ten times
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higher in foreign-born compared to USA-born persons — most prominently among the Asian
populations. TB prevalence among Hispanic and blacks were nearly eight times higher than
among non-Hispanic whites [30].

The worldwide prevalence of TB in 2007 was 206 per 100,000 population (13.7 million
cases of TB in 2007). This decreased from the 13.9 million cases reported in 2006.
However, the African and European regions have prevalence rates above and almost
equivalent to the 1990 levels, respectively. Neither region will be able to achieve the 2015
target goal of halving prevalence rates from 1990 [26].

Of the 13.7 million prevalent cases, an estimated 687 000 (5%) were HIV-positive.
Approximately 35% (456,000) of the over 1.7 million total TB-related deaths were among
incident TB cases co-infected with HIV. The estimated mortality directly attributed to TB
among the HIV-infected population is approximately double in 2008 compared to 2007 data
[4]. The increased prevalence and mortality within this subset of patients is likely not due to
an increase in absolute cases but due to a greater worldwide focus on HIV testing —
primarily in Africa. Of the 64 countries reporting co-infection, HIV-positive individuals are
about 20 times more likely than HIV negative individuals to develop TB in HIV-endemic
regions. In sub-Saharan Africa, a region which is encountering an HIV-pandemic, most
countries have reported over 30% of patients with active tuberculosis are co-infected with
HIV. In areas of Lesotho, almost 90% of patients with tuberculosis have HIV infection
[26,31].

Approximately 500,000 cases of multi-drug resistant TB (MDR-TB) were noted in 2007 of
which 85% of cases occurred in 27 countries (table 2). MDR-TB is classified as resistance to
isoniazid and rifampin among the first-line TB drugs [34]. Unfortunately, less than 5% of
the estimated MDR-TB cases are appropriately receiving treatment according to
international guidelines [35]. To meet the targets set in the Global Plan, the diagnosis and
treatment of MDR-TB needs to be scaled up in the three countries that account for 57% of
cases (China, India and Russian Federation). Until that time, the documented cases of
extensively drug resistant TB (XDR-TB) will continue to rise from its current prevalence in
a record 55 countries. XDR-TB is classified as meeting the criteria of MDR-TB along with
resistance to any fluoroquinolones and at least one of three injectable drugs (amikacin,
capreomycin or kanamycin) [36]. The fourth report of the Global Project on Anti-
Tuberculosis Drug Resistance Surveillance released in February 2008 was remarkable for
showing that in high burden countries like South Africa, Tomsk Oblast (Russian Federation)
and Estonia that 5.7%, 6.6% and 23.7% of all MDR-TB cases were reclassified as XDR-TB
[37]. The continued rise in drug-resistance has presented a growing barrier to achieving any
sustainable path to TB elimination [26].

CHALLENGES TO GLOBAL TB ELIMINATION

The current epidemiologic data mandates further discussion of the means to enhance current
TB control and treatment efforts. Several solutions may be found within the framework
delineated in the Stop TB Partnership’s Goals (table 1). A detailed discussion of the various
policies that ought to be considered to enhance the goal of eliminating TB by 2050 is
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beyond the scope of this paper. This paper highlights some of the major policies worthy of
consideration by lawmakers and funding institutions.

TB PREVENTION ISSUES

Better Diagnostics to Increase Case Detection

While a treatment success rate of 85% has been achieved in most nations, including the
WHO regions of Africa, Americas and Europe, case detection rate of new smear-positive
cases under DOTS in 2008 was 63% - a minimal increase compared to the 62% noted in
2006 [26]. Furthermore, instead of culture-methods, most TB program in high burden
countries rely on traditional methodologies like tuberculin skin testing, sputum smear
microscopy and clinical symptoms [35,38]. The sensitivity of such tests is very poor,
especially in those with HIV or extrapulmonary infection [39-41]. A key aspect of
improving detection and further enhancing cure rates is the implementation of accurate
point-of-care TB diagnostics [40].

Reduce Systems-wide Risks

Effective national TB control plans are often found to be united with national healthcare
strategies [26]. Such programs realize that numerous risk factors enhance the transmission
and advancement of the TB disease process. Such risk factors include malnutrition, tobacco
smoke, air pollution and lack of respiratory infection control programs [42,43]. The relative
risk of developing active TB in the setting of malnutrition, tobacco smoke and indoor
pollution is estimated at 4.0 (range=2.0-6.0), 2.6 (range=1.6-4.3) and 1.5 (range=1.2-3.2),
respectively [3,44-46]. Recent modelling has shown that if China reduced smoking and
solid fuel use and maintained 80% DOTS coverage, they would realize a projected reduction
of annual TB incidence by 14-52% by 2033 [47]. Analysis by the WHO suggests that
greater than 20% of the global TB burden may be attributable to tobacco smoke [48].

Other risk factors that enhance TB are most prominent in those who are socioeconomically
disadvantaged [3,49]. These populations often live in crowded settings and work in poorly
ventilated areas. They are generally less educated regarding healthy behavior and have
livelihoods that are vulnerable to economic instability [50,51]. Any effective TB elimination
effort, sponsored through various non-governmental and governmental public health
authorities, must address all such socioeconomic determinants of disease (i.e. free and easily
accessible HIV/TB treatment).

Implement Sound Infection Control Policies

Infection control has been a growing concern due to increasingly appreciated community
and nosocomial spread of tuberculosis. A key means by which drug-resistant TB (MDR-TB
and XDR-TB) epidemics have continued to progress has been through primary infection
[52,53]. Infection control practices in both community and health care facilities are required
to disrupt the cycle of global TB transmission. Mathematical modelling of an XDR-TB
outbreak in a rural community hospital in South Africa has shown that a combination of
mask use and improved ventilation may avert over 30% of XDR-TB cases. ldentifying
health care workers at risk of TB (i.e. HIV-positive) is also an essential aspect of any
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elimination effort and therefore demands better a better administrative response. Health care
workers serve as the base of any TB elimination effort and protecting their welfare is critical
[54,55]

TB MANAGEMENT ISSUES

Bring Private Practitioners in the DOTS Care Team

Efforts must be made at the governmental level to encourage public-private partnerships to
enhance DOTS [42]. Private health care providers are major participants in the care of
peoples in the developing world [56,57]. In Pakistan, for example, 79% of first-line health
care is provided by these practitioners [58]. Unfortunately, private health care providers are
often poorly trained or monitored for adhering to national TB programs or international TB
guidelines [59]. If any effective diagnostic and therapeutic modality to enhance DOTS
coverage in the world is to occur, then private health care providers must be inline with any
current and newly adopted standard of care [35].

Increase Early Detection of TB among those HIV-infected

HIV co-infection increases the likelihood of progression to active TB following primary
infection and reactivation of latent TB infection [60-62]. The immunocompromised state
increases the bacillary burden of disease and enhances the evolution of drug-resistant TB.
[63,64]. Reliable diagnosis of TB in HIV populations is difficult using conventional
diagnostics (i.e. tuberculin skin testing and sputum conversion) [65-67]. Novel diagnostic
technologies may be utilized but the applicability in resource-limited settings, where there is
a high burden of HIV disease, must be immediately addressed.

Increase Early Detection of HIV among those with TB Disease

Detecting HIV infection in those diagnosed with TB is often neglected but is critical to
success. TB accounts for the majority of the mortality seen in those diagnosed with HIV.
Only thirty seven percent (500,000) TB patients in the African region knew of their HIV
status in 2007 [26]. Identifying HIV infection provides an opportunity to initiate ARV as
well as cotrimoxazole prophylaxis. Among those co-infected with HIV and TB, co-
trimoxazole prophylaxis and anti-retroviral therapy was instituted in only 63% and 34% of
cases, respectively (figure 4) [26].

Ramp Up Isoniazid Prophylactic Therapy

Isoniazid prophylactic therapy has also been vastly underutilized in the HIV population; its
focused implementation may serve as a control strategy by reducing a major reservoir of
disease [69,70]. Isoniazid has been shown to reduce TB incidence but is only taken by less
than 1% of HIV patients infected with latent TB [71]. It is a cost-effective strategy that
could be utilized in resource-limited settings where latent TB is likely to be INH-
susceptible. INH prophylaxis further enhances the probability of reducing TB when taking
antiretroviral therapy [72,73]. If included with comprehensive contact investigations in low-
income and middle-income countries, the latent TB reservoir that underlies the continued
epidemic could be effectively addressed [74].
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Support Strong National TB Programs to Prevent Emergence of Drug-resistant TB

When any piece of a national TB control strategy is weak, the concern for amplification of
drug-resistance arises [75]. Insufficient public health measures have led to an estimated
289,000 new MDR-TB cases (3.1% of all new TB patients) in 2007 [26,76]. Cases of MDR-
TB were unevenly distributed with 27 countries representing 85% of all cases. The rise in
MDR-TB inferred a rise in XDR-TB via the continued implementation of poor case
detection and inappropriate/incomplete treatment regimens (figure 5)[53,63]. In 2008, the
number of prevalent cases of XDR-TB rose to a record 55 countries and territories [26].
Fewer than 3% of those diagnosed with drug-resistant TB receive treatment according to
international guidelines [26]. The cost of treatment has been a major barrier as it is 100-
times more expensive to treat MDR-TB as opposed to drug-susceptible TB due to the
number of medications and clinical management of its prolonged and potentially toxic
treatment course [77,78].

A recent meeting in April 2009 in Beijing, China was convened among 27 countries with a
high-burden of TB drug-resistant disease [79]. A unifying theme during the conference was
the necessity of strengthening the overall health systems of all affected countries. Nations
and international organizations must improve health services to simultaneously address TB
surveillance, treatment and prevention mechanisms [80]. For example, individual nations
like China have developed an internet-based disease information system that requires
hospitals to report details of all patients presenting to TB dispensaries and therefore
contributing to its 70% case detection target [75]. International bodies like the Stop TB
Department have also contributed to strengthening of health systems through such programs
as the Global Laboratory Initiative. This program works at country and regional levels to
create a multifaceted approach to laboratory capacity strengthening to diagnose drug-
resistant TB in even resource-limited settings [81].

However, significant monetary and personnel resources are required for such programs. A
gap of $800 million exists between the available funding in 2009 and necessary
requirements to fulfill the Global Plan initiatives for 22 of the high TB burden countries —
the regions with the highest amount of drug-resistance. The majority of funding deficits are
notably for MDR-TB diagnosis and treatment in the South-East Asia and Western Pacific
regions. Two specific areas that are notably underfunded for drug-resistant TB programs
include the economic engines and increasingly populous countries of India and China [26].

TB FUNDING ISSUES

Close the Funding Gap for DOTS

The existing funding gap among the 94 countries with 93% of global cases in 2009 is $1.6
billion [26]. According to the World Bank, the economic burden of deaths associated with
TB (including HIV co-infection) in Sub-Saharan Africa is $519 billion (95% CI, $475-
$563) when there is no DOTS coverage. The report noted that if DOTS was sustained at
2005 coverage levels in key high-burden countries, then there would be an estimated
economic gain of around $1.6 trillion (over the period 2006-2015) — ranging from $0.74

Clin Infect Dis. Author manuscript; available in PMC 2015 September 18.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Jassal and Bishai

Page 7

billion (95% CI, $0.64-$0.84) in Zimbabwe to $748 billion (95% CI, $638-$857) in China
[5].

Fully Fund TB Control Programs

Of the 94 countries that reported 93% of TB cases, a total of $4.2 billion is required for full
implementation of country plans in 2009. 87% of funding derives from national
governments (including loans), 9% from the Global Plan and 4% from donors other than the
Global Plan. The current economic crisis has directly impacted financial spending on
various TB and other health-related programs whose impact is most directly felt on
impoverished populations [82,83]. If high-burden countries” governments cannot support
these efforts, then the burden of funding will inevitably fall upon non-governmental
agencies, international bodies and resource-rich countries [84-86].

Greater Funding to Integrate TB-HIV Services

Of the total of $2.9 billion required for full implementation of the country plans in the 22
most high-burden countries in 2009, solely 3% is dedicated to joint TB/HIV activities [26].
This budgetary percentage is likely insufficient when considering a high TB burden country
like South Africa where prevalence of HIV at antenatal clinics varies from 15% to 39%
[87,88]. Cost-effective strategies may be immediately implemented utilizing currently
available technologies in resource-limited settings. For example, a centralized TB culture
program serving HIV-positive patients in urban Brazil suggests that solid TB media culture
alone has substantial impact and reasonable cost-effectiveness when deployed in this setting.
It was estimated that solid TB culture could avert an estimated 37 disability-adjusted life
years (DALYSs) per 1,000 TB suspects and prevent 49% of all TB deaths occurring after
initial presentation, at a cost of $962 per DALY averted [89].

CONCLUSION

Several critical gaps can be identified in worldwide TB control efforts. These gaps are
evident in the global rate of decline in TB cases being less than what would be required to
achieve the Millennium Development goal of TB elimination by 2050. Moreover, this has
led to the rise in drug-resistant cases most prominently in population-dense countries like
China and India. The deadly duo of TB and HIV co-infection is fuelling the TB epidemic in
many countries. Although the greater burden of disease has largely fallen on resource-
limited nations, our increasingly globalized environment has shown that the responsibility
for action must be sought in all international arenas. Many solutions are immediately
available but the funding gaps to realize these initiatives are a major obstacle.

Strategies that should be considered include policies that enhance DOTS by improving
diagnostics to increase case detection, including private practitioners and closing the funding
gap in DOTS-based programs. Risk factors for continued TB transmission could be
addressed by reducing socioeconomic health disparities and improving financial support to
national TB control programs. Better management of HIV and TB co-infection may occur
by enhancing diagnostic applications of both disease processes and utilizing isoniazid
prophylactic therapy. These strategies could serve as part of the foundation to address the
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emergence of drug-resistant TB and ultimately the elimination of the disease. Underlying
any effort in TB elimination though will be increased funding and political will from both
the international community and national health sectors.
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Figure 1. DOTS five-part framework which provided a cost-effective public health strategy on
both individual and societal levels

Building on the successes of DOT programs, the WHO and partner agencies developed a
strategy for treatment of MDR-TB, termed “DOTS-Plus”, in 1999. The DOTS-Plus strategy
adapts the core components of DOTS to the needs of patients with drug-resistant TB [5, 6].
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Figure 2.

Three key time points in achieving TB elimination by 2050 if all criteria set forth by the
Stop TB Partnership are effectively obtained [27,28].
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Figure 3. Estimated number of new TB cases in 2007
The five countries that rank first to fifth in terms of total numbers of cases in 2007 are India

(2.0 million), China (1.3 million), Indonesia (0.53 million), Nigeria (0.46 million) and South
Africa (0.46 million). The TB in such high burdened countries usually affects members in
their economic prime. Besides the loss of productivity, the cost of treating TB in such areas
may involve mean household spending of as much as 8---20 percent of annual household
income [29].

Reprinted with permission from World Health Organization. Global Tuberculosis Control
2009. Geneva: World Health Organization 2009.
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Figure 4. Antiretroviral therapy coverage in sub-Saharan Africa in 2007
Major progress in HIV testing has been undertaken in the African region compared to

previous surveillance data. However, thirty seven percent (500,000) TB patients in the
African region knew of their HIV status in 2007. Of the 250,000 HIV-positive TB patients
in this region, only 100,000 were started on HIV anti-retroviral therapy (ART). The progress
in HIV testing, which still requires improvement, is outpacing treatment with ART. If this
continues, the TB epidemic will be sustained in these settings [23,26,33,62].

Reprinted with permission from [68]. World Health Organization. Antiretroviral therapy
coverage in sub-Saharan Africa. http://www.who.int/hiv/data/art_coverage/en/index.html.
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FIGURE 5. MDR-TB treatment outcomes in nine countries in a 2004 cohort
<>brThe number of patients in the cohort is shown under each bar. A notable feature in all

categories is the prominent percentage of death and defaulted/failed treatment. Patients with
MDR and XDR-TB have a notably greater amount of morbidity and mortality [37,38,39].
The countries that contain the highest amount of MDR-TB cases include India (131,000),
China (112,000), Russian Federation (43,000), South Africa (16,000) and Bangladesh
(15,000). Reprinted with permission from World Health Organization. Global Tuberculosis
Control 2009. Geneva: World Health Organization 20009.
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Six components that underlie the Stop TB Partnerships’s Global Plan to Stop TB 2006-2015 [9].

Table 1

SIX COMPONENTS OF THE STOP TB STRATEGY

PURSUE HIGH-QUALITY DOTS EXPANSION AND ENHANCEMENT
ADDRESS TB/HIV, MDR-TB AND OTHER CHALLENGES
CONTRIBUTE TO HEALTH SYSTEM STRENGTHENING

ENGAGE ALL CARE PROVIDERS

EMPOWER PEOPLE WITH TB, AND COMMUNITIES

ENABLE AND PROMOTE RESEARCH
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Table 2
First and second-line drug regimens used in the treatment of TB

Page 19

First line regimens are used for 6-9 months to treat active drug-susceptible tuberculosis. A combination of

first and second line drugs are used for 18—-24 months to treat drug-resistant tuberculosis [25,32,33].

15t Line Regimen

27d | ine Regimen

Isoniazid
Rifampin/Rifampi
Ethambutol
Pyrazinamide

Streptomycin

Aminoglycosides (Amikacin, Kanamycin)

cin/Rifapentine | Polypeptides (Capreomycin)

Fluoroquinolones (Moxifloxacin, Levofloxacin, Gatifoxacin)
Thioamides (Ethionamide, Prothionamide)

Cycloserine
P-aminosalicylic acid
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