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Abstract

Currently, tuberculosis (TB) is the leading cause of death from a single infectious agent and

accounts for over one-third of all HIV-related deaths. However, research and programmatic

funding have lagged far behind investments for many other diseases. For about a century,

the current Bacillus Calmette-Guérin vaccine has been the only effective vaccine and is only

effective in preventing severe disease in children; the first new therapeutic drug for TB in

over 40 years was brought to market a few years ago; and until 10 years ago, diagnosis of

TB depended on a century-old testing technique. This paper relates TB to neglected tropical

diseases (NTDs) and highlights shared characteristics. The aim is to elevate awareness of

TB within the framework of NTDs and gain insights from successes in addressing NTDs and

how these lessons can be applied to help global health programs change the trajectory of

the TB epidemic. A literature review was conducted to compare TB to NTDs and highlight

lessons learned from NTD control that can be applied to the TB epidemic. Common features

of NTDs include underlying burden of disease, influence and effect on poverty and develop-

ment, and neglect through political will and funding. There are overarching principles for the

design and implementation of NTD control programs that could be applied to ending TB.

Introduction

The World Health Organization (WHO) has identified 20 core diseases as neglected tropical

diseases (NTDs), comprising primarily viral, protozoan, helminthic, and bacterial infections,

as well as zoonotic or vector-borne diseases [1]. There are common features that define this

group of diverse diseases [2–5]. Among the common features are that the NTDs are a proxy

for poverty, often affect populations with low visibility, cause stigma and discrimination, and

can be controlled, prevented, and possibly eliminated using known solutions [6]. NTDs share

a heavy underlying burden of disease—both in the number of cases and the impact on the pop-

ulation affected, including significant economic costs for households and communities [1, 5].

Often NTDs arise in impoverished settings with poor hygiene and sanitation [3]. NTDs impair

physical and cognitive development, limiting productivity and making it difficult to earn a liv-

ing, thereby perpetuating a cycle of poverty and disease [3, 7]. Finally, NTDs are defined by

neglect. Multiple interventions, when applied, have shown successful outcomes to decrease
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morbidity and mortality rates, yet funding gaps, competing priorities, and lack of political will

allow NTDs to persist [2, 3].

Although tuberculosis (TB) incidence has dramatically decreased since the 18th and 19th

centuries, the rise of the HIV/AIDS epidemic and drug-resistant strains of TB led the WHO to

declare TB a global health emergency in 1993 [8]. Globally, an estimated 10 million people had

TB disease in 2019; however, only 71% of these cases were notified to WHO, resulting in

approximately 2.9 million missed TB cases (either undiagnosed or not reported [9]. Without

adequate diagnosis and effective treatment, the mortality rate from TB is high [10]. In 2019,

TB resulted in 1.2 million deaths among HIV-negative people and an additional 208,000

deaths among HIV-positive people [9]. Despite being curable and preventable, TB is currently

the leading cause of death from a single infectious agent and accounts for over one-third of all

HIV-related deaths. The goal of this paper is to elevate awareness of TB within the framework

of NTDs and gain insights from successes in addressing NTDs and how these lessons can be

applied to help global health programs change the trajectory of the TB epidemic.

Underlying burden of disease

Like NTDs, TB results not only in high morbidity but also in associated economic cost, side

effects of treatment, and personal stigma and isolation. Approximately 1.7 billion individuals

have latent TB infection (25% of the global population) [11]. About 5%–10% of those with

latent infection develop active TB during their lifetime, with differences in risk based on popu-

lation. For example, the risk of TB development is much higher for children exposed to TB

compared to adults, additionally for people living with untreated HIV, the annual risk of active

TB disease is approximately 3%–16% [12]. Globally in 2019, 1.2 million people died of TB [9].

In addition to the lungs, TB can affect many other organ systems causing morbidity. Globally

in 2018, the case fatality ratio of TB was 15%; however, if left untreated, in a 10-year time hori-

zon, TB has a mortality rate of about 70% of patients with acid-fast bacillus (AFB) smear-posi-

tive results and 20% for those with AFB smear-negative results [13, 14].

TB and HIV co-infection can act synergistically to increase morbidity and mortality rates

[15]. Patients with HIV-associated TB have an increased recurrence rate, sometimes resulting

from relapse but more often from re-infection [16]. TB can be difficult to diagnose in HIV-

positive patients because they may have atypical radiography, may not be able to produce a

diagnostic sputum sample, often have paucibacillary disease, and are more likely to have extra-

pulmonary TB, which can require invasive specimen collection to confirm. Globally, around

15% of the TB disease burden is due to extrapulmonary TB [17]. However, the burden of extra-

pulmonary TB among HIV-positive individuals with TB is 40%–50% [17]. Additionally per-

sons with TB and HIV co-infection must adhere to complex drug regimens that may interact

with each other and potentially have overlapping toxicities [15].

A systematic review found that the total costs for TB patients in low- and middle-income

countries ranged from $55 to $8198 USD, with a median 20% (range, 0%–62%) of the total

cost for direct medical costs, 20% (range, 0%–84%) to direct non-medical costs, and 60%

(range, 16%–94%) to income loss; half of the total cost is incurred before TB treatment initia-

tion [18]. This systematic review also found that on average, the cost incurred was equivalent

to 39% of reported household income, exceeding the threshold of 20% of the household annual

income that defines catastrophic total costs due to TB [18, 19]. Diagnosis and treatment costs

for multidrug-resistant (MDR) TB (resistant to isoniazid and rifampicin) and extensively

drug-resistant (XDR) TB (MDR TB with additional resistance to fluoroquinolones and amino-

glycosides) are considerably higher than treatment cost for drug-susceptible TB. Clearly, there

is a heavy economic burden on TB patients and their families. The End TB Strategy, the

PLOS GLOBAL PUBLIC HEALTH Neglected tropical diseases and TB

PLOS Global Public Health | https://doi.org/10.1371/journal.pgph.0000027 October 13, 2021 2 / 9

https://doi.org/10.1371/journal.pgph.0000027


WHO’s global strategy with associated targets for ending TB globally, set a milestone for zero

affected families facing catastrophic costs due to TB by 2020; this milestone was not met [20].

In addition to the cost burden of TB disease, the treatment itself can be a burden. The rec-

ommended regimen for drug-sensitive TB of isoniazid and rifampicin for 6 months together

with pyrazinamide and ethambutol for the first 2 months, is generally well tolerated, although

the reported incidence of drug-induced liver injury, which can be caused by rifampicin, isonia-

zid, or pyrazinamide, varies from 5% to 33% [21, 22]. Globally, 3.3% of new TB cases and

17.7% of previously treated cases had MDR or rifampin-resistant TB [9]. Compared to drug-

susceptible TB, MDR TB and XDR TB require longer and more toxic treatments. Adverse

events include renal failure, hypokalemia, hypomagnesaemia, polyneuropathy, anemia, and

hearing loss [10]. By the end of 2017, 127 WHO Member States have reported XDR TB cases

[14]. Treatment of MDR and XDR TB is complicated, and adverse drug reactions are com-

mon. Newer drugs, shorter regimens, and all-oral MDR regimens are improving treatment

outcomes, but these drugs are costly and associated with adverse effects.

In addition to the symptoms, side effects of treatment, and costs associated with TB, many

patients with TB face isolation and stigma. Understanding the infectious nature of TB and

associating oneself as a disease vector lead to feelings of guilt and physical and emotional isola-

tion [23]. Many patients have reported TB-related stigma similar to that faced by HIV-positive

patients [23]. In audiovisual interviews, patients with MDR and XDR TB expressed their expe-

riences facing stigma, stating that the disease “limits you daily” and “makes your world

smaller” and feeling isolated: “I am living in a box, watching the world pass me by” [10]. When

looking at how TB burden has influenced disability-adjusted life-years (DALYs), the Global

Burden of Disease Study in 2016 found that drug-susceptible tuberculosis resulted in 39.9 mil-

lion DALYs (38.1 million to 41.9 million), multidrug-resistant tuberculosis without extensive

drug resistance 3.32 million (2.79 million to 3.91 million), and extensively drug-resistant

tuberculosis 369,000 (301,000–445,000) [24]. In comparison, in the same year, for the 10

NTDs defined in the London Declaration (i.e. human African trypanosomiasis, Chagas

disease, Guinea worm disease, leprosy, lymphatic filariasis, onchocerciasis, schistosomiasis,

soil-transmitted helminths, blinding trachoma, and visceral leishmaniasis) total DALYs were

estimated at 9.0 million (5.3 million to 14.5 million) [24].

Influence of poverty and development

Like NTDs, TB has long been defined as a disease of poverty. Globally, distinct patterns of TB

disease emerge in relation to poverty and development. In 2019, of the estimated 10 million

new cases of TB globally, approximately 5.4% occurred in Europe and the Americas combined,

whereas Africa and South-East Asia accounted for 69% [9]. Africa has the highest TB morbid-

ity and mortality rates, and the proportion of drug-resistant TB cases is increasing in Eastern

Europe [25]. These regional disparities can be correlated with patterns of poverty and develop-

ment. An ecological analysis of the incidence of TB and per capita gross domestic product

(GDP) found that doubling GDP was associated with a 38.5% decrease in TB incidence [26].

However, even in high-income countries, independent of ethnicity, TB is strongly associated

with poverty [27].

Poor nutrition is associated with poverty and TB disease and accelerates TB disease pro-

gression. Malnutrition can lead to secondary immunodeficiency, increasing susceptibility to

TB infection [28]. The reactivation of latent TB infection may also be related to malnutrition,

as chronic disease can lead to wasting in TB patients. Among tuberculin skin test positive U.S.

navy recruits, TB risk was nearly four times higher among underweight men [29]. Another

study in Norway found that the relative risk of TB among persons in the lowest body mass
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index (BMI) category was more than five times higher than the highest BMI category, indepen-

dent of sex, age, and radiographic findings [30]. The link between malnutrition and TB is bi-

directional. In patients with TB, reduced appetite, poor nutrient and micronutrient absorp-

tion, and altered metabolism can lead to wasting [28, 31].

Poverty is linked with substandard or inadequate housing, along with crowding and poor

indoor air quality, which are all drivers for TB disease. Overcrowded housing conditions can

increase TB exposure and the probability of transmission. A study across seven First Nations

communities in Canada found that an increase in 0.1 persons per room was associated with a

40% increase in the risk of>2 TB cases occurring [32]. Another study looking at household

contacts aged<15 years in Thailand found the risk of positive tuberculin skin testing in house-

hold contacts increased with household crowding; children living in crowded households were

five times more likely to have TB infection [33]. Many studies have also implicated tobacco

smoke and indoor air pollution as risk factors for TB infection, disease, and death [34].

Chronic exposure to tobacco and environmental air pollutants impairs the normal clearance

of secretions on the tracheobronchial mucosal surface, which may allow Mycobacterium tuber-
culosis to bypass defense mechanisms [35].

Cultural and social barriers can trap populations disproportionately affected in a cycle of

poverty and disease. TB disease is not just a product of poverty but also can lead to poverty as

evidenced by the large proportion of TB patients experiencing catastrophic TB treatment

costs. People in all age groups are affected by TB, but most TB cases are among working-age

adults [36]. Additionally, lack of basic health services or access, poor nutrition, and inadequate

living conditions contribute to TB transmission and morbidity and mortality rates. Poverty

contributes to the spread of TB, and TB contributes to the persistence of poverty.

Neglect

A huge obstacle in TB disease reduction and elimination is neglect—both in terms of funding

and political will. Although funding for TB prevention, diagnosis, and treatment services has

more than doubled since 2006, the Stop TB Partnership’s Global Plan to End TB 2016–2020

still estimated a gap of US$3.5 billion in TB funding in 2018 [36]. TB control funding comes

from three sources: government (including loans, such as from the World Bank); the Global

Fund to fight AIDS, TB, and Malaria (Global Fund); and donor agencies. Global health fund-

ing by disease highlights the neglect of TB. For TB, most funding comes from domestic

sources, unlike HIV and malaria funding, therefore TB control can be a major burden for low-

income countries with relatively small health budgets for competing priorities and diseases

[37]. The Global Fund receives and distributes donor money from developed nations and pri-

vate foundations and is the largest source of TB financing. The Global Fund disburses 18% of

funding to TB and 5% to TB/HIV, compared to 29% for malaria and 48% for HIV [37]. In

addition to contributions to the Global Fund, the United States government spends about 2%

of its global health funding on TB, compared to 9% for malaria and 48% for HIV [38]. Addi-

tionally, the United States government funding for TB could decrease; the President’s fiscal

year 2021 request proposes $283 million for TB, a decrease of $38 million from previous fiscal

years, in which TB control represented only 3% of the U.S. global health budget [38].

Neglect is also evidenced by slow TB vaccine and drug development. The Bacillus Calm-

ette-Guérin vaccine, first introduced in 1921, is still the only approved TB vaccine and only is

effective at preventing severe disease in children [39]. The main anti-TB drugs (rifampicin, iso-

niazid, pyrazinamide, ethambutol, and streptomycin) were introduced between 1948 and 1963

[40]. Until the FDA approved bedaquiline in 2012 for MDR TB, no new anti-TB drugs with a

novel mechanism of action were approved for four decades [41]. More recently in 2019, the
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FDA approved pretomanid for MDR TB [42]. Although other anti-TB drugs are in develop-

ment, there are far fewer drug candidates for TB than for other infectious diseases, especially

HIV [43]. Unfortunately, TB does not represent a substantial disease burden in high-income

countries and thus is not viewed as a lucrative investment in the US, European, and Japanese

pharmaceutical markets; in developing markets, new therapies are welcomed, but only if they

are affordable.

Although TB targets have been set and WHO declared TB a global health emergency in

1993, lack of political will has stalled progress. In 2015, the number of TB deaths surpassed

those of HIV deaths, resulting in TB as the leading global cause of infectious disease-related

death. In 2015, the End TB Strategy set targets of a 90% decrease in incidence rate and 95%

decrease in TB deaths (compared to 2015) by 2035 [44]. To reach these targets, the TB inci-

dence rate needs to decrease 4%–5% annually and the mortality rates need to be 10% by 2020

[36]. However, the TB incidence rate is decreasing by only 2% annually, and though decreas-

ing, the mortality rate is 16%, which is not enough to reach the End TB Strategy targets [36].

In 2018, heads of state gathered to discuss a concrete strategy for action and resource com-

mitment at the United Nations High-Level Meeting (UNHLM) on TB [45]. This, in conjunc-

tion with the Multisectoral Accountability Framework, is aimed at ensuring accountability for

commitments by governments and the health sector [46]. The UNHLM on TB set the target of

diagnosing 40 million people with TB by 2022, including 3.5 million children and 1.5 million

people with drug-resistant TB. An integral step in reaching the UNHLM TB targets is improv-

ing the accuracy and turnaround time of TB diagnostic tests. Until a decade ago, diagnosis of

TB disease in most high-burden countries depended on clinical examination and a century-

old testing technique, AFB smear microscopy. Although rapid TB diagnostic tests are available,

most people in high-burden countries continue to be tested for TB with AFB smear micros-

copy, which has low sensitivity and specificity and cannot detect drug-resistant TB [10]. The

advent of liquid culture media for M. tuberculosis has improved turnaround time, but, while

highly accurate, can take 6 weeks for a result and requires advanced laboratories. Existing

rapid diagnostics are faster, sensitive, and allow for the simultaneous detection of rifampin-

resistant TB (i.e., Xpert MTB/RIF) or MDR TB (i.e., GenoType MTBDRplus). To reach the

diagnosis commitments set by UNHLM, countries need 400% more GeneXpert modules and

600% more Xpert MTB/RIF cartridges per year—this is an incremental cost of approximately

$586 million, which is 5 times more than current investments [39]. Other targets set at the

UNHLM, include treating 40 million people who receive a TB diagnosis from 2018 to 2022,

including 1.5 million people with drug-resistant TB, and providing TB preventive therapy

(TPT) to at least 30 million people, including 4 million children and 20 million other house-

hold contacts and 6 million HIV-positive people. Although the UNHLM targets represent

focused political attention on TB and hope for ending TB, these targets will require financial

resources and continued political will to achieve.

Applying NTD lessons in order to end TB

The situation for NTDs has greatly improved in the past decades, total DALYs from the Lon-

don Declaration have declined 21.1% from 2010 to 2016; the success largely based on a deliber-

ate decision to utilize population-wide preventive approaches, such as mass drug

administration of preventive chemotherapy combined with broader interventions on social

environmental, and economic determinants of health [24, 47]. There are overarching princi-

ples for the design and implementation of NTD control programs that could be applied to end-

ing TB [47]. First, as both NTDs and TB affect the poor, interventions must be affordable and,

if possible, made available free-of-charge. Second, interventions must be simple, safe, and
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undemanding since people at higher risk may live beyond the reach of effective health systems.

Third, since there are few market incentives for research and development for diseases concen-

trated among the poor, programs should continue to move forward with what already exists in

parallel with using field experience to inform ideal new interventions. Finally, community

engagement is key to generate grassroots demand for treatment and reduce stigma.

In consideration of these overarching principles from NTD successes, the lens of affordabil-

ity, simplicity, and grassroots demand generation should be applied to TB therapies, such as

engagement of affected communities and civil society. The scale-up of therapies to treat MDR

or latent TB infection provide hope for addressing TB burden. In 2019, WHO issued new

guidelines for a shorter, all-oral, bedaquiline-containing regimen for the treatment of MDR

TB, after programmatic data from South Africa demonstrated significantly better adherence

and treatment outcomes [48]. The U.S. President’s Emergency Plan for AIDS Relief (PEPFAR)

has committed to providing TB preventative therapy (TPT) to all eligible persons receiving

antiretroviral therapy by 2021. In 2 years, across 16 PEPFAR countries, TPT initiations have

increased 32%, and TPT completions increased 56% [49]. Additionally, through other services

provided by PEPFAR and partners, several high HIV-burden countries are now on pace to

control their HIV epidemic, also improving the outlook for the TB epidemic [50]. However, in

contrast to increased TPT initiations and completions among people living with HIV, there is

still a discrepancy in the implementation of TPT for contacts, particularly for exposed or

infected children [36].

Similarly, continued demand and push for new TB diagnostics is important. New point-of-

care diagnostics, scale-up of proven therapies, and epidemic control of HIV in some countries,

are prospects for addressing challenges to end TB. The Xpert MTB/RIF Ultra assay (Ultra;

Cepheid, Sunnyvale, CA), uses the same GeneXpert module as Xpert MTB/RIF but has

improved sensitivity and a lower limit of detection of M. tuberculosis. The increased sensitivity

is important for diagnosis of TB and detection of rifampin resistance, especially among

patients with smear-negative results, which often is the case for HIV-positive individuals and

children [51]. The recently released lateral flow urine lipoarabinomannan assays (LF-LAM) is

recommended by WHO for the diagnosis and screening of TB in HIV-positive individuals

with low CD4 counts or who are seriously ill [52]. Urine is easier to collect and store and lacks

the infection risks associated with sputum collection. However, the sensitivity of the LF-LAM

assay has yet to be optimized for use among the general population. Use of these diagnostics,

especially in vulnerable populations, improves detection and early initiation of treatment.

While certain lessons learned from tackling NTDs can be applied to ending TB, it is too

simplistic to suggest that TB can be ended through solely overcoming neglect, increasing fund-

ing, and boosting political will. While these factors are certainly paramount, it is important to

recognize that TB vaccine development efforts have been hampered by the complexity of TB

immunology and limited knowledge of clearly established correlates of protection. Addition-

ally, civil conflicts, discrimination, and war interfere with access to care, and as long as there

exist unstable political situations in which the population cannot access health care or net-

works of health care structures are destroyed, control of TB may not be possible. Finally, edu-

cation and learning from history is important. For example, the consequence of inadequate

education and mismanagement of TB patient care is a reason for the increase in MDR-TB

prevalence in certain regions of the world.

Conclusions

There are key similarities TB shares with NTDs, including the basis of its underlying burden of

disease, influence and effect on poverty and development, and neglect through political will
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and funding. In presenting TB within the framework of NTDs, the intention is to gain insights

from the successes in battling NTDs and how lessons learned can help global health programs

change the trajectory of the TB epidemic, decrease TB morbidity and mortality rates and reach

the End TB goals.
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