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Abstract

Background Tuberculosis (TB) is a communicable disease that is a major cause of death and one of the leading
causes of death worldwide. Currently, there is no analyzed data to examine the financial profile of TB by country,
continent, and year; this article analyzed TB prevention, diagnosis, and treatment financial profile during the last two
decades.

Methods Original research, reviews, and governmental databases are analyzed to present the financial profile of TB.

Results Analyzed data showed Europe (23137.133), Asia (20137.073), and Africa (15237.973) had the most allocated
funds (US $ million), and Oceania (236.702), and America (4745.043) had the lowest allocated fund (US $ million)
during 2006-2021. Additionally, the allocation of funds (domestic funds, global funds, and grants [excluding global
funds]) in different countries and proper planning for TB eradication has caused that in the last two decades, the slope
of the confirmed cases and deaths graph line is negative.

Conclusion The number of confirmed cases and deaths reported globally is decreasing. The trend lines showed that
the assigned funds are increasing, indicating that the TB eradication plan can be apprehended soon.
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Introduction

Tuberculosis (TB) is a global infectious disease, and
its morbidity and mortality remain one of the major
global health challenges. Till the coronavirus disease
2019 (COVID-19) pandemic, TB was the leading cause
of death from a single infectious agent, ranking above

human immunodeficiency virus (HIV)/ acquired immu-
nodeficiency syndrome (AIDS). The number of people
newly diagnosed reported with TB was 7.1 and 5.8 mil-
lion in 2019 and 2020, respectively [1]. Tuberculosis
is reported as one of the ten most important causes of
death from infectious diseases worldwide [2, 3]. About

one-third of the world’s population is infected by Myco-
bacterium tuberculosis [4]. The World Health Organiza-
tion (WHO) reported 5.8 million people suffering from
TB, and 1.51 million (1.3 million HIV-negative, 0.21 HIV-
positive) people died in 2021 [5]. More than 95% of TB
deaths occur in developing countries [6]. Factors such as
immune system deficiency, the prevalence of multi-drug
resistant strains of M. tuberculosis, and people’s aging are
considered risk factors for contracting TB [7, 8]. Despite
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many scientific advances and the efforts of various inter-
national organizations, TB is still one of the most life-
threatening diseases in the world [9, 10]. Geographically,
most cases of TB are in Southeast Asia, Africa, and the
West Pacific respectively [11]. In case of no appropri-
ate treatment for TB and an increase in drug resistance,
treatment procedures of patients face serious problems
and lead to increased costs of treatment and side effects.
Multi-drug-resistant TB (MDR-TB) can be present in
primary TB infection or be considered a complication
during treatment. In 2018, 3.4% of newly diagnosed TB
patients and 18% of previously treated TB patients world-
wide were infected by MDR-TB strains [12]. TB and its
complications cause many economic problems. Despite
the fact that TB diagnosis and treatment processes are
free, TB patients incur a lot of costs. The expensive care
and treatment of TB can lead to a delay in diagnosis and,
as a result, inappropriate treatment of patients, which
leads to the increase the rate of MDR strains that require
more expensive treatment [13, 14].

According to the WHO report in 2020, out of the
estimated cost of 5.6 billion dollars, 4.2 billion and
2.26 billion were allocated for diagnosing and treating
drug-sensitive and drug-resistant TB, respectively. The
rest of the remaining funds were considered for cases
such as TB preventive treatment, specific interventions
for HIV-related TB, and miscellaneous items [15]. The
High-Level Panel for the United Nations Sustainable
Development Goals (SDGs) has estimated that an invest-
ment of US$1 in TB care brings a return of US$ 30. Other
studies have estimated this return to be as high as US$
115 for every dollar invested in TB care [16]. Hence, TB
preventions, diagnosis, and treatment financial profile
analyzing is very important due to the significant and
especial condition of TB. This analyzing information help
authorities and government to decide in which country
or continent to spend TB funds that can contribute to the
TB eradication program. To the best of our knowledge,
this is the first analysis paper that analyzes TB preven-
tion, diagnosis, and treatment financial profile during
2006-2021 based on the WHO annual report.

Methods

We considered data reported by countries to the
WHO and estimates of the TB burden generated
by the WHO for the Global Tuberculosis Report
from 2006 to 2021 (https://www.who.int/teams/
global-tuberculosis-programme/data).

In the Financing for TB prevention, diagnosis, and
treatment data (https://app.powerbi.com/view?r=eyJrljo-
iIMGIwZDUzMmItODE5Yi00YjAzLTIIMGEtNGVhMG-
V1YzA4YWVkliwidCI6ImY2MTBjMGI3LWJkMjQtN-
GIzOSO04AMTBiIiLTNkYzI4AMGFmYjU5MCIsImMiOjh9),
we address data of funding by source (US$ million).
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Next, extracted all data by continent, country, and years
(2006—2021) were categorized into three groups follow as
domestic, global fund, and grants (excluding global fund)
(Supplementary Table 1). Subsequently, all data were
analyzed by GraphPad Prism version 9.3 (prism.exe).

Results and discussion

Tuberculosis and world health organization plan

A global milestone for reducing the burden of TB
(defined as TB incidence and TB deaths) by all WHO
and United Nations) UN (Member States through the
adoption of the WHO End TB Strategy (2016-2035) in
the World Health Assembly (WHA) in 2014 and the Sus-
tainable Development Goals (SDGs) in the UN General
Assembly in 2015 [17].

The first milestone of the end TB strategy is a 20%
reduction in TB incidence rates (the number of new and
relapsed cases per 100,000 people per year) by 2020 com-
pared to 2015. The second milestone in 2025 is a 50%
reduction compared to 2015, followed by 80% reduction
targets by 2030 and a 90% reduction by 2035. Tubercu-
losis incidence per 100,000 people per year as the indi-
cator to measure progress toward ending the global TB
epidemic by 2030 is an important target of SDG 3 [18].
Achieving the milestones and targets requires an annual
reduction in TB incidence rates of 4—5% by 2020, accel-
erating to 10% per year by 2025 and then an average of
17% per year from 2025 to 2035. Once the milestones
and targets were determined, the key requirements to
achieve them were identified. They included the provi-
sion of TB prevention, diagnosis, and treatment services
in the context of progress toward universal health cover-
age (UHC), multisectoral actions to address the various
social and economic determinants of TB, and technologi-
cal advances (such as a new vaccine by 2025) [19, 20].

Tuberculosis financial profile by year

Progress in reducing the burden of TB requires sufficient
funding to be sustained over many years and accessible to
all countries. To this end, the WHO began annual moni-
toring of funding for TB prevention, diagnosis, and treat-
ment services in 2002. Findings have been published in
global TB reports and peer-reviewed journals [21-23].
This funding source includes domestic, global, and grants
(excluding global funds). The detail of this funding is pro-
vided in Supplementary Table 1.

The updated data from financial for TB prevention,
diagnosis, and treatment worldwide can be found on
the WHO website. Based on our analysis, the domestic
fund is 3.75 times more than the global fund and 17 times
more than the grant (excluding the global fund) during
2006-2021. Furthermore, the global fund is 4.54 times
more than grants. Correspondingly, the trend lines and
positive formula slopes showed that the whole source
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funding is increasing (Fig. 1). Based on the formulas,
the slope of the domestic fund formula is 137.19, which
is higher than the global fund and grants (Fig. 1), that
is indicated that governments have planned for the TB
eradication plan identified by the WHO and have taken
steps to achieve the set goals.

On the other hand, domestic funds in 2011, 2013, and
2020 had the most budget during 2006—2021. In 2014
global funds and 2011 grants had the most budget world-
wide during 2006-2021. In total, 2014, 2011, and 2013,
respectively, have allocated the most funds globally
between the years 2006 to 2021. These results may cor-
relate with the decreased slope formula of confirmed and
death cases from 2006 to 2020, which is confirmed by the
eradication of TB that the WHO indicates. Moreover,
the least allocated funds were in 2006, 2007, and 2008. It
specifies that fewer funds were allocated to this plan in
the early years of the TB eradication plan and increased
accordingly.
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In this part, we categorized the data into four groups,
2006-2009, 2010-2013, 2014-2017, and 2018-2022. Fig-
ure 2 illustrates that the domestic fund has the most bud-
get in the second four years (2010-2013). The global fund
has the most budget in the third group (2014—2017). The
grant in 2018-2021 has the most budget during the last
two decades. Our analysis showed that the most budget
in the last two decades had been allocated from 2014 to
2017.

Figure 2 indicates that the trend lines and positive
formula slopes in whole source funding are increasing.
Based on the formulas, the slope of the domestic fund
formula is 2194.4, which is higher than the global fund
and grants (Fig. 2). The slope formula of the domestic
fund is 2.1 times more than the global fund, followed by
15.34 times more than grants. Furthermore, the global
fund is seven times more than grants. These findings
indicate that all countries and governments have taken
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Fig. 1 Analysis of funding by source (US $ million) per year from 2006-2021base on the global TB report 2021
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Fig. 2 Analysis of funding by source (US $ million) in 4-year intervals from 2006-2021base on the global TB report 2021

the TB eradication plan seriously and are employed
towards achieving this important universal target.

Another part of our analysis that analyzed the data by
continent provided considerable information, shown in
Fig. 3. In all continents, domestic funds are more than
global funds and grants, except in Africa. In Africa,
global funds are more than domestic funds and grants.
This means that Africa has received more attention from
global funds and has been more successful in receiving
them than other continents. According to the reports of
the WHO, 30 countries have been reported as high TB
burden countries.

One of the reasons for the global attention to the Africa
can be due to the presence of more than half of these 30
countries in the African continent. Perhaps it can be con-
cluded that if the countries with high TB burden coun-
tries are given more attention and allocated more funds
to these countries for TB diagnosis and treatment, the
TB eradication plan will be pursued more successfully.

On the other hand, it may effectively reduce the time to
achieve this global goal, and tuberculosis will be eradi-
cated in a shorter time.

Tuberculosis financial profile by continent

Considering Fig. 3, the global funds and grants are the
most in Africa and Asia and the least in Oceania during
2006-2021. Besides, Fig. 3 indicated that Europe dedi-
cated the most domestic funds to TB eradication during
2006-2021. Furthermore, Oceania dedicates the least
domestic funds to TB eradication. Overall, Europe, Asia,
and Africa allocated the most funds, and Oceania and
America allocated the least funds to the TB eradication
plan during 2006—2021. This shows that the allocation
of domestic funds, global funds, and grants for all con-
tinents has not been the same, and each continent has
acted according to its special planning to eradicate TB.
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Fig. 3 Analysis of funding by source (US $ million) by continent from 2006-2021base on the global TB report 2021

Tuberculosis financial profile by year and continent
Interestingly the analysis for each continent illustrates
considerable information to control and eradicate the TB
plan (Fig. 4). In Africa, the most funds were allocated in
2014, 2013, and 2016, while the least was in 2009, 2006,
and 2012. Domestic funds, global funds, and grants have
a slow-rising slope. The domestic funds were the most
in 2014, 2013, and 2008 and the least in 2009, 2012, and
2006. The most global funds were in 2014, 2016, and 2021
and the least were in 2006, 2007, and 2009. The most
grants were in 2021, 2020, and 2018 and the least were in
2012, 2006, and 2007.

In America (Fig. 4), the most funds were allocated in
2013, 2018, and 2019 and the least were in 2007, 2010,
and 2008. The grants and global funds have a very slow
rise, while the domestic funds have a steeply rising slope.
The domestic funds were the most in 2013, 2019, and
2020 and the least in 2007, 2010, and 2008. The most
global funds were in 2018, 2017, and 2019 and the least
were in 2007, 2010, and 2012. The most grants were in
2007, 2009, and 2012 and the least were in 2021, 2019,
and 2018.

In Asia (Fig. 4), the most funds were allocated in 2021,
2020, and 2019 and the least were in 2006, 2007, and
2008. The increasing slope decreases domestic funds,
global funds, and grants. The domestic funds have the
steepest rising slope. The domestic funds were the most
in 2020, 2021, and 2019 and the least in 2006, 2007, and

2008. The most global funds were in 2021, 2017, and 2016
and the least were in 2006, 2007, and 2008. The most
grants were in 2019, 2018, and 2015 and the least were in
2012, 2007, and 2011.

In Europe (Fig. 4), the most funds were allocated in
2015, 2014, and 2013 and the least were in 2006, 2007,
and 2008. The increasing slope for domestic funds was
steep, while the slope for global funds and grants was
very slow. The domestic funds were the most in 2015,
2014, and 2013 and the least in 2006, 2007, and 2008. The
most global funds were in 2007, 2011, and 2017 and the
least were in 2015, 2021, and 2014. The most grants were
in 2015, 2017, and 2021 and the least were in 2011, 2010,
and 2012.

In Oceania (Fig. 4), the most funds were allocated in
2020, 2019, and 2015 and the least were in 2006, 2007,
and 2009. Domestic funds and grants have a steeply ris-
ing slope, whereas global funds have a slow slope. The
domestic funds were the most in 2019, 2020, 2015 and
the least in 2009, 2016, and 2006. The most global funds
were in 2012, 2016, and 2017 and the least were in 2006,
2007, and 2008. The most grants were in 2020, 2015, and
2019 and the least were in 2010, 2011, and 2012.

Tuberculosis financial profile by countries

The 126 countries were examined for differences in
domestic funds, global funds, and grants. Supplemen-
tary Table 1 is a condensed version of all country details.
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Fig. 4 Analysis of funding by source (US $ million) from 2006-2021base on the global TB report 2021 for each continent. Green: domestic funds, blue:

global funds, and red: grants

Figure 5 presents a heat map of the domestic funds,
global funds, and grants to visualize these differences.

As Fig. 5 illustrates, during 2006—2021, Burkina Faso,
Comoros, Somalia, and Turkmenistan have not indicated
any domestic funds for the TB eradication plan. Gre-
nada, Djibouti, Saint Vincent and the Grenadines, the
Gambia, American Samoa, Tuvalu, Tongo, Montenegro,
the Maldives, Samoa, and the Cabo Verde indicated the
least domestic funds (<1 US $ million) to TB eradication
plan. The Russian Federation allocated the most domestic

funds (>20,000 US $ million) to the TB eradication
plan, which was followed by China, South Africa, India,
Kazakhstan, Paraguay, Cote d’'Ivoire, and Peru (>1,000
US $ million).

Additionally, Fig. 5 exemplifies that during 2006—-2021,
Comoros, Grenada, Saint Vincent and the Grenadines,
American Samoa, Algeria, Argentina, Malaysia, Mexico,
and Turkey have not received any global funds for the TB
eradication plan. The Maldives, Samoa, Tongo, Jamaica,
Cabo Verde, Tuvalu, Kiribati, and Micronesia received
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the least global funds (<1 US $ million) for the TB eradi-
cation plan. Burkina Faso received the most domestic
funds (>4,000 US $ million) for the TB eradication plan,
which is followed by India, Nigeria, Pakistan, and Indo-
nesia (>500 US $ million).

Besides, heat map analysis shows Grenada, Saint Vin-
cent and the Grenadines, American Samoa, Algeria,
Argentina, Malaysia, Turkey, Tongo, Libya, Belize, Turk-
menistan, Iran, Tunisia, Serbia, Colombia, Ecuador, Syr-
ian Arab Republic, Bulgaria, the Russian Federation,
and Burkina Faso have not received any grants. Tuvalu,
Jamaica, Samoa, Montenegro, Gambia, Bosnia and Her-
zegovina, the Maldives, and El Salvador received<0.1
US $ million. India received the most grants (>250 US $
million) for the TB eradication plan, which is followed by
Nigeria, Ethiopia, Indonesia, South Africa, and Myanmar
(>100 US $ million).
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Conclusion

Analyzing available data can help authorities decide how
to assign different sources of funds to different countries
to eradicate TB as soon as possible. Hence, this study
aimed to collect and analyze data from articles and data-
bases. Numerous researchers in different parts of the
world analyzed the available data to predict the TB eradi-
cation plan; nevertheless, no paper has been published
that analyzed the financial profile of TB prevention, diag-
nosis, and treatment from 2006 to 2021worldwide. On
average, 5107.475 US $ million per year from 2006 to
2021 have been allocated to the TB eradication plan.

The most assigned funds were in 2014 (8797.58 US $
million) and 2011 (7038.08 US $ million) worldwide, dur-
ing 200-2021. The least allocated funds were also in 2006
(1263.54 US $ million), followed by 2007 (1815.97 US $
million). In 2019, when six of the largest continental bud-
gets were allocated to the TB eradication program, and
in 2007, ten of the lowest continental budgets were allo-
cated to the TB eradication plan. Our obtained results
show different continents earmarked wide-ranging funds
for the mentioned plan in several years, Africa (the most:
2014, the least: 2009), America (the most: 2013, the least:
2007), Asia (the most: 2021, the least: 2006), Europe (the
most: 2015, the least: 2006), and Oceania (the most: 2020,
the least: 2006). Allocation of funds in different countries
and proper planning for TB eradication has caused that
in the last two decades, the slope of the confirmed cases
and deaths graph line is negative, and the number of con-
firmed cases and deaths reported globally is decreasing.
As alimitation, in the present study, our focus was on the
financial profile of every country which could be affected
by other factors such as population, climate, race, etc. In
future studies, the other confounding variables should be
considered as undeniable variables. In the future, addi-
tional analyses based on the updated data are essential to
analyze the TB financial profile to eradicate TB in 2035
or sooner.

Supplementary Information
The online version contains supplementary material available at https://doi.
0rg/10.1186/512962-023-00479-z.

Additional File 1: Supplemntry Table 1. The detail of the funding source in-
cludes domestic, global, and grants (excluding global funds) in all country
between 2006-2021

Acknowledgements
Not applicable.

Authors’ contributions

MM, KA, and NM: Conceived and designed the framework; wrote the first draft
manuscript; FV, AF, and SDS: revised the paper. All authors read and approved
the final manuscript.

Funding
None.


https://doi.org/10.1186/s12962-023-00479-z
https://doi.org/10.1186/s12962-023-00479-z

Meskini et al. Cost Effectiveness and Resource Allocation

Data Availability
The data used to support the findings of this study are included in the article
and supplementary file.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that there is no competing interest.

Received: 23 January 2023 / Accepted: 13 September 2023
Published online: 19 September 2023

References

1.
2.

Silva DR, Mello FCQ, Migliori GB. Tuberculosis series 2020. SciELO Brasil; 2020.
YuY, Zhang Y,Hu S, Jin D, Chen X, Jin Q et al. Different patterns of cytokines
and chemokines combined with IFN-y production reflect Mycobacterium
tuberculosis infection and disease. 2012.

Dhamnetiya D, Patel P, Jha RP, Shri N, Singh M, Bhattacharyya K. Trends in
incidence and mortality of tuberculosis in India over past three decades: a
joinpoint and age—period-cohort analysis. BMC Pulm Med. 2021;21(1):1-14.
Kim S, Kim YK, Lee H, Cho J-E, Kim HY, Uh Y, et al. Interferon gamma mRNA
quantitative real-time polymerase chain reaction for the diagnosis of latent
tuberculosis: a novel interferon gamma release assay. Diagn Microbiol Infect
Dis. 2013;75(1):68-72.

Hidalgo M, Asmat Marrufo P, Lezama Asencio P, Ramos C, Chimoy Tufioque
CA, Zolla G. Evaluation of in vitro susceptibility to sparteine in four strains of
Mycobacterium tuberculosis. Revista Peruana de Medicina Experimental y
Salud Publica. 2022;39:77-82.

Méda ZC, Huang C-C, Sombié |, Konaté L, Somda PK, Djibougou AD et al.
Tuberculosis in developing countries: conditions for successful use of a
decentralized approach in a rural health district. Pan Afr Med J. 2014;17.
Narasimhan P, Wood J, MacIntyre CR, Mathai D. Risk factors for tuberculosis.
Pulmonary medicine. 2013;2013.

Kirenga BJ, Ssengooba W, Muwonge C, Nakiyingi L, Kyaligonza S, Kasozi S, et

al. Tuberculosis risk factors among tuberculosis patients in Kampala, Uganda:

implications for tuberculosis control. BMC Public Health. 2015;15(1):1-7.
MEYSAMI A, SALEHI M, Sargolzaei N. Trend of smear positive pulmonary
tuberculosis in Sistan and Baluchestan Province (2005-2008). 2010.

(2023) 21:68

20.

21.

22.

23.

Page 8 of 8

Daniel T. Historical review. The history of tuberculosis. Respiratory Med.
2006;100(11):1862-70.

Alashavi H, Daher M, Chorgoliani D, Saflo M, Zeidan M, Huseyinibrahim F

et al. Descriptive epidemiology of the Tuberculosis Service Delivery Project
beneficiaries in Northwest Syria: 2019-2020. Front Public Health. 2021:942.
Bahizi G, Majwala RK; Kisaka S, Nyombi A, Musisi K, Kwesiga B, et al. Epidemio-
logical profile of patients with rifampicin-resistant tuberculosis: an analysis of
the Uganda National Tuberculosis Reference Laboratory Surveillance Data,
2014-2018. Antimicrob Resist Infect Control. 2021;10(1):1-9.

Asres A, Jerene D, Deressa W. Pre-and post-diagnosis costs of tuberculosis

to patients on directly observed treatment short course in districts of south-
western Ethiopia: a longitudinal study. J Health Popul Nutr. 2018,37(1):1-11.
Tanimura T, Jaramillo E, Weil D, Raviglione M, Lonnroth K. Financial burden
for tuberculosis patients in low-and middle-income countries: a systematic
review. Eur Respir J. 2014,43(6):1763-75.

WHO G. Global tuberculosis report 2020. Glob Tuberc Rep. 2020.

Goodchild M, Sahu S, Wares F, Dewan P, Shukla R, Chauhan L, et al. A cost-
benefit analysis of scaling up tuberculosis control in India. Int J Tuberc Lung
Dis. 2011;15(3):358-62.

Fukunaga R, Glaziou P, Harris JB, Date A, Floyd K, Kasaeva T. Epidemiology of
tuberculosis and progress toward meeting global targets—worldwide, 2019.
Morb Mortal Wkly Rep. 2021;70(12):427.

Dirlikov E, Raviglione M, Scano F. Global tuberculosis control: toward the 2015
targets and beyond. Ann Intern Med. 2015;163(1):52-8.

Floyd K, Glaziou P, Houben R, Sumner T, White R, Raviglione M. Global tuber-
culosis targets and milestones set for 2016-2035: definition and rationale. Int
JTuberc Lung Dis. 2018;22(7):723-30.

Organization WH. Tuberculosis control: report of a meeting of national pro-
gramme managers and partners, New Delhi, India, 10-14 November 2014.
World Health Organization; 2015.

Floyd K, Fitzpatrick C, Pantoja A, Raviglione M. Domestic and donor financing
for tuberculosis care and control in low-income and middle-income coun-
tries: an analysis of trends, 2002-11, and requirements to meet 2015 targets.
The Lancet Global Health. 2013;1(2):2105-e15.

Floyd K, Pantoja A, Dye C. Financing tuberculosis control: the role of a global
financial monitoring system. Bull World Health Organ. 2007,85:334-40.

Su'Y, Baena IG, Harle AC, Crosby SW, Micah AE, Siroka A, et al. Tracking total
spending on tuberculosis by source and function in 135 low-income and
middle-income countries, 2000-17: a financial modelling study. Lancet Infect
Dis. 2020;20(8):929-42.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Tuberculosis prevention, diagnosis, and treatment financial profile during 2006–2021: PART A
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Results and discussion
	﻿Tuberculosis and world health organization plan
	﻿Tuberculosis financial profile by year
	﻿Tuberculosis financial profile by continent
	﻿Tuberculosis financial profile by year and continent
	﻿Tuberculosis financial profile by countries

	﻿Conclusion
	﻿References


