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Economic impact of tuberculosis mortality in 120 countries 
and the cost of not achieving the Sustainable Development 
Goals tuberculosis targets: a full-income analysis
Sachin Silva, Nimalan Arinaminpathy, Rifat Atun, Eric Goosby, Michael Reid

Summary
Background The tuberculosis targets for the UN Sustainable Development Goals (SDGs) call for a 90% reduction in 
tuberculosis deaths by 2030, compared with 2015, but meeting this target now seems highly improbable. To assess the 
economic impact of not meeting the target until 2045, we estimated full-income losses in 120 countries, including 
those due to excess deaths resulting from COVID-19-related disruptions to tuberculosis services, for the period 2020–50.

Methods Annual mortality risk changes at each age in each year from 2020 to 2050 were estimated for 120 countries. 
This risk change was then converted to full-income risk by calculating a population-level mortality risk change and 
multiplying it by the value of a statistical life-year in each country and year. As a comparator, we assumed that current 
rates of tuberculosis continue to decline through the period of analysis. We calculated the full-income losses, and 
mean life expectancy losses per person, at birth and at age 35 years, under scenarios in which the SDG targets are met 
in 2030 and in 2045. We defined the cost of inaction as the difference in full-income losses and tuberculosis mortality 
between these two scenarios.

Findings From 2020 to 2050, based on the current annual decrease in tuberculosis deaths of 2%, 31·8 million 
tuberculosis deaths (95% uncertainty interval 25·2 million–39·5 million) are estimated to occur, corresponding to an 
economic loss of US$17·5 trillion (14·9 trillion–20·4 trillion). If the SDG tuberculosis mortality target is met in 2030, 
23·8 million tuberculosis deaths (18·9 million–29·5 million) and $13·1 trillion (11·2 trillion–15·3 trillion) in economic 
losses can be avoided. If the target is met in 2045, 18·1 million tuberculosis deaths (14·3 million–22·4 million) and 
$10·2 trillion (8·7 trillion–11·8 trillion) can be avoided. The cost of inaction of not meeting the SDG tuberculosis 
mortality target until 2045 (vs 2030) is, therefore, 5·7 million tuberculosis deaths (5·1 million–8·1 million) and 
$3·0 trillion (2·5 trillion–3·5 trillion) in economic losses. COVID-19-related disruptions add $290·3 billion 
(260·2 billion–570·1 billion) to this cost.

Interpretation Failure to achieve the SDG tuberculosis mortality target by 2030 will lead to profound economic and 
health losses. The effects of delay will be greatest in sub-Saharan Africa. Affected countries, donor nations, and the 
private sector should redouble efforts to finance tuberculosis programmes and research because the economic 
dividend of such strategies is likely to be substantial.

Funding None.

Copyright © 2021 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY 4.0 
license.

Introduction
Ending tuberculosis, a major global health threat, is widely 
agreed to be an attractive and important investment.1 
Nonetheless, realising the UN Sustainable Development 
Goal (SDG) of ending the tuberculosis epidemic by 2030 
now seems increasingly improbable.2 Even before the 
COVID-19 pandemic, there was broad scepticism that 
without an effective mechanism to interrupt transmission, 
achieving the targets would be difficult.3 Unfortunately, 
COVID-19 has had a profound impact on global 
tuberculosis programmes, interrupting routine services,4 
restricting care-seeking,5 and limiting the availability of 
care providers and essential diagnostic products.6 Early 
modelling suggested that in India, Kenya, and Ukraine, a 
3-month shutdown followed by a 10-month recovery 

period was projected to give rise to substantial additional 
tuberculosis burden in the next 5 years,7 adding 
US$1·95 billion to tuberculosis-related health spending in 
India, $29·43 million in Kenya, and $96·38 million in 
Ukraine.8 The Global Tuberculosis Report 2020 found that 
the 14% cumulative reduction in tuberculosis deaths from 
2015 to 2019 fell far short of the 35% needed to reach the 
2030 mortality target.9 Understanding the full costs and 
consequences of not meeting the targets is, therefore, of 
great importance. Moreover, a full assessment of costs 
strengthens the case for advanced trials and licensure of a 
tuberculosis vaccine, the funding for which could now be 
increasingly diverted towards COVID-19-related priorities. 
It also allows governments to carefully allocate resources 
that are now highly constrained.10
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The economic impact of tuberculosis has been widely 
studied over the past 20 years.11,12 Tuberculosis adversely 
affects the labour force,13 exhausts government health 
budgets,14 depresses household savings,15–17 and disrupts 
local economies.18 However, the overall evidence on the 
economics of ending tuberculosis has remained hetero
geneous, without a comprehensive assessment of the cost 
of the tuberculosis epidemic on economic welfare.1 The 
COVID-19 pandemic has reasserted the need to understand 
these broader welfare consequences of disease.

Building on the economic analysis outlined in the 
Lancet Commission on Tuberculosis,1 we provide a 
comprehensive assessment of the global economic 
impact of tuberculosis mortality. We use a full-income 
approach, which measures the impact on living standards 
in terms of consumption, and the added value of averting 
mortality, in terms of the individual valuation of the 
trade-off between consumption and health.19,20 We 
supplement the economic assessment with an assess
ment of the impact on population life expectancy. 
Correspondingly, we calculate the economic and life 
expectancy dividend of achieving the SDG target of 
reducing tuberculosis deaths by 90% of 2015 rates by 
2030,21 and the respective penalties should achievement 
be delayed until 2045 (the best-case plausible scenario, in 

line with the Lancet Commission on tuberculosis,1 even 
with COVID-19). We refer to this economic and life 
expectancy penalty as the cost of inaction, and calculate 
its magnitude as well as its share attributable to HIV 
and multidrug-resistant (MDR) tuberculosis, across 
120 countries from 2020 to 2050. We present, to the best 
of our knowledge, the first estimate of the global 
economic cost of tuberculosis mortality.

Methods
Study design
We calculated gains in life expectancy22 from 2020 to 
2050 in 120 countries (which accounted for 99·41% of 
global tuberculosis deaths in 201923), should tuberculosis 
deaths decline under three scenarios: at a steady 2% 
annually,23 referred to as the business-as-usual scenario; 
at a constant annual rate that allows the SDG tuberculosis 
mortality target to be met in 2030, and continuing on the 
same trajectory until 2050; or at a constant annual rate 
that allows the SDG tuberculosis mortality target to be 
met in 2045, and continuing on the same trajectory until 
2050 (appendix pp 14–15). We calculated excess deaths 
due to COVID-19-related disruptions in tuberculosis 
services on the basis of a modelling analysis by Cilloni 
and colleagues7 (appendix p 15). We used the life tables 

Research in context

Evidence before this study
We searched PubMed for articles published between 
Jan 1, 2000, and Dec 31, 2020, using search terms that were 
broadly representative of health and economic impacts of 
tuberculosis, inclusive of mortality and morbidity impacts, and 
consequent economic and welfare losses. We excluded studies 
that were published in languages other than English. We found 
that previous macroeconomic assessments of tuberculosis 
treatment and control have examined the impact of specific 
interventions such as the directly observed treatment short-
course strategy, proposed in the Global Plan to Stop TB 
2006–2015. Existing studies have also sought to evaluate the 
effect of changing tuberculosis incidence on per-capita and 
per-worker gross domestic product growth. The years of life lost 
due to tuberculosis, as well as the effects of tuberculosis 
treatment on all-cause mortality, have also been previously 
estimated, most notably as a part of benefit–cost calculations in 
the Lancet Commission on investing in health. The likelihood of 
meeting the tuberculosis mortality targets set in the 
Sustainable Development Goals (SDGs) was evaluated by the 
Global TB Report 2020, which concluded that the cumulative 
reduction in tuberculosis deaths between 2015 and 2019 was 
14%, less than halfway towards the 35% reduction needed. To 
our knowledge, no previous estimates have been made of the 
effects on life expectancy or full-income due to the decline in 
tuberculosis deaths in 120 countries from 2020 until 2050. 
More importantly, there are no previous estimates of the 
economic consequences of meeting the SDG tuberculosis 

mortality target, particularly on full-income, which gives a 
more accurate and complete picture of the value of 
investments in tuberculosis control efforts compared with 
previous studies of economic impact.

Added value of this study
To our knowledge, this is the first study to estimate full-income 
losses due to tuberculosis mortality in 120 countries, in 2018, 
and from 2020 to 2050. Moreover, it is the first to extend these 
estimates to assess the economic consequences of not meeting 
the SDG tuberculosis mortality target by 2030. The study also 
establishes the contribution of tuberculosis among people living 
with HIV and multidrug-resistant tuberculosis to economic 
losses. Because our economic burden estimates are 
supplemented by estimates of the impact on life expectancy, 
they provide a complementary view of the impact of tuberculosis 
mortality. Lastly, the study includes estimates of the excess full-
income losses due to excess tuberculosis deaths resulting from 
COVID-19-related disruptions in 120 countries, which, to the 
best of our knowledge, has not been previously estimated.

Implications of all the available evidence
This study provides an assessment of the potential impact of 
not meeting the SDG tuberculosis mortality target by 2030, 
highlighting the substantial economic losses that will result 
from failing to achieve a 90% reduction in tuberculosis mortality 
(compared with 2015) until 2045 compared with achieving it 
in 2030. The analysis also provides some insight into how 
COVID-19-related-disruptions could exacerbate these losses.

See Online for appendix
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and population projections for each country available 
from the World Population Prospects database of the UN 
Population Division.24

Procedures
We included deaths due to tuberculosis or its sequalae 
(International Classification of Diseases, 10th revision 
codes: A15–19 and B90) and deaths in people living with 
HIV if tuberculosis is the contributory cause,25 all of 
which are estimated in the Global Tuberculosis Report 
2020.23 We calculated tuberculosis deaths in each World 
Population Prospects life table age interval, using the age 
distribution of tuberculosis deaths in 2018,26 which we 
assumed applied through 2050 for deaths due to all 
causes and deaths due to all causes excluding HIV. For 
tuberculosis deaths in people living with HIV, we used 
the age incidence of HIV in 2018,27 which we assumed 
remained constant through 2050. To model the decline 
in tuberculosis deaths to meet the SDG tuberculosis 
mortality target in 2030 and 2045, we assumed an 
exponential decline at a fixed average annual rate that led 
to deaths in these respective years being reduced to 10% 
of the tuberculosis deaths in 2015.

We denoted the full-income losses due to tuberculosis 
as V(e0, eTB, y), where e0 is the hazard of mortality 
without tuberculosis, eTB is the hazard of mortality with 
active tuberculosis and y is the income per capita. 
We transformed the excess hazard of mortality to 
standardised mortality units (∆SMU; a 1 in 10 000 change 
in mortality risk), then calculated the population value of 
this risk change for each country and year by multiplying 
the ∆SMU value by the population in each age interval 
(n(a)) and rescaling for the life expectancy at the age 
interval (e(a)) using life expectancy at age 35 years (e(35)) 
as the reference life expectancy. To estimate the monetary 
value of the risk change, we calculated the population 
value of the risk change at each age and then multiplied 
by the value of a statistical life-year (for the country 
and year), calculated as a proportion (γ) of the income 
per capita, which we modelled over the 30 years (appendix 
p 12).20 For a given country and year, we thus estimated 
V(e0, eTB, y) as:

We calculated the value of a statistical life based on 
benefits transfer, by adjusting the value of a statistical life 
in the USA ($9 702 616) at an income of $63 280 (in 
purchasing power parity-adjusted international $ rates),28 
assuming an income elasticity of 1·0 (1·5 considered in 
the sensitivity analysis).29 We calculated the present value 
of full-income from the perspective of 2020, assuming a 
discount rate of 3% (and 5% in the sensitivity analysis).30 
We defined the cost of inaction as the full-income value of 
incremental tuberculosis deaths if the SDG tuberculosis 
mortality target was met in 2045 instead of 2030.

We did a probabilistic uncertainty and sensitivity 
analysis to evaluate the sensitivity to parameter un
certainty and choice. We sampled 5000 draws for 
parameter values, from uniform distributions (parameter 
boundaries are described in the appendix pp 15–17), 
using a Latin hypercube sampling algorithm.31 We 
additionally considered sensitivity scenarios recom
mended for full-income-based benefit–cost analysis.32 We 
estimated uncertainty in all model outputs by calculating 
the 2·5th, 50th, and 97·5th percentiles, denoting the 
interval between the 2·5th and 97·5th percentile as the 
95% uncertainty interval (UI).

All calculations, including the life table calculations 
and sensitivity analysis, were done using Stata (IC 
version 14.2) and Microsoft Excel for Mac (version 16.45). 
We report all costs in 2018 US$ rates using exchange 
rates and deflator values available from the World Bank.33

Role of the funding source
There was no funding source for this study.

Results
In 2018, the 1·4 million deaths (95% UI 
1·2 million–1·7 million) due to all forms of tuberculosis 
in 120 countries resulted in $580·1 billion (95% UI 
481·9 billion–695·2 billion) in full-income losses (an 
average of $407 821 per tuberculosis death). The highest 
losses were concentrated in sub-Saharan Africa 
($200·8 billion; 141·5 billion–270·4 billion). If the deaths 
had not occurred or had been averted within the 2018 
calendar year, then an individual living in one of the 
120 countries would have gained an average of 0·47 years 
(SD 0·74) in life expectancy at birth, and an average of 
0·27 years (0·43) in life expectancy at age 35 years. In the 
33 sub-Saharan African countries, the gains would have 
been 1·31 years (0·95) at birth and 0·77 years (0·54) at age 
35 years (appendix pp 20–24).

In the 30 countries with the highest burden of 
MDR tuberculosis (appendix pp 6–9), 1·2 million 
tuberculosis deaths (95% UI 0·9 million–1·4 million) 
occurred in 2018, resulting in $476·5 billion 
(399·7 billion–566·8 billion) in economic losses (a loss 
of $526 735 per tuberculosis death, on average; appendix 
pp 20–24). 79·5% of the economic losses came from five 
countries: India, South Africa, Nigeria, Indonesia, and 
China, with India contributing 39·9%. The per-person 
gains in life expectancy at birth due to averting 
tuberculosis deaths were concentrated in ten countries 
(Mozambique, South Africa, Angola, Kenya, Democratic 
Republic of Congo, Nigeria, Papua New Guinea, 
Myanmar, India, and Indonesia), which accounted 
for almost 74% of gains in the 30 countries. In the 
30 countries with the highest rates of tuberculosis–HIV 
co-infections (appendix pp 6–9), 224 245 tuberculosis 
deaths occurred, resulting in an economic loss of 
$96·9 billion ($407 077 per tuberculosis death, on 
average). Of the 30 high MDR tuberculosis burden 

V (e0, eTB, y) = y.γ
e(a)

e(35)

∞

0
da∫ n(a) ΔSMU (e0, eTB)
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countries, ten had economic losses exceeding 5% of 
the 2018 gross domestic product (GDP) and of the 
30 countries with the highest tuberculosis–HIV co-
infection rates, 24 countries had losses exceeding 5% of 
the GDP (appendix pp 20–24).

In the business-as-usual scenario, if tuberculosis 
deaths continue to decline at 2% annually until 2050, 
31·8 million deaths (95% UI 25·2 million–39·5 million) 
could occur over the period 2020–50. The economic 
loss due to these deaths is $17·5 trillion 
(14·9 trillion–20·4 trillion) in 2020 (assuming a 3% 
discount rate and an income elasticity of 1·0). In 2030, 
the life expectancy benefit at birth of a 2% decline 
in global tuberculosis mortality would be 0·31 years 
(SD 0·49) on average and at age 35 years, it would be 
0·17 years (0·26). The highest economic losses would be 
in south Asia ($7·1 trillion; 6·5 trillion–7·9 trillion). The 
greatest effect on life expectancy would be in sub-Saharan 
Africa, where on average a person would gain 0·84 years 
(0·64) in life expectancy in 2030 (figure 1A; tables 1, 2).

By contrast, if the SDG tuberculosis mortality target 
were met in 2030, 8·0 million deaths (95% UI 
6·3 million–10·1 million) would occur, with estimated 
economic losses of $4·3 trillion (3·7 trillion–5·1 trillion; 
figure 1B; table 2). Meeting the SDG tuberculosis 
mortality target in 2030 would thus avert 23·8 million 
deaths and $13·1 trillion in economic losses, compared 
with the business-as-usual scenario. Averting tubercu
losis deaths in people living with HIV by meeting the 
2030 SDG tuberculosis mortality target (1·8 million 
[22·94%] of the 8·0 million deaths) would contribute 
$1·6 trillion to the savings of $13·1 trillion (figure 1B; 
appendix pp 24–29). Moreover, by achieving the SDG 
tuberculosis mortality target by 2030 instead of after 2050, 
in 2030, a person would gain 0·26 years (SD 0·04) in life 
expectancy at birth on average and 0·14 years (0·02) at 
age 35 years (figure 1B, tables 1, 2). In a country such as 
Lesotho, a person would gain as many as 2·00 years 
of life expectancy at birth in 2030; in the Central 
African Republic, they would gain 1·85 years (table 1; 
appendix pp 24–29).

If the SDG tuberculosis mortality target were to be met 
in 2045, 13·7 million tuberculosis deaths (95% UI 
10·8 million–17·2 million) would still occur between 
2020 and 2050 (a reduction of 18·1 million tuberculosis 
deaths from the business-as-usual scenario; figure 1C; 
table 2). The economic losses would be $7·3 trillion 
(6·2 trillion–8·6 trillion; a $10·2 trillion reduction from 
the business-as-usual scenario). The economic losses 
resulting from unaverted deaths among people living 
with HIV between 2020 and 2045 would be $983·4 billion 
(809·1 billion–1150·4 billion; appendix pp 40–41). 
Moreover, meeting the SDG tuberculosis mortality target 
in 2045 would reduce potential gains in life expectancy by 
0·16 years (SD 0·05) at birth in 2030 and by 0·09 years 
(0·03) at age 35 years, compared with the business-as-
usual scenario (figure 1C, tables 1, 2). In Lesotho, life 

Figure 1: Economic losses by World Bank region in 2020–50 under three scenarios for reductions in 
tuberculosis mortality
(A) Business-as-usual scenario. (B) Tuberculosis mortality target met in 2030. (C) Tuberculosis mortality target met 
in 2045. Error bars represent 95% uncertainty intervals.
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expectancy gains would be reduced by as much as 
1·03 years; in Mozambique, they would be reduced by 
0·73 years (appendix pp 33–37).

The overall cost of inaction (ie, savings from meeting 
the SDG tuberculosis mortality target in 2030 that 
would be foregone by only meeting this target in 2045) 
is $3·0 trillion (95% UI 2·5 trillion–3·5 trillion;  
5·7 million tuberculosis deaths [5·1 million–8·1 million]; 
figure 2; table 2). The cost of inaction is highest in 

south Asia, including or excluding people living with 
HIV ($1·1 trillion including people living with HIV, 
$1·0 trillion excluding people living with HIV). The cost 
of inaction for people living with HIV is highest in sub-
Saharan Africa, at $427·0 billion (54·1% of the total cost 
of inaction), which is nearly six times that of the next 
highest region (east Asia and Pacific, $74·2 billion; 
appendix pp 40–41). The cost of inaction in terms of life 
expectancy at birth across the 120 countries in 2030 is 

East Asia 
and Pacific

Europe and 
central Asia

Latin 
America 
and 
Caribbean

Middle East 
and north 
Africa

North 
America

South Asia Sub-
Saharan 
Africa

Global 
average 

Life expectancy at birth

Business-as-usual scenario 0·27 (0·77) 0·04 (0·14) 0·08 (0·19) 0·05 (0·15) 0·01 (0·03) 0·39 (0·86) 0·84 (1·23) 0·31 (0·49)

Target met in 2030 0·04 (0·46) 0·01 (0·09) 0·01 (0·15) 0·01 (0·08) 0·00 (0·04) 0·06 (0·63) 0·13 (1·38) 0·05 (0·08)

Savings from meeting target in 2030 0·22 0·04 0·07 0·04 0·00 0·33 0·72 0·26

Target met in 2045 0·13 (1·37) 0·02 (0·24) 0·04 (0·39) 0·02 (0·24) 0·00 (0·05) 0·18 (1·99) 0·40 (4·40) 0·15 (0·24)

Savings from meeting target in 2045 0·14 0·02 0·04 0·02 0·00 0·21 0·44 0·16

Cost of inaction 0·08 0·01 0·02 0·01 0·00 0·12 0·28 0·10

Life expectancy at age 35 years

Business-as-usual scenario 0·12 (1·36) 0·02 (0·22) 0·05 (0·51) 0·02 (0·24) 0·00 (0·03) 0·18 (1·97) 0·46 (5·05) 0·17 (0·26)

Target met in 2030 0·02 (0·20) 0·00 (0·04) 0·01 (0·07) 0·00 (0·03) 0·00 (0·00) 0·03 (0·29) 0·07 (0·75) 0·02 (004)

Savings from meeting target in 2030 0·11 0·02 0·04 0·02 0·00 0·15 0·39 0·14

Target met in 2045 0·06 (0·62) 0·01 (0·11) 0·02 (0·22) 0·01 (0·11) 0·00 (0·01) 0·08 (0·93) 0·22 (2·39) 0·08 (0·13)

Savings from meeting target in 2045 0·07 0·01 0·03 0·01 0·00 0·09 0·24 0·09

Cost of inaction 0·04 0·01 0·01 0·01 0·00 0·06 0·15 0·05

Data are presented as mean life expectancy loss (SD), in years, by World Bank region. Life expectancy at birth represents the average number of years that a newborn could 
expect to live, if he or she were subject to the age-specific mortality rates of a given period. Life expectancy at age 35 years represents the average number of years that an 
individual at exact age 35 years is expected to live, if he or she were subject to the age-specific mortality rates of a given period. All estimates include people living with HIV.

Table 1: Mean life expectancy loss per person in 2030, at birth and at age 35 years

Economic losses, 2018 $US billions Total economic 
losses, 2018 
$US billions

Total 
tuberculosis 
deaths, 
millions

East Asia and 
Pacific

Europe and 
central Asia

Latin 
America 
and 
Caribbean

Middle East 
and north 
Africa

North 
America

South Asia Sub-Saharan 
Africa

Business-as-usual 
scenario

5110 
(4530–5750)

763 
(706–871)

351 
(303–402)

172 
(126–223)

100 
(96–103)

7120 
(6470–7850)

3840 
(2690–5190)

17 456 
(14 921–20 389)

31·8 
(25·2–39·5)

Target met in 2030 1250 
(1110–1400)

253 
(239–268)

93 
(82–104)

43 
(32–57)

48 
(47–49)

1540 
(1400–1690)

1110 
(779–1510)

4337 
(3689–5077)

8·0 
(6·3–10·1)

Savings from meeting 
target in 2030 

3860 
(3420–4350)

510 
(467–603)

258 
(220–298)

129 
(94–166)

52 
(49–54)

5580 
(5070–6160)

2730 
(1911–3680)

13 119 
(11 232–15 311)

23·8 
(18·9–29·5)

Target met in 2045 2080 
(1840–2340)

422 
(396–450)

162 
(143–183)

76 
(57–101)

58 
(57–59)

2600 
(2370–2860)

1900 
(1330–2590)

7299 
(6192–8583)

13·7 
(10·8–17·2)

Savings from meeting 
target in 2045 

3030 
(2690–3410)

341 
(310–421)

189 
(160–219)

96 
(69–122)

42 
(40–44)

4520 
(4100–4990)

1940 
(1360–2600)

10 157 
(8729–11 805)

18·1 
(14·3–22·4)

Cost of inaction 830 
(730–940)

169 
(157–182)

69 
(61–79)

34 
(25–44)

10 
(10–11)

1060 
(970–1170)

790 
(551–1080)

2962 
(2503–3506)

5·7 
(5·1–8·1)

The cost of inaction was computed as the difference in tuberculosis deaths and economic losses between the scenario of meeting the tuberculosis mortality target in 2030 
versus meeting it in 2045. Data are presented with 95% uncertainty intervals.

Table 2: The cost of inaction in terms of tuberculosis deaths and economic losses, by World Bank region, from 2020 to 2050
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0·10 (SD 0·01) years on average; at age 35, it is 0·05 years 
(0·00; figure 2, tables 1, 2).

Disruptions to tuberculosis services due to COVID-19 
will increase tuberculosis deaths until 2025,7 increasing 
full-income losses up to 2050 by $1·0 trillion (from 
$17·5 trillion [95% UI 14·9 trillion–20·4 trillion] to 
$18·5 trillion [3·8 trillion–33·2 trillion]). If the SDG 
target is not met until 2045, the cost of inaction is 
$3·2 trillion (1·2 trillion–5·3 trillion), which represents 
an increase of $290·3 billion (260·2 billion–570·1 billion) 
compared with the cost of inaction if no disruption to 
tuberculosis services had been caused by COVID-19 
(appendix pp 41–42).

The uncertainty in tuberculosis deaths (14·4 million 
deaths in the business-as-usual scenario; 3·8 million 
deaths if the target is met in 2030; and 6·4 million deaths 
if the target is met in 2045) leads to a cost of inaction in 
the range of $2·5 trillion to $3·5 trillion. Probabilistic 
analysis suggests that in a high-burden country such 
as South Africa, when additionally considering the 
uncertainty due to the economic parameters (value of 
a statistical life and the choice of discount rate), 
the sensitivity to those parameters far outweighs the 
sensitivity to the uncertainty in tuberculosis deaths. 
In particular, if the income elasticity is allowed to 
vary between 0·5 and 1·5, full-income varies between 
$61·6 billion and $125·4 billion (range of $63·8 billion). 
The highest variation in full-income due to the uncertainty 
in tuberculosis deaths is $5·4 billion, due to the 
uncertainty in tuberculosis deaths at age 25–29 years 
(appendix pp 46–47).

At the global level, when income elasticity is allowed to 
vary between 0·5 and 1·5, full-income varies between 
$12·3 trillion and $25·6 trillion (range of $13·3 trillion). 
When the US value of a statistical life in 2020 is allowed 

to vary between its reported lower and upper bounds 
($1·8 million and $17·6 million),28 full-income varies 
between $15 trillion and $20·9 trillion (range of 
$5·9 trillion). When the discount rate is allowed to vary 
between 3% and 5%,30 full-income varies between 
$16·6 trillion and $19·4 trillion (range of $2·8 trillion; 
appendix pp 44–45).

Discussion
Failure to meet the SDG tuberculosis mortality target 
by 2030 will have adverse health and economic conse
quences. Our estimates suggest that $3·0 trillion will 
be lost if the target is not met until 2045, and in 2030, 
an average of 0·31 years at birth and 0·17 years at age 
35 years will be lost per person due to tuberculosis 
deaths.

Our analysis also sheds light on the geographical 
distribution of these global losses. First, although 
aggregate economic losses are highest in the south Asia 
and east Asia and Pacific regions, mean life expectancy 
losses per person, both at birth and at age 35 years are 
highest in sub-Saharan Africa (6–7 times the losses in the 
next highest region). Welfare losses due to tuberculosis 
disproportionately burden sub-Saharan Africa, although 
the effects are less apparent due to lower per-capita 
incomes. Second, population age structure can protract 
economic welfare losses over generations. In this 
regard, sub-Saharan Africa is also burdened because life 
expectancy losses in peak productive ages can deter a 
much anticipated demographic dividend34,35 and depress 
income growth. Third, despite massive recent scale-up in 
HIV investment, loss of life expectancy in people living 
with HIV comprises as much as 50% to the cost of 
inaction. Estimates for 2018, which are least prone 
to uncertainty, suggest that countries that are more 
burdened by tuberculosis co-infections in patients with 
HIV accrue more life expectancy losses than countries 
more burdened by MDR tuberculosis. Lastly, excess 
tuberculosis deaths due to COVID-19-related disruptions 
are contained between 2020 and 2025, given the best 
available evidence to date.7 Although the associated 
excess welfare losses are also contained within this 
period, excess life expectancy losses can have a longer 
lasting effect.

These insights provide new evidence to guide 
investment in tuberculosis control. First, although full-
income is a reasonable measure of broader economic 
welfare, it is depressed in countries with lower per-capita 
incomes. The share of consumption that an individual is 
willing to pay each year to gain an additional life-year 
is indeed higher when per-capita incomes are higher. 
Full-income also fails to capture losses due to post-
tuberculosis morbidity, and the cost of mortality in 
individuals who received treatment and recovered.36 Life 
expectancy losses are a useful refinement to full-income, 
though not fully accounting for these deficits. Second, as 
much as considerations of broader welfare are important 

Figure 2: The cost of inaction by World Bank region
Costs represent the full-income savings from meeting the tuberculosis mortality targets in 2030 rather than in 
2045. Error bars represent 95% CIs.
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in investment decision-making, micro-level impacts on 
individuals and households cannot be overlooked. As two 
of the eight countries with the highest economic losses, 
43·8% of the total tuberculosis spending in India and 
51·6% in Nigeria is borne by individuals and households.14 
In Indonesia, 36% of households experience catastrophic 
spending due to tuberculosis;37 in south India, 31% of 
households experience such losses.38 Third, consolidated 
investment in the near term will have a substantially 
higher impact than piecemeal investment over the longer 
term. Fourth, with almost 50% of economic losses in 
sub-Saharan Africa occurring due to the deaths of people 
living with HIV, investment in tuberculosis control 
must necessarily be separate from investment in HIV 
control. Lastly, although the displacement of tuberculosis 
funding due to COVID-19-related priorities can undoubt
edly be catastrophic, with effective collaboration, smart 
investments, and efficient synergies, COVID-19 efforts 
could strengthen the global tuberculosis response and 
not undermine it.8

Among the limitations of our analysis, the most 
important is the uncertainty arising from projecting 
populations, deaths, and per-capita incomes over 30 years. 
Implicit in our assumption of a 2% annual decline in 
tuberculosis deaths in the business-as-usual scenario is 
the premise that the net effect of the drivers of tubercu
losis mortality, and thereby tuberculosis incidence, is 
potentially declining. This is indeed the case with HIV in 
sub-Saharan Africa, where incidence has been declining 
at a steady 4% annually since 2017.27 However, in other 
high tuberculosis burden countries such as India, where 
the effect of HIV is marginal, declines in tuberculosis 
burden might be attributable to steady improvements in 
tuberculosis services,39 as well as gradual declines in 
determinants of tuberculosis, such as malnutrition.40 Our 
business-as-usual scenario essentially assumes that all of 
these existing trends would continue indefinitely. The 
uncertainty in projections is also elevated by the presence 
of COVID-19, which can alter the trajectory of tuberculosis 
mortality and disrupt secular and cyclical trends in 
economic growth. We accounted for the effects on 
tuberculosis mortality by predicting potential fluctuations 
due to COVID-19, but because COVID-19 is yet to 
diminish as a public health threat, the evidence is still 
evolving. Unfortunately, effects on economic trends are 
less amenable to statistical prediction given the scope of 
the study. The full-income estimates are also inherently 
sensitive to income elasticities,41 which inflate losses in 
higher-income settings.42 Our estimates are nonetheless 
consistent with empirical estimates of country values of a 
statistical life-year. In South Africa, we estimated a loss 
of US$1 249 279 per tuberculosis death. On average, each 
death incurs a loss of 33·76 years of life expectancy (the 
life expectancy at the median age in South Africa), 
suggesting a value of a (statistical) life-year of $37 005 per 
life-year. This estimate is approximately 4·4 times per-
capita GDP in 2020 ($8429), which is in agreement with 

empirically measured values for sub-Saharan Africa 
(4·5 times the per-capita GDP).43 However, empirically 
established values of a statistical life are also now less 
reliable because the mean social valuation of mortality 
risk reduction is likely to be influenced by the emergence 
of the COVID-19 global pandemic. Our estimates also 
do not reflect losses due to deaths in individuals who 
received treatment for tuberculosis and then recovered.36 
We also assumed that the age distribution of tuberculosis 
deaths for 2018 (age distribution of HIV for people living 
with HIV) remain unchanged until 2050, which adds 
further uncertainty.

Our analysis provides compelling evidence that the 
failure to act to reduce tuberculosis deaths will have 
major economic and demographic consequences. 
Although the COVID-19 pandemic has understandably 
diverted attention and investment in other disease 
control programmes, neglect of tuberculosis in particular, 
especially in high-burden countries, could have long-
lasting economic and social effects. The current trajectory 
of the COVID-19 pandemic, and its effects on tuberculosis 
incidence, mortality, and economic losses suggest that 
action is needed now.
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