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S1 Disease model structure 

Our model structure focuses on the spectrum of disease, with infection and progression 
from infection already assumed to have happened. We split the progression into three 
states, as shown in figure 1: minimal, subclinical, and clinical disease. 

Minimal disease is the earliest stage of disease from infection, being non-infectious, but 
with pathological changes to the lung visible on, originally, chest x-ray but also other forms 
of chest imaging such as computed tomography (CT). Along with being the first stage of 
disease after infection, minimal is the final stage before recovery, with regression back to 
minimal possible within the spectrum framework, and then natural recovery from disease 
possible. 

In the forward progression, the stage after minimal is subclinical. This is an infectious 
disease state, but without sufficient symptoms to present for screening. In other words, this 
is an infectious but effectively asymptomatic state. Within the spectrum, there is 
progression to clinical disease (i.e., development of symptoms) and regression to minimal 
disease (i.e., becoming non-infectious) from subclinical disease. 

Clinical disease, symptomatic and infectious, is the final disease state. As with the other two 
states, there are two transition possibilities out of clinical disease, regression to subclinical 
disease (i.e., resolution of symptoms but remaining infectious), and death from TB. 

In the model structure, there is possibility to both progress and regress, but in visualising 
the model, such as figure 1, arrows that point right indicate the disease progressing to a 
more severe state, and arrows that point left indicate the disease regressing to a less severe 
state.

 

Figure 1: TB natural history model. States and transitions in red are considered in the model 
fitting, with dashed parameters holding a fixed value and solid transitions being estimated 
from the data. Each state is defined by a clinical description and the tests that would have 
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been used in clinical settings at the time our data was recorded with the notation used for 
data collection in table S4 described in the final row. The black dashed lines out from minimal 
and clinical are recovery and TB mortality respectively. 

S1.1 Alternative structures 

We opted to parameterise a three state, linear model structure. There are data to support 
this choice, and as a sense of progression of disease, it matches with previous 
conceptualisations.1–5 However, the data to support this structure could also inform other, 
more complex, model structures. For example, minimal disease could be split into two or 
more different states based on symptoms or perceived activity of lesions seen on 
radiography. However more disease states and transitions dilute the available data which, 
despite the systematic review that underpins it, is already limited. It is always possible to 
make a model structure more complex but here we looked for the most useful balance 
between simplicity, representing the data available, and providing answers to questions 
being asked. We feel the three state, linear model structure used here provides this balance. 

S1.2 Model Assumptions 

No model can perfectly describe a system, and as such, assumptions are required to best 
represent the system for the purposes of the model. 

Assumption Justification 
Three state disease model Discussed in section S1.1 
Death only from clinical 
disease 

We assumed it was unlikely that a person would be entirely 
healthy with no symptoms before dying from the effects of 
their TB disease. 

Recovery only from 
minimal disease 

Recovery from subclinical disease and clinical disease is not 
assumed to be instantaneous and instead a regression 
through less and less severe disease, until reaching minimal 
disease, at which point recovery is possible 

No relapse from recovery 
without reinfection 

We did not find data on any relapses from natural recovery 
and would not have been able to separate relapse from 
reinfection. Therefore, these estimates are based on cohorts 
until initial recovery or death, discounting any relapse or 
reinfection. 

Data where symptoms are 
stated only at the start, it is 
assumed they persist and 
are the same at the end 

This assumes that if symptoms were important enough to 
mention at the start of follow-up, they would also be 
important enough to mention at the end of follow-up if they 
had changed, as discussions focused on the change in state. 
We have explored the impact of this assumption in a 
sensitivity analysis. See section S10.1.4 for more 
information. 
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Assumption Justification 
Treatment not included in 
the fitting 

The data collected were of cohorts who received no 
treatment, and we were investigating the natural history of 
TB 

Weighting by cohort size See section S5.5 for more information 
Weighting by number of 
study reporting points 

See section S5.5 for more information 

S2 Open TB vs Clinical TB 

In a systematic review, Tiemersma et al describe how study results were interpreted as 
having people with either smear negative or smear positive disease:6 

in studies where patients were described as having ‘‘open’’ tuberculosis or ‘‘bacillary 
tuberculosis’’ before 1930 (when culture became available) we assumed that these 
patients were smear-positive. 

This definition is maintained in the work of Ragonnet et al.7 

As we were not attempting to stratify bacteriological status any further by smear status, we 
instead interpreted bacillary tuberculosis as simply bacteriologically positive. The 
definition of ‘’open’’ tuberculosis was less clear cut, with different definitions being used in 
regard to bacteriological status as highlighted with examples given below. 

Szucs, in 1926, defines open and closed tuberculosis based solely on the symptom status of 
the individual:8 

Among others, we classify tuberculous patients as open and closed cases, based on 
the presence or absence of expectoration. 

However, they point out that absence of symptoms does not indicate a negative 
bacteriological status, in essence diagnosing their patients with subclinical disease using 
more modern terminology. 

We succeeded in demonstrating the presence of tubercle bacilli in the spray of two of 
our recently admitted patients in the absence of any expectoration. 

Another study in 1947 provides a different definition for open and closed. Tattersall 
compares his work with that of Lindhardt in Denmark, stating that:9,10 

These results accord closely with Lindhardt’s finding in Denmark during the same 
period, which enhances the value of comparison of the present series of sputum +ve 
cases with the results of the Danish survivals of open cases. 

This suggests that rather than open being equivalent to clinical and closed being equivalent 
to subclinical, open is actually all bacteriologically positive disease (i.e., subclinical, and 
clinical). 
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Finally, Blahd, in 1946 states that Illinois state defines that all cases that were 
bacteriologically positive must be defined as open TB, using the same definition as 
Tattersall.11 However he also considers the possibility of infection from closed TB. 

All cases in which a positive sputum has been shown must by Illinois law be 
considered open for a period of at least three months and thereafter until three 
successive specimens of sputum, collected at intervals of one week, contain no 
tubercle bacilli… Although a so-called “closed” case is not as grave a source of 
infection as a frankly open one, it is more insidious. 

Our definition of clinical aligns closely with the National Tuberculosis Association’s 
definition of “active” TB, as described in their diagnostic standards from 1940.12 By this 
point there was less focus on open and closed definitions and more consideration of 
symptoms and bacteriology together: 

Symptoms unchanged, worse or less severe, but not completely abated. Lesions not 
completely healed or progressive according X-ray examination. Sputum almost 
always contains tubercle bacilli. 

Given the definitions above we think the definitions from Tiemersma and Ragonnet most 
closely align with clinical disease within our model structure and have used the mortality 
rate as such.7 

S3 Symptomatic Minimal 

Minimal disease was classified as when an individual had radiological changes attributable 
to TB but negative bacteriology, regardless of symptoms. Although progressing from a 
potentially symptomatic bacteriologically negative state to an asymptomatic 
bacteriologically positive seems unlikely, a number of sources suggested that there was no 
need to consider an alternative progression for symptomatic minimal. 

Firstly, there is insufficient data to show an obvious split in progression between 
symptomatic and asymptomatic bacteriologically negative individuals (see figure 2), the 
diagnostic standards from the 1940s placed significantly less weight on symptoms if they 
were not accompanied by a positive sputum, and the prevalence survey in Cambodia in 
2002 found that symptoms in culture negative individuals were not associated with future 
bacteriological positivity.12,13 We also know that TB symptoms are highly non-specific, and 
so there is no guarantee that symptoms occurring whilst an individual has minimal disease 
are actually caused by TB and not by something else. 

Therefore, we have considered all bacteriologically negative individuals to be minimal, 
regardless of symptom status. 
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Figure 2: The different progression rates for minimal disease, based on symptoms, transition, 
and record type 

S4 Data inclusion and exclusion 

S4.1 Data types 

As explained in the main text, there were two study types included. In table 1 we report the 
data types for each line of data, in column “Follow-up method”. There were 38 data points 
reported as cumulative follow-up, and 16 reported as single follow-up. 

S4.2 Timings 

For single follow-up data, if an average follow-up time was given, that is the time used. 
Otherwise, if a minimum and maximum follow-up time was given, the times have been 
summed and halved to give the follow-up time used. For cumulative follow-up data, the 
maximum follow-up time given was used. The times in table 1, column “Months of follow-
up” reflect these choices.
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S4.3 Included data 

All data that was included in the final data fit is in table 1. 

These cohorts were followed for intervals between 1923 and 2004, with studies conducted in North America (6), Europe (7), Asia (7), and 
one each from South America and Africa. In total there were 5 data points from minimal to subclinical, 14 data points from minimal to 
clinical, 15 data points from clinical to minimal, 18 data points from minimal to infectious, and 2 data points from infectious to minimal. 

Table 1: A table on all the studies included, the model transitions they parameterise, and, where applicable, notes on why a certain decision has 
been taken. The number of repeats column reports the number of data points that a study provides within a single transition. This is then used to 
calculate the effective number of people transitioned and the effective cohort size (divides the true numbers which are then rounded to the 
nearest integer) to appropriately weight each data point so that each study is considered as one. 

First 
Author 

Study 
Continent 

Y
e
a
r 

Start 
states 

End states Number 
transition

ed 

Cohort 
size 

Months 
of 

follow-
up 

Follow-
up 
method 

Model 
transition 

Number 
of 

repeats 

Effective 
number 

transitioned 

Effective 
cohort 

size 

Notes 

Downes14 North 
America 

1
9
3
5 

cxr pos 
micro pos 
sympt pos 

cxr pos 
micro neg 
sympt neg 

27 342 12.0 time to 
event 

Clin-Min 5 5 68  

Downes14 North 
America 

1
9
3
5 

cxr pos 
micro pos 
sympt pos 

cxr pos 
micro neg 
sympt neg 

104 342 24.0 time to 
event 

Clin-Min 5 21 68  

Downes14 North 
America 

1
9
3
5 

cxr pos 
micro pos 
sympt pos 

cxr pos 
micro neg 
sympt neg 

140 342 36.0 time to 
event 

Clin-Min 5 28 68  

Downes14 North 
America 

1
9
3
5 

cxr pos 
micro pos 
sympt pos 

cxr pos 
micro neg 
sympt neg 

158 342 48.0 time to 
event 

Clin-Min 5 32 68  

Downes14 North 
America 

1
9
3
5 

cxr pos 
micro pos 
sympt pos 

cxr pos 
micro neg 
sympt neg 

171 342 60.0 time to 
event 

Clin-Min 5 34 68  

Beeuwkes15 North 
America 

1
9
3
8 

cxr pos 
micro neg 
sympt neg 

cxr unk 
micro pos 
sympt pos 

16 122 33.0 cross 
sectional 

Min-Clin 1 16 122 merged 2 
groups 
exhibiting 
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First 
Author 

Study 
Continent 

Y
e
a
r 

Start 
states 

End states Number 
transition

ed 

Cohort 
size 

Months 
of 

follow-
up 

Follow-
up 
method 

Model 
transition 

Number 
of 

repeats 

Effective 
number 

transitioned 

Effective 
cohort 

size 

Notes 

same start 
and end 

Beeuwkes15 North 
America 

1
9
3
8 

cxr pos 
micro pos 
sympt pos 

cxr unk 
micro neg 
sympt unk 

10 28 33.0 cross 
sectional 

Clin-Min 1 10 28  

Puffer16 North 
America 

1
9
4
3 

cxr pos 
micro neg 
sympt neg 

cxr pos 
micro pos 
sympt pos 

19 528 62.0 cross 
sectional 

Min-Clin 1 19 528 merged 2 
groups 
exhibiting 
same start 
and end 

Puffer16 North 
America 

1
9
4
3 

cxr pos 
micro pos 
sympt pos 

cxr pos 
micro neg 
sympt neg 

92 384 62.0 cross 
sectional 

Clin-Min 1 92 384  

Puelma17 South 
America 

1
9
4
5 

cxr pos 
micro neg 
sympt unk 

cxr pos 
micro pos 
sympt unk 

18 67 24.0 cross 
sectional 

Min-Inf 1 18 67  

Bobrowitz1

8,19 
North 
America 

1
9
4
5 

cxr pos 
micro neg 
sympt unk 

cxr pos 
micro pos 
sympt unk 

26 191 60.0 cross 
sectional 

Min-Inf 1 26 191  

Bosworth20,

21 
North 
America 

1
9
4
7 

cxr pos 
micro mix 
sympt unk 

cxr pos 
micro neg 
sympt unk 

45 134 24.0 time to 
event 

Clin-Min 6 8 22 majority 
tested 
were micro 
pos and all 
reported as 
active 
based on 
NTA 
definitions 

Bosworth20,

21 
North 
America 

1
9
4
7 

cxr pos 
micro mix 
sympt unk 

cxr pos 
micro neg 
sympt unk 

71 134 36.0 time to 
event 

Clin-Min 6 12 22 majority 
tested 
were micro 
pos and all 
reported as 
active 
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First 
Author 

Study 
Continent 

Y
e
a
r 

Start 
states 

End states Number 
transition

ed 

Cohort 
size 

Months 
of 

follow-
up 

Follow-
up 
method 

Model 
transition 

Number 
of 

repeats 

Effective 
number 

transitioned 

Effective 
cohort 

size 

Notes 

based on 
NTA 
definitions 

Bosworth20,

21 
North 
America 

1
9
4
7 

cxr pos 
micro mix 
sympt unk 

cxr pos 
micro neg 
sympt unk 

80 134 48.0 time to 
event 

Clin-Min 6 13 22 majority 
tested 
were micro 
pos and all 
reported as 
active 
based on 
NTA 
definitions 

Bosworth20,

21 
North 
America 

1
9
4
7 

cxr pos 
micro mix 
sympt unk 

cxr pos 
micro neg 
sympt unk 

83 134 60.0 time to 
event 

Clin-Min 6 14 22 majority 
tested 
were micro 
pos and all 
reported as 
active 
based on 
NTA 
definitions 

Bosworth20,

21 
North 
America 

1
9
4
7 

cxr pos 
micro mix 
sympt unk 

cxr pos 
micro neg 
sympt unk 

86 134 72.0 time to 
event 

Clin-Min 6 14 22 majority 
tested 
were micro 
pos and all 
reported as 
active 
based on 
NTA 
definitions 

Bosworth20,

21 
North 
America 

1
9
4
7 

cxr pos 
micro mix 
sympt unk 

cxr pos 
micro neg 
sympt unk 

87 134 84.0 time to 
event 

Clin-Min 6 15 22 majority 
tested 
were micro 
pos and all 
reported as 
active 
based on 
NTA 
definitions 
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First 
Author 

Study 
Continent 

Y
e
a
r 

Start 
states 

End states Number 
transition

ed 

Cohort 
size 

Months 
of 

follow-
up 

Follow-
up 
method 

Model 
transition 

Number 
of 

repeats 

Effective 
number 

transitioned 

Effective 
cohort 

size 

Notes 

Bosworth20,

21 
North 
America 

1
9
4
7 

cxr pos 
micro neg 
sympt unk 

cxr pos 
micro pos 
sympt unk 

15 314 24.0 time to 
event 

Min-Clin 5 3 63 majority 
tested 
were micro 
pos and all 
reported as 
active 
based on 
NTA 
definitions 

Bosworth20,

21 
North 
America 

1
9
4
7 

cxr pos 
micro neg 
sympt unk 

cxr pos 
micro pos 
sympt unk 

25 314 36.0 time to 
event 

Min-Clin 5 5 63  

Bosworth20,

21 
North 
America 

1
9
4
7 

cxr pos 
micro neg 
sympt unk 

cxr pos 
micro pos 
sympt unk 

32 314 48.0 time to 
event 

Min-Clin 5 6 63  

Bosworth20,

21 
North 
America 

1
9
4
7 

cxr pos 
micro neg 
sympt unk 

cxr pos 
micro pos 
sympt unk 

35 314 60.0 time to 
event 

Min-Clin 5 7 63  

Bosworth20,

21 
North 
America 

1
9
4
7 

cxr pos 
micro neg 
sympt unk 

cxr pos 
micro pos 
sympt unk 

36 314 72.0 time to 
event 

Min-Clin 5 7 63  

Bosworth20,

22 
North 
America 

1
9
4
8 

cxr pos 
micro neg 
sympt unk 

cxr pos 
micro pos 
sympt unk 

8 58 60.0 time to 
event 

Min-Clin 2 4 29  

Bosworth20,

22 
North 
America 

1
9
4
8 

cxr pos 
micro neg 
sympt unk 

cxr pos 
micro pos 
sympt unk 

10 58 156.0 time to 
event 

Min-Clin 2 5 29  

Marshall23 Europe 1
9
4
8 

cxr pos 
micro pos 
sympt pos 

cxr pos 
micro neg 
sympt unk 

2 52 6.0 time to 
event 

Clin-Min 1 2 52  
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First 
Author 

Study 
Continent 

Y
e
a
r 

Start 
states 

End states Number 
transition

ed 

Cohort 
size 

Months 
of 

follow-
up 

Follow-
up 
method 

Model 
transition 

Number 
of 

repeats 

Effective 
number 

transitioned 

Effective 
cohort 

size 

Notes 

Borgen24,25 Europe 1
9
4
9 

cxr pos 
micro neg 
sympt pos 

cxr pos 
micro pos 
sympt pos 

4 144 30.0 cross 
sectional 

Min-Clin 1 4 144 merged 2 
groups 
exhibiting 
same start 
and end 

Manser26 Europe 1
9
5
1 

cxr pos 
micro pos 
sympt unk 

cxr pos 
micro neg 
sympt unk 

15 40 6.0 cross 
sectional 

Clin-Min 1 15 40  

Breu27 Europe 1
9
5
2 

cxr pos 
micro neg 
sympt unk 

cxr pos 
micro pos 
sympt unk 

48 904 25.5 cross 
sectional 

Min-Inf 1 48 904  

Sikand28 Asia 1
9
5
8 

cxr pos 
micro neg 
sympt unk 

cxr pos 
micro pos 
sympt unk 

38 319 12.0 time to 
event 

Min-Inf 1 38 319  

Tuberculos
is Society of 
Scotland29,3

0 

Europe 1
9
5
9 

cxr pos 
micro neg 
sympt neg 

cxr pos 
micro pos 
sympt unk 

9 95 24.0 cross 
sectional 

Min-Sub 1 9 95 assume 
lack of 
symptoms 
persists 

Frimodt-
Moller31 

Asia 1
9
6
1 

cxr pos 
micro neg 
sympt unk 

cxr pos 
micro pos 
sympt unk 

11 86 12.0 time to 
event 

Min-Inf 3 4 29  

Frimodt-
Moller31 

Asia 1
9
6
1 

cxr pos 
micro neg 
sympt unk 

cxr pos 
micro pos 
sympt unk 

18 86 24.0 time to 
event 

Min-Inf 3 6 29  

Frimodt-
Moller31 

Asia 1
9
6
1 

cxr pos 
micro neg 
sympt unk 

cxr pos 
micro pos 
sympt unk 

25 86 36.0 time to 
event 

Min-Inf 3 8 29  

Pamra32 Asia 1
9
6
8 

cxr pos 
micro neg 
sympt neg 

cxr pos 
micro pos 
sympt pos 

2 178 72.0 time to 
event 

Min-Clin 1 2 178  
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First 
Author 

Study 
Continent 

Y
e
a
r 

Start 
states 

End states Number 
transition

ed 

Cohort 
size 

Months 
of 

follow-
up 

Follow-
up 
method 

Model 
transition 

Number 
of 

repeats 

Effective 
number 

transitioned 

Effective 
cohort 

size 

Notes 

Pamra32 Asia 1
9
6
8 

cxr pos 
micro neg 
sympt neg 

cxr pos 
micro pos 
sympt neg 

55 178 72.0 time to 
event 

Min-Sub 1 55 178  

National 
Tuberculos
is 
Institute33–

41 

Asia 1
9
6
8 

cxr pos 
micro neg 
sympt unk 

cxr pos 
micro pos 
sympt unk 

23 329 18.0 cross 
sectional 

Min-Inf 2 12 165  

National 
Tuberculos
is 
Institute33–

41 

Asia 1
9
6
8 

cxr pos 
micro neg 
sympt unk 

cxr pos 
micro pos 
sympt unk 

36 271 60.0 cross 
sectional 

Min-Inf 2 18 136  

National 
Tuberculos
is 
Institute33–

41 

Asia 1
9
6
8 

cxr pos 
micro pos 
sympt unk 

cxr pos 
micro neg 
sympt unk 

86 269 18.0 cross 
sectional 

Inf-Min 2 43 135  

National 
Tuberculos
is 
Institute33–

41 

Asia 1
9
6
8 

cxr pos 
micro pos 
sympt unk 

cxr pos 
micro neg 
sympt unk 

70 178 36.0 cross 
sectional 

Inf-Min 2 35 89  

Aneja42 Asia 1
9
7
7 

cxr pos 
micro neg 
sympt pos 

cxr pos 
micro pos 
sympt unk 

21 110 12.0 cross 
sectional 

Min-Clin 1 21 110 assume 
symptoms 
persist 

Hong Kong 
Chest 
Service43–46 

Asia 1
9
8
1 

cxr pos 
micro neg 
sympt 
mixed 

cxr pos 
micro pos 
sympt unk 

40 176 3.0 time to 
event 

Min-Inf 8 5 22  

Hong Kong 
Chest 
Service43–46 

Asia 1
9
8
1 

cxr pos 
micro neg 
sympt 
mixed 

cxr pos 
micro pos 
sympt unk 

49 176 6.0 time to 
event 

Min-Inf 8 6 22  
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First 
Author 

Study 
Continent 

Y
e
a
r 

Start 
states 

End states Number 
transition

ed 

Cohort 
size 

Months 
of 

follow-
up 

Follow-
up 
method 

Model 
transition 

Number 
of 

repeats 

Effective 
number 

transitioned 

Effective 
cohort 

size 

Notes 

Hong Kong 
Chest 
Service43–46 

Asia 1
9
8
1 

cxr pos 
micro neg 
sympt 
mixed 

cxr pos 
micro pos 
sympt unk 

61 176 12.0 time to 
event 

Min-Inf 8 8 22  

Hong Kong 
Chest 
Service43–46 

Asia 1
9
8
1 

cxr pos 
micro neg 
sympt 
mixed 

cxr pos 
micro pos 
sympt unk 

67 176 18.0 time to 
event 

Min-Inf 8 8 22  

Hong Kong 
Chest 
Service43–46 

Asia 1
9
8
1 

cxr pos 
micro neg 
sympt 
mixed 

cxr pos 
micro pos 
sympt unk 

69 176 24.0 time to 
event 

Min-Inf 8 9 22  

Hong Kong 
Chest 
Service43–46 

Asia 1
9
8
1 

cxr pos 
micro neg 
sympt 
mixed 

cxr pos 
micro pos 
sympt unk 

70 176 30.0 time to 
event 

Min-Inf 8 9 22  

Hong Kong 
Chest 
Service43–46 

Asia 1
9
8
1 

cxr pos 
micro neg 
sympt 
mixed 

cxr pos 
micro pos 
sympt unk 

71 176 36.0 time to 
event 

Min-Inf 8 9 22  

Hong Kong 
Chest 
Service43–46 

Asia 1
9
8
1 

cxr pos 
micro neg 
sympt 
mixed 

cxr pos 
micro pos 
sympt unk 

71 176 60.0 time to 
event 

Min-Inf 8 9 22  

Cowie47 Africa 1
9
8
4 

cxr pos 
micro neg 
sympt unk 

cxr pos 
micro pos 
sympt unk 

88 152 58.0 time to 
event 

Min-Inf 1 88 152  

Norregaard
48 

Europe 1
9
8
5 

cxr pos 
micro neg 
sympt 
mixed 

cxr pos 
micro pos 
sympt neg 

6 28 60.0 time to 
event 

Min-Sub 1 6 28  

Norregaard
48 

Europe 1
9

cxr pos 
micro neg 

cxr pos 
micro pos 
sympt pos 

2 28 60.0 time to 
event 

Min-Clin 1 2 28  
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First 
Author 

Study 
Continent 

Y
e
a
r 

Start 
states 

End states Number 
transition

ed 

Cohort 
size 

Months 
of 

follow-
up 

Follow-
up 
method 

Model 
transition 

Number 
of 

repeats 

Effective 
number 

transitioned 

Effective 
cohort 

size 

Notes 

8
5 

sympt 
mixed 

Anastasatu4

9 
Europe 1

9
8
5 

cxr pos 
micro neg 
sympt neg 

cxr pos 
micro pos 
sympt unk 

6 143 24.0 time to 
event 

Min-Sub 1 6 143 assume 
lack of 
symptoms 
persists 

Okada13 Asia 2
0
0
4 

cxr pos 
micro neg 
sympt neg 

cxr pos 
micro pos 
sympt unk 

28 309 24.0 cross 
sectional 

Min-Sub 1 28 309 split group 
by 
symptoms 
dependent 
on 
proportion 
found in 
prevalence 
survey 

Okada13 Asia 2
0
0
4 

cxr pos 
micro neg 
sympt neg 

cxr pos 
micro pos 
sympt pos 

23 309 24.0 time to 
event 

Min-Clin 1 23 309 added in 
39% (18) 
of those 
picked up 
at 2 year 
follow-up 
using 
known 
subclinical 
proportion 
at 
prevalence 
surveys 

S4.4 Excluded data 

As can be seen in table 2, some of the data that was originally extracted for the wider review was not eligible for this work. In total 6 cohorts 
were excluded, from 10 different studies. Most (5) rows of data that were excluded, had an initial state with x-ray negative, and one study 
was observing a cohort who, although already x-ray positive, were not expected to progress to infectious TB disease. Others were excluded 
for too much uncertainty within the start and end states, or changes only within states, such as change in x-ray severity, but no change in 
bacteriological or symptom status. These reasonings are laid out in table 2 
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Table 2: A table on all the data excluded, and reasons why they have not been included 

First Author Year Continent Start state End state Number 
transitioned 

Cohort 
size 

Months 
of 

follow-
up 

Notes 

Beeuwkes15 1938 North 
America 

cxr neg 
micro neg 
sympt neg 

cxr unk 
micro pos 
sympt pos 

1 784 33 initial state x-ray negative 

Beeuwkes15 1938 North 
America 

cxr neg 
micro neg 
sympt neg 

cxr unk 
micro neg 
sympt pos 

3 784 33 initial state x-ray negative 

National 
Tuberculosis 
Institute33–41 

1968 Asia cxr neg 
micro neg 
sympt unk 

cxr pos 
micro pos 
sympt unk 

44 31490 18 initial state x-ray negative 

Okada13 2004 Asia cxr neg 
micro neg 
sympt neg 

cxr pos 
micro pos 
sympt unk 

32 21580 24 initial state x-ray negative 

Okada13 2004 Asia cxr pos 
micro neg 
sympt neg 

cxr neg 
micro neg 
sympt unk 

26 309 24 ends outside disease 

International 
Union Against 
Tuberculosis50 

1982 Europe cxr pos 
micro neg 
sympt unk 

cxr pos 
micro pos 
sympt unk 

97 6990 60 cohort not expected to progress - 
enrolment required fibrotic lesions that 
had been stable for at least the 12 
months prior and so this was considered 
an unbalanced representation of the 
state 

Styblo51 1965 Europe cxr neg 
micro neg 
sympt neg 

cxr unk 
micro pos 
sympt unk 

241 73000 30 initial state x-ray negative 
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S5 Fitting process 

The equations to define the model system are: 

𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

= −𝑚𝑚_𝑠𝑠 ∗ 𝑀𝑀 + 𝑠𝑠_𝑚𝑚 ∗ 𝑆𝑆 − 𝑟𝑟 ∗ 𝑀𝑀

𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

= 𝑚𝑚_𝑠𝑠 ∗ 𝑀𝑀 − 𝑠𝑠_𝑚𝑚 ∗ 𝑆𝑆 − 𝑠𝑠_𝑐𝑐 ∗ 𝑆𝑆 + 𝑐𝑐_𝑠𝑠 ∗ 𝐶𝐶

𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

= 𝑠𝑠_𝑐𝑐 ∗ 𝑆𝑆 − 𝑐𝑐_𝑠𝑠 ∗ 𝐶𝐶 − 𝑑𝑑 ∗ 𝐶𝐶

 

where: 

• 𝑀𝑀, 𝑆𝑆, and 𝐶𝐶 are the states for minimal, subclinical, and clinical respectively 
• 𝑚𝑚_𝑠𝑠, 𝑠𝑠_𝑚𝑚, 𝑠𝑠_𝑐𝑐, and 𝑐𝑐_𝑠𝑠 are transitions between the states, where the first letter is the 

start state and the second letter is the end state 
• 𝑟𝑟 is recovery from minimal disease 
• 𝑑𝑑 is death from clinical disease (there is no other death included in the model) 

As the data described how a cohort changed over time, and described only one outcome, 
the fitting process used a model system for each of the transitions and data types, totalling 
16 different versions of the model system. Full code is available on GitHub. 

We used uniform priors for the four estimated parameters, all with a range of 0 to 12, 
where 12 would be equivalent to changing state once a month. During the fitting process, 
potential parameters are trialled within this range. figure 3 shows the different parameter 
values that were accepted over the 10,000 iterations of the model fit. 

These accepted parameters in turn, inform figure 4, which shows the correlation between 
two parameters. It also shows the overall distribution of the accepted parameters. We see a 
strong positive correlation between the parameters that control transition between 
minimal and subclinical; as one transition increases, the also has to increase to prevent 
there being excess people in one state and too few in another. We also see this with the 
parameters that control transition between subclinical and clinical. 

The rest of the pairings have slightly weaker, negative correlations. This is clearest with the 
subclinical to minimal and subclinical to clinical pairing, as if one increases, the other has to 
decrease to make sure that there are still sufficient individuals in subclinical to fit the data. 
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Figure 3: The traces of the accepted parameter range from the fitting process 
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Figure 4: The distributions of and correlations between the accepted parameters from the 
fitting process 

S5.1 Weighting 

When calculating the likelihood, larger studies were weighted by the original cohort size to 
reflect the increased confidence that such studies provide. Thus, larger cohorts have a 
heavier weighting and constrain the model more. 

In order to prevent a single study with multiple observations being over-represented in the 
fit of a transition, we down-weighted both the sample size and the number of people 
transitioning by the number of repeated observations. This maintains the observed 
proportion to transition whilst reducing confidence and thus importance given to each 
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individual data point within the study. This is shown in table 1, with the number of repeats 
and the re-calculated effective cohort size and number transitioning. This ensures that the 
proportion remains the same, but less weight is given to each individual data point. 

S5.2 Duration of disease 

Tiemersma et al use an assumption of exponential duration of disease to quote an 
“average” duration of disease as three years and calculates this from the incident cases 
occurring between each survey.6,33 They state that a 𝛿𝛿 of 0.3 fits the cumulative distribution 
for the number of observed cases and thus 1

𝛿𝛿
= 3.33 years is the average duration given by 

the data, but that missed cases mean that is likely an over-estimate and so 3 years is the 
average duration of disease . What they are then quoting as average is the mean, so the 
median duration can be given by 𝑙𝑙𝑙𝑙(2)

𝛿𝛿
. Taking 𝛿𝛿 = 0.33 so that mean duration is 3, gives a 

median duration of 2.1 years. 

The numbers quoted are incident cases between each survey, so we can use the duration of 
disease looking at a cohort that starts in subclinical disease. Therefore, we need to find that 
at 2 years, 50% of the cohort that started in subclinical, is either still subclinical or is 
clinical. 

To use this as a fitting point, we want to look at time 2 years, and see how close to 50% the 
number of people in subclinical + clinical from the subclinical cohort is. 

An exponential function can be written as 𝑝𝑝 = 𝑎𝑎(𝑏𝑏𝑡𝑡) where 𝑝𝑝 is prevalence and 𝑡𝑡 is time. 
We know that at 𝑡𝑡 = 0, 𝑝𝑝 = 1 so 𝑎𝑎 = 1 and the equation simplifies to 𝑝𝑝 = 𝑏𝑏𝑡𝑡 . 

We want to look at 2 years, find the prevalence, and then from that, calculate the time at 
which the prevalence would be 0.5. So, to calculate b, we set 𝑝𝑝 = 0.5 and 𝑡𝑡 = 𝑡𝑡𝑚𝑚𝑚𝑚𝑚𝑚. 

0.5 = 𝑏𝑏𝑡𝑡𝑚𝑚𝑚𝑚𝑚𝑚

𝑏𝑏 = �
1
2
�

1
𝑡𝑡𝑚𝑚𝑚𝑚𝑚𝑚  

So, the full equation, at the fitting point of 𝑡𝑡 = 2 and rearranging for 𝑡𝑡𝑚𝑚𝑚𝑚𝑚𝑚 gives: 

𝑝𝑝 =
1
2

2
𝑡𝑡𝑚𝑚𝑚𝑚𝑚𝑚

𝑙𝑙𝑙𝑙(𝑝𝑝) = 𝑙𝑙𝑙𝑙 �
1
2
�

2
𝑡𝑡𝑚𝑚𝑚𝑚𝑚𝑚

𝑡𝑡𝑚𝑚𝑚𝑚𝑚𝑚 = 𝑙𝑙𝑙𝑙 �
1
2
�

2
𝑙𝑙𝑙𝑙(𝑝𝑝)

𝑡𝑡𝑚𝑚𝑚𝑚𝑚𝑚 = �𝑙𝑙𝑙𝑙(1) − 𝑙𝑙𝑙𝑙(2)�
2

𝑙𝑙𝑙𝑙(𝑝𝑝)

𝑡𝑡𝑚𝑚𝑚𝑚𝑚𝑚 = −2
𝑙𝑙𝑙𝑙(2)
𝑙𝑙𝑙𝑙(𝑝𝑝)
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This means, from fitting at a single time point, we can estimate the median duration of 
disease using the assumption of an exponential distribution of duration. 

S5.3 Prevalence ratios 

Prevalence surveys have found that approximately 50% of people with bacteriologically 
positive disease do not report experiencing symptoms,.52 Whilst harder to ascertain, 
estimates of the proportion of people with bacteriologically negative disease range from 
two to three times the number of people with infectious disease. Both these have been 
included in the model fit as data points, calculated from the steady states of the system 
equations. 

The subclinical to clinical ratio is calculated: 

𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

= 𝑠𝑠_𝑐𝑐 ∗ 𝑆𝑆 − 𝑐𝑐_𝑠𝑠 ∗ 𝐶𝐶 − 𝑑𝑑 ∗ 𝐶𝐶

0 = 𝑠𝑠_𝑐𝑐 ∗ 𝑆𝑆 − 𝑐𝑐_𝑠𝑠 ∗ 𝐶𝐶 − 𝑑𝑑 ∗ 𝐶𝐶
𝑠𝑠_𝑐𝑐 ∗ 𝑆𝑆 = 𝑐𝑐_𝑠𝑠 ∗ 𝐶𝐶 + 𝑑𝑑 ∗ 𝐶𝐶

𝑆𝑆
𝐶𝐶

=
𝑐𝑐_𝑠𝑠 + 𝑑𝑑
𝑠𝑠_𝑐𝑐

 

For simplicity, the parameters representing transitions have been simplified to single 
letters: 

• 𝑚𝑚_𝑠𝑠 -> 𝑒𝑒 
• 𝑠𝑠_𝑚𝑚 -> 𝑓𝑓 
• 𝑠𝑠_𝑐𝑐 -> 𝑔𝑔 
• 𝑐𝑐_𝑠𝑠 -> ℎ 
• 𝑟𝑟 -> 𝑗𝑗 
• 𝑑𝑑 -> 𝑘𝑘 

and to create a non-zero steady state, an unknown 𝛼𝛼 is the flow of new disease. 

The system of equations then becomes: 

𝑀̇𝑀 = 𝛼𝛼 − (𝑒𝑒 + 𝑗𝑗)𝑀𝑀 + 𝑓𝑓𝑓𝑓
𝑆̇𝑆 = 𝑒𝑒𝑒𝑒 − (𝑔𝑔 + 𝑓𝑓)𝑆𝑆 + ℎ𝐶𝐶
𝐶̇𝐶 = 𝑔𝑔𝑔𝑔 − (ℎ + 𝑘𝑘)𝐶𝐶

 

Assuming a steady state and using the equation for 𝑆̇𝑆 we can get an equation for M in terms 
of S and C: 

0 = 𝑒𝑒𝑒𝑒 − (𝑔𝑔 + 𝑓𝑓)𝑆𝑆 + ℎ𝐶𝐶
𝑒𝑒𝑒𝑒 = (𝑔𝑔 + 𝑓𝑓)𝑆𝑆 − ℎ𝐶𝐶

𝑀𝑀 =
(𝑔𝑔 + 𝑓𝑓)𝑆𝑆 − ℎ𝐶𝐶

𝑒𝑒

 

Substituting C in terms of S: 
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𝑀𝑀 =
(𝑔𝑔 + 𝑓𝑓)𝑆𝑆 − ℎ 𝑔𝑔

ℎ + 𝑘𝑘 𝑆𝑆
𝑒𝑒

𝑀𝑀 =
(𝑔𝑔 + 𝑓𝑓)(ℎ + 𝑘𝑘) − ℎ𝑔𝑔

𝑒𝑒(ℎ + 𝑘𝑘) 𝑆𝑆
 

Then to calculate 𝑀𝑀
𝑆𝑆+𝐶𝐶

: 

𝑀𝑀
𝑆𝑆 + 𝐶𝐶

=

(𝑔𝑔 + 𝑓𝑓)(ℎ + 𝑘𝑘) − ℎ𝑔𝑔
𝑒𝑒(ℎ + 𝑘𝑘) 𝑆𝑆

𝑆𝑆 + 𝐶𝐶

𝑀𝑀
𝑆𝑆 + 𝐶𝐶

=

(𝑔𝑔 + 𝑓𝑓)(ℎ + 𝑘𝑘) − ℎ𝑔𝑔
𝑒𝑒(ℎ + 𝑘𝑘) 𝑆𝑆

𝑆𝑆 + 𝑔𝑔
ℎ + 𝑘𝑘 𝑆𝑆

𝑀𝑀
𝑆𝑆 + 𝐶𝐶

=

(𝑔𝑔 + 𝑓𝑓)(ℎ + 𝑘𝑘) − ℎ𝑔𝑔
𝑒𝑒(ℎ + 𝑘𝑘)
1 + 𝑔𝑔

ℎ + 𝑘𝑘

𝑀𝑀
𝑆𝑆 + 𝐶𝐶

=

(𝑔𝑔 + 𝑓𝑓)(ℎ + 𝑘𝑘) − ℎ𝑔𝑔
𝑒𝑒(ℎ + 𝑘𝑘)
ℎ + 𝑘𝑘 + 𝑔𝑔
ℎ + 𝑘𝑘

𝑀𝑀
𝑆𝑆 + 𝐶𝐶

=
(𝑔𝑔 + 𝑓𝑓)(ℎ + 𝑘𝑘) − ℎ𝑔𝑔

𝑒𝑒(ℎ + 𝑘𝑘 + 𝑔𝑔)

 

The prior value for the ratio of subclinical to clinical disease is taken from a systematic 
review of prevalence surveys that found approximately 50% of people with 
bacteriologically positive disease did not screen positive on symptoms.13,52 This is from 
populations with treatment, however we do not have an equivalent source in absence of 
treatment. However, to compensate for this, we allowed wide priors for the model to settle 
on the best value given the data. For the purposes of fitting, we assume this prior value is 
what is found in a steady state situation. 

There is not a similar review to inform the ratio between minimal and infectious. We have 
used results from a post analysis of the 2016 Kenyan prevalence survey to provide an 
estimate for the prior, that is used with the same assumptions as the subclinical to clinical 
ratio.53 Whilst this cannot be perfect, it again provides a prior range for the calibration to 
consider. This was paired with a wide uncertainty for the model to consider. In the survey, 
10% of those screened with CXR were considered to have TB abnormalities, but on expert 
review, only 60% were truly considered abnormal. On Xpert testing, 90% of all originally 
screened as TB were negative, with 10% positive (which would give a 9:1 ratio). However, 
taking into account that only 60% were considered TB on expert review, that brings the 
ratio down to 5:1. Our own priors felt that this number was still too high, so we halved the 
ratio (2.5:1). This estimate is also consistent with a repeated prevalence survey in 
Cambodia.13 
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S5.4 True Minimals 

In the systematic review preceding this work, x-ray positive, bacteriologically negative 
disease was analysed based on reporting of the presumed activity (whether the x-rays 
were classified as active or inactive). For modelling purposes, there was insufficient data to 
split groups starting in minimal disease beyond the symptoms at the end and the follow-up 
collection type, so the distinction between active and inactive x-rays has not been included. 
However, determining who truly has TB when the only test is an x-ray is difficult. To take 
this into account, we have used tuberculin skin test (TST) as a proxy for determining 
whether a positive x-ray is a result of TB infection progressing to disease, and so we can 
estimate the proportion of people classed as minimal that are actually minimal. These 
papers were not selected systematically but span a range of time and location. Table 3 
shows each of the studies, the number of people who were found to be x-ray positive in the 
study, and then the number of those who were also TST negative. 

Table 3: The different studies that contributed towards the decision to reduce the proportion 
of people with positive x-rays that were considered to be truly minimal 

Author xray_pos tst_neg 
Groth-Petersen, 1959 37494 6097 
Roelsgaard, 1964 2857 772 
Roelsgaard, 1961 559 169 
Scheel, 1937 255 54 
National Tuberculosis Institute, 1974 3761 1848 

Applying a meta-analysis to this, we find that the fixed effects result is 20% of x-ray 
positives are TST negative and so unlikely to be caused by TB, and the random effects 
suggests 28%, as can be seen in figure 5. Therefore, throughout this paper we have 
assumed that 25% of all x-ray positives are non-TB, and thus reduced every cohort that 
starts in minimal accordingly. 

 

Figure 5: The results of a meta-analysis on the proportion of those with positive x-rays who 
also test tst negative, as a proxy for the proportion of positive x-rays that are not caused by TB 
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To check this assumption, we have tested this with 0% and 40% of x-ray positives being 
non-TB, as can be seen in table 6. 

S5.5 Likelihood Calculation 

The likelihood function can be described as follows: 

ℒ

= �� 𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝑖𝑖𝑖𝑖𝑖𝑖 �
𝑂𝑂𝑘𝑘,𝑡𝑡
𝑛𝑛𝑘𝑘

�𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 =  (𝑝𝑝𝑡𝑡 × 𝐶𝐶𝑘𝑘
𝑛𝑛𝑘𝑘

)�
𝐾𝐾

𝑘𝑘 = 1

� × ��𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺�𝑅𝑅𝑗𝑗�𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 =  𝑟𝑟𝑗𝑗�
𝐽𝐽

𝑗𝑗 = 1

�

× �𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇(𝐷𝐷|𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 =  𝑑𝑑,𝑚𝑚𝑚𝑚𝑚𝑚 = 0)� 

 

Where: 

• 𝑘𝑘 is the study identifier 
• 𝑡𝑡 is the timepoint of the reported observation 
• 𝑂𝑂𝑘𝑘,𝑡𝑡 is the observed number of transitions for study k at time point t 
• 𝑛𝑛𝑘𝑘 is the number of reported observations included for the study 
• 𝐶𝐶𝑘𝑘 is the cohort size for study k 
• 𝑝𝑝𝑡𝑡 is the model-predicted proportion transitioned 
• 𝑅𝑅𝑗𝑗  is the ratio between disease states (with j identifying which disease ratio) 
• 𝑟𝑟𝑗𝑗  is the model-predicted ratio between disease states 
• 𝐷𝐷 is the expected duration of infectious disease 
• 𝑑𝑑 is the model-predicted duration of infectious disease
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S6 Minimal disease 

 

Figure 6: Trajectories of disease over time given different cohort starts 

 

Figure 7: Trajectories of disease over time given different cohort starts 
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Figure 8: Final state after five years of people starting in subclinical and clinical disease 

S7 Disease pathways 

 

Figure 9: An example trajectory where the individual dies from TB. In this case, the death happens in year 2 
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Figure 10: An example trajectory where the individual recovers from TB. In this case, the individual spent the 
first 2 years having regressed to minimal, then progresses to subclinical in the third year before regressing 
quickly to recovery 

 

Figure 11: An example trajectory of subclinical in the 4th year. The previous years have time in both clinical 
and subclinical and year 5 is entirely in minimal, however, as the majority of time (>=9 months) in year 4 
and there are fewer than three state changes, the 4th year is defined as subclinical 
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Figure 12: An example trajectory of clinical in the 4th year. The previous years have time in both minimal 
and subclinical and year 5 is mainly subclinical. As the majority of time (>=9 months) in year 4 is clinical and 
there are fewer than three state changes, the 4th year is defined as clinical 

 

Figure 13: An example trajectory of minimal in the 3rd year. Other than the first year, with time in 
subclinical, the remaining years are also all minimal 

 

Figure 14: An example trajectory of transitioning disease in the 5th year. There are 2 disease states in the 
5th year, with neither lasting for 9 months. The majority of the remainder of this trajectory is in minimal 
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Figure 15: An example trajectory of transitioning disease in the second year, with three state changes and 
neither state lasting for a total of 9 months. 

S8 Duration of symptoms 

Duration of symptoms can be split into three categories: duration before death, duration before 
regression to subclinical, and when applicable, duration before treatment. These three have not shown a 
significant difference in our analysis, but of note is the highly skewed distribution that we observe. Of 
those who become clinical, the minimum time spent clinical is one month (as that is the time step in the 
model), but a small proportion of individuals have persistent symptoms for a long time 
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S9 Additional results 

Here we consider the median duration of disease and the proportion of people in each state at a given 
time. We can see that including treatment decreases the duration of disease and decreases the proportion 
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clinical. When including minimal disease in the duration, we see that duration increases significantly, 
showing the importance of considering all those who are at risk of progressing to infectious disease. In 
the following figures, the top row is the number of people in all disease states (minimal, subclinical, and 
clinical) over time, and the bottom row is the number of people in infectious disease states (subclinical 
and clinical). 

 

Figure 16: Median duration of infectious and all disease with and without treatment, starting with a cohort 
of subclinical individuals 

 

Figure 17: Median duration of infectious and all disease with and without treatment, starting with a cohort 
of clinical individuals 
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Figure 18: Median duration of infectious and all disease with and without treatment, starting with a cohort 
of minimal individuals 

 

Figure 19: Median duration of infectious and all disease with and without treatment, starting with a cohort 
of half clinical and half subclinical individuals 



 32 

 

Figure 20: Median duration of infectious and all disease with and without treatment, starting with a cohort 
of 70% clinical and 30% subclinical individuals 

 

Figure 21: Median duration of infectious and all disease with and without treatment, starting with a cohort 
of 30% clinical and 70% subclinical individuals 
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S10 Sensitivity Analyses 

We have run sensitivity analyses on different areas of the main analysis. For the purposes of comparison, we have included the median 
parameter estimates, and key outputs; median duration of disease, percentage of people clinical, undulating, subclinical, and minimal after 5 
years, and the number of people who have died from TB over 10 years. 

S10.1 Fitting 

S10.1.1  Bootstrap studies 

We ran the fit process removing the data from one study at a time. Table 4 shows the key outputs, showing that no one study is driving the 
fit, with similar results when each study is removed. 

Table 4: A summary if the differences in fit when removing one study at a time 

 Parameters  Defining state after five years (10 years for death) 
 Min

-out 
min
-sub 

sub
-

min 

sub
-

clin 

clin
-

sub 

mor
t 

duratio
n 

Clinica
l 

Transitionin
g 

Subclinic
al 

Minima
l 

Death
s 

Treate
d 

Recovere
d 

Main 0.20 0.26 1.5
1 

0.6
9 

0.5
8 

0.32 12 4.63 7.18 2.34 23.84 37.98 0 29.68 

Hong Kong 
Chest 
Service43–46 

0.18 0.21 1.2
4 

0.7
5 

0.6
6 

0.33 14 4.71 6.63 2.70 25.64 38.42 0 27.78 

Tuberculosis 
Society of 
Scotland29,30 

0.20 0.26 1.5
8 

0.7
0 

0.5
7 

0.32 12 4.79 6.54 2.21 24.31 37.40 0 30.39 

Puelma17 0.20 0.26 1.6
1 

0.7
0 

0.5
7 

0.32 11 4.96 6.31 1.81 24.34 36.94 0 30.92 

Beeuwkes15 0.20 0.26 1.5
2 

0.6
3 

0.5
6 

0.32 12 5.02 6.92 2.29 23.99 36.36 0 30.86 

National 
Tuberculosis 
Institute33–41 

0.21 0.26 1.5
9 

0.7
0 

0.5
7 

0.33 12 4.61 7.12 2.00 22.07 37.37 0 32.12 

Aneja42 0.19 0.24 1.4
0 

0.5
8 

0.5
5 

0.32 12 4.43 6.82 2.62 24.99 37.73 0 28.86 
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 Parameters  Defining state after five years (10 years for death) 
 Min

-out 
min
-sub 

sub
-

min 

sub
-

clin 

clin
-

sub 

mor
t 

duratio
n 

Clinica
l 

Transitionin
g 

Subclinic
al 

Minima
l 

Death
s 

Treate
d 

Recovere
d 

Bobrowitz18,1

9 
0.21 0.27 1.6

6 
0.7

1 
0.5

7 
0.33 12 4.71 6.23 1.54 23.22 37.10 0 32.30 

Borgen24,25 0.20 0.25 1.5
1 

0.6
8 

0.5
6 

0.32 12 5.08 7.24 2.18 24.26 38.01 0 29.37 

Norregaard48 0.19 0.27 1.6
2 

0.6
9 

0.5
5 

0.32 12 4.65 6.82 1.96 24.30 37.57 0 29.90 

Cowie47 0.23 0.21 1.1
5 

0.7
9 

0.7
1 

0.32 14 4.55 6.55 2.51 22.35 37.50 0 32.06 

Puffer16 0.24 0.27 1.5
7 

0.6
9 

0.5
7 

0.33 12 4.41 6.10 2.03 20.65 37.93 0 34.01 

Marshall23 0.20 0.25 1.5
3 

0.7
0 

0.5
8 

0.33 12 4.32 7.17 2.21 23.57 37.92 0 30.00 

Anastasatu49 0.21 0.32 1.9
3 

0.6
3 

0.5
1 

0.32 11 4.59 6.91 1.68 22.65 37.02 0 32.47 

Downes14 0.21 0.27 1.5
9 

0.7
5 

0.7
1 

0.32 11 4.06 6.93 2.00 24.09 35.04 0 32.84 

Pamra32 0.15 0.26 1.6
3 

0.8
5 

0.6
3 

0.36 12 4.60 7.13 1.62 27.64 41.61 0 24.03 

Okada13 0.20 0.26 1.6
9 

0.7
6 

0.5
7 

0.32 12 5.28 6.54 1.58 23.19 37.71 0 31.05 

Sikand28 0.20 0.27 1.6
2 

0.6
7 

0.5
5 

0.32 12 4.77 6.58 1.93 23.59 37.21 0 31.20 

Breu27 0.20 0.26 1.2
0 

0.6
2 

0.6
2 

0.32 14 5.19 7.79 3.42 23.19 37.73 0 29.04 

Manser26 0.20 0.25 1.4
1 

0.6
2 

0.5
3 

0.31 13 5.32 6.76 2.46 24.25 37.62 0 29.43 

Bosworth20,2

1 
0.18 0.25 1.4

9 
0.7

4 
0.5

6 
0.34 13 5.00 6.63 1.91 24.95 40.71 0 26.96 
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 Parameters  Defining state after five years (10 years for death) 
 Min

-out 
min
-sub 

sub
-

min 

sub
-

clin 

clin
-

sub 

mor
t 

duratio
n 

Clinica
l 

Transitionin
g 

Subclinic
al 

Minima
l 

Death
s 

Treate
d 

Recovere
d 

Bosworth20,2

2 
0.19 0.25 1.5

2 
0.7

0 
0.5

8 
0.33 12 4.47 6.68 2.23 24.34 37.57 0 30.28 

Frimodt-
Moller31 

0.20 0.26 1.5
4 

0.6
8 

0.5
7 

0.32 12 4.59 6.87 2.12 23.58 37.34 0 30.87 

S10.1.2  Change duration of infectiousness 

The duration of infectiousness holds a prior value of 2 years in the main analysis. In table 5 we change this prior value to 18 months and 3 
years. 

Table 5: A summary of the differences in fit when testing different durations of infectiousness 

 Parameters  Defining state after five years (10 years for death) 
 min

-out 
min
-sub 

sub-
min 

sub-
clin 

clin
-sub 

mor
t 

duratio
n 

Clinica
l 

Transitionin
g 

Subclinica
l 

Minima
l 

Death
s  

Treate
d  

Recovere
d  

Main 0.2 0.26 1.5
1 

0.6
9 

0.58 0.32 12 4.63 7.18 2.34 23.84 37.98 0 29.68 

18 
month
s 

0.2 0.26 1.5
4 

0.6
9 

0.57 0.32 12 4.94 6.86 1.89 23.57 37.61 0 30.94 

3 years 0.2 0.25 1.4
9 

0.6
9 

0.57 0.32 13 4.65 6.96 2.12 23.74 37.47 0 30.63 

S10.1.3  Change proportion of minimal “true minimals” 
Table 6: A summary of the differences in fit when changing the proportion of people that have x-ray changes due to TB disease 

 Parameters  Defining state after five years (10 years for death) 
 min-

out 
min-

sub 
sub-
min 

sub-
clin 

clin-
sub 

mort duration Clinical Transitioning Subclinical Minimal Deaths  Treated  Recovered  

Main 0.20 0.26 1.51 0.69 0.58 0.32 12 4.63 7.18 2.34 23.84 37.98 0 29.68 
100% 0.24 0.18 1.22 0.70 0.63 0.31 14 4.75 5.82 2.43 22.17 34.86 0 34.47 
60% 0.15 0.33 1.79 0.66 0.53 0.33 11 5.13 7.48 1.91 26.47 39.23 0 26.06 
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S10.1. 4 Change assumption on persistent symptoms 

In the main analysis, where studies mentioned symptoms at the start but not at follow-up, we assumed that the initial symptom status 
persisted. This allowed study end-points to be classified either as subclinical or clinical where they would otherwise be classified as 
infectious. Here we remove that assumption and treat all studies where we implemented the assumption instead as minimal to infectious. 

Table 7: A summary of the difference in fit, and the subsequent analyses, when removing the assumption that symptoms persist 

 Parameters  Defining state after five years (10 years for death) 
 min-

out 
min-

sub 
sub-
min 

sub-
clin 

clin-
sub 

mort duration Clinical Transitioning Subclinical Minimal Deaths  Treated  Recovered  

Main 0.20 0.26 1.51 0.69 0.58 0.32 12 4.63 7.18 2.34 23.84 37.98 0 29.68 
no 0.15 0.33 1.77 0.57 0.49 0.33 11 4.73 8.63 2.38 27.73 38.54 0 24.54 

S10.2 Cohort model 

S10.2.1  Parameter values 

The method of parameter choice for the simulation was one of three. In the main analysis, each step of the model, for each individual, the 
relevant parameters were chosen randomly from the posterior distribution. For the other two alternatives, we randomly sampled the 
parameters at the start of the simulation for each individual and fixed them for the whole run, and the other used the median parameters for 
each person. Table 8 shows that there is very little difference between either method overall. 

Table 8: A summary of the differences in analysis when testing different method of parameter choice for the cohort model 

 Parameters  Defining state after five years (10 years for death) 
 min

-out 
min
-sub 

sub-
min 

sub-
clin 

clin
-sub 

mor
t 

duratio
n 

Clinica
l 

Transitionin
g 

Subclinica
l 

Minima
l 

Death
s  

Treate
d  

Recovere
d  

Main 0.2 0.26 1.5
1 

0.6
9 

0.58 0.32 12 4.63 7.18 2.34 23.84 37.98 0 29.68 

fixed 0.2 0.26 1.5
1 

0.6
9 

0.58 0.32 13 5.16 6.25 2.42 24.44 37.81 0 29.29 

media
n 

0.2 0.26 1.5
1 

0.6
9 

0.58 0.32 12 4.88 7.28 2.25 24.25 37.73 0 29.19 
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S10.2.2  Treatment 

Treatment was added to the model to simulate a case detection rate for a care pathway initiated by self-reported symptoms. When 
considered in the main analysis, the case detection rate was implemented at 70%. In table 9 we compare the difference between case 
detection rates at 50%, 70%, and 90%. 

Table 9: A summary of the differences in analysis when testing different passive case detection rates 

 Parameters  Defining state after five years (10 years for death) 
 min-

out 
min-

sub 
sub-
min 

sub-
clin 

clin-
sub 

mort duration Clinical Transitioning Subclinical Minimal Deaths  Treated  Recovered  

Main 0.2 0.26 1.51 0.69 0.58 0.32 12 4.63 7.18 2.34 23.84 37.98 0.00 29.68 
0.5 0.2 0.26 1.51 0.69 0.58 0.32 8 1.19 3.67 1.23 18.08 22.60 29.15 25.86 
0.7 0.2 0.26 1.51 0.69 0.58 0.32 8 0.74 3.53 1.23 17.90 18.70 34.59 24.81 
0.9 0.2 0.26 1.51 0.69 0.58 0.32 7 0.64 3.23 1.01 15.74 16.30 40.06 24.00 

S10.2.3  Trajectories 

The trajectories are based on two variables, the proportion of time in a single state, and the number of state changes both over the previous 
12 months. The main analysis defines transitioning as less than nine months in a single state or 3 or more changes in state. In table 10 we 
compare the definition of transitioning as less than 8 months or less than 10 months, whilst keeping the number of state changes fixed at 3 
or more. In table 11 we compare the definition of transitioning with less than 9 months fixed, and the state changes as either 2 or more, or 4 
or more. 

Table 10: A summary of the differences in analysis when varying the threshold for transitioning trajectories 

 Parameters  Defining state after five years (10 years for death) 
 min-

out 
min-

sub 
sub-
min 

sub-
clin 

clin-
sub 

mort duration Clinical Transitioning Subclinical Minimal Deaths Treated Recovered 

Main 0.2 0.26 1.51 0.69 0.58 0.32 12 4.63 7.18 2.34 23.84 37.98 0 29.68 
7 0.2 0.26 1.51 0.69 0.58 0.32 12 5.70 2.63 3.66 25.96 36.14 0 31.41 
8 0.2 0.26 1.51 0.69 0.58 0.32 12 5.40 4.70 2.68 25.43 37.92 0 29.67 
10 0.2 0.26 1.51 0.69 0.58 0.32 12 4.04 9.34 1.83 23.38 37.67 0 29.83 
11 0.2 0.26 1.51 0.69 0.58 0.32 12 3.69 11.29 1.07 21.80 37.30 0 30.03 
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Table 11: A summary of the differences in analysis when varying the threshold for transitioning trajectories 

 Parameters  Defining state after five years (10 years for death) 
 min-

out 
min-

sub 
sub-
min 

sub-
clin 

clin-
sub 

mort duration Clinical Transitioning Subclinical Minimal Deaths  Treated  Recovered  

Main 0.2 0.26 1.51 0.69 0.58 0.32 12 4.63 7.18 2.34 23.84 37.98 0 29.68 
2 0.2 0.26 1.51 0.69 0.58 0.32 12 4.24 8.77 1.74 21.89 37.78 0 30.87 
4 0.2 0.26 1.51 0.69 0.58 0.32 12 4.86 6.07 2.33 24.37 37.84 0 30.05 
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