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Supplementary Methods 
 
Statistical analysis 
All analyses were performed in R (Boston, MA, USA), version 3.6.1. 
 
Analysis cohorts 
All enrolled participants were used to evaluate associations with baseline Mycobacterium tuberculosis (Mtb) sensitisation 
and prevalent pulmonary tuberculosis (TB). All participants who did not meet the baseline prevalent TB endpoint, and 
who attended at least one follow-up visit, were included in evaluation of baseline predictors of incident pulmonary TB. 
Participants who discontinued follow-up prior to 15 months follow-up and did not meet the incident TB study endpoint 
definition were censored at their final study visit or last negative sputum sample collection. For determination of the 
diagnostic and prognostic performance of clinical prediction models for pulmonary TB, only enrolled participants with 
available interferon-γ release assay (IGRA) and RISK11 results were included. 
 
Approach to missing data 
Variables considered for inclusion in the analyses  were captured in the CORTIS-HR study with low missingness (<10%), 
had existing evidence of association with TB disease, and were likely to be available to healthcare practitioners in 
resource-constrained settings. Missing data points,  due for example to failed sample collection, were considered missing 
completely at random, and these participants were excluded from analyses (i.e. complete case analysis only).  
 
Prevalence estimates 
The prevalence of Mtb sensitisation or TB disease (%) was estimated as the proportion of participants with positive 
baseline IGRA or TB at enrolment. The 95% confidence intervals on prevalence estimates was calculated using the 
Binomial Wilson method using the R binom package.1 
 
TB incidence 
The incidence (per 100 person-years) of TB through 15 months was estimated among participants using a time-dependent 
right-censored non-parametric approach (estimate and variance derived from the Nelson-Aalen estimator2 of cumulative 
hazard). Participants with prevalent TB at enrolment, or who only attended the initial enrolment visit (follow-up time = 
0), were excluded from this estimate. 
 
Least absolute shrinkage and selection operator regression analyses 
Least absolute shrinkage and selection operator (LASSO) regression analyses, built using the glmnet R package3, were 
used to select variables to obtain a parsimonious model and improve prediction accuracy and interpretability. Variables 
are excluded by LASSO regression (coefficient shrunk to zero) if they are collinear or they do not have an association 
with the outcome variable, or have very small coefficients and are therefore unlikely to have an association with the 
outcome variable. To obtain the optimal value of the tuning parameter (lambda), 500 iterations of five-fold cross-
validation were performed using a range of lambda values. Balanced folds (i.e. supervised assignment of participants to 
folds according to dependent/outcome variables) were used to achieve proportional numbers of endpoints in each fold. A 
choice of five folds was made to yield error rates that do not suffer from either very high variance or high bias.4 The mean 
binomial deviance for each fixed value of lambda across the 500 iterations of cross validation were computed, and lambda 
with the minimum binomial deviance was selected. 
 
Baik2020 clinical score computation 
The Baik et al. (PloS Medicine, 2020) clinical score (Baik2020) was designed for empiric diagnosis of TB among adults 
presenting to primary health clinics while awaiting microbiological results, and was calculated as per the published 
methods5: 
 

Predictor Score 
Sex Female 0 

Male 1 
Age <25 or >44 years 0 

25-44 years 1 
HIV status Negative 0 

Positive 2 
Diabetes Non-diabetic 0 

Diabetic 1 
Symptom duration > 14 days No 0 

Yes 1 
Number of WHO TB symptoms 
reported 

One point each for cough (1), fever (1), night 
sweats (1), and loss of weight (1) 

0-4 

 /10 
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Hanifa2017 clinical score computation 
The Hanifa et al. (PloS One, 2017) clinical score (Hanifa2017) was designed as a diagnostic prediction model for 
symptomatic adults attending clinic for routine HIV care to prioritise TB investigation, and was calculated as per the 
published methods6: 

Predictor Score 
ART status On ART ≥3 months 0 

Pre-ART or ART <3 months 3 
BMI, kg/m2 ≥25 0 

18.5-24.9 2 
<18.5 6 

CD4 cell count, cells/mm3 ≥350 0 
200-349 1 
<200 3 

Number of WHO TB symptoms 
reported 

0-1 symptom 0 
>1 symptom 4 

  /16 
 
Personalized risk predictor for incident TB (Periskope-TB) computation 
The Personalized Risk Predictor for Incident TB (Periskope-TB) clinical prediction tool (Gupta et al., Nature Medicine 
2020) combines a quantitative measure of T cell sensitisation (IGRA or tuberculin skin test result) and clinical covariates 
to predict incident TB in low transmission settings (annual incidence ≤20 per 100,000 persons) with minimal risk of 
reinfection.7 The R code provided by the authors (github.com/rishi-k-gupta/PERISKOPE-TB) was used to calculate 
Periskope-TB scores in our cohort, with the following variables and assumptions: 

Variable Assumption 
Age (years)  
Maximum QuantiFERON TB antigen response (higher of TB1 and TB2 tubes; IU/mL)  
QuantiFERON negative control  (IU/mL)  
Was the person tested through contact tracing? (Yes/No) Participants with known household contacts: Yes 

Participants without known household contacts: No 
Proximity of index case (Household/non-household) Household 
Sputum smear status of index case (Positive/Negative) Positive 
Was the person tested born abroad? (Yes/No) Yes 
Country of birth South Africa 
Approximate date of migration Set to date of enrolment 
Is the person tested known to be living with HIV? (Yes/No)  
Has the person tested received a solid organ or haematological transplant? (Yes/No)  
Preventative treatment commenced? (Yes/No)  
Date of latent TB test  

 
Performance of prediction models, RISK11, and IGRA 
Diagnostic and prognostic performance was assessed with binary receiver operating characteristic (ROC) analysis to 
calculate the AUC using the pROC R package8. Binary ROC AUCs were compared using the DeLong test.9 Sensitivity, 
specificity, positive predictive value (PPV), and negative predictive value (NPV) at each threshold were calculated using 
binary endpoint indicators and standard formulae. The 95% confidence intervals (CIs) on diagnostic and prognostic 
performance estimates were calculated with a non-parametric percentile bootstrap with 10,000 resamples.10 Diagnostic 
and prognostic accuracy were benchmarked against the minimum WHO target product profile (TPP) thresholds for a 
community-based TB triage or referral test11 (specificity 70% and sensitivity 90%) and the minimal WHO TPP thresholds 
for an incipient TB test, to predict progression to TB disease12 (specificity 75% and sensitivity 75%), respectively. 
 
Derivation and testing of LASSO clinical prediction models in the CORTIS-HR cohort 
For the derivation and testing of diagnostic and prognostic TB clinical prediction models, the cohort was randomly split 
into training (67%) and test (33%) sets with proportional numbers of TB cases in each (i.e. 3-fold cross-validation). The 
training set was used to construct diagnostic and prognostic TB disease risk models using LASSO penalisation for feature 
selection, with or without the addition of RISK11 or IGRA. Study site was not included in the LASSO clinical prediction 
models as this variable is not generalisable to other settings. 
 
Binomial LASSO regression analyses were built using the glmnet R package3. To obtain the optimal value of the tuning 
parameter (lambda), 50 iterations of five-fold cross-validation were performed using a range of lambda values. Balanced 
folds (i.e. supervised assignment of participants to folds according to dependent/outcome variables) were used to achieve 
proportional numbers of endpoints in each fold. The mean area under the curve (AUC) for each fixed value of lambda 
across the 50 iterations of cross validation was computed, and lambda with the maximum AUC across the 50 cross-
validation iterations selected. Model performance was then evaluated in the test set. This procedure was repeated 1,000 
times to obtain more reliable AUC estimates, randomly splitting the cohort into 1,000 training and test sets to derive and 
test LASSO models. The mean cross-validated AUC (CV-AUC) estimates and 95% confidence interval across the 1,000 
iterations are reported. Relative feature importance was calculated as the number of times each feature was included in a 
model dived by the total iterations of model training.  
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Supplementary Figures 
 

 
 
Supplementary Figure 1: Enrolment and follow-up 
#Participants who did not complete follow-up per-protocol were included in incident TB analysis but censored as TB 
disease free at their last study visit. Eight deaths were reported during study follow-up; three of unnatural causes, one of 
acute gastroenteritis, three of unknown causes, and one from suspected abdominal TB. 
†Two without PAXgene RNA and 37 with indeterminate result due to inadequate quality of the RNA sample. 
TB, tuberculosis (disease). Mtb, Mycobacterium tuberculosis. IGRA, interferon-γ release assay. BMI, body-mass index. 
MGIT, Mycobacteria Growth Indicator Tube. Xpert, GeneXpert MTB/RIF or Ultra. 
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Supplementary Figure 2: Diagnostic performance of LASSO regression clinical prediction models derived and 
tested in the CORTIS-HR cohort 
(a) The receiver operating characteristic (ROC) curves depict test set diagnostic performance (area under the curve, AUC, 
with 95% CI) of 1,000 LASSO regression clinical prediction models for prevalent TB diagnosed on one or more liquid 
culture-positive or Xpert MTB/RIF-positive sputum samples. Each of the 1,000 green ROC curves depict performance in 
an individual test set. The mean cross-validated AUC is represented in dark green. The solid box depicts the optimal 
criteria (95% sensitivity and 80% specificity) and the dashed box depicts the minimal criteria (90% sensitivity and 70% 
specificity) set out in the WHO Target Product Profile for a TB triage test.11 (b) Relative feature importance in the clinical 
models.  
 
a           b 

 
 
Supplementary Figure 3: Prognostic performance for incident TB through 15 months follow-up of LASSO 
regression clinical prediction models derived and tested in the CORTIS-HR cohort 
(a) The receiver operating characteristic (ROC) curves depict test set prognostic performance (area under the curve, AUC, 
with 95% CI) of 1,000 LASSO regression clinical prediction models for incident TB diagnosed through 15 months follow-
up on one or more liquid culture-positive or Xpert MTB/RIF-positive sputum samples. Each of the 1,000 green ROC 
curves depict performance in an individual test set. The mean cross-validated AUC is represented in dark green. The solid 
box depicts the optimal criteria (90% sensitivity and 90% specificity) and the dashed box depicts the minimal criteria 
(75% sensitivity and 75% specificity) set out in the WHO Target Product Profile for an incipient TB test.12 (b) Relative 
feature importance in the clinical models.
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a           c 

 
b           d 

 
 
Supplementary Figure 4: Diagnostic performance of LASSO regression clinical prediction models incorporating 
RISK11 or the interferon-γ release assay derived and tested in the CORTIS-HR cohort 
The receiver operating characteristic (ROC) curves depict test set diagnostic performance (area under the curve, AUC, 
with 95% CI) of (a) RISK11 alone and (b) the interferon-γ release assay (IGRA) alone, and 1,000 LASSO regression 
clinical prediction models incorporating (c) RISK11 or (d) IGRA, for prevalent TB diagnosed on one or more liquid 
culture-positive or Xpert MTB/RIF-positive sputum samples. Each of the 1,000 red or blue ROC curves depict 
performance in an individual test set. The mean cross-validated AUC is represented in dark red or dark blue. The solid 
box depicts the optimal criteria (95% sensitivity and 80% specificity) and the dashed box depicts the minimal criteria 
(90% sensitivity and 70% specificity) set out in the WHO Target Product Profile for a TB triage test.11 
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a           c 

 
b           d 

 
 
Supplementary Figure 5: Prognostic performance for incident TB through 15 months follow-up of LASSO 
regression clinical prediction models incorporating RISK11 or the interferon-γ release assay derived and tested in 
the CORTIS-HR cohort 
The receiver operating characteristic (ROC) curves depict test set prognostic performance (area under the curve, AUC, 
with 95% CI) of (a) RISK11 alone and (b) the interferon-γ release assay (IGRA) alone, and 1,000 LASSO regression 
clinical prediction models incorporating (c) RISK11 or (d) IGRA, for incident TB diagnosed through 15 months follow-
up on one or more liquid culture-positive or Xpert MTB/RIF-positive sputum samples. Each of the 1,000 red or blue ROC 
curves depict performance in an individual test set. The mean cross-validated AUC is represented in dark red or dark 
blue. The solid box depicts the optimal criteria (90% sensitivity and 90% specificity) and the dashed box depicts the 
minimal criteria (75% sensitivity and 75% specificity) set out in the WHO Target Product Profile for an incipient TB 
test.12 
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Supplementary Tables 
 
Supplementary Table 1: Regression analyses examining factors associated with Mycobacterium tuberculosis 
sensitisation in people living with HIV 
 

 
Study 
cohort 

 
N = 851 

IGRA-, n 
(%) or 
median 
(IQR) 
N=460 

IGRA+, n 
(%) or 
median 
(IQR) 
N=391 

Univariable logistic regression 
 

Multivariable binomial 
LASSO regression with 

selective inference 

OR (95%CI) p value aOR (95%CI) 
p 

value 
Sex 

Female 
Male 

617 (72·5) 
234 (27·5) 

344 (74·8) 
116 (25·2) 

273 (69·8) 
118 (30·2) 

Reference 
1·28 (0·95, 1·73) 

 
0·11 

Reference 
1·11 (0·13, 1·25) 0·78 

Age (years) 35 (29-42) 35 (29-42) 35 (29-42) 1·00 (0·98, 1·01) 0·86 - - 
Ethnicity 

Black African 
Mixed Ancestry 

716 (84·1) 
135 (15·9) 

400 (87·0) 
60 (13·0) 

316 (80·8) 
75 (19·2) 

Reference 
1·58 (1·09, 2·30) 0·015 

Reference 
1·10 (0·41, 1·28) 0·62 

Site 
Durban, KwaZulu-Natal 
Klerksdorp, North West 
Rustenburg, North West 
Ravensmead, Western Cape 
Worcester, Western Cape 

295 (34·7) 
160 (18·8) 
158 (18·6) 
89 (10·5) 

149 (17·5) 

166 (36·1) 
69 (15·0) 

107 (23·3) 
42 (9·1) 

76 (16·5) 

129 (33·0) 
91 (23·3) 
51 (13·0) 
47 (12·0) 
73 (18·7) 

Reference 
1·70 (1·15, 2·51) 
0·61 (0·41, 0·92) 
1·44 (0·90, 2·32) 
1·24 (0·83, 1·84) 

<0·001‡ 
 

0·008 
0·018 
0·13 
0·29 

- 
1·27 (1·00, 1·49) † 
0·86 (0·67, 1·06) † 

- 
- 

- 
0·024 
0·069 

- 
- 

Highest level of schooling 
Primary school or lower  
Secondary school or higher 

100 (11·8) 
751 (88·2) 

49 (10·7) 
411 (89·3) 

51 (13·0) 
340 (87·0) 

Reference 
0·79 (0·52, 1·21) 

 
0·28 

Reference 
0·93 (0·82, 1·82) 0·58 

Employment 
Employed 
Unemployed 

134 (15·7) 
717 (84·3) 

77 (16·7) 
383 (83·3) 

57 (14·6) 
334 (85·4) 

Reference 
1·18 (0·81, 1·72) 

 
0·39 

Reference 
1·08 (0·38, 1·21) 0·68 

Occupants per household 4 (3-6) 4 (3-7) 4 (3-6) 0·97 (0·93, 1·02) 0·25 0·89 (0·69, 1·28) 0·26 
Smoking history 

No  
Yes 

522 (61·3) 
329 (38·7) 

309 (67·2) 
151 (32·8) 

213 (54·5) 
178 (45·5) 

Reference 
1·71 (1·30, 2·26) 

 
<0·001 

Reference 
1·19 (0·96, 2·97) 0·040 

Prior TB 
No  
Yes 

643 (75·6) 
208 (24·4) 

348 (75·7) 
112 (24·3) 

295 (75·4) 
96 (24·6) 

Reference 
1·01 (0·74, 1·38) 

 
0·94 - - 

TB household contacts 
No  
Yes 

691 (81·2) 
160 (18·8) 

381 (82·8) 
79 (17·2) 

310 (79·3) 
81 (20·7) 

Reference 
1·26 (0·89, 1·78) 

 
0·19 

Reference 
1·11 (0·76, 1·28) 0·31 

Isoniazid preventive therapy at 
enrolment  

Not on therapy 
On therapy 

805 (94·6) 
46 (5·4) 

433 (94·1) 
27 (5·9) 

372 (95·1) 
19 (4·9) 

Reference 
0·82 (0·44, 1·49) 

 
0·52 - - 

Antiretroviral therapy at 
enrolment 

Naïve  
<6 months 
≥6 months 

190 (22·3) 
114 (13·4) 
547 (64·3) 

94 (20·4) 
57 (12·4) 

309 (67·2) 

96 (24·6) 
57 (14·6) 

238 (60·9) 

Reference 
0·98 (0·62, 1·56) 
0·75 (0·54, 1·05) 

0·16‡ 
 

0·93 
0·095 

- 
- 

0·85 (0·72, 1·06) † 

- 
- 

0·070 

Body-mass index (kg/m2) 
24·2 (20·6-

31·2) 
24·5 (20·1-

31·6) 
24·1 (20·9-

30·5) 1·00 (0·98, 1·02) 0·90 1·14 (0·29, 1·29) 0·65 

CD4-positive cell count 
(cells/mm3) 

530·0 
(353·5-
726·0) 

485·5 
(327·5-
691·2) 

567·0 
(393·5-
770·0) 1·05 (1·02, 1·07) * <0·001 1·48 (1·12, 1·77) * 0·006 

HIV plasma viral load 
<100 copies/mL 
≥100 copies/mL 
Not tested (missing) 

180 (44·1) 
228 (55·9) 

443 

94 (43·1) 
124 (56·9) 

242 

86 (45·3) 
104 (54·7) 

201 

Reference 
0·92 (0·62, 1·36) 

- 

 
0·66 

- 

# # 

Season at enrolment 
Spring  
Summer 
Autumn 
Winter 

204 (24·0) 
220 (25·9) 
191 (22·4) 
236 (27·7) 

95 (20·7) 
131 (28·5) 
114 (24·8) 
120 (26·1) 

109 (27·9) 
89 (22·8) 
77 (19·7) 

116 (29·7) 

Reference 
0·59 (0·40, 0·87) 
0·59 (0·39, 0·88) 
0·84 (0·58, 1·23) 

0·013‡ 
 

0·008 
0·009 
0·37 

1·02 (0·46, 1·22) † 

0·85 (0·57, 1·21) † 
0·82 (0·56, 1·10) † 

- 

0·72 
0·15 

0·076 
- 

TB symptoms at enrolment 
No 
Yes 

804 (94·5) 
47 (5·5) 

442 (96·1) 
18 (3·9) 

362 (92·6) 
29 (7·4) 

Reference 
1·97 (1·08, 3·66) 

 
0·028 

Reference 
1·13 (0·86, 1·32) 0·17 

TB status 
No TB 
Prevalent TB 
Incident TB 

813 (95·5) 
17 (2·0) 
21 (2·5) 

448 (97·4) 
5 (1·1) 
7 (1·5) 

365 (93·4) 
12 (3·1) 
14 (3·6) 

Reference 
2·95 (1·08, 9·33) 
2·45 (1·01, 6·54) 

0·016‡ 
 

0·044 
0·055 

0·80 (0·69, 0·94) † 
- 
- 

0·006 
- 
- 

 
IQR, interquartile range. CI, confidence interval. OR, odds ratio. aOR, adjusted OR. IGRA, interferon-γ release assay. 
TB, tuberculosis. *Per 50 cells/mm3. #Excluded from LASSO analysis. †Reference group includes all other levels of 
variable. ‡Likelihood-ratio test for significance of categorical variable.  
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Supplementary Table 2: Baseline characteristics of CORTIS-HR study cohort by clinical site in all enrolled 
participants 
 

 Overall 
N=861 

Durban 
N=300 

Klerksdorp 
N=160 

Rustenburg 
N=161 

Ravensmead 
N=90 

Worcester 
N=150 

Baseline characteristics at study enrolment 
Female sex, n (%) 621 (72·1) 217 (72·3) 102 (63·7) 113 (70·2) 66 (73·3) 123 (82·0) 
Median age, years (IQR) 35 (29-42) 35 (29-42) 32 (27-38) 34 (29-40) 38 (30-46) 38 (31-44) 
Ethnicity, n (%) 

Black African 
Mixed Ancestry 

 
724 (84·1) 
137 (15·9) 

299 (99·7) 
1 (0·3) 

159 (99·4) 
1 (0·6) 

160 (99·4) 
1 (0·6) 

3 (3·3) 
87 (96·7) 

103 (68·7) 
47 (31·3) 

Median body-mass index, kg/m2 (IQR) 
24·2 (20·6-

31·2) 
25·9 (21·7-

32·3) 
22·6 (19·3-

29·7) 
23·8 (20·3-

29·8) 
20·7 (18·8-

27·2) 
26·2 (21·9-

32·2) 
Smoking history, n (%) 334 (38·8) 92 (30·7) 61 (38·1) 43 (26·7) 69 (76·7) 69 (46·0) 
Prior tuberculosis, n (%) 212 (24·6) 73 (24·3) 31 (19·4) 25 (15·5) 32 (35·6) 51 (34·0) 
Tuberculosis household contacts, n (%) 160 (18·6) 77 (25·7) 21 (13·1) 23 (14·3) 30 (33·3) 9 (6·0) 
IGRA result, n (%) 

Not available 
Negative 
Positive 

7 (0·8) 
461 (53·5) 
393 (45·6) 

4 (1·3) 
167 (55·7) 
129 (43·0) 

0 
69 (43·1) 
91 (56·9) 

3 (1·9) 
107 (66·5) 
51 (31·7) 

0 
42 (46·7) 
48 (53·3) 

0 
76 (50·7) 
74 (49·3) 

Isoniazid preventive therapy (IPT), n (%)  
On IPT at enrolment 
Started IPT after enrolment 
Did not take IPT during study 

47 (5·5) 
370 (43·0) 
444 (51·6) 

10 (3·3) 
262 (87·3) 

28 (9·3) 

11 (6·9) 
18 (11·2) 

131 (81·9) 

15 (9·3) 
24 (14·9) 

122 (75·8) 

8 (8·9) 
38 (42·2) 
44 (48·9) 

3 (2·0) 
28 (18·7) 

119 (79·3) 
Antiretroviral therapy at enrolment, n (%) 

Naïve  
<6 months 
6-12 months 
>12 months 

 
193 (22·4) 
115 (13·4) 

66 (7·7) 
487 (56·6) 

 
57 (19·0) 
27 (9·0) 
23 (7·7) 

193 (64·3) 

48 (30·0) 
33 (20·6) 
17 (10·6) 
62 (38·8) 

 
40 (24·8) 
32 (19·9) 
12 (7·5) 

77 (47·8) 

 
12 (13·3) 
16 (17·8) 
9 (10·0) 

53 (58·9) 

 
36 (24·0) 

7 (4·7) 
5 (3·3) 

102 (68·0) 
Started antiretroviral therapy during 
study, n (%) 142/193 (73·6) 50/57 (87·7) 37/48 (77·1) 27/40 (67·5) 5/12 (41·7) 23/36 (63·9) 
Median CD4-positive cells, cells/mm3 

(IQR) 
529 (349·5-

724·5) 
544 (344·5-

713·5) 
532·5 

(361·8-735) 
545 (361-

748) 
515 (335-

735) 
495·5 (348-

697) 
Tuberculosis symptoms positive at 
enrolment, n (%) 51 (5·9) 21 (7·0) 1 (0·6) 3 (1·9) 18 (20·0) 8 (5·3) 
Tuberculosis endpoints (≥1 sputum sample positive) 
Prevalent tuberculosis, 
n (%; 95% CI) 

18 (2·1; 1·3-
3·3) 

7 (2·3; 1·1-
4·7) 0 1 (0·6; 0·1-

3·4) 0 10 (6·7; 3·7-
11·8) 

Incident tuberculosis, 
n (rate per 100 person-years; 95% CI) 

21 (2·3; 1·3-
3·2) 

6 (1·8; 0·4-
3·1) 

1 (0·5; 0-
1·5) 2 (1·2; 0-2·8) 5 (5·7; 0·7-

10·3) 
7 (4·3; 1·1-

7·4) 
 
IQR, inter-quartile range. IGRA, interferon-γ release assay. CI, confidence interval.  
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Supplementary Table 3: Regression analyses examining factors associated with Mycobacterium tuberculosis 
sensitisation in people living with HIV (sensitivity analysis with site removed from LASSO regression) 
 

 
Study cohort 

 
N = 851 

IGRA-, n (%) 
or median 

(IQR) 
N=460 

IGRA+, n (%) 
or median 

(IQR) 
N=391 

Multivariable binomial LASSO 
regression with selective inference 

aOR (95%CI) p value 
Sex 

Female 
Male 

617 (72·5) 
234 (27·5) 

344 (74·8) 
116 (25·2) 

273 (69·8) 
118 (30·2) 

Reference 
1·11 (0·25, 1·27) 0·71 

Age (years) 35 (29-42) 35 (29-42) 35 (29-42) - - 
Ethnicity 

Black African 
Mixed Ancestry 

716 (84·1) 
135 (15·9) 

400 (87·0) 
60 (13·0) 

316 (80·8) 
75 (19·2) 

Reference 
1·07 (0·37, 1·24) 0·69 

Site 
Durban, KwaZulu-Natal 
Klerksdorp, North West 
Rustenburg, North West 
Ravensmead, Western Cape 
Worcester, Western Cape 

295 (34·7) 
160 (18·8) 
158 (18·6) 
89 (10·5) 

149 (17·5) 

166 (36·1) 
69 (15·0) 

107 (23·3) 
42 (9·1) 

76 (16·5) 

129 (33·0) 
91 (23·3) 
51 (13·0) 
47 (12·0) 
73 (18·7) 

# # 

Highest level of schooling 
Primary school or lower  
Secondary school or higher 

100 (11·8) 
751 (88·2) 

49 (10·7) 
411 (89·3) 

51 (13·0) 
340 (87·0) 

Reference 
0·95 (0·84, 2·23) 0·69 

Employment 
Employed 
Unemployed 

134 (15·7) 
717 (84·3) 

77 (16·7) 
383 (83·3) 

57 (14·6) 
334 (85·4) 

Reference 
1·1 (0·61, 1·25) 0·45 

Occupants per household 4 (3-6) 4 (3-7) 4 (3-6) 0·87 (0·71, 1·13) 0·13 
Smoking history 

No  
Yes 

522 (61·3) 
329 (38·7) 

309 (67·2) 
151 (32·8) 

213 (54·5) 
178 (45·5) 

Reference 
1·22 (1·00, 2·32) 0·024 

Prior TB 
No  
Yes 

643 (75·6) 
208 (24·4) 

348 (75·7) 
112 (24·3) 

295 (75·4) 
96 (24·6) - - 

TB household contacts 
No  
Yes 

691 (81·2) 
160 (18·8) 

381 (82·8) 
79 (17·2) 

310 (79·3) 
81 (20·7) 

Reference 
1·11 (0·78, 1·27) 0·29 

Isoniazid preventive therapy at enrolment  
Not on therapy 
On therapy 

805 (94·6) 
46 (5·4) 

433 (94·1) 
27 (5·9) 

372 (95·1) 
19 (4·9) - - 

Antiretroviral therapy at enrolment 
Naïve  
<6 months 
≥6 months 

190 (22·3) 
114 (13·4) 
547 (64·3) 

94 (20·4) 
57 (12·4) 

309 (67·2) 

96 (24·6) 
57 (14·6) 

238 (60·9) 

- 
- 

0·84 (0·72, 1·02) † 

- 
- 

0·036 
Body-mass index (kg/m2) 24·2 (20·6-31·2) 24·5 (20·1-31·6) 24·1 (20·9-30·5) 1·13 (0·43, 1·29) 0·57 

CD4-positive cell count (cells/mm3) 530·0 (353·5-
726·0) 

485·5 (327·5-
691·2) 

567·0 (393·5-
770·0) 1·47 (1·19, 1·72) * 0·001 

HIV plasma viral load 
<100 copies/mL 
≥100 copies/mL 
Not tested (missing) 

180 (44·1) 
228 (55·9) 

443 

94 (43·1) 
124 (56·9) 

242 

86 (45·3) 
104 (54·7) 

201 

# # 

Season at enrolment 
Spring  
Summer 
Autumn 
Winter 

204 (24·0) 
220 (25·9) 
191 (22·4) 
236 (27·7) 

95 (20·7) 
131 (28·5) 
114 (24·8) 
120 (26·1) 

109 (27·9) 
89 (22·8) 
77 (19·7) 

116 (29·7) 

1·02 (0·40, 1·20) † 

0·86 (0·55, 1·17) † 
0·84 (0·54, 1·11)† 

- 

0·76 
0·13 

0·087 
- 

TB symptoms at enrolment 
No 
Yes 

804 (94·5) 
47 (5·5) 

442 (96·1) 
18 (3·9) 

362 (92·6) 
29 (7·4) 

Reference 
1·12 (0·86, 1·34) 0·18 

TB status 
No TB 
Prevalent TB 
Incident TB 

813 (95·5) 
17 (2·0) 
21 (2·5) 

448 (97·4) 
5 (1·1) 
7 (1·5) 

365 (93·4) 
12 (3·1) 
14 (3·6) 

0·81 (0·69, 0·95) † 

- 
- 

0·008 
- 
- 

 
IQR, interquartile range. CI, confidence interval. OR, odds ratio. aOR, adjusted OR. IGRA, interferon-γ release assay. 
TB, tuberculosis. *Per 50 cells/mm3. #Excluded from LASSO analysis. †Reference group includes all other levels of 
variable.  
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Supplementary Table 4: Regression analyses examining factors associated with prevalent TB disease in people 
living with HIV (sensitivity analysis with site removed from LASSO regression) 
 

 
No prevalent TB, 

n (%) or median (IQR) 
 

N=834 

Prevalent TB, 
n (%) or median (IQR) 

 
N=17 

 
Multivariable binomial LASSO 

regression with selective inference 
 

aOR (95%CI) p value 
Sex 

Female 
Male 

608 (72·9) 
226 (27·1) 

9 (52·9) 
8 (47·1) - - 

Age 35 (29-42) 36 (33-42) 1·38 (0·09, 9·12) 0·45 
Ethnicity 

Black African 
Mixed Ancestry 

704 (84·4) 
130 (15·6) 

12 (70·6) 
5 (29·4) 

Reference 
1·20 (0·13, >1000) 0·18 

Site 
Durban, KwaZulu-Natal 
Klerksdorp, North West 
Rustenburg, North West 
Ravensmead, Western Cape 
Worcester, Western Cape 

288 (34·5) 
160 (19·2) 
158 (18·9) 
89 (10·7) 

139 (16·7) 

7 (41·2) 
0 (0·0) 
0 (0·0) 
0 (0·0) 

10 (58·8) 

# # 

Highest level of schooling 
Primary school or lower  
Secondary school or higher 

100 (12·0) 
734 (88·0) 

0 (0·0) 
17 (100·0) 

Reference 
2·15 (0·48, 5·85) 0·14 

Employment 
Employed 
Unemployed 

131 (15·7) 
703 (84·3) 

3 (17·6) 
14 (82·4) - - 

Occupants per household 4 (3-6) 4 (1-6) 0·80 (0·51, 345·73) 0·80 
Smoking history 

No  
Yes 

 
513 (61·5) 
321 (38·5) 

9 (52·9) 
8 (47·1) - - 

Prior TB 
No  
Yes 

630 (75·5) 
204 (24·5) 

13 (76·5) 
4 (23·5) - - 

TB household contacts 
No  
Yes 

674 (80·8) 
160 (19·2) 

17 (100·0) 
0 (0·0) 

Reference 
0·36 (0·03, 1·13) 0·035 

Isoniazid preventive therapy at enrolment  
Not on therapy 
On therapy 

788 (94·5) 
46 (5·5) 

17 (100·0) 
0 (0·0) 

Reference 
0·78 (0·25, 169·67) 0·72 

Antiretroviral therapy at enrolment 
Naïve  
<6 months 
≥6 months 

183 (21·9) 
112 (13·4) 
539 (64·6) 

7 (41·2) 
2 (11·8) 
8 (47·1) 

1·21 (0·01, 2·04) † 
- 
- 

0·77 
- 
- 

Body-mass index (kg/m2) 24·3 (20·6-31·3) 21·3 (18·7-24·0) 0·57 (0·05, 7·42) 0·29 
CD4-positive cell count (cells/mm3) 530·5 (354·2-731·0) 393·0 (248·0-591·0) 0·54 (0·00, 1·16) * 0·040 
HIV plasma viral load 

<100 copies/mL 
≥100 copies/mL 
Not tested (missing) 

179 (45·1) 
218 (54·9) 

437 

1 (9·1) 
10 (90·9) 

6 

# # 

Season at enrolment 
Spring  
Summer 
Autumn 
Winter 

196 (23·5) 
218 (26·1) 
188 (22·5) 
232 (27·8) 

8 (47·1) 
2 (11·8) 
3 (17·6) 
4 (23·5) 

1·47 (1·23, >1000) † 

0·83 (0·69, >1000) † 
- 
- 

0·014 
0·98 

- 
- 

TB symptoms at enrolment 
No 
Yes 

789 (94·6) 
45 (5·4) 

15 (88·2) 
2 (11·8) 

Reference 
1·09 (0·00, 1·02) 0·97 

IGRA status 
Negative 
Positive 

455 (54·6) 
379 (45·4) 

5 (29·4) 
12 (70·6) 

Reference 
1·76 (0·89, 60·02) 0·038 

 
IQR, interquartile range. CI, confidence interval. OR, odds ratio. aOR, adjusted OR. IGRA, interferon-γ release assay. 
TB, tuberculosis. NA, not applicable. *Per 50 cells/mm3. #Excluded from LASSO analysis. †Reference group includes all 
other levels of variable.  
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Supplementary Table 5: Regression analyses examining baseline factors associated with progression to incident 
TB disease within 15 months in people living with HIV (sensitivity analysis with site removed from LASSO 
regression) 
 

 No incident TB, 
n (%) or median 

(IQR) 
 

N=808 

Incident TB, 
n (%) or median 

(IQR) 
 

N=21 

 
Multivariable Cox LASSO regression 

with selective inference 
 

aHR (95%CI) p value 
Sex 

Female 
Male 

590 (73·0) 
218 (27·0) 

15 (71·4) 
6 (28·6) 

Reference 
0·71 (0·75, >1000) 0·95 

Age 35 (29-42) 33 (30-40) 0·75 (0·03, 10·16) 0·36 
Ethnicity 

Black African 
Mixed Ancestry 

689 (85·3) 
119 (14·7) 

11 (52·4) 
10 (47·6) 

Reference 
1·56 (1·22, 209·44) 0·004 

Site 
Durban, KwaZulu-Natal 
Klerksdorp, North West 
Rustenburg, North West 
Ravensmead, Western Cape 
Worcester, Western Cape 

281 (34·8) 
158 (19·6) 
154 (19·1) 
84 (10·4) 

131 (16·2) 

6 (28·6) 
1 (4·8) 
2 (9·5) 

5 (23·8) 
7 (33·3) 

# # 

Highest level of schooling 
Primary school or lower  
Secondary school or higher 

95 (11·8) 
713 (88·2) 

5 (23·8) 
16 (76·2) 

Reference 
0·84 (0·60, 20·04) 0·73 

Employment 
Employed 
Unemployed 

130 (16·1) 
678 (83·9) 

1 (4·8) 
20 (95·2) 

Reference 
1·78 (0·52, 3·49) 0·18 

Occupants per household 4 (3-6) 4 (3-8) 1·20 (0·07, 2·70) 0·64 
Smoking history 

No  
Yes 

501 (62·0) 
307 (38·0) 

9 (42·9) 
12 (57·1) NA NA 

Prior TB 
No  
Yes 

614 (76·0) 
194 (24·0) 

12 (57·1) 
9 (42·9) 

Reference 
1·75 (0·13, 2·44) 0·44 

TB household contacts 
No  
Yes 

654 (80·9) 
154 (19·1) 

16 (76·2) 
5 (23·8) NA NA 

Isoniazid preventive therapy during study 
conduct 

Did not receive therapy 
Received therapy 

409 (50·6) 
399 (49·4) 

13 (61·9) 
8 (38·1) 

Reference 
0·72 (0·60, 224·52) 0·81 

Antiretroviral therapy (ART) during study 
conduct 

ART experienced 
ART naïve  
ART started after enrolment 

635 (78·6) 
42 (5·2) 

131 (16·2) 

12 (57·1) 
1 (4·8) 

8 (38·1) 

- 
- 

1·55 (0·11, 2·08) † 0·52 
Body-mass index (kg/m2) 24·5 (20·7-31·5) 19·9 (18·5-24·9) 0·52 (0·39, >1000) 0·84 
CD4-positive cell count (cells/mm3) 533·5 (360·8-734·2) 291·0 (145·0-573·0) 0·44 (0·28, 12·54) * 0·39 
HIV plasma viral load 

<100 copies/mL 
≥100 copies/mL 
Not tested (missing) 

175 (46·1) 
205 (53·9) 

428 

3 (20·0) 
12 (80·0) 

6 

# # 

Season at enrolment 
Spring  
Summer 
Autumn 
Winter 

190 (23·5) 
210 (26·0) 
187 (23·1) 
221 (27·4) 

6 (28·6) 
5 (23·8) 
1 (4·8) 

9 (42·9) 

- 
- 

0·44 (0·24, 1·40) † 
- 

- 
- 

0·089 
- 

TB symptoms at enrolment 
No 
Yes 

764 (94·6) 
44 (5·4) 

20 (95·2) 
1 (4·8) - - 

IGRA status 
Negative 
Positive 

446 (55·2) 
362 (44·8) 

7 (33·3) 
14 (66·7) 

Reference 
1·51 (0·03, 2·13) 0·64 

 
IQR, interquartile range. CI, confidence interval. HR, hazard ratio. aHR, adjusted hazard ratio.  IGRA, interferon-γ release 
assay. TB, tuberculosis. *Per 50 cells/mm3. #Excluded from LASSO analysis. †Reference group includes all other levels 
of variable.  
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Supplementary Table 6: Regression analyses examining factors associated with cumulative prevalent and incident 
TB disease in people living with HIV  
 

 
No prevalent 

or incident TB, 
n (%) or 

median (IQR) 
 

N=813 

Cumulative 
prevalent & 
incident TB, 

n (%) or 
median (IQR) 

 
N=38 

 
Univariable logistic 

regression 
 

 
Multivariable binomial 
LASSO regression with 

selective inference 
 

OR (95%CI) p value aOR (95%CI) p value 
Sex 

Female 
Male 

593 (72·9) 
220 (27·1) 

24 (63·2) 
14 (36·8) 

Reference 
1·57 (0·78, 3·06) 

 
0·19 - - 

Age 35·0 (29·0-
42·0) 34·0 (31·0-41·5) 1·00 (0·96, 1·04) 0·96 - - 

Ethnicity 
Black African 
Mixed Ancestry 

693 (85·2) 
120 (14·8) 

23 (60·5) 
15 (39·5) 

Reference 
3·77 (1·88, 7·36) 

 
<0·001 

Reference 
1·25 (0·05, 5·80) 0·58 

Site 
Durban, KwaZulu-Natal 
Klerksdorp, North West 
Rustenburg, North West 
Ravensmead, Western Cape 
Worcester, Western Cape 

282 (34·7) 
159 (19·6) 
156 (19·2) 
84 (10·3) 

132 (16·2) 

13 (34·2) 
1 (2·6) 
2 (5·3) 

5 (13·2) 
17 (44·7) 

Reference 
0·14 (0·01, 0·69) 
0·28 (0·04, 1·02) 
1·29 (0·40, 3·53) 
2·79 (1·32, 6·03) 

<0·001‡ 
 

0·056 
0·095 
0·64 

0·007 

1·43 (0·00, 32·88) 
† 

0·62 (0·00, 14·10) 
† 

0·89 (0·00, 53·18) 
† 
- 

1·75 (0·03, 11·03) 
† 

0·65 
0·23 
0·40 

- 
0·50 

Highest level of schooling 
Primary school or lower  
Secondary school or higher 

95 (11·7) 
718 (88·3) 

5 (13·2) 
33 (86·8) 

Reference 
0·87 (0·36, 2·60) 

 
0·78 - - 

Employment 
Employed 
Unemployed 

130 (16·0) 
683 (84·0) 

4 (10·5) 
34 (89·5) 

Reference 
1·62 (0·63, 5·49) 

 
0·37 

Reference 
1·28 (0·29, 1·75) 0·50 

Occupants per household 4·0 (3·0-6·0) 4·0 (3·0-6·0) 1·01 (0·90, 1·12) 0·82 - - 
Smoking history 

No  
Yes 

504 (62·0) 
309 (38·0) 

18 (47·4) 
20 (52·6) 

Reference 
1·81 (0·94, 3·51) 

 
0·074 - - 

Prior TB 
No  
Yes 

618 (76·0) 
195 (24·0) 

25 (65·8) 
13 (34·2) 

Reference 
1·65 (0·80, 3·23) 

 
0·16 

Reference 
1·17 (0·04, 1·52) 0·77 

TB household contacts 
No  
Yes 

658 (80·9) 
155 (19·1) 

33 (86·8) 
5 (13·2) 

Reference 
0·64 (0·22, 1·53) 

 
0·37 - - 

Isoniazid preventive therapy at 
enrolment  

Not on therapy 
On therapy 

767 (94·3) 
46 (5·7) 

38 (100·0) 
0 (0·0) 

NA 
  

 
NA 

 
Reference 

0·76 (0·50, 12·73) 0·63 
Antiretroviral therapy at enrolment 

Naïve  
<6 months 
≥6 months 

174 (21·4) 
110 (13·5) 
529 (65·1) 

16 (42·1) 
4 (10·5) 

18 (47·4) 

Reference 
0·40 (0·11, 1·11) 
0·37 (0·18, 0·75) 

0·020‡ 
 

0·10 
0·005 

1·22 (0·55, 3·20) † 
- 
- 

0·27 
- 
- 

Body-mass index (kg/m2) 24·5 (20·7-
31·4) 21·0 (18·6-24·7) 0·89 (0·83, 0·95) <0·001 0·47 (0·28, 0·78) 0·003 

CD4-positive cell count 
(cells/mm3) 

533·0 (360·0-
733·0) 

357·5 (158·8-
588·0) 0·88 (0·81, 0·94) * <0·001 0·51 (0·34, 0·81) 0·004 

HIV plasma viral load 
<100 copies/mL 
≥100 copies/mL 
Not tested (missing) 

176 (46·1) 
206 (53·9) 

431 

4 (15·4) 
22 (84·6) 

12 

Reference 
4·7 (1·76, 16·3) 

NA 

 
0·005 
NA 

# # 

Season at enrolment 
Spring  
Summer 
Autumn 
Winter 

190 (23·4) 
213 (26·2) 
187 (23·0) 
223 (27·4) 

14 (36·8) 
7 (18·4) 
4 (10·5) 

13 (34·2) 

Reference 
0·45 (0·17, 1·10) 
0·29 (0·08, 0·83) 
0·79 (0·36, 1·73) 

0·072‡ 
 

0·088 
0·032 
0·56 

1·09 (0·02, 1·40) † 

- 
0·75 (0·16, 2·14) † 

- 

0·85 
- 

0·23 
- 

TB symptoms at enrolment 
No 
Yes 

769 (94·6) 
44 (5·4) 

35 (92·1) 
3 (7·9) 

Reference 
1·50 (0·35, 4·38) 

 
0·52 - - 

IGRA status 
Negative 
Positive 

448 (55·1) 
365 (44·9) 

12 (31·6) 
26 (68·4) 

Reference 
2·66 (1·35, 5·53) 

 
0·006 

Reference 
1·58 (1·01, 2·59) 0·023 

 
IQR, interquartile range. CI, confidence interval. OR, odds ratio. aOR, adjusted OR. IGRA, interferon-γ release assay. 
TB, tuberculosis. NA, not applicable. *Per 50 cells/mm3. #Excluded from LASSO analysis. †Reference group includes all 
other levels of variable. ‡Likelihood-ratio test for significance of categorical variable. 
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