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Abstract  53 

Background 54 

The evolution of tuberculosis (TB) disease during the clinical latency period remains 55 

incompletely understood.  56 

Methods 57 

250 HIV-uninfected, adult household contacts of rifampicin-resistant TB with a negative 58 

symptom screen underwent baseline 18F-Fluorodeoxyglucose positron emission and computed 59 

tomography (PET/CT), repeated in 112 after 5-15 months. Following South African and WHO 60 

guidelines, participants did not receive preventive therapy. All participants had intensive 61 

baseline screening with spontaneous, followed by induced, sputum sampling and were then 62 

observed for an average of 4.7 years for culture-positive disease. Baseline PET/CT abnormalities 63 

were evaluated in relation to culture-positive disease. 64 

Results 65 

At baseline, 59 (23.6%) participants had lung PET/CT findings consistent with TB of which 29 66 

(11.6%) were defined as Subclinical TB, and 30 (12%) Subclinical TB-inactive. A further 83 (33.2%) 67 

had other lung parenchymal abnormalities and 108 (43.2%) had normal lungs. Over 1107-person 68 

years of follow-up 14 cases of culture-positive TB were diagnosed. Six cases were detected by 69 

intensive baseline screening, all would have been missed by the South African symptom-based 70 

screening strategy and only one detected by a WHO-recommended chest X-Ray screening strategy. 71 

Those with baseline Subclinical TB lesions on PET/CT were significantly more likely to be diagnosed 72 

with culture-positive TB over the study period, compared to those with normal lung parenchyma 73 

(10/29 [34.5%] vs 2/108 [1.9%], Hazard Ratio 22.37 [4.89-102.47, p<0.001]). 74 
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 75 

Conclusions 76 

These findings challenge the latent/active TB paradigm demonstrating that subclinical disease exists 77 

up to 4 years prior to microbiological detection and/or symptom onset. There are important 78 

implications for screening and management of TB. 79 

  80 
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Introduction 81 

One quarter of the world’s population is considered to have latent tuberculosis (TB) infection 82 

(i.e., evidence of immune sensitization in the absence of clinical signs or symptoms of disease).1  83 

The risk of developing disease is elevated for 5-10 years following exposure.2-4  Conventionally, 84 

latent TB is conceived as a state in which Mycobacterium tuberculosis (Mtb) is successfully 85 

contained within microscopic granulomas which limit replication, preventing invasive 86 

pathology, symptoms and infectiousness.5,6 Active TB disease is considered to arise when 87 

granulomatous control fails leading to evident, invasive pathology associated with symptoms, 88 

detectable bacilli and infectiousness.7 This paradigm strongly influences programmatic 89 

management.8,9  90 

 91 

Insight into pathological events during the period of clinical latency is limited. A more nuanced 92 

concept of disease evolution that encompasses heterogeneity amongst persons with immune 93 

sensitisation with some having evidence of disease in the absence of symptoms has been 94 

proposed.10,11 Early lung disease is well-described in autopsy studies and animal models and is 95 

characterized by a cellular infiltrate spreading bronchogenically.12-14 In a previous study we 96 

showed that high-resolution anatomical and functional imaging by 18F-Fluorodeoxyglucose 97 

combined positron emission and computed tomography (PET/CT) was highly sensitive to 98 

identify pathology consistent with TB disease in asymptomatic HIV-infected, individuals 99 

considered to have latent TB, defining an imaging phenotype for subclinical disease.15 100 

 101 
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To further understand TB progression, the aims of this study were to (1) determine the 102 

proportion of HIV-uninfected, symptom-free, TB household contacts (HHC) with baseline 103 

PET/CT abnormalities suggestive of subclinical TB disease and (2) compare the proportion with 104 

and without these abnormalities diagnosed with culture positive TB following intensive 105 

respiratory sampling and close follow-up over 5 years without preventive treatment.  106 

  107 

  108 
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Methods 109 

Study design and oversight 110 

A prospective, observational, cohort study was conducted in HIV-uninfected, adult HHC of 111 

rifampicin-resistant (RR) TB cases who, consistent with national and international guidelines, 112 

were not provided preventive therapy.16,17 The study was approved by the human research 113 

ethics committees of the University of Cape Town (HREC 449/2014), Boston University (H-114 

35831), Rutgers University (Pro2018001966), and the Division of Microbiology and Infectious 115 

Diseases of NIH (DMID 16-0112). This report follows STROBE guidelines for cohort studies.	116 

 117 

Recruitment of participants 118 

Recruitment was between November 2014 and September 2017 with follow-up until May 2021. 119 

All participants were residents of Khayelitsha, South Africa.  Index cases (>15 years old) with RR 120 

pulmonary TB consented to a household visit. Adult HHC not on TB treatment were baseline 121 

screened following initial consent. Participants further consented to PET/CT imaging and blood 122 

sampling (Supplementary Methods) if not meeting the following exclusion criteria; HIV 123 

infection, symptoms of TB by South African national guidelines (2 weeks cough, fever, weight 124 

loss, night sweats17), clinical signs of TB, acute illness, age >65 years, smoker >30 pack-years, 125 

malignancy, chronic lung infection or inflammation, inhaled or systemic steroid use within 126 

previous 2 weeks, breast-feeding, pregnant, planning pregnancy, unable to be followed up, 127 

uncontrolled diabetes mellitus, unwilling, or at investigator discretion (Figure 1).  128 

 129 

 130 
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Investigations to diagnose TB 131 

At baseline all participants underwent TB symptom screening, digital chest radiography (CXR). 132 

All were invited to produce a sputum sample spontaneously if able (irrespective of symptom 133 

screen and CXR status) and then underwent further sputum induction using hypertonic saline 134 

until three sputum samples were obtained. All sputum samples were sent for smear, Xpert 135 

MTB/RIF and bacterial (MGIT) culture (Supplementary Methods). Follow-up was both active 136 

and passive. Repeat PET/CT was performed at 5-15 months in 112/250 participants and 137 

bronchoscopy and lavage culture performed on 28/112 (Supplementary Methods).  All 138 

participants were actively screened for TB between 23 to 38 months with three sputum 139 

samples (induced if needed) and any time before this  visit, if they reported TB symptoms  140 

during 3-montly phone calls. The Western Cape Provincial Health Data Centre (PHDC) database 141 

was cross-checked for additional cases in May 2021.18  142 

 143 

Participants were considered to have culture-confirmed TB if any specimen was Mtb positive by 144 

culture. Participants were considered to have clinically confirmed TB if there was a decision to 145 

start TB treatment made by statutory services without a positive culture. 146 

 147 

PET/CT classification 148 

Two readers provided independent structured reports, differences were resolved by a third 149 

reader.  All were blinded to clinical history and microbiological results (Supplementary 150 

Methods). Baseline scans were classified into four mutually exclusive categories based on 151 

previous work15: 152 
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● Radiographically consistent with TB disease (Subclinical TB): Presence of infiltrate 153 

and/or FDG-avid nodule(s) within the upper lobes or apical segment of lower lobes. 154 

● Radiographically consistent with inactive TB  (Subclinical TB-inactive): Presence of 155 

fibrotic scar(s) within the upper lobes or apical segment of lower lobes. 156 

● Other parenchymal abnormalities not meeting definitions above. 157 

● Normal lung parenchyma.  158 

 159 

Sample size  160 

Sample size was governed by the expected proportion with PET/CT parenchymal abnormalities 161 

consistent with Subclinical TB or Subclinical TB-inactive. We predicted 50% would become 162 

infected following exposure, of whom 30-40% would have abnormalities based on prior 163 

experience.15 We therefore expected 15-20% to have PET/CT abnormalities with a sample of 164 

250 providing precision of approximately ±5% with 95% confidence. 165 

 166 

Consideration for different screening strategies 167 

As the intensity of baseline screening could affect the likelihood of culture positive cases being 168 

identified during follow-up, to help interpret the findings within a real-world context, we 169 

considered the culture positive events in relation to 3 baseline screening approaches of varying 170 

stringency. 171 

• Study screening approach: 3 x sputum culture, induced if needed, irrespective of 172 

symptom screen or CXR findings.  173 
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• South African national guidelines: Spontaneous sputum Xpert investigation at baseline 174 

only if symptom screen positive. 175 

• WHO systematic screening guidelines (2021): Spontaneous sputum Xpert investigation 176 

at baseline only if symptom screen positive or CXR suggestive of TB. 177 

 178 

Statistical analysis 179 

Statistical analysis was conducted in Stata ver. 17.0 (StataCorp).  Non-parametric data was 180 

compared using Mann-Whitney U test or Kruskal Wallis with Dunn’s post hoc test and 181 

parametric data compared using t-test or ANOVA.  Proportions were compared by χ2 or Fisher’s 182 

exact test. We used Cox proportional-hazards regression to assess the impact of PET/CT 183 

classification on time to culture positivity, the proportional hazards assumption was assessed 184 

by Schoenfeld residuals. Multivariate modelling was undertaken to assess the impact of 185 

covariates (previous TB, age, sex, QuantiFERON status and hours of contact/day with index) by 186 

forward selection and assessment by Likelihood Ratio test. Only participants with complete 187 

data for these variables were included (247 participants).  188 

 189 

Results 190 

Recruitment 191 

983 household members of 145 index cases with RR-TB were identified, of whom 271 (28%) 192 

were <18 years old.  511 adult participants were screened for eligibility. 261 (51%) participants 193 

were excluded including 145 with HIV infection and 49 TB symptom positive (Figure 1). 194 

 195 
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Clinical characteristics 196 

250 HIV uninfected participants were enrolled: median age 30 years (IQR 23-43), 60% women. 197 

Thirty-four (13.6%) had a previous TB history (median 10 years prior (IQR 7-24). All participants 198 

had a negative symptom screen. 248 had a valid QuantiFERON-TB Gold (QFT-G) result and 241 a 199 

QuantiFERON-TB Plus (QFT-Plus) result. 205 (82%) were positive by at least one test, thus 200 

defined as having latent TB infection. 249 participants underwent CXR, 37 (14.9%) had changes 201 

suggestive of TB (Table 1). 160 (64%) produced a sputum sample spontaneously and 249 202 

following induction (237 (94.8%) provided a total of three samples). The cohort was followed 203 

for 1107 person-years (median 4.7 years). 194 (77.6%) had repeat sputa between 23-38 months 204 

and 247 (98.8%) were tracked through the PHDC.  One participant was not followed up in either 205 

way.  206 

 207 

Baseline PET/CT findings in asymptomatic household contacts 208 

On baseline PET/CT imaging, 142 (56.8%) had abnormalities within the lung parenchyma: 29 209 

(11.6%) Subclinical TB, 30 (12%) Subclinical TB-inactive, 83 (33.2%) other abnormalities. 108 210 

(43.2%) had no lung abnormalities (Table 1 and Supplementary Table S1). 105 participants 211 

(42%) had mediastinal and hilar lymph node abnormalities, of whom 53 had FDG-avid lymph 212 

nodes (Table 1 and detailed in Supplementary Appendix). Those with Subclinical TB and 213 

Subclinical TB-inactive had greater total lymph node lesions and maximum visual score 214 

(≤0.005).   215 

 216 
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Approximately half (48.3-50%) of those categorised as Subclinical TB and Subclinical TB-inactive 217 

had a previous TB history, compared to 2.4-2.8% of those with normal or other lung lesions 218 

(p<0.001). Of the 216 with no history of TB, 15 (6.9%) had Subclinical TB and 15 (6.9%) 219 

Subclinical TB-inactive. Of these, 7/15 (46.7%) and 1/14 (7.1%; one no CXR), respectively, had a 220 

CXR reported as suggestive of TB (Supplementary Table S2).   221 

 222 

Risk of culture positivity in relation to baseline PET/CT findings 223 

Over the study period 14/250 (5.6%) were diagnosed with culture positive TB (Table 1). Six 224 

were diagnosed following intensive baseline screening and eight during follow-up after a 225 

median of 32 months (IQR 9.5-37.5), of which only 3/8 (37.5%) were symptomatic at follow-up 226 

diagnosis (Supplementary Table S3). Of the six baseline culture positive participants, none 227 

would have been diagnosed if screened according to South African national guidelines and only 228 

1 diagnosed if screened following WHO guidelines (Figure 2). Four additional participants were 229 

treated for TB during follow-up, two with positive Xpert alone, and two clinically diagnosed. A 230 

further four had a positive Xpert alone without symptoms and were not treated (with no 231 

progression observed during follow-up). These eight patients were not included in the primary 232 

analysis but in two sensitivity analyses (Figure 3 and Supplementary Results-2.5). Individual 233 

longitudinal imaging and clinical findings for all 22 participants are shown in Supplementary 234 

Figure S1. 235 

 236 

Of those with Subclinical TB on PET/CT 10/29 (34.5%) were ultimately diagnosed culture-237 

positive (all when still asymptomatic), compared to 1/30 (3.3%) with Subclinical TB-inactive, 238 
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1/83 (1.2%) with other abnormalities and 2/108 (1.83%) with normal lungs (Table 1). The four 239 

culture-positive cases that did not have Subclinical TB were all drug-sensitive. Conversely, 7/10 240 

culture-positive Subclinical TB cases had drug resistance similar to the index case; and three 241 

had index and contact isolates available with linkage confirmed by whole genome sequencing 242 

(Supplementary Table S3). The remaining 3/10 were drug sensitive. Comparison of the 243 

demographic and radiological features of those with Subclinical TB who did, and did not, 244 

develop culture positive TB is shown in Supplementary Table S4. 245 

 246 

Compared to those with normal lung parenchyma, those with Subclinical TB on PET/CT (all of 247 

whom would not have been picked up by South African screening guidelines) were at 248 

significantly increased risk of culture positive TB, Hazard Ratio (HR) 22.37 (4.89-102.47), 249 

p<0.001. In a model adjusting for previous TB, the HR increased to 39.7 (8.42-187.33), p<0.001 250 

(Table 2 and Figure 3C-D). Excluding one participant who would have been diagnosed with the 251 

WHO screening approach or six participants diagnosed culture positive by the study approach 252 

at baseline, Subclinical TB on baseline PET/CT remained significantly associated with 253 

development of culture positive TB during follow-up, HR 21.29 (4.59-98.80) p<0.001 and HR 254 

10.65 (1.94-58.22) p=0.006, respectively. Expanding the TB case definition to include the four 255 

additional treated TB cases and then the four additional untreated TB cases had little impact on 256 

HR for Subclinical TB on PET/CT, HR 28.10 (6.27-125.85) and HR 20.65 (5.87-72.68), respectively 257 

(Figure 3E-F and Supplementary Results-2.5). By contrast those with positive QFT were not at 258 

significant increased risk of culture positive TB compared to those with a negative QFT HR 2.76 259 

(0.36-21.13), p=0.33 (Figure 3A-B and Supplementary Results-2.4). 260 
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 261 

Performance of baseline PET/CT findings to predict progression from infection to disease 262 

Thirteen of the 14 confirmed with culture-positive TB over the study period were clinically 263 

defined by QFT as having latent TB infection at baseline of which 10 (76.9%) had Subclinical TB 264 

on baseline PET/CT. In those with a clinical diagnosis of latent TB infection in whom TB disease 265 

was microbiologically excluded by the WHO screening approach, performance of PET/CT-266 

defined Subclinical TB for culture positive TB over a 3-year period was; PPV 33.3% (95%CI 267 

16.5%-54%), sensitivity 90% (95%CI 55.5%-99.7%) and specificity 90.7% (95% CI 85.7%-94.4%) 268 

exceeding the optimal WHO target product profile (TPP) characteristics for a test that predicts 269 

progression from TB infection to active disease.19 270 

 271 

Change in parenchymal lesions over time 272 

112/250 participants had a repeat PET/CT after a median of 203 days (IQR 188-287), and of 273 

these 110 had not received any TB treatment prior to repeat PET/CT.  The proportion of 274 

untreated participants showing a noticeable change in parenchymal lesions (Supplementary 275 

Methods) was significantly different in relation to the nature of lesions at baseline (p<0.001).  276 

Three quarters (12/16) of those with Subclinical TB showed substantial (greater than minimal) 277 

changes over time (6 worsening/mixed, 6 improving), compared to 23.5% (4/17) of those with 278 

Subclinical TB-inactive lesions (4 worsening/mixed) and 17.5% (7/40) with other lesions (5 279 

improving, 2 worsening/mixed). By contrast there was no significant difference in noticeable 280 

changes in lymph nodes related to the nature of parenchymal lesions at baseline (p=0.136) 281 
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(Supplementary Figure S2). Twenty-eight participants underwent bronchoalveolar lavage 282 

following the repeat PET/CT all of which were culture negative (Supplementary Results-2.2).   283 

 284 

Eight of those who had a repeat PET/CT after a median of 248.5 days [IQR 192.5-371.0] were 285 

subsequently treated for TB (5 culture positive and 3 clinically diagnosed) a median 669 days 286 

[IQR 222-842]) after the repeat scan. Between baseline and second PET/CT, 2 showed 287 

improvement, 3 mixed, 3 minimal improvement/no change. Four had a third scan at the time of 288 

TB diagnosis, 2 showed improvement and 2 worsening, compared to second PET/CT (Figure 2 289 

and Supplementary Figure S1B-C).  290 

  291 
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Discussion 292 

This study is the largest to systematically use high resolution imaging in asymptomatic contacts 293 

of TB and the first with prolonged follow-up in the absence of treatment and builds on our 294 

previous work to characterise and develop definitions for subclinical TB lesions.15,20  We found 295 

that over three-quarters (76.9%) of asymptomatic, HIV-uninfected adults with a clinical 296 

diagnosis of latent TB who were confirmed to have culture positive pulmonary TB over a 5-year 297 

period had radiologically apparent infiltrative disease at baseline.  Overall, of the 11.6% 298 

(29/250) who had baseline radiographic findings consistent with Subclinical TB disease, 34.5% 299 

(10/29) were subsequently diagnosed with culture positive TB, with 7/10 (70%) having drug 300 

resistance/WGS concordant with the index case.  We have shown that slow evolution of 301 

radiographically evident disease pathology can occur over many years without apparent clinical 302 

manifestations.  303 

 304 

Current tests for latent TB infection poorly predict the development TB disease resulting in high 305 

numbers needed to be treated to prevent a case of disease. The WHO have developed a TPP for 306 

diagnostic tests that could better predict TB progression.19  In those with a clinical diagnosis of 307 

latent TB in whom TB disease was excluded, subclinical changes on PET/CT had a sensitivity of 308 

90% and specificity of 91% for culture positive TB over three years exceeding the TPP optimal 309 

performance characteristics. Whilst such performance has not previously been achieved, 310 

PET/CT is not a feasible routine diagnostic. However, our findings do support its use as a 311 

reference standard to identify and validate blood-based biomarkers to accelerate development 312 

of such a test. 313 
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 314 

In our study, TB diagnosis was frequently made by intensive active case detection and induced 315 

sputum collection. It is conjectural what the natural history of such cases would have 316 

subsequently been; some may have self-healed, whilst it is also plausible that others would 317 

have eventually presented symptomatically.  However, by contexualising our results with 318 

different screening scenarios we demonstrate that asymptomatic culture confirmable cases are 319 

being missed routinely.   Our results mirror findings from the macaque model of TB from which 320 

a subclinical “percolator” phenotype has previously been described.21  It is also possible that 321 

individuals with subclinical disease could intermittently shed bacilli in respiratory secretions 322 

thus posing a transmission risk; in a recent study by Williams et al five adults screened in South 323 

Africa with negative sputum culture and a positive facemask Mtb DNA sample all had 324 

abnormalities on PET/CT.22  325 

 326 

There are limitations to our study; it was conducted in a high TB burden setting in HIV-327 

uninfected, adult contacts of DR-TB and hence we can only speculate on how our findings relate 328 

to other populations. Disease trajectories in the context of immunosuppression (e.g. with HIV 329 

co-infection) differ, potentially with higher proportions of those with Subclinical TB progressing.  330 

In low-incidence settings the likelihood of participants having a previous history of TB and 331 

having additional TB exposure during follow-up would be low. In our study the four cases of 332 

culture-positive TB in those without Subclinical TB changes were drug-sensitive (i.e. unlikely 333 

related to index) with one case being QFT-negative at baseline and the remaining three 334 

occurring after 32 months suggesting that exposures after the baseline PET-CT may have 335 

 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted July 3, 2023. ; https://doi.org/10.1101/2023.07.03.23292111doi: medRxiv preprint 

https://doi.org/10.1101/2023.07.03.23292111
http://creativecommons.org/licenses/by-nc-nd/4.0/


 17 

contributed in these instances.  Fourteen percent of our cohort had a previous history of TB.  336 

Residual changes of previously treated disease are difficult to distinguish from changes 337 

associated with new disease, however the risk of culture-confirmed disease in those with 338 

Subclinical TB was higher in younger individuals and those without previous TB history.  For 339 

these reasons in a low incidence setting the performance of PET/CT may be improved. 340 

 341 

Our results challenge present concepts of the evolution of human TB disease having 342 

implications for diagnostic and intervention strategies.  Although 82% had a diagnosis of latent 343 

TB infection, the 11.6% with baseline Subclinical TB carried most of the 5-year disease risk. 344 

Developing diagnostics and therapeutic approaches that target this population would therefore 345 

be likely to result in a reduction in the numbers needed to treat to prevent a case of clinical 346 

disease and enable TB care and prevention strategies to drastically limit onwards transmission 347 

and potential post-TB sequelae. 348 

  349 
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 Values are n (%) or median (IQR). Denominator values are indicated in the column descriptor, or 421 

indicated in a cell when values were missing. Relationship between PET/CT categories and baseline 422 

characteristics analysed for categorical variables analysed by χ2 or Fisher’s exact test, for numerical 423 

variables by Kruskal Wallis with post hoc analysis using Dunn’s multiple comparison testing. Bold and 424 

superscript number indicates which post-hoc numerical comparisons are significantly different (p<0.05): 1 425 

= in comparison with no lung lesions, 2 = in comparison with Other lung lesions, 3 = in comparison with 426 

Subclinical-inactive TB. BMI, body mass index; Clinical TB, TB symptom positive Mtb culture and Xpert 427 

negative; CRP, C-reactive protein; CXR, chest X-ray; ESR, erythrocyte sedimentation rate; F, female; HUmax, 428 

maximum Hounsfield units; IFNg, interferon-gamma; LN, lymph node; Neut, neutrophil; N:L, 429 

neutrophil:lymphocyte ratio in blood;  N:M, neutrophil:monocyte ratio in blood;  QFN+, QuantiFERON 430 

positive; SUVmax, maximum standardised uptake value; VS, visual score; WCC, whole cell count; Xpert, 431 

GeneXpert version 3.0: superscript 4 = detected at baseline, 5 = detected at follow-up. 432 

  433 
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 435 
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Figure legends 437 

Figure 1. Study flow diagram  438 

Shows number of individuals screened, excluded, consented and followed up. 439 

Cult= culture, micro=microscopy 440 

 441 

Figure 2. Difference in TB diagnosis according to different screening and follow-up 442 

approaches and PET/CT images of those diagnosed. 443 

Panels A to D show diagrammatic representation of the cohort by previous TB history and 444 

radiographic evidence of subclinical TB showing proportion with confirmed TB with different 445 

screening and follow-up approaches: (Panel A) South African guideline: Sputum investigation 446 

only if TB symptoms; (Panel B) WHO recommended approach using CXR with spontaneous 447 

sputum investigation only x-ray abnormal or symptoms; (Panel C) Intensive sputum 448 

investigation at baseline with 3x sputum (induced if needed); (Panel D) Intensive sputum 449 

investigation at baseline with follow-up over 5 years. Each of the 250 participants is 450 

represented by a circle with outline colour showing baseline PET/CT grouping (Subclinical – 451 

orange, Subclinical-inactive – yellow, no/other lesions – black). The circle is filled when TB is 452 

confirmed.  The proportion with positive a Quantiferon test (QFT+) (i.e. with a clinical diagnosis 453 

of latent TB) and the proportion with previous TB is also represented. Cult+ = culture positive, 454 

f/u = follow-up. Panel E shows axial sections of fused FDG-PET/CT of the 6 culture positive 455 

participants at baseline. Panel F shows axial sections of fused FDG-PET/CT at baseline (top row), 456 

second PET/CT after 6-12 months (middle row) and at TB diagnosis (bottom row) of 2 457 

participants finally diagnosed with TB at 32 (left) and 34 (right) months. Outline colour denotes; 458 

Black = baseline, Green = lesion improves or no change, Red = lesion worsens. 459 

 460 

Figure 3. Survival curves for culture positive TB diagnosis according QuantiFERON or PET/CT 461 

findings 462 
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Survival curves showing development of TB over time by QuantiFERON status inducing (Panel A) 463 

or excluding (Panel B) those with no previous history of TB. Survival curves showing 464 

development of TB over time by nature of baseline radiography inducing (Panel C) or excluding 465 

(Panel D) those with no previous history of TB. Survival curves showing development of any 466 

treated TB (Panel E) or any treated TB and untreated Xpert-positive TB (Panel F) over time by 467 

nature of baseline radiography inducing those with no previous history of TB. 468 

 469 

  470 
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Figure 1 471 
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Figure 3 476 
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