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1. Supplementary Methods

1.1. Whole Genome Sequencing methodology and bioinformatic analysis for variant calling, lineage

assignment and phylogenetic analysis

Whole genome sequencing (WGS) was performed on all Mycobacterium tuberculosis complex
isolated from liquid culture on the MiSeq (lllumina, UK) as previously described(1). Briefly, the
Nextera-XT or Nextera DNA Flex library preparation kit (Illumina, UK) was used to perform library
preparation followed by sequencing using the 2 x 300bp MiSeq cartridge v.3 (lllumina, UK) with a

targeted 100x depth of coverage.

Resequencing analysis was carried out on CLC Genomics Workbench 11.0.2 (Qiagen, Venlo,
Netherlands). Single nucleotide polymorphisms (SNPs) were identified by reference mapping of
the paired-end reads against the reference genome H37Rv (NC000962.3), with quality-based and
coverage filters applied to each SNP using the following parameters Q-score > 20, a frequency of
10% or more provided at least 5 reads supported the snp in both sequence directions (forward
and reverse) as evidence supports a 25% frequency to most likely be clinically relevant(2), we set
10% as to increase stringency. Resistance-associated SNPs were identified based on the TB Drug
Resistance Mutation Database (TBDReaMDB)(3), TBProfiler(4) and PhyResSE(5) mutation
catalogues. If a SNP did not exist in the any of these catalogues, a literature search was conducted

to identify association with resistance.

The SNP barcode described by Coll et al (2014)(6) was used to assign the M. tuberculosis lineage
to each isolate. In brief, variant files containing a list of SNPs for each genome were generated
on CLC Genomics Workbench 11.0.2 (Qiagen, Venlo, Netherlands). The SNPs were concatenated
to an alignment and phylogeny was inferred based on a comparison of SNP alighments of strains.
Recent transmission events may were inferred between isolates with a <6 SNP difference(7),
applying this cut-off resulted in a higher stringency to assume relationships based on a genetic
association only. Maximume-likelihood trees were generated using IQ-TREE(8) based on the SNP

alignments. Visualization and annotation of the trees was performed on ITOL v.4.4(9).
1.2. Datasets, variables and considerations for analysis

The three datasets (NICD surveillance, routine NHLS laboratory data and EDRWeb) were linked
using a combination of deterministic (sample reference number, ID number) and probabilistic

methods (name, surname, date of birth, sex, facility, folder number, treatment and sample dates,
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and province) with manual review. HIV, antiretroviral status, specialised treatment centre, and
DR-TB classification (Rif-R, MDR, Pre-XDR, or XDR) were extracted from EDRWeb using standard
definitions. Age was categorised into 6 10-year age bands. Guideline period was classified into 3
categories according to date of dissemination of guidelines. Prior MDR-TB, bedaquiline and
clofazimine data were obtained from the BDQ surveillance laboratory request forms and the

EDRWeb database.

Observational studies are subject to various sources of bias including selection bias, information
bias and differential misclassification bias. Missing data were not imputed in this study. As noted,
the surveillance could not capture all patients started on bedaquiline-based treatment,
particularly in the later years, and transmission is probably under-estimated, requiring further
research. Reporting of prior BDQ/CFZ exposure may have been under reported, but findings are
consistent with other data. Only a subset of bedaquiline-susceptible isolates had WGS and may
have been biased towards those with poor treatment, e.g. those with at least a single post-
baseline positive culture. We may thus have over-represented resistance emergence frequency,
and the findings may represent a worst-case scenario. Furthermore, outcomes were not always
interpretable, for example, patients who were transferred out. We were only able to analyse
those with clearly classifiable outcomes, which may have led to further bias; however, this
represents real-world and national data, which provides important insights not otherwise

observable.
2. Supplementary Results
2.1. Children (<12 years) excluded in cross sectional analysis

Of the 32 children less than 12 years of age excluded, 22 children would have been excluded for
other reasons including negative culture results. Of the 10 remaining children with BDQ
resistance results, 9 were classified as BDQ-S and 1 was BDQ-R. It was not possible to draw any

conclusions regarding acquisition of BDQ-R from these 10 children.
2.2. Risk factor analysis

Multivariable models where variable selection is not informed by directed acyclic graphs (DAGs)
to assess the direct or indirect effect of a primary exposure are difficult to interpret (the table two
fallacy)(10) and can introduce bias through for example introducing associations between

variables which are independent or adjusting for variables which are on the causal pathway. We
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have thus only included only a univariate analysis in the manuscript but for completeness we have
included two multivariable models with the outputs shown in Tables S1 and S2 respectively. The
first model includes: Age, sex, HIV status, province, specialized treatment centre, previous MDR,
previous BDQ/CFZ exposure, guideline period, and drug resistance classification. The second,
more parsimonious, model includes: Age, sex, HIV status, previous BDQ/CFZ exposure, and drug
resistance classification. The measures of strength of effect of both models are very similar to the

univariate results and do not change conclusions.
2.3. Patient outcomes by phenotype and sequencing results

Outcomes by phenotype and sequencing results, which was only performed on a subset
(15%;171/1140) of patient isolates having interpretable outcomes and WGS data completed are
shown in Table S5. Of the phenotypically susceptible isolates, 4.6% (6/130) had a Rv0678
mutation, and successful outcomes were no different between those that were wild type or
mutant (OR 1.0, 95%Cl: 0.2-5.4). Of the phenotypically resistant isolates, the majority (83.3%;
30/36) had a Rv0678 mutation and successful outcomes were lower in those with a mutation

compared with those without a mutation but not statistically significant (OR 0.4, 95%Cl: 0.1-2.4).

3. Supplementary Tables and Figures

Patients with samples submitted
for BDQ-R testing

(n = 8041)

Patients exluded (n=6018):
* Rejected samples: 2282

> * No MO sample: 1720
* MO culture negative: 1408
* MO sample >30 days since first: 527
* NTMs: 49
* Children <12 years: 32

\ 4

Baseline Cross-sectional Analysis
Set
(n=2023)

Figure S1: Flow diagram of longitudinal analysis set

MO = month 0 (baseline), NTM= non-tuberculosis mycobacteria



Patients with samples submitted
for BDQ-R testing

(n = 8041)

Patients exluded (n=7346):
* All samples culture negative: 3162
* All samples rejected: 2344

> * No follow-up sample: 1569
* BDQ-R on first sample: 117
* No cult pos sample <30 days: 86
* NTMs: 53
* Children <12 years: 15

Analysis Set
(N=695)

Figure S2: Flow diagram of longitudinal analysis set

MO = month 0 (baseline), NTM= non-tuberculosis mycobacteria




Table S1: Odds ratios of risk factors associated with bedaquiline resistance (unadjusted and adjusted — model 1)

BDQ-S BDQ-R Total OR adjusted
(n=1947) (n=76) (N=2023)  (95%c)) P 3U® | op(oswcy) PVAlue
Sex (n=2022)
Female 794 (96%) 33 (4%) 827 1 1
0.9 (0.6 - 0.65 0.9 (0.6 - 0.72
Male 1152 (96%) 43 (4%) 1195 1.4) 1.5)
Age (IQR) 37 (30-37) 34 (28-45) 37(30-47) 0.91 0.18
HIV status
(n=1917)
Negative 632 (95%) 30 (5%) 662 1 1
0.8 (0.5 - 0.51 0.6 (0.4 - 0.10
Positive 1211 (96%) 44 (4%) 1255 1.2) 1.1)
Started on ART (n=1221)
No 14 (100%) 0 (0%) 14 1
0.8 (0.5 -
Yes 1164 (96%) 43 (4%) 1207 1.4)
Province
(n=2009)
Eastern Cape 458 (95%) 23 (5%) 481 1 1
Free State 0 (0%) 0 (0%) 0 NA NA
0.8(0.4 - 1.3(0.7 -
Gauteng 579 (96%) 24 (4%) 603 1.4) 2.6)
1.3(0.6 - 1.7 (0.8 -
KwaZulu-Natal 232 (95%) 13 (5%) 245 2.7) 0.32 3.7) 0.60
Limpopo 11 (100%) 0 (0%) 11 NA NA
0.6 (0.1- 1.3(0.1-
Mpumalanga 66 (99%) 1(1%) 67 2.6) 13.8)
0.3(0.1- 0.6 (0.1 -
North West 65 (98%) 1(2%) 66 2.4) 4.5)




0.6 (0.2 - 0.9 (0.3 -
Northern Cape 144 (97%) 5(3%) 149 1.7) 2.4)
0.5(0.2 - 0.7 (0.3 -
Western Cape 378 (98%) 9 (2%) 387 1.1) 1.7)
Centre of Excellence (n=2023)
No 379 (99%) 4 (1%) 383 1 1
4.35(1.6 - 0.002 3.6 (1.0- 0.04
Yes 1568 (96%) 72 (4%) 1640 11.9) 12.1)
Previous MDR (n=2006)
No 1681 (96%) 65 (4%) 1746 1 1
1.1(0.6 - 0.5 1.1(0.5- 0.78
Yes 249 (96%) 11 (4%) 260 2.2) 2.3)
Previous BDQ exposure (n=2006)
No 1922 (96%) 75 (4%) 1997 1
3.2(04- 025
Yes 8 (89%) 1(11%) 9 25.9)
Previous CFZ exposure (n=2006)
No 1916 (96%) 72 (4%) 1988 1
7.6(2.4- <0.001
Yes 14 (78%) 4 (22%) 18 23.7)
Previous BDQ/CFZ exposure (n=2006)
No 1915 (96%) 72 (4%) 1987 1 1
7.1(2.3- <0.001 5.2(1.5- <0.001
Yes 15 (79%) 4 (21%) 19 21.9) 17.2)
Guideline period
XDR/pre-
XDR/AE 1074 (96%) 36 (4%) 1110 1 1
1.4 (0.8 - 1.3(0.8-
decentralisation 523 (95%) 25 (5%) 548 2.4) 0.29 2.3) 0.63
1.3(0.7 - 1.2 (0.6 -
all RR patients 350 (96%) 15 (4%) 365 2.4) 2.3)
EDR DR Classification (n=1924)
Rif-R 433 (98%) 7 (2%) 440 1 <0.001 1 0.004




1.8 (0.8 - 2.1(0.8-
MDR 608 (97%) 18 (3%) 626 4.2) 5.1)
3.5(1.5- 4.0(1.6-
Pre-XDR 406 (95%) 23 (5%) 429 8.3) 9.5)
4.0 (1.7- 4.4(1.8-
XDR 403 (94%) 26 (6%) 429 9.3) 10.9)
Individual Drug resistance profiles at baseline testing
Fluoroquinolone Resistance (n=1515)
Sensitive 887 (98%) 14 (2%) 901 1
4.8(2.6- <0.001
Resistant 571 (93%) 43 (7%) 614 8.8)
Second line inhjectables (n=1513)
Sensitive 1016 (97%) 32 (3%) 1048 1
1.8(1.1- <0.001
Resistant 440 (95%) 25 (5%) 465 3.1)
Linezolid
(n=1093)
Sensitive 1038 (96%) 41 (4%) 1079 1
6.9(1.9-  0.001
Resistant 11 (79%) 3(21%) 14 25.7)
Clofazamine (n=1092)
Sensitive 942 (99%) 13 (1%) 955 1
21.2(7.3- <0.001
Resistant 106 (77%) 31 (23%) 137 41.7)
Rifabutin
(n=438)
Sensitive 209 (99%) 3 (1%) 212 1
4.3(1.2- 0.02
Resistant 213 (94%) 13 (4%) 226 15.1)




Table S2: Odds ratios of risk factors associated with bedaquiline resistance (unadjusted and adjusted — model 2)

adjusted adjusted
BDQ-S BDQ-R Total OR OR OR
(n=1947)  (n=76)  (N=2023) (95%cl) P VY€ | (os%c))  PVAMe | (gs%cy)  PVAlue
(N=1,876) (N=1,894)
Sex (n=2022)
Female 794 (96%) 33 (4%) 827 1 1 1
1152 0.9 (0.6 - 0.65 0.9 (0.6 - 0.78 0.9 (0.6 - 0.75
Male (96%) 43 (4%) 1195 1.4) 1.5) 1.5)
Age category (n=2007)
1.2 (0.4 - 1.1(0.3 - 1.2 (0.4 -
12-19 75 (95%) 4 (5%) 79 3.6) 3.3) 3.7)
1.2 (0.6 - 1.1 (0.6 - 1.1 (0.6 -
20-29 379 (95%) 19 (5%) 398 2.1) 2.1) 2.1)
30-39 653 (96%) 28 (4%) 681 1 1 1
0.7 (0.4 - 0.57 0.7 (0.3 - 0.60 0.7 (0.3 - 0.58
40-49 442 (97%) 23 (3%) 455 1.3) 1.4) 1.3)
0.6 (0.3 - 0.6 (0.3 - 0.7 (0.3 -
50-59 288 (97%) 8 (3%) 296 1.4) 1.5) 1.6)
0.7 (0.2 - 0.5 (0.1- 0.5 (0.1 -
60+ 95 (97%) 3 (3%) 98 2.5) 2.0) 2.0)
HIV status (n=1917)
Negative 632 (95%) 30 (5%) 662 1 1 1
1211 0.8 (0.5 - 0.51 0.6 (0.4 - 0.10 0.8 (0.5 - 0.32
Positive (96%) 44 (4%) 1255 1.2) 1.1) 1.3)
Started on ART (n=1221)
No 14 (100%) 0 (0%) 14 1
1164 0.8 (0.5-
Yes (96%) 43 (4%) 1207 1.4)
Province (n=2009)
Eastern
Cape 458 (95%) 23 (5%) 481 1 0.32 1 0.60




Free State 0 (0%) 0 (0%) 0 NA NA
0.8 (0.4 - 1.3(0.7 -
Gauteng 579 (96%) 24 (4%) 603 1.4) 2.6)
KwaZulu- 1.3 (0.6 - 1.7 (0.8 -
Natal 232 (95%) 13 (5%) 245 2.7) 3.7)
Limpopo 11 (100%) 0 (0%) 11 NA NA
Mpumala 0.6 (0.1 - 1.3(0.1-
nga 66 (99%) 1 (1%) 67 2.6) 13.8)
North 0.3(0.1- 0.6 (0.1 -
West 65 (98%) 1 (2%) 66 2.4) 4.5)
Northern 0.6 (0.2 - 09(0.3-
Cape 144 (97%) 5 (3%) 149 1.7) 2.4)
Western 0.5(0.2 - 0.7 (0.3 -
Cape 378 (98%) 9 (2%) 387 1.1) 1.7)
Specialised treatment centre
(n=2023)
No 379 (99%) 4 (1%) 383 1 1
1568 4.35(1.6- 0.002 3.5(1.0- 0.04
Yes (96%) 72 (4%) 1640 11.9) 12.1)
Previous MDR (n=2006)
1681
No (96%) 65 (4%) 1746 1 1
. .81
1.1 (0.6 - 0-5 1.1 (0.5 - 0.8
Yes 249 (96%) 11 (4%) 260 2.2) 2.3)
Previous BDQ exposure (n=2006)
1922
No (96%) 75 (4%) 1997 1 0.25
3.2(0.4 - '
Yes 8 (89%) 1(11%) 9 25.9)
Previous CFZ exposure (n=2006)
1916
No (96%) 72 (4%) 1988 p <0001

10




7.6 (2.4 -

Yes 14 (78%) 4 (22%) 18 23.7)
Previous BDQ/CFZ exposure
(n=2006)
1915
o) 0,
No (96%) 72 (4%) 1987 - (2.31_ <0.001 s2(1s. <0001 63 (1.91_ <0.001
Yes 15 (79%) 4 (21%) 19 21.9) 17.2) 21.0)
Guideline
period
XDR/pre- 1074
XDR/AE (96%) 36 (4%) 1110 1 1
decentrali 1.4 (0.8 - 1.3 (0.8 -
sation 523 (95%) 25 (5%) 548 2.4) 0.29 2.3) 0.63
allRR 1.3(0.7 - 1.2 (0.6 -
patients 350 (96%) 15 (4%) 365 2.4) 2.3)
EDR DR Classification (n=1924)
Rif-R 433 (98%) 7 (2%) 440 1 1 1
1.8 (0.8 - 2.1(0.8- 1.8(0.8 -
MDR 608 (97%) 18 (3%) 626 4.2) 5.0) 4.4)
3.5(1.5- <0.001 39(1.6- 0.004 3.4(1.4- 0.004
Pre-XDR 406 (95%) 23 (5%) 429 8.3) 9.5) 8.1)
4.0 (1.7 3.7 (1.6- 43 (1.7 -
XDR 403 (94%) 26 (6%) 429 9.3) 8.8) 10.7)
Individual Drug resistance profiles at baseline testing
Fluoroquinolone Resistance
(n=1515)
Sensitive 887 (98%) 14 (2%) 901 1
4.8(2.6 - <0.001
Resistant 571 (93%) 43 (7%) 614 8.8)
Second line inhjectables (n=1513)
1016
Sensitive (97%) 32 (3%) 1048 p <0001
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1.8(1.1-

Resistant 440 (95%) 25 (5%) 465 3.1)
Linezolid (n=1093)
1038
Sensitive (96%) 41 (4%) 1079 1
6.9 (1.9 - 0.001
Resistant 11 (79%) 3 (21%) 14 25.7)
Clofazamine (n=1092)
Sensitive 942 (99%) 13 (1%) 955 1
21.2(7.3-  <0.001
Resistant 106 (77%) 31 (23%) 137 41.7)
Rifabutin (n=438)
Sensitive 209 (99%) 3(1%) 212 1
43(1.2- 0.02
Resistant 213 (94%) 13 (4%) 226 15.1)
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Table S3: Mutations associated with baseline bedaquiline-resistant patient isolates
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* - stop
codon

Table S4: Mutations associated with emergent bedaquiline-resistant patient isolates

Glu61As
590189 atpE 1461227 SNV 1 G C 224 225 99.56 0.38 35.19 G183C 0
220052 Rv0678 779128 Insertion 1 G 21 113 18.58 0.41 36.00 139dup Asp4d7fs
150267 Rv0678 779123 SNV 1 T G 14 76 18.42 0.14 22.86 T134G Val45Gly
150267 Rv0678 779123 SNV 1 T G 16 89 17.98 0.06 23.25 T134G Val45Gly
220052 Rv0678 779126 Insertion 1 G 20 112 17.86 0.42 35.15 137dup Cys46fs
Leu43Ar
150267 RVO678 779117 SNV 1 T G 14 91 15.38 0.14 21.50 T128G g
130 139
10 Tﬁg_ll-_gG 18 117 15.38 0.43 34.95 delCTGG Leud4fs
220052 Rv0678 779117 Deletion TGTGTG
Leud4Ar
20178 RVO678 779120 SNV 1 T G 15 98 15.31 0.07 21.87 T131G g
Leul25A
150267 RVO678 779363 SNV 1 T G 14 92 15.22 0.07 24.36 T374G g
Leul22A
141 RVO678 779354 SNV 1 T G 19 126 15.08 0.11 20.63 T365G g
Val150GI
150267 RVO678 779438 SNV 1 T G 16 107 14.95 0.06 22.19 T449G v
150267 Rv0678 779125 SNV 1 T G 14 95 14.74 0.07 20.71 T136G Cys46Gly
Glul04Al
150267 RVO678 279300 SNV 1 A C 16 111 14.41 0.35 22.88 A311C 3
Val120GI
150267 RVO678 779348 SNV 1 T G 13 95 13.68 0.15 23.77 T359G v
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11.11
11.11
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0.21

0.08
0.08
0.33

0.16
0.38

0.21
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0.17

0.13
0.47

0.08

0.19

0.21
0.11
0.33
0.16

0.27

21.73

20.31
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2231
22.92
20.92
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20.92

21.03
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21.08

20.03
33.62
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21.17
20.04
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T461G
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T157G
Al46C
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T446G
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A455C
A380C

A472C
T254G
T461G
A38C
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Thr58Pro
Aspl27A
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Leul54A
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Asp5Ala
Ser53Ala
Glu49Ala
LeuddAr

g
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Aspl127A
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la
Val149Gl
y
Cys46Gly
Glu49fs
Asp152A
la
Aspl27A
la
Ser158Ar

g
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Leul54A

rg
Glul3Ala
Leud3Ar

g



Table S5: Treatment outcomes among a subset of patient isolates with whole genome sequencing stratified by Rv0678 status

Outcome Rv0678 wild type Rv0678 mutant OR (95%Cl)

Successfully outcome among phenotypically bedaquiline-susceptible patients (N=130)

124 6
No 40 (32.3%) 2 (33.3%) 1
Yes 84 (67.7%) 4 (66.7%) 1.0 (0.2 - 5.4)
Successfully outcome among phenotypically bedaquiline resistant patients (N=36)
6 30
No 2 (33.3%) 17 (56.7%) 1
Yes 4 (66.7%) 13 (43.3%) 0.4 (0.1-2.4)

OR= odds ratio, 95%Cl = 95% confidence interval.
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4. STROBE Statement—checklist of items that should be included in reports of observational studies

Item Page
No Recommendation No

Title and abstract 1 (a) Indicate the study’s design with a commonly used term in 3
the title or the abstract

(b) Provide in the abstract an informative and balanced 3
summary of what was done and what was found

Introduction

Background/rationale 2 Explain the scientific background and rationale for the 5-6
investigation being reported

Objectives 3 State specific objectives, including any prespecified 6
hypotheses

Methods

Study design 4 Present key elements of study design early in the paper 7-8

Setting 5 Describe the setting, locations, and relevant dates, including 7-9
periods of recruitment, exposure, follow-up, and data
collection

Participants 6 (a) Cohort study—Give the eligibility criteria, and the sources 8 and
and methods of selection of participants. Describe methods of | appendix
follow-up

Case-control study—Give the eligibility criteria, and the
sources and methods of case ascertainment and control
selection. Give the rationale for the choice of cases and
controls

Cross-sectional study—Give the eligibility criteria, and the
sources and methods of selection of participants

(b) Cohort study—For matched studies, give matching criteria NA
and number of exposed and unexposed

Case-control study—For matched studies, give matching
criteria and the number of controls per case

Variables 7 Clearly define all outcomes, exposures, predictors, potential 8-9 and
confounders, and effect modifiers. Give diagnostic criteria, if Appendix
applicable

Data sources/ 8* For each variable of interest, give sources of data and details 8-9 and

measurement of methods of assessment (measurement). Describe Appendix
comparability of assessment methods if there is more than
one group
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Bias 9 Describe any efforts to address potential sources of bias 15-16 and

Appendix

Study size 10 Explain how the study size was arrived at NA
Quantitative variables 11 Explain how quantitative variables were handled in the Appendix

analyses. If applicable, describe which groupings were chosen

and why
Statistical methods 12 (a) Describe all statistical methods, including those used to 8

control for confounding

(b) Describe any methods used to examine subgroups and NA

interactions

(c) Explain how missing data were addressed Appendix

(d) Cohort study—If applicable, explain how loss to follow-up 8
was addressed

Case-control study—If applicable, explain how matching of
cases and controls was addressed

Cross-sectional study—If applicable, describe analytical
methods taking account of sampling strategy

(e) Describe any sensitivity analyses NA
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