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DR TB Situation in Indonesia

Indonesia (population 281.2 million)
' ww:é has the second highest TB case and TB-

_ _///gd\ e < related deaths estimates, and also becomes
{ ° \ one of the eight countries with
: ' ** highest DR TB burden worldwide in
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Indonesia

DR TB treatment enroliment
rate is 66%,

no Indonesian province has achieved the national
target for DR TB treatment enrollment rate of 90%

Democratic Republic
of the Congo

[ "% 1000000

! 2000000

—©® DR TB treatment success rate is 57%.
far from the national target of 80% (2024)

Sources: Ministry of Health, 2024



TARG=eE T

Gaps in DR TB Diagnosis
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Estimated  Presumptive Presumptive Estimated New Xpert- (a) 0 days (0-1)  (b) 11days (5-20)  (c)8days (6-11)  (d) 66 days (22-91)
TBcases DR-TBcases DR-TB DR-TB cases diagnosed —— . : _
. - : Mew Xpert- Basaline clinical Initiated on Treatment regimen Intensive phase Treatment
with risk factors registered  cases tested RR-TB diagnosed assessment second-line supported by completed completed
of DR-TB RR-TB completed treatment pDST results
Fig. 1: Pre-diagnosis cascade of care describing the presumptive DR-TB cases and true DR-TB burden in the catchment area of RSHS. Bars Fig. 2: Post-diagnosis cascade of care of newly diagnosed RR-TB cases in RSHS. Bars and lines represent absolute and relative frequencies,

Treatment success
is still under the
target (below 75%)

Most experience
delays in treatment

A large number of
undetected DR-TB
cases

Limited DR-TB
detection capacity

Lestari BW, et al. Management of drug-resistant tuberculosis in Indonesia: a four-year cascade of care analysis. The Lancet Regional Health - Southeast Asia. 2023.



Presumptive TB
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TB diagnosis enforcement flow as described in the Circular Letter issued by the Director General of Disease Prevention and Control, Ministry of Health Republic
Indonesia, Number HK.02.02/111.1/936/2021 regarding the Amendment of the Tuberculosis Diagnosis and Treatment Flow.
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Map of West Java
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West Java is a province with a population of 48.27

million people, and has the highest TB and DR TB
burden in Indonesia.

In 2024 an estimated 234,710 TB cases and 6,891 DR TB cases

were reported, with DR TB treatment success rate only reached
54%.

There are 5,259 TB services in West Java and DR TB
management were supported by:

| 30 CHCs that Provide
39 PMil:)-II- O 0| Initial DRTB treatment
ospitals .
P ) 955 DRTB CHCs Satellite
. . 28 . . 3 Laboratories
.= Microscopic ' 284 Rapid  ,_ /' that Perform
@ Reference | Molecular s,  culture and
—= Laboratory Testing pDST

Sources: Ministry of Health, 2024; West Java Provincial Health Office, 2024; & Indonesia September 2020
Census



TARGET: “Targeted Next Generation
Sequencing for Drug-Resistance TB
Detection in Indonesia”

an implementation study of tNGS conducted in West Java
aiming to assess the feasibility, patient outcomes, and
economic costs to support successful tNGS
Implementation in Indonesia.

5 Specific Objective of TARGET:

Diagnostic O

Q

Epidemiology
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National and
Local
Governments

TARGET has collaborated with Global MULTISECTORAL Health
multiple sectors to support tNGS Par;';ifr:“d COLLABORATION Laboratory
implementation.

Network of DR
' TB Management
Healthcare
Facilities

International
Advisors




tNGS Implementation Experience in West Java
Stakeholder Involvement and Healthcare Workers Capacity Building

Multiple activities, including stakeholder meetings, capacity building, sharing experience, routine monitoring and
evaluations were done to ensure tNGS implementation

£))
e - |
i_ PEERH*TAH DAEFlAH PROVINSI JAWA BARAT
Dlines west .
Sy = ‘. - i

1. Engagement activities with West Java stakeholders and healthcare facilities




tNGS Implementation Experience in West Java
Stakeholder Involvement and Healthcare Workers Capacity Building

2. Refreshment training for healthcare 3. Visits and routine M&E to PMDT 4. Clinicians’ workshop to strengthen

workers on sample collection procedures hospitals included in the TARGET study clinicians’ role in tNGS use




tNGS Implementation Network in West Java
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West Java Provincial Health Laboratory
Map of DR TB Management Network in West Java (39 PMDT hospitals and 30 DR TB CHCs)
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By July 2025,
31 PMDT hospitals dan 15

DR TB Community Health
Centers has contributed
to TARGET's sample

recruitment.

*RSUD = District Referral Public Hospital
*RSUP = Provincial Referral Public Hospital



TARGET Project Timeline rA NI

e tNGS training with

Kick off and ethics Genoscreen Healthcare workers’ tNGS workshop to
approval o tNGS trials capacity building through strengthen clinicians’ role in
processing refreshment training tNGS use
Jan - Feb Mar - April May - June Jan - July T Aug -Dec
2024 2025
Stakeholder Development of laboratory SOP ’ ’
engagements and tNGS implementation tNGS implementation and continuous M&E
steps

From 1 August 2025 to 9 July 2025,

582 samples

were successfully analysed with tNGS
(Deeplex/lllumina platform)




tNGS Implementation Experience in West Java o o

Health Laboratory Capacity Building for tNGS

3. Internal Workshop & SOP
Development

2. tNGS ftrial

4. Laboratory
Optimizations and
Troubleshooting
(Radboud UMC,
Global Health Lab)
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e Laboratory Infrastructure for tNGS
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West Java Provincial
Health Laboratory

e Provincial level - TB programmatic routine
service: routine smear microscopy, GeneXpert,
second line LPA, LJ and MGIT culture, and second
line pDST.

e Experienced in genomic processes — performed
COVID-19 whole genome sequencing
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Overview of WJPHL Biomolecular Laboratory

TB Microbiology Lab (BSL 2+)
Lab personnel: 25 personnel

- R
Xpert MT/BI RIF Ultra Z':\g"uﬁ;‘ /':"u':]':“:g e N
1,5 hours/running. ,
1 batch running:g I'batch running gAC'I;Eg '\ll,'[G'T 96% et for LJ Slants
Smear microscopy max16 samples. max 24 samples. e R I

Arktic Automated
Biobanking Storage
Biobank -80C.

Capacity:
60.000x1.4ml tubes
or

140.000x0.5ml tubes.
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Overview of WJPHL Biomolecular Laboratory

Biomolecular Lab (BSL2+) for DNA Extraction
Lab personnel: 4 personnel

Qiagen Extraction Kit
(e.g. QI Amp DNA Mini Kit) Bead Beater

Automated Extraction: Zybio, Genolution, Allsheng

Genomic Lab
Lab personnel: 5 personnel

Thermal Cycler:

Bio-Rad CFX96, Veriti Pro A plIeet QI

Qubit, TapeStation and Bioanalyzer

Low throughput sequencing: High throughput sequencing:
lllumina iSeq 100 and MiSeq MGI DNBSEQ-G99, lllumina NextSeq
100 Plus 500/550

WJPHL = West Java Provincial Laboratory @
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tNGS Implementation
Key Challenges and Lesson Learned
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tNGS Implementation Experience in West Java TARG=E T

Lab to Bedside Workflow

1st sputum collection

Primary care level

oo

. West Java Provincial
Presumptive TB
Xpert/Referral . o Samples for tNGS
Puskesmas / \ Sputum will be sent to /
— i
o WITHOUT Xpert Witviacouder —
> Xpert Xpert | o S Samples for
1st sputum collection Rif-S Rif-R - 0 \ .
_ tNGS results routine
Primary care level I )
Presumptive , * | A A programmatic
TB , | v 55“"‘“‘;:'“ examination
e Sentito
| Puskesmas with Xpert will inform the sender ! WIPHL via
;  health facility to refer the DR-TB patient to | " courler
PMDT Hospital. R - oo —
: oo
____________________ T .h.
o= > PMDT Hospitals NOTES:
_________ Specimen
Hospitals with Xpert 2nd sputum collection - e
Presumptive TB P P 2nd or 3rd care level Puskesmas referral
1st sputum collection - flow
2nd or 3rd care level - Puskesmas flow
Sputum will be sent to - Lab flow
WIPHLvia courier
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tNGS Implementation Experience in West Java

Lab to Bedside Workflow

PEMERINTAH PROVINSI JAWA BARAT

DINAS KESEHATAN Geno%cr een » DEEPLEX® Myc-TB Report
RESEARCH CENTER FOR CARE AND CONTROL OF INFECTIOUS DISEASE LABORATORIUM KESEHATAN " Innovative Genomics
Jalan Sederhana No 1 - 5 Bandung Telp. 022 2033517
um‘s mmm (HCSIB) yworw [abkes fi:‘ﬁ;"fﬂ qo.1d, e;mmaL balai abkesabariDyanoo co.id
. : ey ¥ BANDUNG-40161 SAMPLE ID: Imp-64-05-BM-1134-2
Teaching Hospital Building Unpad, JI. Prof. Eijkman No. 38 Bandung 40161
Telp: (+62-22) 2044128 - (+62-22) 2033915 Hasil Pemeriksaan Laboratorium Biomolekular. Date of submission  Jul, 1 2025 11:47:00
il i i ite: i Dee 18

Email: idrc.fk@unpad.ac.id Website: www.unpad.ac.id Hlowd Baken ode oy

Tanagal Lahir catalogue
Hasil Pemeriksaan Laboratorium Jenis Kglamin Quality ©
Alamat Experiment set Implementation #64
RT-PCRTB No. PMDT No. PMDT
Tol Tedma, Spesimen Name
Jenis Spesimen, NIK
Faskes Pengirim : Tanagel Pemeriksaan.
Jumlah Spesimen 2 g&?‘gﬁ%@m
Metode Bemenksasn Targeted Next Genaration Sequencing Mycobacterium tubercuiosss
Tanggal Hasil Xpert Pt Eéi‘:‘;‘éi’fﬁ BMMJ Ij: Myc-TB
No No Lab Nama Penjemputan ULTRA (Labkes Keterangan o ‘ i
s'Pesimen Jahar] Hasil &mm _
. . Hasil Analisis Sekuensing Terhadap Mutasi yang Berhubungan dengan Obat Anti Tuberkulosis
1 BEM_1134 13 Jumi 2025 HIGH Lanjut tNGS {OAT).:
. . Rifampisin. : RESISTEN
2 | BM_1129 13 Juni 2025 LOW Lanjut tNGS isoniazid - RESISTEN RIF_INH PZA EMB FQ UN BDQ CFZ AMI SM ETH CAP KAN
{ d Tidak Tards ! ‘,
Elamuan. T Loelois Geniten 00200 CTOTOBDOD
esjuu?m&m;mm 1:32: ?giﬂ?,ﬁﬁ?, gﬁﬁ MDR-T8 Pre-XDR-TB XDR-TB
Kanamisia Tidak Tardetels: Resisten Legend '
gmtkﬁ.é& I'g:: %ﬁﬂd&lﬁbﬁ Reasisten,
# QIS I vﬁfaﬁm& Rﬁiﬁlﬂl
Bandung, 1 Juli 2025 Ehonamd Tidak Tardatels: Resisten Sample controls and metrics?
. Linezohid Tidak T s

- Average depth of ¢ age (%. below 95)
Clotazimin, Tidak Tardeteks: Rasisten Sequencing Run: 100
Positive control” Positive control not included 2
Negative control’ Negative control not included =
Bandung, 01 Juli 2025 7.5k
Pananogung Jawab Lab. Blomolekuier. Sample:
Internal control” Internal control not included

Samples of tNGS Results Information Sheet received by Clinicians




tNGS Implementation Cascade
Periode: August 2024 - 9 July 2025

1200

97.2%

49.1%
. g tNGS Success Rate:
.- 87% (582/669)
410
Spesimen Terlapor Spesimen Diterima di Spesimen Diperiksa RT-PCR Spesimen Diperiksa dengan  Spesimen dengan hasil
Labkes Jabar tNGS tNGS
1(0-1) 3 (1-3) 8 (4-11) —) Turnaround Time (TAT) in
) ’ Median of Days (IQR
10 (7-13) ys (IQR)

10 (8-14)



Encountered Challenge: tNGS technical processes are more complex than

what was included in the manual standard

tNGS workflow based on original protocol:

DNA Library Targeted Data
extraction preparation sequencing analysis

Current working workflow in West Java Provincial Health Laboratory (takes around 8 days)
after repeated optimations:

Xpert Ultra
High,

Medium,
Low

Xpert Ultra
Very Low Culture
>

Isolates

*bead beating uses glass beads and TE buffer



Encountered Challenge: Laboratory & Sequencing Barriers

Sample Quality

e Suboptimal

sputum quality
(e.g., low sputum
volume, blood
contamination)
Samples with
Very Low and
lower GeneXpert
results cannot
directly proceed
to tNGS

DNA Extraction

e Protocol
adjustment
needed using
bead beating to
enhance DNA
yield

e Challenging to
move with
Automated
Extraction

Mtb Target
Enrichment (PCR
Deeplex)

e Insufficient DNA
Conc for High
and Medium
Sample

e |Insufficient DNA
Conc lead to
sequencing
failure

Library Preparation

e Complexand
labor-
intensive
protocol
(takes 2 days)

e Suboptimal
indexing lead
to sequencing
failure

Sequencing

Time-
consuming
lab
procedure
Trouble-
shooting
demand
more time
and tools

k t extra cost, time, and staffs needed

Deeplex
Web Analysis

e Server
performance
sometimes
impacts web
accessibility

e Multiple expert
consultations
and trainings
needed for
troubleshooting
and result
interpretation
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Therapy Concordance with tNGS results (n = 4519)

Period:1Agustus 2024 -1 July 2025

Patients started 2nd line treatment?

(n = 451)

tNGS identified additional

resistance®
11.2% (n = 50/451)

tNGS did not identify any additional
resistance to 2nd line antibiotic, and the
therapy administered was in accordance

with tNGS resultsP
88.9% (n = 401/451)

tNGS and pDST result discordant

tNGS and pDST result concordant 4.2% (n = 19/451)

6.9% (n = 31/451)

and Bdq results

Discordances often encountered in FQ

g Comparison of median time (IQR) from sample receipt to results: A

o pDST=28 (21-39) days
o tNGS =10 (8-14) day )

.

dHaving tNGS and pDST results, mostly treated
with the BPaL/M regimen
I"According on tNGS results

€63.6% (14/22) in treatment
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Female 54 y.o. Pre-XDR TB (BM 261)

No DR-TB treatment history o o

Xpert RIF/MTB Ultra (7 Oct 24): RIF resistant
tNGS (30 0ct 24): R, H, Z, S, FQ, Eto

Resistant o
Culture conversion in month-3

Start treatment (15 Oct 24): (Jan 25)
6 month of BPaLM

Nov 2024 Mar 2025

Oct 2024 Jan 2025

Mfx stopped Declared Cured (31 Mar 25)
Regimen adjusted to:
BPaL (1 Nov 24)

pDST (5 Nov 24).
H, Hh, Lfx, Mfx Resistant tNGS detects Mfx (FQ) resistance earlier than pDST

T . . . . .
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Deeplex/lllumina drug resistance profiles

Date of submission Oct, 30 2024 16:08:44
Deeplex Myc-TB

Analysis mode V3_0_1 - Extended
catalogue
Quality [+
RIF INH PZA EMB FQ LIN BDQ CFZ AMI ETH CAP KAN
MDR-TB F're XDR—TE XDR-TB
Genomic Codon % Dx- AA . Resistance
Gene position change Variant score change Drug Confidence level Reference
gyrA 7570 gcg90gtg 100000 1875  A90V [N  Associated with resistance intermediate -
' ) MXF 2021
; Associated with resistance - : WHO
fabG1 1673432 t-8c 99.920 301.25 n/a ETH,INH Interim Resistant 2021
. : : : WHO
katG 2155168 agc315acc 99.060 26.25 S315T INH Associated with resistance Resistant 2021
pncA 2288754 gtg163gcg 100.000 9250  V163A PZA High Resistant  PUBMED
rpoB 761139 cac445tac 99.960 1124.75 H445Y RIF Associated with resistance Resistant %{Hﬂ‘w
rpsL 781687 aag43agg 100.000 75.75 K43R STM Associated with resistance Resistant E‘g‘[gg—
Gene Genomic Codon % Variant Dx-score AA change Drug’ Catego Reference
position change ° 9 rug gory
ethA 4326668  cag269cgg  4.130 3.25 Q260R | mla | Uncharacterised n/a

Deeplex Myc-TB kit, sequencing by iSeq 100,
analysis by Deeplex software extended catalogue (WHO mutation catalogue 2021)

-
o
i
=
O
]

oy
-
b 4
v
T
-

hsp65-based Identification best match

Mycobacterium tuberculosis complex

r-8¢C

Spoligotype

Beijing - SIT 1

SNP-based phylogeneatic ineage
Lineage 2 (M. tuberculosis)
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Plan for tNGS Programmatic Integration
Costs and Way Forward
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tNGS Cost Unit - Based on Our Experience in West Java

tNGS cost without tNGS cost with Implementation
isolate processing®  isolate processing” cost without isolate pDST cost (USD)
(USD) (USD) processing (USD)

Facilities and Space 0.74 0.57
Personnel and Training 71.51 7.39
Equipments 6.97 26.7
Laboratory Supplies® 254.85 284.57 254.85 72.13
Sample Transport 11.97
Total Cost per Sample 254.85 284,57 282.04 106.8

a. Cost to process sample directly from clinical samples

b. Cost to process sample through isolate processing, for samples with Very Low GeneXpert results
c. Routine pDST coverage include INH, PZA, Lfx, Mfx, Bdqg, Cfz, and Lzd

d. Includes sample reception, GeneXpert Ultra costs, DNA extraction costs, and sequencing kit costs

tNGS uses iSeq 100, with maximum 13 samples per run. Cost calculation was done using exchange rate in October 2024, $1 = Rp15,236

In West Java, currently tNGS processing costs higher compared to pDST

However, cost-effectiveness analysis is still ongoing
tNGS has the potential to reduce overall treatment costs if effective regimen can be decided earlier for DR TB patients
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Conclusion

tNGS is feasible to be implemented in high-burden, low-resource settings like West Javq, Indonesia.
Diagnostic network and routine M&E must be in place.
Lab workflow requires thorough planning, piloting and optimisation before implementation.
Costs are still high, further analysis and support are needed to ensure sustainability.

Way Forward

Advocation to Ministry of Discuss possible schemes to
Health to include tNGS in fund tNGS integration and Routine refreshment trainings
national DR TB guideline and upscale to other labs in and machine maintenance
information system Indonesia

Optimise and develop
standardised tNGS lab
workflow
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