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The Instituto Nacional de Satde (INS) of T
Mozambique {—

0 The main mandate is to generate evidence to inform policy-making decisions
within the health sector in Mozambique.

Q INS became an autonomous institution in 2017, turning into the national
authority for activities related to the generation of evidence in health in
Mozambique.

REPRESENTACAO DO INSTITUTO NACIONAL DE SAUDE

(@ Delegagdes provinciais do INS:
1. Cidade de Maputo
2. Provincia de Sofala
3. Provincia de Tete
4. Provincia da Zambézia
5. Provincia de Nampula
6. Provincia de Cabo Delgado

O Laboratérios de Saude Publica: @ Centros de Investigagéo:

1. Provincia de Maputo (Sede) 1. Centro de Investigagdo Operacional da

2. Provincia de Inhambane Beira (CIOB)

3. Provincia de Sofala 2. Centro de Investigagdo e Treino em Satde
4. Provincia de Manica da Polana Canigo (CISPOC)

5. Provincia de Tete 3. Centro de Investigagdo e Treino em Saude

6. Provincia da Zambézia de Quelimane (CISQUEL)
7. Provincia de Nampula

8. Provincia de Niassa

9. Provincia de Cabo Delgado




INS Responsibilities within the Health System M\

MOCAMBIQUE

Clinical, biomedical, health system and socio-anthropological
research

G Laboratory Reference Services and Systems

G Surveillance, Emergency Response and Health Observation

Partnerships with national and international institutions for
research, education and public health activities




TB epidemic in Mozambique

MOCAMBIQUE

din 2011, TB was declared a National Emergency;

dTB; MDR-TB; TB-HIV high burden country;

UTB incidence: 361/ 100,000 population;

dTotal cases notified (2023): 116 317;

URR-TB cases: 4200

dNew cases of MDR/RR-TB: 2.99%

dPrevious treated cases of MDR/RR-TB: 12.47%

OBacteriologically-confirmed cases tested for susceptibility to rifampicin: 85%

EI242 GeP%X pert equipment, 34 Truenats, 36 of them are 10 colours and 5
culture laboratories.




About Bedaquiline...

MOCAMBIQUE

1. Bedaquiline as a Critical Drug in DR-TB Treatment
. ;B(EdRa_%Jiline (BDQ) is a core component of WHO-recommended regimens for MDR- and

. !nczrg?%ing global rollout: >150 countries have introduced BDQ since WHO endorsement
in .

2. Emerging Resistance: A Growing Threat
« BDQ resistance-associated mutations (e.g., in Rv0678, atpE, pepQ) increasingly reported.
 Cross-resistance with clofazimine due to Rv0678 mutations complicates treatment options.

3. Diagnostic Gap
* No WHO-endorsed rapid molecular assay for BDQ resistance currently exists.
« WGS and MGIT-based DST are limited by infrastructure, cost, and long turnaround times.

« Absence of point-of-care diagnostics impairs timely resistance detection and regimen
optimization.

Can TNGS be a solution?
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Framework to NGS implementation in the National w
Health System in Mozambique

MOCAMBIQUE
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Establish an integrated approach for genomic
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Evidence based implementation
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Mycobacterium tuberculosis strains with rpoB lle491Phe o o
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which went undiagnosed. Detailed molecular data on rifampicin-resistant and multidrug-resistant (MDR) tuberculosis
are not available. Here, we aimed al gaining precise data on the determinants of rifampicin-resistant and MDR
tuberculosis in Mozambigue.

surveillance

Methods In this retrospective i shudy, we hal sequencing of 704 rifampicin-
resistant Mycobacterium tuberculosis complex (Mibe) strains submitted o the National Tuberculosis Reference
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Emergence of bedaquiline-resistant tuberculosis and of multidrug-

resistant and extensively drug-resistant Mycobacterium tuberculosi

strains with rpoB lle491Phe mutation not detected by Xpert MTB /RIF in
Mozambique: a retrospective observational study

INSTITUTO NACIONAL DE SAUDE
MOCAMBIQUE

Emergence of bedaquiline-resistant tuberculosis and of
multidrug-resistant and extensively drug-resistant
Mycobacterium tuberculosis strains with rpoB lle491Phe
mutation not detected by Xpert MTB/RIF in Mozambique:
aretrospective observational study

o Metoquia Kot

Summary

Background In 2021, an estimated 4800 people developed rifampicin-resistant tuberculosis in Mozambique, 75% of
which went undiagnosed. Detailed molecular data on rifampicin-resistant and multidrug-resistant (MDR) tuberculosis
are not available. Here, we aimed at gaining precise data on the determinants of rifampicin-resistant and MDR
tuberculosis in Mozambique.

Methods In this retrospective observational study, we performed whole-genome sequencing of 704 rifampicin-
resistant Mycobacterium tuberculosis complex (Mibc) strains submitted to the National Tuberculosis Reference
Laboratory (NTRL) in Maputo, Mozambique, between 2015 and 2021. Phylogenetic strain classification, genomic
resistance prediction, and duster analysis were performed

Findings Between Jan 1, 2015, and July 31, 2021, 2606 Mibx isolates with an isoniazid or rifampicin resistance were
identified in the NTRL biobank, of which, 1483 (56.9%) were from men, 1114 (42.7%) from women, and nine
(0-4%) were unknown. Genome-based drug-resistant prediction classified 704 Mitbc strains as rifampicin resistant.
628 (89%) of the 704 Mtbe strains were classified MDR: of those, 146 (23%) were pre-extensively drug resistant (pre-
XDR; additional Auoroquinolone resistance), and 24 (4%) extensively drug resistant (XDR; combined fluoroquinolone
and bedaquiline resistance). Overall, 61 (9%) of 704 strains revealed resistance to bedaquiline: five (7%) of
76 rifampicin resistant plus bedaquiline resistant, 32 (7%) of 458 MDR plus bedaquiline resistant, and 24 (100%) of
24 XDR. Prevalence of bedaquiline resistance increased from 3% in 2016 1o 14% in 2021, The cluster rate (12 single-
nucleotide polymorphism threshold) was 42% for rifampicin-resistant strains, 78% for MDR strains, 94% for pre-
XDR strains, and 96% for XDR Mtbe strains. 31 (4%) of 704 Mibc strains, belonging to a diagnostic escape outbreak
strain previously described in Eswatini (group_56), had an rpoB led91Phe mutation which is not detected by
Xpert MTB/RIF (00 other rpoB muuban) Of these, 23 (74%) showed additional resistance 10 bedaquiline, 13 (42%)
had bedaquiline and fluoroq istance, and two (6%) were bedaquiline, fluoroquinolone, and delamanid
resistant

Interpretation Pre-XDR resistance is highly prevalent among MDR Mtbx strains in Mozambique and so is bedaquiline
resistance; and the frequency of bedaquiline resistance quadrupled over time and was found even in Mtbe strains
without fluoroquinclone resistance. Importantly, strains with lle491Phe mutation were frequent, accounting for 31%
(n=10) of MDR plus bedaquiline-resistant strains and $4% (n«13) of XDR Mtbc strains. Given the current diagnostic
algorithms and both the gence of rifampicin resistance doe 10 lle491Phe and bedaquiline
resistance might jeopardise MDR tuberculosis prevention and care unkess sequencing-based technology ks rolled out.
The potential cross border spread of diagnostic escape strains needs further investigation,

Funding The German Ministry of Health through the Seq_MDRTE-Net project, the Deutsche Forschungsgemeinschaft
under Germany’s Excellence Strategy Precision Medicine in Inflammation and the Research Training Group 2501
TransEvo, the Leibniz Science Campus Evolutionary Medicine of the Lung, and the German Ministry of Education
and Research via the German Center for Infection Research.

Copyright © 2023 Elsevier Lid. All rights reserved
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Bedaquiline resistance rase from 3-14% and overall Fluoroquinolone

resistance among MDRs were 23% between 2016-2021

Articles I

Emergence of bedaquiline-resistant tuberculosis and of
multidrug-resistant and extensively drug-resistant
Mycobacterium tuberculosis strains with rpoB lle491Phe
mutation not detected by Xpert MTB/RIF in Mozambique:
a retrospective observational study

von Barilar", Ttiona Fernanda®, oo Aby eira, BeneditaJosé Claudia Mutagiha, Katharing Kianzes,
TanjaMi 1t eancrdo de Arauo, Thiery SofiaViegast

Summa

Background In 2021, an estimated 4800 people developed rifam picin-resistant tuberculosis in Mozambigue, 75% of
which went und ifampicin-resi; i i tuberculosi
are not available. Here, we aimed at gaining precise data on the determinants of rifampicin-resistant and MDR
tuberculosis in Mozambique.

Methads In this retrospective observational study, we performed whole-genome sequencing of 704 rifampicin-
resistant Mycobacterium tuberculosis complex (Mtbe) strains submitied to the National Tuberculosis Reference
Laboratory (NTRL) in Maputo, Mozambique. between 2015 and 2021 Phylogenetic strain classification, genomic
resistance prediction, and cluster analysis were performed.

Findings Between Jan 1, 2015, and July 31, 2021, 2606 Mtbc isolates with an isoniazid er rifampicin resistance were
identified in the NTRL biobank, of which, 1483 (56-9%) were from men, 1114 (42-7%) frem women, and nine
(0-4%) were unknown. Genome-based drug-resistant prediction classified 704 Mibx strains as rifampicin resistant.
628 (89%) of the 704 Mtbe strains were classified MDR: of those, 146 (23%) were pre-extensively drug resistant (pre-
XDR; additional fluoroquinolone resistance), and 24 i istant (XDR: i

and bedag
76 rifampicin resistant plus bedaquiline resistant, 32 [7%) of 458 MDR plus bedaguiline resistant, and 24 (100%€) of
24 XDR. Prevalence of bedaquiline resistance increased from 3% in 2016 to 145 in 2021, The cluster rate (12 single-
nucleotide polymorphism threshold) was 429 for rifampicin-resistant strains, 78% for MDR strains, 943 for pre-
XDR strains, and 96% for XDR Mtbe strains. 31 (43¢) of 704 Mibc strains. belonging to a diagnostic escape outbreak
strain previously described in Eswatini (group_56). had an rpoB He491Phe mutation which is not detected by
Xpert MTB/RIF {no other rpo Bmutation). Of these, 23 (7436) showed additional resistance to bedaquiline, 13 (425)
had bedaquiline and fluoroquinalone resistance, and two (6%) were bedaquiline, i and delamanid

(
resistance). Overall. 61 (9%) of 704 strains revealed resistance to bedaquiline: five (7%) of ©
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resistance; and the frequency of bedquiline resistance quadrupled over time and was found even in Mtbe strains
without flusraquinalone resistance. Importantly, strains with lle491Phe mutation were frequent, accounting for 31%
{n=10) of MDR plus bedaquiline-resistant strains and 543

) of XDR Mibe strains. Given the current diagnostic |
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Introduction tuberculosis has regained its lead, despite being both
COVID-19 had briefly overtaken wberculosis as the  preventable and curable, especially if susceptible to all
leading infectious disease killer in 2020; however, frstline drugs’ For the first time in a decade, the
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Diagnostic outbreak w
strain 1491F mutation

INSTITUTO NACIONAL DE SAUDE
MOCAMBIQUE

MDR+BDQr (31%) and
XDR (54%) in Mozambique
are due to strains with the
[491F mutation

wrong diagnosis led to
additional resistances
over time

i

v * Comparison of strains from 3 countries supports
cross border spread
* By integrating tNGS in the algorithm [491F mutation
spread can be prevented for better patient care
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Preliminary Results - Whole Genome Sequencing
(n=161)

Paper 2016-2021 | Recent 2022-2024
N=704 N=161
Lineage 1 9% 19%
Lineage 2 22% 13%
Lineage 3 3% 5%
Lineage 4 66% 64%
rpoB lle491Phe 4% 2%
BDQr 9% (3%-14%) 19% (18%-22%)

Bedaquiline resistance

Paper 2016-2021

Recent 2022-2024

RRTB 5/76 (7%) 3/14 (14.3%)
MDR 32/458 (7%) 11/63 (17.5%)
XDR 24/24 (100%) 15/15 (100%)

rpoB lle491Phe

24/61 (39.3%)

2/6 (33.3%)

|

MOCAMBIQUE



WGS Preliminary Results (n=161) - BPaL M drugs w( |

&

120%

19% 4%

100%

80%

60%

40%

20%

0%
& *o‘\ S Ac,\‘\ <d\ &
% Q
< ((\\ K@O@ ) éO

eO/.
1
~

B Mutation Related to Resistance not detected B Mutation Related to Resistance detected

4o\14aNd0 & Unidade woe! \\\‘
" oat e® DM'NMM‘. sus



Examples of Deeplex shocking results from w[

Mozambique

Date of submission Jun, 10 2024 08:46:43 3 Date of submission Oct, 3 2024 15:13:57 g nission :ay, I31 2’:24 :95118:25 2
Deeplex Myc-TB Dee eeplex Myc- §
" plex Myc-TB A ;
Analysis mode V3_0_1 - Extended Analysis mode V3_0_1 - Extended 3 de VSt_.l:J Extended
catalogue catalogue catalogue 3
Quality (+] Quality o © i d
Experiment set m1is0099 Experiment set m1ls0107 set m2is0038
y hsp65-based identiNcation best match
‘Mycoba im tuberculosis complex
— & .)....‘
ﬁ@
() NP based phylogenetic inesge . oats,
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MDR-TB Pre-XDR-TB XDR-TB MDR-TB Pre-XDR-TB XDR-TB

PTB101647 PTB103826 PTB100178

Inhambane Maputo Provincia Maputo Provincia
35Y 32Y 30Y
Female Male Male

Previous treated New case Previous treated

Pre XDR-TB MDR-TB Pre XDR-TB
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Pilot study flowchart

0 o 1. Ship positive confirmed sputum A A 2. Ship sputum samples either
ﬁ\ %ii samples for additional tests m m Rif'TNH resistance to LNRT 3. Cultiure Sputum
4 Q samples, extract
-------*ﬁgﬁgﬁ ----------------» ﬁ DNA from
I Sputum and QC
High Volume HF with (=) _ oy P DNA Q
only 6 colors Xpert HF's with only 6 and 10 I I
MTRB/Rif colors Xpert MTB/Rif % I
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....................... I- == ={ passes QC to the
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Results to :
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Next Steps:
dimplement tNGS pilot study in Maputo.

dStrengthen current WGS analysis.

dExpand sample selection and referencing to other TB culture
laboratories.

dFinalize MTBC sequencing implementation framework for
Mozambique.

dConstruction of the Bioinformatics Centre.




Concluding remarks for country NGS implementation: ([

MOCAMBIQUE

Building institutional capacity is a long but rewarding journey.
dWell-equipped sequencing laboratory with trained personnel is crucial.
Strategic partnerships are essential for success.

EIUnd.eTstanding the country's epidemiology through scientific evidence is
crucial.

Engaging the NTP and key stakeholders throughout the process raise
awareness and drive action.

JAdopting an integrated approach ensures long-term sustainability.




Parallel session: Advancements in Next
Generation Sequencing for
Tuberculosis Diagnosis and
Management in Mozambique
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A 18° EDICAO DAS JORNADAS NACIONAIS DE SAUDE, QUE ESTAVA
<{PREVISTA PARA DECORRER EM MARCO DE 2025, FICA ADIADA PARA
OS DIAS 30 DE SETEMBRO A 03 DE OUTUBRO DE 2025. | 1]
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