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Outbreak Caused by Multidrug-Resistant 
Mycobacterium tuberculosis with Unusual 

Combination of Resistance Mutations, 
Northern Argentina, 2006–2022 

Appendix 1 

Supplementary Methods 

In Argentina, genotyping of MDR Mycobacterium tuberculosis has been implemented in 

mid-1990s. MDR-TB has been systematically surveyed since 2003, and as a best practice, it is 

highly encouraged that all the isolates detected countrywide are sent to the Servicio de 

Micobacterias, INEI, ANLIS for second-line drug-susceptibility testing and genotyping at referral 

level. Our laboratory keeps a genotyping database of MDR isolates evaluated with IS6110-RFLP 

and spoligotyping (1998–2010, ~1400 isolates), MIRU-VNTR15 (2012–2020, ~1050 isolates) or 

WGS (2021 onwards, ~400 isolates), and these isolates are stored at −80°C. Since 2012, all the 

M. tuberculosis isolates that are suspected of drug-resistance have been routinely tested in our 

lab with an in-house PCR-based test named MAS-PCR (1), which has been internally validated. 

MAS-PCR targets the wild type rpoB (codons 452, 450, 445 and 435), fabG1-inhA operon (−15 

position) and katG (codon 315) genes to infer the resistance to RIF and INH. The results are 

stored in a tailored database (>6000 isolates). Epidemiologic and microbiological information 

associated with each isolate are stored in an internal database. 

We exhaustively screened these databases to select isolates potentially belonging to the 

outbreak, based on province of residence, rifampin (RIF) and isoniazid (INH) molecular 

resistance patterns, genotype, microbiological and epidemiologic data. Twenty-nine isolates from 

12 patients received between 2006 and 2022 were included and re-cultured from our collection. 
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Twenty-four genomes were included in the final analysis (Appendix Figure). The detailed 

information associated with each of the isolates is included in Appendix 2 

(https://wwwnc.cdc.gov/EID/article/31/3/24-1272-App2.xlsx). 

Epidemiologic information was complemented by the TB control program of Chaco, the 

Hospital Muñiz/Instituto Vaccarezza and the Hospital General de Niños “Pedro de Elizalde.” 

Phenotypic drug-susceptibility testing 

The following drugs were evaluated with the MGIT960 system: RIF (critical 

concentration: 0.5 mg/L), INH (0.1 mg/L), ethambutol (EMB; 5mg/L), ethionamide (ETH; 

5mg/L), kanamycin (KAN; 2.5mg/L), capreomycin (CAP; 2.5mg/L), amikacin (AMK; 1mg/L), 

levofloxacin (LFX; 1mg/L), clofazimine (CFZ; 1mg/L), linezolid (LZD; 1mg/L), moxifloxacin 

(MXF) at low (0.25 mg/L) and high concentrations (1 mg/L). Resistance to EMB (2 mg/L), ETH 

(40 mg/L) and CAP (40 mg/L) were also assessed by the proportion method in Löwenstein-

Jensen medium. Some isolates were tested for LZD and CFZ resistance by the microtiter dilution 

(6 serial 1:2 dilutions starting from 8 mg/L) following standardized methods (2). Suggested 

ECOFF for LZD and CFZ were of 0.5 mg/L and 0.25 mg/L respectively (3,4). Phenotypic 

susceptibility test for bedaquiline (BDQ) was implemented in 2021 in MGIT960 (critical 

concentration: 1mg/L). 

Whole genome sequencing analysis 

The selected isolates were re-cultured from our collection in Löwenstein-Jensen slants. 

High quality DNA was recovered from 23 isolates by the CTAB method (5). Whole genomes of 

isolates 6.2 and 6.3 had been obtained previously for another project (6) and were retrieved from 

the ENA (PRJEB41837). The genome of isolate 12.2 had been sequenced for referential 

diagnosis and was included in the second edition of the Catalogue of mutations of WHO (7). 

Genomic libraries were prepared using the DNA Sample Preparation Kit and indexed with the 

Barcoding Kit (Illumina), following the instructions of the manufacturer. Isolates were 

sequenced in the Illumina MiSeq or Novaseq platform at the Unidad Operativa Centro Nacional 

de Genómica y Bioinformática, ANLIS, with paired-end mode. Quality assessment included 

analysis with FastQC v0.12.1. Average sequencing depth was 80x. Sequencing reads were 

aligned to the H37Rv genome using BWA 0.7.17 (8). Allelic variants were called with GATK 

4.4.0.0 (9) and were annotated with snippy (10). Variants in PE/PPE genes, repetitive regions 
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and mobile elements were excluded. Maximum likelihood phylogenetic trees were constructed 

with RAxML (11) and visualized with Microreact (12). Drug-resistance conferring mutations 

were detected with Mykrobe (13) and TB-profiler version 6.2 (14) and were contrasted with the 

2nd version of the WHO catalog of mutations (7). Spoligotypes were retrieved in silico using TB-

profiler. One genome had a low QC value and was discarded (Supplementary Figure. 1.1). 

Accession numbers of the genomes are detailed in Appendix 2. SIT119 isolates were searched in 

the SITVITEXTEND database hosted at the Pasteur Institute of Guadeloupe (Appendix 3, 

https://wwwnc.cdc.gov/EID/article/31/3/24-1272-App1.pdf). 
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Appendix 1 Figure. Inclusion and exclusion criteria. 
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