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Translating  
whole-genome-sequence 

data for drug-resistant 
Mycobacterium tuberculosis 

diagnostics in clinics
Lars Humblestone, Brendan Arnold, Htin Lin Aung

Tuberculosis (TB), the disease caused 
primarily by the pathogen Myco-
bacterium tuberculosis, is one of the 

leading causes of death due to an infectious 
disease. Globally, TB has infected around 
one quarter of the population, with approx-
imately 10 million people developing TB 
in 2019 and 1.4 million succumbing to the 
disease.1 New Zealand has a low incidence 
of TB, with a case notification rate ranging 
from 5.9 to 6.4 per 100,000 yearly between 
2012 and 2016.1,2

TB is both a preventable and curable 
disease. It is believed around 85% of 
those with the disease are treatable with 
a six-month long drug regime. However, 
drug-resistant TB (DR-TB) is a growing 
concern, requiring longer, more-expensive 
and more-complex treatment courses.1 
Multidrug-resistant TB (MDR-TB) is defined 
as being resistant to at least rifampicin 
(RIF) and isoniazid (INH), the two most 
effective first-line antitubercular agents.1–5 
It is estimated that multidrug- and rifam-
picin-resistant TB (MDR/RR-TB) accounted 
for 3.32% of new cases and 17.7% of previ-
ously treated cases in 2020. Although 
this represents a reduction from 2019, 
there was an increase in the percentage 
of cases that failed treatment or returned 
after default treatment.1 In New Zealand, 
MDR-TB composed an average of 1.3% of 
culture-positive cases between 2007 and 
2016. Additionally, TB cases resistant to at 
least one antibiotic comprised 9.3% of total 
cases in New Zealand between 2011 and 
2016. This, in combination with an average 
treatment delay of 83 days, poses a threat to 
public health in those with pulmonary TB.2

Whole genome sequencing (WGS) provides 
an alternative method of drug susceptibility 
testing (DST), instead of traditional pheno-
typic and molecular assay techniques.5,6 
WGS has the ability to overcome limitations 
inherent to these techniques, with improved 
sensitivity and involvement in multiple 
components of management.4–6 WGS is 
increasingly being used overseas and is 
expected to become routine for molecular 
diagnosis of TB in New Zealand.6 The utility 
of WGS in a reference mycobacterium 
laboratory in New Zealand to supplement 
other molecular tests and to assist in a rapid 
but accurate diagnosis and appropriate 
management of MDR-TB has recently been 
reported.4 However, the lack of standard-
isation in the bioinformatics process to 
analyse WGS data and report formatting 
prevents the routine utility of WGS in a 
clinical setting.6 Although progress has 
been made in the standardisation of data 
analysis,6 a standardised reporting format 
tailored to New Zealand clinicians could 
help cross another hurdle to the implemen-
tation of WGS in TB management.

Data output from WGS is complex, and 
interpretation is only possible with related 
expertise. Reports generated from WGS 
highlight genomic data that identify the 
specific mutations present within the isolate 
believed to be responsible for associated 
drug resistance (Table 1). 4 This data has 
only limited use for clinicians in the clinical 
context. In order for this information to 
be utilised clinically, it must be translated 
into an easily understandable format that 
highlights important information relevant to 
treatment decision-making. 



116

LETTER

NZMJ 16 April 2021, Vol 134 No 1533
ISSN 1175-8716   © NZMA
www.nzma.org.nz/journal

Table 1: Conventional WGS report. Adapted from Basu et al.4

Isolate ID Yera of isolation Site of infection rpoB mutation 
for refampicin

in hA mutation 
for isoniazid

5 2012 sputum S450L c-15t

Tuberculosis Drug Susceptibility Report

Summary:

Associated Gene

rpoB
inhA
NMDa

NMDa

NMDa

NMDa

NMDa

NMDa

NMDa

NMDa

NMDa

NMDa

Comments:

Sample ID: 5
Sequenced From: Cultured Isolate

Interpretation Variant 
Resistant S450L
Resistant c-15t

Susceptible
Susceptible

Susceptible
Susceptible

Susceptible

-
-

-

Sample Information

Susceptible

Capreomycin
Cycloserine

P-aminosalicylic Acid 

Indepth Results

-

Confidence in Resistant Phenotype
High

Moderate

Sample tests positive for Mycobacterium tuberculosis . Drug susceptibility testing predicts the isolate is resistant to Rifampicin and 
Isoniazid. The isolate meets the criteria for diagnosis of Multidrug-resistant Tuberculosis. Consultation with a clinical TB expert is 
recommended. 
Treatment must be made in consultation with the Ministry of Health Tuberculosis Clinical Network. For more information refer to the 
Ministry of Health Guidelines for Tuberculosis Control in New Zealand, 2019.
Absence of detected mutations does not exclude possibility of phenotypic resistance.

Drug

Drug

Rifampicin 
Isoniazid Moderate

Resistant

Predicted Susceptibility Status Confidence in Resistant Phenotype

High 

Multidrug-resistant Mycobacterium tuberculosis  detected
Isolate resistant to Rifampicin and Isoniazid

First Line

Resistant

Protionamide/Ethionamide
Moxifloxacin

Patient Details
Date of Birth: ##/##/#####
NHI: ABC1234

Name: ########
Gender: Male

Results:

Streptomycin

Amikacin
Kanamycin

-
-

-
-

aNMD - No Mutatation Detected

Pyrazinamide 
Ethambutol

Mutated Gene
rpoB

Susceptible
Susceptible
Susceptible
Susceptible

Second Line

Lab Technician: -------------

Sequencer: Illumina HiSeq 2500 Pipeline: <link to pipeline>

-
-

inhA

Date of Collection: ##/##/####

Testing Request made by: ------------
Sequencing Lab: -------------, Tel: ## ### ####

Method: Whole Genome Sequencing Reference Genome: H37RV (NC_000962.3)

Date of Sample Receipt: ##/##/####

Sample Type: Sputum

Isoniazid
Rifampicin

Date of Sequencing: ##/##/####
Date of Report: ##/##/####
Sample Origin: Pulmonary 

Figure 1: Proposed WGS summary report to assist in making clinical decisions. 
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In this study, we propose a standardised 
template for clinical reporting of WGS 
results for Mycobacterium tuberculosis in 
New Zealand (Figure 1). Patient identifiers 
are chiefly important in clinical reporting 
in order to ensure the data reported are 
applicable to the correct patient and to 
avoid clinical errors. This information is 
placed at the top of the report to ensure 
it is appropriately emphasised. A brief 
summary of diagnostic results and the 
level of drug resistance (ie, multidrug-re-
sistant [MDR] or extensively drug-resistant 
[XDR]) is displayed in bold. Below this, a 
simplified drug susceptibility profile is 
located. Separated into available first- and 
second-line antitubercular agents, resistance 
is identified and highlighted in red. The 
mutated genes and variant confidence are 

also included to provide further insight. A 
comment section is included with additional 
information and referral to the Ministry of 
Health Guidelines for Tuberculosis Control 
in New Zealand.3 Relevant information 
regarding the analysed sample is included in 
addition to information about the reporting 
laboratory. Lastly, in-depth results are 
located at the bottom of the report. This 
section summarises information reported in 
the simplified drug profile with some addi-
tional information pertaining to the specific 
mutations present.

In short, the New Zealand-specific, clini-
cian-tailored WGS report format proposed in 
this study could be valuable in the imple-
mentation of WGS as a method of DST for 
TB to improve patient outcomes in New 
Zealand.
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