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A B S T R A C T   

This study aims to gather observational evidence of Whole Genome Sequencing’s (WGS) impact in the pathogen 
identification, antimicrobial resistance profiling and transmission tracking from its users’ observation within the 
diagnostic setting of the European reference laboratories for tuberculosis. Sixteen laboratories that have been 
utilising WGS in their tuberculosis diagnostic laboratory were invited and twelve (75%) responded to our online 
questionnaire. Key findings include its primary utilisation for drug resistance prediction and epidemiological 
services; Mtb surveillance and outbreak investigation. 92% reported significant improvements to the perfor-
mance of TB drug resistance testing and the reduction of false clustering. Despite the public health benefits of the 
WGS technology was largely positive in non-tuberculous mycobacteria disease management, multidrug-resistant 
TB patient management, reputational aspects and turnaround times, further studies are required to review the 
financial impact as various regulations and service aspects have added to the complexity to disentangle this 
aspect.   

Dear Editor,  

Whole Genome Sequencing (WGS) of Mycobacterium tuberculosis 
(Mtb) has transformed the diagnostic management and public health 
surveillance of tuberculosis (TB), a communicable disease that in 2020 
still claimed 1.3 million lives and infected approximately 9.9 million 
people globally [1]. WGS has gained global recognition and is increas-
ingly utilised in the reference laboratories in the European Union (EU) 
and the European Economic Area (EEA) including in tuberculosis (TB) 
for pathogen surveillance, antimicrobial resistance profiling, and 
transmission tracking [2–5]. However, recent studies coordinated by 
ECDC demonstrated that TB WGS uptake in Europe, especially in routine 
settings, remains limited [5,6]. Of 20 EU/EEA countries that have used 
molecular typing data for TB surveillance in 2018, only 9 have applied 
WGS; countries that had not used typing for TB surveillance have 
planned its implementation in the near future, showing an ongoing 
consideration and transition to WGS [6]. Need in strengthening of na-
tional systems performing prospective WGS TB surveillance was one of 
key conclusions of the ECDC pilot study conducted in 2017–2019 [5]. 

The increased transition of this technology in the EU and the EEA is 
signified by the rising adherence by European laboratories to the 

External Quality Assurance (EQA) schemes and other activities con-
ducted within ECDC coordinated European Reference Laboratory 
Network for TB (ERLTB-Net-2, formerly ERLN-TB) [7,8]. In this study 
conducted within the ERLTB-Net-2 infrastructure, we aimed to assess 
how the WGS-based technologies can impact key TB reference labora-
tory activities (determination of TB drug resistance, detection and 
tracing of outbreaks, determination of Mycobacterial species) as well as 
broader benefits including turnaround times (TATs), insights into cost 
effectiveness and public health impact. 

Directory of reference services provided by European Reference 
laboratories indicated that sixteen laboratories (51.6% of ERLTB-Net-2 
members) utilised WGS in routine TB laboratory diagnostics in 2020. 
These laboratories were invited to complete a structured self-assessment 
questionnaire in November 2020 through Public Health England’s on-
line platform (SelectSurvey.NET). The remaining 15 laboratories that 
have not yet introduced this technology were excluded from the study 
due to their insufficient WGS utilisation data. Responses were received 
from twelve laboratories (75% response rate), all but one located in low 
TB incidence countries (<10/100,000); one laboratory was in a middle 
incidence country (≥10 to <100/100,000). 

Between May 2016 and May 2020, 7/12 (58.3%) study participants 
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introduced WGS for routine prediction of drug resistance in Mtb com-
plex, with the remaining 5/12 using WGS for drug resistance prediction 
in an exploratory context. Overall, 11/12 (91.7%) reported that WGS 
was associated with significant (6), medium (3) and minor (2) 
improvement in the TB drug resistance diagnosis in their respective 
laboratory. 

In addition, 9/12 participants indicated that WGS has improved the 
overall management of patients with multidrug-resistant TB (MDR-TB)) 
citing improved detection of various types of mutations and ability to 
assess a wider range of drugs in comparison to the phenotypic-based 
antimicrobial susceptibility testing (AST). In 3/12 laboratories WGS 
has not led to major improvements due to the parallel use of other non- 
culture-based testing methods, which provide results in shorter time 
compared to WGS and to that fact WGS was not yet implemented as a 
routine laboratory procedure. 

Between February 2018 and January 2021, 7/12 (58.3%) labora-
tories introduced WGS for the identification of Mtb complex. In three 
laboratories WGS implementation has led to performance improvements 
in Mtb identification with one defining its impact as large and two as 
minor. Two respondents that did not observe any improvement claimed 
that the role and value of WGS as a routine diagnostic tool for Mtb 
complex identification is yet to be defined and that other tests were 
almost equally reliable (Fig. 1). 

WGS for identification of non-tuberculous mycobacteria (NTM) was 
in use in 3/12 (25%) participant laboratories with two observing minor 
improvements in NTM identification. Three out of twelve acknowledged 
the role of WGS in improving the clinical management of patients with 
NTM disease. Although the differences were minor, WGS ability to 
correctly identify NTM species and thus improve patient treatment (e.g. 
cystic fibrosis patients with M. abscessus infection) was considered a 
major advantage compared to other methods. The remaining nine lab-
oratories have not yet implemented WGS due to concerns such as 
insufficient knowledge on identification (taxonomy) and lack of data for 
drug resistance interpretation. 

WGS-based relatedness analysis is performed in all but one labora-
tories taking part in the survey (Figs. 1 and 2), with the same proportion 
recognising the significant role of WGS in TB epidemiological services 
improvement, including enhanced outbreak investigation and surveil-
lance in comparison to pre-WGS time. Key reported benefits included 
reducing false clustering (9/12), improving assessments for increased 
transmission risk (4/12), increasing resource efficiency (2/12) and 
informing transmission risks in migrants (6/12). 

Notably, 7/12 (58.3%) participants claimed that adoption of the 
WGS has contributed towards the overall reduction in turnaround times 
(TAT) including identification of mycobacterial species (3/7), related-
ness analysis and cluster investigations (6/7), and drug resistance pre-
diction (7/7). 

Whilst the positive impact of TB-WGS seems to be more prominent in 
the technical, clinical and broader public health areas, the monetary 
area does not seem to render the same impact with only two participants 
indicating that TB-WGS service implementation has reduced the costs of 
their TB laboratory diagnostic services, stating a medium to large sav-
ings in personnel, reagents and equipment. Five respondents were un-
sure on whether TB-WGS service has contributed to an overall cost 
reduction and the remaining five did not believe it has. The latter group 
cited, for example, a parallel running of phenotypic assays referring to 
TB-WGS as a supplementary method instead of direct replacement of 
phenotypic AST. Two-thirds of the laboratories did not think that TB- 
WGS service implementation has increased income recovery at their 
laboratory due to their institutional regulations prohibiting them from 
charging for this service, and the remaining four laboratories did not 
know. 

The survey shows that TB-WGS has contributed to organisations’ 
enhanced national and international recognition, as well as increased 
external collaborations in 9/12 laboratories. Scientific publications in 
international journals, data sharing, as well as new funding and initia-
tives potentially resulting in an overall clinical management, outbreak 
investigation and surveillance improvements have all been cited as 

Fig. 1. A chart displaying the area of TB- 
WGS implementation and its perceived ben-
efits in the laboratory diagnostic services, 
patient treatment and management, as well 
as other broader public health benefits in the 
European Reference Laboratory Network for 
TB. 
DST, Drug Susceptibility Testing; ID, Identi-
fication; Mtb, Mycobacterium tuberculosis; 
NTM, Non-tuberculous mycobacteria; MDR, 
Multidrug-resistant; TATs, Turnaround 
times.   
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examples of positive reputational impact. 
In conclusion, our survey shows that TB reference laboratories in 

Europe use TB-WGS primarily for drug resistance prediction and 
epidemiological services such as Mtb surveillance and outbreak inves-
tigation (100% of responders). Conversely, the use of WGS for Mtb 
complex and NTM identification remains limited (58,3% and 25% of 
responders, respectively). Importantly, despite less than 60% (7/12) of 
laboratories have implemented TB-WGS as a routine procedure, an 
overwhelming 11/12 (91.7%) majority including those utilising it in 
non-routine setting have reported the notable improvements to the TB 
drug resistance testing associated with WGS. 

Public health and broader benefits of the WGS implementation was 
predominantly positive specifically in NTM disease management (2 out 
of 3 laboratories), MDR-TB patient management (9/12), reputational 
aspects (9/12) and TAT (7/12) (Fig. 1). The monetary benefit of TB-WGS 
is currently more challenging to measure as laboratories still perform 
phenotypic AST in parallel on all MTB isolates, as such it would become 
more conspicuous and measurable with the phasing out of phenotypic 
testing. 

Despite 75% (12/16) response rate of the study participants, almost 
half of the entire network members (16/31) is yet to fully implement the 

WGS technology in routine TB reference laboratory diagnostic and TB 
surveillance. Relatively small sample size and suboptimal response rate 
could be considered as study limitations with regards to the represen-
tativeness of the study results in European context. Furthermore, our 
study is based on self-assessment and observation from the study par-
ticipants, therefore a potential bias may also need to be recognised as a 
limitation. 

The findings from this study were shared with the ERLTB-Net-2 
network and used to raise awareness of the potential impact to the 
laboratories that are exploring the possibility to implement WGS. 

Adoption of WGS as a high-throughput technology offering an un-
precedented level of accuracy in identification, prediction of drug 
resistance as well as molecular surveillance of M. tuberculosis is espe-
cially important in the context of disruption of TB services caused by 
COVID-19 pandemic and associated reductions in TB notification and 
drug resistance detection [9]. 
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