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Summary

The reported poor treatment outcomes for extensively drug-resistant tuberculosis (ITB) in the European region
highlight the urgent need for effective and context-appropriate diagnostic strategies. While the World Health
Organisation (WHO) provides model algorithms, these require adaptation to the European Union/European
Economic Area (EU/EEA) context, a setting with low TB incidence but high resources. This viewpoint from the
European Reference Laboratory Network for TB (ERLTB-Net) proposes a tailored diagnostic algorithm that priori-
tises the universal use of WHO-recommended molecular rapid diagnostic tests, systematic culture, and whole
genome sequencing (WGS). This approach integrates phenotypic drug susceptibility testing strategically and
outlines the possible role of targeted next-generation sequencing (tNGS) in the EU/EEA setting. The algorithm also
addresses the importance of diagnostic harmonisation, cross-border collaboration, and sustained investment in
sequencing capacity. By aligning diagnostic practices with the regional epidemiology and laboratory infrastructure,
this stepwise, resource-sensitive approach aims to strengthen TB control, improve treatment outcomes, and guide
public health action in the EU/EEA.

Copyright © 2025 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).
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Introduction diagnosis improves outcomes, reduces transmission,
Poor treatment outcomes among individuals affected by ~ and helps prevent the development of drug resistance.
extensively drug-resistant tuberculosis (TB) in the The World Health Organisation (WHO) has devel-

WHO European Region, as reported by Kherabi et al.:  oped four model algorithms to optimise TB diagnosis
underscore the urgent need for reliable and advanced ~ and the detection of drug resistance, particularly
diagnostic tools and algorithms, which are crucial for ~ multidrug- or rifampicin-resistant TB (MDR/RR-TB).”
ensuring timely and appropriate treatment. Efficient  Algorithm 1 serves as the starting point for initial TB
diagnosis in all settings, prioritising the use of WHO-
recommended molecular rapid diagnostics (mWRDs).
Algorithm 2 integrates lipoarabinomannan (LAM)
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Specifically, Algorithm 3 (3a/3b) identifies second-line
resistance in RR/MDR-TB cases, while Algorithm 4 is
designed to detect resistance in individuals with
rifampicin-susceptible TB who are at risk of developing
drug resistance.’

These algorithms function as a sequential cascade,
emphasising universal access to rapid molecular testing
as a prerequisite before incorporating other diagnostic
methods. Nevertheless, challenges remain, particularly in
balancing test specificity, pre-test probability, and clinical
correlation. Effective implementation requires more than
just the initial deployment of rapid molecular di-
agnostics; it also necessitates local adaptation and cus-
tomisation. Key considerations include regional
epidemiology, such as the prevalence of MDR/RR-TB,
isoniazid monoresistance (HR), and HIV, along with
the testing volumes and the availability of referral sys-
tems, resources, infrastructures, and technical
expertise.”*

In this viewpoint we outline a TB diagnostic algo-
rithm that considers the specific characteristics and
variations in TB diagnostic strategies within the Euro-
pean Union/European Economic Area (EU/EEA)
focusing on the initial use of rapid molecular testing
but also the role of conventional culture methods and
WGS. In doing so, the proposed algorithm acknowl-
edges that the EU/EEA represents a relatively high-
resource, low TB burden setting, which influences the
pre-test probability and, consequently, the positive
predictive value of diagnostic tests.

Why a tailored diagnostic algorithm is needed

in the EU/EEA
The EU/EEA includes diverse geographic and epide-
miologic contexts and at-risk populations, including
migrants from high TB burden countries, the elderly,
and immunosuppressed individuals (such as those
living with HIV or undergoing immunosuppressive
treatment), who are disproportionately affected by TB.”
Although the region is predominantly low incidence
(38,993 reported cases, 8.6 cases per 100,000 population
in 2023), it reports a relatively high proportion of
RR/MDR TB, particularly in high-risk groups and
specific countries.®

This presents a paradox. On the one hand, lower
overall TB incidence reduces the need for infrastructure
and laboratory networks, as well as clinical familiarity
and experience in the management of this disease. On
the other hand, the challenge of drug resistance (DR)
and free movement within the EU/EEA and to adjacent
countries facilitates the spread of infectious diseases.’
This makes standardised diagnostic algorithms essen-
tial for early and accurate detection, DR prediction,
effective treatment, tracking transmission, including
cross-border cases, and timely public health in-
terventions. Harmonisation also fosters collaboration,

mutual support, and data sharing, which are crucial for
managing complex cases, particularly those involving
RR/MDR-TB.

EU/EEA countries reported that, in 2023, 80% of
bacteriologically confirmed pulmonary TB cases were
tested for at least rifampicin resistance and that over
70% had drug susceptibility testing (DST) results for
first-line drugs, denoting stable but still incomplete
access to universal DST. Among the notified cases with
RR/MDR-TB, 60% were tested for fluoroquinolone
resistance, and almost all pre-extensively drug resistant
(pre-XDR) cases had DST results reported for at least
one other Group A drug.® Nonetheless, significant dif-
ferences between the countries were observed, and poor
clinical outcomes, especially for XDR-TB, associated
with the current testing strategies, call for a stand-
ardised approach allowing for prompt identification of
TB and drug resistance.

In August 2024, the European Reference Labora-
tory Network for Tuberculosis (ERLTB-Net) conducted
a survey to assess TB diagnostic practices and
algorithms implemented across EU/EEA countries.
The survey received responses from EU/EEA National
Reference Laboratories (NRLs) representing 23
countries.

The survey shows that adoption of the WHO’s four
model diagnostic algorithms? varies across reporting
countries. Most countries (22/23) use a mWRD and
smear microscopy as primary diagnostics. Moreover,
for the early detection of resistance to first-line drugs,
particularly rifampicin and isoniazid, line probe assays
(LPAs) and moderate-complexity nucleic acid amplifi-
cation tests (NAATSs) are used, respectively, in 14/23
and 17/23 countries as initial tests. Culture is univer-
sally performed to confirm TB diagnosis. Phenotypic
drug susceptibility testing (pDST) for first-line drugs is
performed in all countries for all Mycobacterium tuber-
culosis complex (MTBC) isolates, except for two labora-
tories that report performing first-line DST only if
mutations conferring resistance are identified through
WGS. Second-line pDST is typically reserved for
selected cases.

Genotypic DST (gDST) is mainly performed at the
central or national level, with thirteen countries sys-
tematically using WGS and two employing targeted
NGS. Previous publications from the group report the
increased availability of WGS in the EU/EEA."® More-
over, in 2024, 20/33 EU/EEA NRLs participated in the
external quality assessment (EQA) round for MTBC
genotyping (NGS) organised by the ERLTB-Net,
marking a continuous increase in numbers, as only
13 NRLs participated in the first EQA round in 2017.%°

These findings reveal variability in advanced mo-
lecular testing and algorithm implementation, under-
scoring the need for continued harmonisation and
capacity building across the region. The wide avail-
ability of liquid-media based microbiological culture
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and WGS underline that most EU/EEA laboratories
require a tailored algorithm to avoid duplication of tests
and overspending on TB diagnostics."

The rising prevalence of opportunistic non-
tuberculous mycobacteria (NTM), reported for
example in Denmark, France and Germany, which
often mimic TB clinically or radiologically, further
complicates diagnosis.””* Microbiological culture
(associated with microscopy) ensures that these cases
are not missed and potentially diagnosed earlier. In this
context, awareness of local mycobacteria epidemiology
represents a pivotal element to guide implementation
of the most appropriate diagnostics strategy, and this
should be supported by an algorithm tailored to fulfil
this scope.

The EU/EEA algorithm

Considering the specific characteristics of the EU/EEA
context, the diagnostic algorithm proposed in Fig. 1
prioritises the universal use of mWRDs for the initial
detection of MTBC and rapid screening of resistance to
at least rifampicin (and preferably isoniazid and fluo-
roquinolones, depending on local epidemiology).
Furthermore, regardless of the initial diagnostic
outcome—whether TB is confirmed or not—and irre-
spective of the rifampicin resistance status, culture is
systematically performed.

While aligned with WHO Algorithm 1, which
prioritises the use of mWRDs for initial TB diagnosis,’
this approach leverages the available resources in the
EU/EEA to enhance diagnostic breadth. The universal

mWRDs for diagnosis of TB+ RIF (£INH * FQ)

+/- Microscopy

Negative
WRDs/microscopy

RIF susceptible

RR/MDR or HR [
m
Increased risk of NO increased risk
BDQ resistance of BDQ resistance
N L
tNGS

Culture

Early positive
N Enrichment

WGS J

WT or only group 4, 5 mutations
according to the WHO catalogue

Group 1, 2, 3 and uknown mutations
according to the WHO catalogue

pDST

Fig. 1: Diagnostic algorithm for tuberculosis (TB) and drug resistance detection in the EU/EEA. Initial testing uses WHO-recommended
molecular rapid diagnostic tests (MWRDs) to detect TB and rifampicin resistance, with optional assessment of isoniazid and fluoroquinolone
resistance. Confirmed cases proceed to culture, whole genome sequencing (WGS), and phenotypic drug susceptibility testing (pDST). WGS
enables genotypic DST (gDST), guides treatment adjustments for drug-susceptible (DS) and drug-resistant (DR) TB and supports outbreak
investigation and epidemiological surveillance. pDST is performed when MTBC mutations associated with resistance (group 1-2) or of
uncertain significance (group 3) are detected, or when mutations are not listed in the WHO catalogue, allowing confirmation of gDST results,
treatment adjustment, and evaluation of resistance to new or repurposed compounds. Targeted next-generation sequencing (tNGS) serves as
a backup for gDST, enabling rapid initiation or modification of RR/MDR- and HR-TB regimens when culture is unavailable, contaminated, or
WGS capacity is limited. Smear microscopy complements the pathway by assessing infectiousness and helps to initially identify
non-tuberculous mycobacteria (NTM) in cases of negative mWRDs which are definitively detected through microbiological culture and
subsequent identification. Acronyms: FQ: fluoroquinolones, INH: isoniazid, RIF: rifampicin, HR: isoniazid resistant, MDR: multidrug resistant,

RR: rifampicin resistant, S: susceptible.
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use of culture ensures the availability of isolates for
downstream phenotypic and genotypic testing, max-
imising the diagnostic yield for both MTBC and
NTMs." In this context, smear microscopy might also
be performed primarily as a marker of TB infectious-
ness and to evaluate the need for respiratory isolation.
Moreover, microscopy can support the evaluation of
NTM infection when positive, but mWRDs for MTBC
are negative’ and to monitor treatment response at
regular intervals.

In consideration of the increased availability of next-
generation sequencing (NGS) technologies in the
EU/EAA," following a positive culture, WGS shall be
systematically used to generate genotypic DST (gDST)
results. These results can support treatment adjust-
ments informed by mWRDs for both drug-susceptible
and drug-resistant TB, particularly RR/MDR and HR
cases, which require comprehensive DST data.'®"
Moreover, in a context where migration from high-
burden countries is common,” WGS plays a crucial
role in identifying cross-border TB clusters, tracking
transmission dynamics, and monitoring the spread of
DR strains.’® As demonstrated by the ECDC pilot
study EUSeqMyTB, by identifying the genetic related-
ness between cases, WGS strengthens epidemiological
surveillance, supports contact tracing, and enables tar-
geted, coordinated public health interventions across
regions and borders." Further studies have demon-
strated the value of systematic implementation of WGS
from both clinical and public health perspectives. It has
been demonstrated that WGS in low burden countries
can reduce turnaround time compared with pDST,
while providing comprehensive drug susceptibility in-
formation, and enabling outbreak investigation and
surveillance.** In the United Kingdom, WGS has
been integrated into the national TB program, allowing
timely detection of drug resistance from bacteriological
cultures which inform treatment decisions.”” In this
context it has been demonstrated that WGS shortens
the time to drug sensitivity testing and treatment
modification when needed potentially resulting in a
reduction in treatment costs.” The study by Mugwagwa
et al. also demonstrated how the maximum cost effec-
tiveness of WGS is reached when it is coupled with
mWRDs.” Furthermore, even taking into account the
cost of WGS, evidence from multiple cost-effectiveness
analyses in low-burden, high-resource settings now
supports the programmatic use of WGS for drug
resistance detection and transmission analyses.”* To
further reduce turnaround time and considering the
rapid developments in NGS technologies, WGS may be
applied to early positive cultures (i.e. those showing
initial visible growth after short incubation periods) or,
in selected cases, directly to clinical specimens. How-
ever, this approach requires standardised and opti-
mised procedures, including automated workflows for
MTBC DNA extraction and purification.»* An

alternative approach, likely suitable for respiratory
samples with high bacterial load, is direct sequencing
using whole-genome hybridization enrichment, which
holds promise for further improving efficiency.””*

In the suggested approach, phenotypic drug sus-
ceptibility testing (pDST), performed after culture
positivity, serves as a complementary approach to
gDST. It confirms resistance profiles or susceptibility,
builds the knowledge base to identify new mutations
associated with resistance and guides treatment modi-
fications, particularly for new and repurposed
compounds.

Therefore, according to the suggested algorithm,
pDST is reserved for cases where WGS identifies
MTBC mutations associated with resistance (Group 1
and 2, i.e. including associated with resistance and
interim association), mutations of uncertain signifi-
cance (Group 3), as well as mutations not covered by
drug-specific grading rules or non-synonymous muta-
tions not yet included in the WHO catalogue of muta-
tions, particularly for key group A, B and C drugs.”*
Mutations of unknown or uncertain significance are
initially interpreted as susceptible, pending phenotypic
confirmation. In this algorithm, pDST is not performed
to confirm gDST-susceptible results for first-line drugs.
This ensures that pDST is applied strategically, mainly
to address the suboptimal sensitivity of gDST for spe-
cific drugs. This well aligns with ongoing approaches
and studies aimed at potentially eliminating the need
for pDST in routine tuberculosis diagnosis.?*"*

Currently three targeted next-generation sequencing
(tINGS) solutions are recommended by the WHO as
follow-on tests to be performed directly from clinical
specimens for additional resistance detection.’
Developers are actively expanding these platforms to
include all key drugs used in RR/MDR regimens. In the
EU/EEA context, when culture is unavailable, contam-
inated, or delayed, or when WGS capacity is limited due
to lack of bioinformatics capacity, tNGS may serve as a
backup solution for comprehensive gDST and rapid
initiation or adjustment of RR/MDR-TB and HR-TB
treatment regimens, acknowledging suboptimal sensi-
tivity for new/repurposed drugs. Moreover, WHO-
approved tNGS platforms could be particularly
valuable in cases of high risk of bedaquiline (BDQ)
resistance (e.g., contact of BDQ-R, previous BDQ-based
treatment failure, high prevalence of BDQ-R in the
country). Nonetheless, considering the current limita-
tions of these platforms, pDST should be performed
systematically.

Conclusions

This tailored EU/EEA algorithm differs from the
WHO ones as it practically addresses regional epide-
miology while considering laboratory capacity and the
increasing availability of WGS in this geographical area.
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While the WHO algorithms have been designed for
addressing the global TB burden focusing on the use of
mWRDs in low-resource settings, this EU/EEA
approach leverages laboratory capacity and a strategic
combination of culture, WGS, and selective phenotypic
DST to optimise diagnostic efficiency and rapidly detect
both TB and drug resistance. By carefully integrating
the available tools, the proposed algorithm ensures that
MTBC isolates are available for genotypic DST and
transmission cluster analyses, enabling the monitoring
of cross-border transmission and emerging resistance
patterns.

Therefore, this tailored approach might enable not
only more prompt identification of resistance, sup-
porting the clinical management of people with TB,
but also timely public health interventions through
standardised data sharing and coordinated outbreak
management. Strengthening TB diagnostic capacity in
the EU/EEA is therefore essential, particularly
considering rapid technological progress, emerging
drug resistance, lower success rate of DR-TB treat-
ment,' and ongoing migration from high-burden
countries.”® Since 2009, the ERLTB-Net has sup-
ported the enhancement of TB laboratory capacity
across the region through structured training initia-
tives, raising awareness of TB and MDR-TB among
healthcare professionals.'”** Over the past five years,
these efforts have increasingly focused on NGS and
pDST, in line with the evolving diagnostic landscape
and the needs of the EU/EEA laboratory network.
This stepwise, integrated algorithm ensures robust,
harmonised TB diagnosis and resistance detection
across EU/EEA countries and laboratory networks,
while maintaining adaptability to local epidemiolog-
ical context and laboratory capacity. Pairing this
approach with close collaboration with public health
authorities and policy makers will ensure that ad-
vances in diagnostic capacity translate into improved
case detection and outcomes.
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