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MAIN TEXT 29 

 30 

To the Editor, 31 

Drug resistant tuberculosis (DR-TB) presents a major global healthcare threat [1]. With an 32 

estimated 16-18% of all newly diagnosed patients and 45-59% of all previously treated 33 

patients suffering from multidrug-resistant tuberculosis (MDR-TB, defined as being resistant 34 

to rifampicin [RMP] and isoniazid [INH]), the World Health Organization (WHO) European 35 

Region remains well above the global average of 2-4% and 10-27%, respectively [1, 2]. This 36 

puts meeting the ambitious 2025 milestones of the End TB Strategy at stake, particularly in 37 

the Eastern part of the WHO European Region [3]. In 2019, WHO announced extensively 38 

revised treatment recommendations for RMP-resistant (RR-) and MDR-TB [4]. Importantly, 39 

bedaquiline (BDQ) is now categorized as a Group A drug, together with later-generation 40 

fluoroquinolones (FQs) and linezolid (LZD), to be included in any MDR-TB regimen, unless 41 

drug resistance or intolerance is observed. Notably, a growing number of studies from several 42 

geographic regions report on BDQ resistance both in Mycobacterium tuberculosis complex 43 

(MTBC) isolates from patients with and without prior exposure to BDQ pointing to the need for 44 

rigorous surveillance [5–8].  45 

In parallel to updating its therapeutic recommendations, WHO consolidated its guidance on 46 

rapid diagnostics for TB detection [9, 10]. Laboratories are encouraged to use a WHO-47 

recommended rapid molecular diagnostic test (mWRD) as an initial assay to minimize delays 48 

in starting appropriate treatment [10]. Currently, mWRDs comprise Cepheid Xpert MTB/RIF 49 

Ultra and Xpert MTB/RIF (Cepheid, Sunnyvale, United States of America); Molbio Truenat 50 

MTB, MTB Plus and MTB-RIF Dx (Molbio Diagnostics, Goa, India); and loop-mediated 51 

isothermal amplification (TB-LAMP; Eiken Chemical, Tokyo, Japan). Also, automated 52 

moderate complexity nucleic acid amplification tests (NAAT), which detect not only MTBC and 53 

RIF resistance but also INH resistance, have recently been added as mWRDs. The four 54 

products currently included in this class are the Abbott RealTime MTB and MTB RIF/INH 55 

assays (Abbott Laboratories, Abbott Park, USA), the BD MAX MDR-TB assay (Becton, 56 
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Dickinson and Company, Franklin Lakes, USA), the Hain FluoroType MTBDR assay (Hain 57 

Lifescience, Nehren, Germany) and the Roche cobas MTB and MTB-RIF/INH assays 58 

(Hoffmann-La Roche, Basel, Switzerland) [10]. 59 

Here, we investigated the capacity of TB National Reference Laboratory (NRL) services within 60 

the WHO European Region to detect DR-TB. In particular, we aimed to better understand if 61 

these NRL have sufficient capacity to rapidly diagnose RR-/MDR-TB using a mWRD and if 62 

agents used in the treatment of RR-/MDR-TB are tested. We also aimed to explore if critical 63 

measures for quality control are in place and whether additional external support is needed. 64 

An online survey, jointly prepared by the European Laboratory Initiative (ELI) and the WHO 65 

Regional Office for Europe Joint Infectious Diseases (JID) programme, was conducted among 66 

NRL services within the WHO European Region in November 2020 (n=44). Questions 67 

addressed the use of WHO recommended techniques for the initial diagnosis of DR-TB, the 68 

techniques applied to investigate antimicrobial resistance, as well as questions on external 69 

quality assessment (EQA) and quality assurance (QA) including the availability of standard 70 

operating procedures (SOPs), and staff workload and training (Figure 1).  71 

In total, 35/44 (80%) laboratories responded to the survey. The laboratories were located in 72 

Albania, Armenia, Azerbaijan, Belarus, Belgium, Bosnia and Herzegovina, Bulgaria, Croatia, 73 

Denmark, Estonia, Finland, France, Georgia, Germany, Hungary, Ireland, Italy, Kazakhstan, 74 

Kyrgyzstan, Latvia, the Republic of Moldova, Montenegro, The Netherlands, Poland, Portugal, 75 

Romania, the Russian Federation (3 eligible laboratories), Slovenia, Spain, Sweden, 76 

Tajikistan, Turkey, and Uzbekistan. These included 10 reference laboratories from 8/9 of the 77 

high MDR-TB burden countries in the Region (3 reference laboratories from the Russian 78 

Federation) [1].  79 

The majority (n=29/35, 83%) of participants reported using Xpert as initial test to detect MTBC 80 

and RMP resistance. In addition, five laboratories reported using a moderate complexity 81 

automated NAAT as mWRD for detection of TB and resistance to RMP and INH (BD MAX, 82 

n=4; Hain FluoroType MTBDR, n=1) [11]. One laboratory from a low MDR-TB burden setting 83 

reported using first-line line probe assays (LPA) that is a WHO recommended follow-on test. 84 
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When asked how the participating NRL typically determine resistance to first-line drugs, most 85 

respondents reported using Xpert (n=29/35, 83%), first-line LPA (n=26/35, 74%) and 86 

phenotypic drug susceptibility testing (pDST) using liquid culture (n=33/35, 94%). In addition, 87 

14/35 (40%) laboratories reported routinely performing pDST at least in part also on solid 88 

cultures, as well as using various other molecular tests, including Sanger sequencing of the 89 

rpoB and pncA genes, to assess resistance to RMP and pyrazinamide (n=2/35, 6%). Notably, 90 

two NRL reported routinely performing whole genome sequencing (WGS) to assess 91 

resistance to first-line drugs and one laboratory reported additionally using targeted next 92 

generation sequencing (tNGS), in which selected regions of the MTBC genome are first 93 

amplified by PCR and subsequently sequenced on an NGS instrument [12].  94 

When asked for their preparedness to test WHO Group A, B, and C agents used in the 95 

treatment of RR-/MDR-TB, most (n=32/35, 91%) NRL reported capacity to test drugs that have 96 

been in clinical use for many years, that is the FQs, LZD (both Group A) and the second-line 97 

injectable agents, which have now been either de-prioritised into Group C (amikacin) or 98 

entirely removed from the list of recommended drugs (kanamycin, capreomycin) [4]. The most 99 

frequently reported techniques were pDST in liquid culture in combination with second-line 100 

LPA (both n=28/35, 80%). Other tests included WGS (n=5/35, 14%) and tNGS (n=1/35, 3%). 101 

While all participating laboratories from countries with high burden of RR-/MDR-TB reported 102 

readiness for routine testing of BDQ (Group A) (this is very ambiguous-better to name them 103 

for clarity). and clofazimine (CFZ, Group B), overall, only 23/35 (66%) and 21/35 (60%) NRL 104 

reported capacity to test BDQ and CFZ . No testing capacity for any agent used to treat RR-105 

/MDR-TB was reported by 4/35 (11%) participants, all from countries with very low rates of 106 

RR-/MDR-TB and a lack of specialized laboratory workers (n=3). Those NRL reported sending 107 

respective cultures abroad for second-line DST. The most frequently reported needs for 108 

support were related to procurement of antibiotic powders and implementation of testing 109 

procedures, mostly for BDQ, LZD, CFZ, and delamanid (n=12/35, 34%) indicating that even 110 

the laboratories that currently perform DST for these drugs may not be entirely confident in 111 

doing so.  112 
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Most (n=33/35, 94%) of the participating NRL reported regularly taking part in an EQA scheme. 113 

Notably, 17/35 (49%) NRL reported that costs for EQA are covered either by WHO or 114 

international funding agencies highlighting the importance of sustaining such initiatives to keep 115 

EQA schemes for MTBC operational. Adherence to some important internal quality control 116 

measures such as equipment and test validation, reagent lot controls and other test quality 117 

indicators were generally high, as was the availability of SOPs addressing routine diagnostic 118 

processes (Figure 1). Lastly, this survey revealed some gaps in performing regular 119 

competency assessments (n=24/35, 69%) and refresher trainings (n=19/35, 54%) with 120 

laboratory personnel involved in DST. However, staff capacity, training schedules and 121 

competency assessments were likely heavily affected by the COVID-19 pandemic. For 122 

example, only 12/35 (34%) participants reported that operator training took place in 2020. 123 

More detailed analyses of the impact of the COVID-19 pandemic on TB NRL in the WHO 124 

European Region have been published elsewhere [13, 14]. 125 

This is the first survey to assess the preparedness of TB NRL in the WHO European Region 126 

to implement recent WHO guidelines for rapid diagnosis of DR-TB. Our findings show that 127 

while the participating laboratories are generally well positioned in terms of their diagnostic 128 

workflows, further efforts by all stakeholders will be needed to improve the ubiquitous 129 

availability of DST against Group A and Group B agents. This does not come as a surprise in 130 

the light of the following considerations. First, phenotypic DST for BDQ is challenging as the 131 

most frequent resistance mechanism, that is mutations in the Rv0678 gene, only lead to 132 

slightly elevated minimal inhibitory concentrations, calling for high measurement precision [6]. 133 

Second, no premanufactured kits for pDST of BDQ are currently available, for example for use 134 

with the widely adopted MGIT instruments (Becton Dickinson, Franklin Lakes, USA). Third, 135 

with the exception of the Deeplex® Myc-TB (Genoscreen, Lille, France) assay which requires 136 

NGS instrumentation, there is currently a lack of molecular assays to rapidly investigate 137 

susceptibility to BDQ, LZD, CFZ, and cycloserine (DCS) [12]. Consequently, EQA panels must 138 

be carefully selected to assess both the participants’ propensity to correctly identify 139 

susceptibility but also resistance to second line drugs. This poses a challenge due to safety 140 
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concerns over sending extremely drug-resistant bacterial isolates to a large number of blinded 141 

laboratories. In addition, because annual EQA panel testing only gives a snapshot of how a 142 

limited number of samples were tested at a given time, we propose to further intensify 143 

validation of second-line DST results, for example as part of regular onsite evaluations by 144 

independent assessors using standardised methodologies.    145 

Other unmet needs identified in this study include additional support with procurement of 146 

antibiotic powders, the development of critical concentrations for DCS, and further 147 

standardization of testing procedures. In addition, while an increasing body of online material, 148 

for example on how to interpret molecular test results, has been  successfully used in response 149 

to the setback of educational activities due to the COVID-19 pandemic, additional support for 150 

in-person training of staff involved in DST of second-line drugs both on site and at a WHO 151 

supranational reference laboratory is warranted [15].  152 

Lastly, the fact that nine years after the introduction of BDQ only two thirds of the participating 153 

NRL are ableto investigate BDQ resistance demonstrates how long it takes to establish 154 

sufficient DST capacities for new antimycobacterial drugs under routine diagnostic conditions. 155 

Hence, the programmatic roll out of any new drug or therapeutic strategy must go hand in 156 

hand with early, careful considerations of epidemiological cut-off values, clinical breakpoints, 157 

testing protocols, and standardized DST products needed to implement routine DST to guide 158 

decision-making at the patient-level and to monitor the emergence of resistance at the 159 

population-level.  160 

This study has some limitations. First, we addressed the directors of TB NRL and the fact that 161 

a NRL follows the WHO recommended diagnostic algorithms does not necessarily mean that 162 

laboratories at peripheral level do, or can do as well, due to capacity or budget limitations. 163 

Second, as this survey was conducted before the release of the updated WHO guidelines on 164 

rapid diagnostics for TB detection, we have added only the techniques recommended at the 165 

time to the questionnaire [10]. Third, we did not ask for capacities to test DCS (Group B) as 166 

no critical concentrations are established [16]. Fourth, we could not thoroughly assess all key 167 
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DST QA elements of the participating laboratories within the scope of this survey, not least 168 

due to a lack of standardised assessment tools that could be used onsite or online. 169 
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Figure 1: Survey questions and responses. DST, drug susceptibility testing; EQA, external 257 

quality assessment; LPA, line probe assay; MDR-TB, multidrug-resistant tuberculosis; pDST, 258 

phenotypic drug susceptibility testing; SOP, standard operating procedure; RR-TB, rifampicin-259 

resistant tuberculosis; TB, tuberculosis; WHO, World Health Organization. 1Multiple answers 260 

possible. 2Other answers included Becton Dickinson BD Max (n=2), Hain Lifescience 261 

FluoroType (n=1), Bioneer realtime PCR (n=1), unspecified realtime PCR (n=2), "TB Test" 262 

array (n=1), Sanger sequencing of rpoB and pncA genes (n=2), targeted next generation 263 

sequencing (n=1), whole genome sequencing (n=2); 3 laboratories reported more than one 264 

other test. 3Other answers included unspecified realtime PCRs (n=4), "TB Test" array (n=1), 265 

targeted next generation sequencing (n=1), whole genome sequencing (n=5); 2 laboratories 266 

reported more than one other test. 4Amikacin, kanamycin, and capreomycin. 5Mostly relating 267 

to BDQ and DLM. 6Implementation and interpretation of second-line LPA (n=2), interpretation 268 

of WGS data (n=1). 7Decisions on standardization such as whether the broth microdilution 269 

method can be used for routine pDST (n=1), support with regard to cost reductions (n=1); 270 

educational support for clinicians on how to interpret laboratory data (n=1). 271 

 272 
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