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ABSTRACT

The European Tuberculosis Laboratory Initiative (ELI), with its
secretariat at the WHO Regional Office for Europe, has developed
this technical document to address the need in the WHO European
Region for increasing timely and accurate detection of tuberculosis
(TB) and multidrug-resistant TB (MDR-TB] through scaling-up the
appropriate use of WHO-recommended rapid molecular diagnostic
techniques. The document presents comprehensive algorithms for
diagnosis and treatment-monitoring of pulmonary TB and MDR-TB
using rapid molecular techniques recommended by WHO. With
strong commitment of the Member States and continuous support
from donors and partners, most techniques have already been
iIntroduced to the majority of countries of the Region, particularly in
the high MDR-TB burden countries. However, to yield the maximum
benefit of each technique, the appropriate and accurately timed
sequence of different laboratory tests and correct interpretation and
communication of results between laboratories and clinicians need to
be ensured. For effective operation and efficient outcomes, sustainable
financial and human resources need to be directed towards increasing
testing capacities and optimizing sample transportation and data
communication. This document aims to address these issues, taking
the challenges and opportunities of the countries of the Region into

account.







Introduction
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Introduction

Tuberculosis (TB) accounts for over 40% of all
mortality cases from communicable diseases in
the WHO European Region and is the most common
cause of death among people living with HIV 11, 2

Although the WHO European Region accounts for less than 5% of TB cases
worldwide, about 25% of the worldwide burden of multidrug-resistant TB
(MDR-TB]) occurs in this Region (3).

Of the 30 countries classified as high MDR-TB burden countries, nine are in the
European Region (Azerbaijan, Belarus, Kazakhstan, Kyrgyzstan, the Republic of
Moldova, the Russian Federation, Tajikistan, Ukraine and Uzbekistan). The Region
includes 18 high TB priority countries, as defined in 2008 (3, 4], and 99% of the
MDR-TB cases in the Region occur in these countries (5.

Of the 30 countries classified as high MDR-TB
burden countries, nine are in the European
Region (Azerbaijan, Belarus, Kazakhstan,
Kyrgyzstan, the Republic of Moldova, the

Russian Federation, Tajikistan, Ukraine and
Uzbekistan). The Region includes 18 high TB
priority countries, as defined in 2008, and 99%
of the MDR-TB cases in the Region occur in
these countries.
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The Region includes high-, middle- and low-income countries with diverse national
health system structures for TB control activities. Latest data from the Region

on MDR-TB prevalence amount to 16% among new TB cases and 48% among
previously treated cases (3, éJ. Extensively drug-resistant TB (XDR-TB) is estimated
to occur in 23.4% of all MDR-TB cases subjected to second-line drug-susceptibility
testing (DST] (4). In 2015, treatment success rates were at 76% in new and relapse,
63% in previously treated (excluding relapses) and 51% in rifampicin-resistant/
MDR-TB cohorts (6. In 2015 with the development of an ambitious post-2015 global
End TB Strategy, to continue the progress and address the challenges in TB and
M/XDR-TB detection, prevention and care, the Regional Office developed the TB
action plan for the WHO European Region covering the period 2016-2020 (5, 6, 8).

Much work needs to be done to reach the targets set in the 2016-2020 action plan
for the laboratory diagnosis of TB in the Region, particularly in the appropriate

use of molecular diagnostics, and increasing the MDR-TB case-detection rate and
coverage of quality-assured second-line DST among MDR-TB cases. Currently
about 311 910 TB cases are registered in the 51 reporting countries of the Region
[6). Bacteriological confirmation of TB diagnosis was reported for 61.4% of all new
and relapse pulmonary cases in the Region and in four countries this was below
50% (5, é). Only 57.9% of an estimated 74 000 MDR-TB cases were detected, against
a regional target of diagnosing at least 85% (6, 8.

Coverage of rifampicin (RIF)-resistance testing among laboratory-confirmed
pulmonary TB cases amounted to 44% of new cases and 49% of previously
treated cases in 2015. Coverage of second-line DST among laboratory confirmed
drug-resistant TB cases was 52.2% (3). Although DST coverage has improved
significantly, scale-up of testing and the use of WHO-recommended rapid
molecular tests are urgently needed to reach the target of performing DST for
close to 100% of all laboratory-confirmed cases by 2020. More directive guidance
and advocacy is also needed to address gaps in the laboratory diagnosis of TB in
the Region, especially in the nine high MDR-TB burden countries.

In response to the need to strengthen TB laboratory capacity for accurate diagnosis
and early detection of drug-resistant TB (DR-TB) in the Region and ensure
implementation of the regional action plans (8, 9/, the WHO Regional Office for
Europe established the European Tuberculosis Laboratory Initiative (ELI) in 2012
(10). The mission of ELI is to strengthen TB laboratory capacity in the Region, with

a focus on the 18 high TB priority countries. ELI members consist of national and



international TB laboratory experts in the
Region and international partners dedicated
to accelerating and expanding access to
quality-assured TB diagnostic laboratory
services. ELI has a core group of members
who function as an independent, technical
advisory and support group for WHO and
partners [10).

Introduction

Only 57.9% of an estimated
74 000 MDR-TB cases were
detected, against a regional

target of diagnosing at
least 85%

ELI has been working to develop a

diagnostic algorithm, taking into consideration the substantial heterogeneity

of the Region. The algorithm combines different types of tests synergistically

by targeting patient groups appropriately and will help to make the best use of
available resources by maximizing their respective strengths and mitigating

their weaknesses (11, 12). The draft algorithm developed by the previous core
group members (2012-2014) was revised during and after the last ELI core group
meeting, held in Copenhagen, Denmark on 25 February 2016 (13). The algorithm
was finalized and agreed by members during the ELI core group meeting in Thilisi,
Georgia on 30 November and 2 December 2016 and is presented here.

The recommendations presented here take into account and supplement
previously published recommended standards for modern TB laboratory services,
including the WHO global policy framework on implementing TB diagnostics and
the European Union Standards for Tuberculosis Care (ESTC) and International
Standards for Tuberculosis Care (ISTC] (17, 74, 15). The ESTC adapted the ISTC [74] to
reflect the European Union setting and practices (77). The ESTC builds on previous
recommendations on laboratory methods for diagnosing TB [76] to propose that:

In countries, settings or populations in which MDR-TB is suspected in a patient, rapid
testing for the identification of rifampicin- and isoniazid-resistance, using validated
tools in a quality-assured laboratory, should be performed.

To reassure rapid diagnosis of TB in the entire Region, ELI suggests further
extension of this standard by using rapid molecular diagnosis as an initial
method for all cases with clinical suspicion of TB, to be applied in all countries
of the Region. With high MDR-TB rates being present in Eastern Europe, every
presumptive TB case could also be an MDR-TB case.
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Principles of laboratory
diagnosis of T'B

Laboratory diagnosis of TB should start with
appropriate clinical screening procedures to
identify individuals with clinical suspicion of TB

Specific laboratory policies and diagnostic algorithms should be available at
country level based on the local epidemiological situation; limited resources initially
will mean that not all the required improvements can be implemented immediately,
but resource limitation should not influence the recommendation, only the rate at
which the recommendation is implemented.

WHO-endorsed rapid diagnostic tests should be key to the diagnostic work-up for
all TB presumptive cases [17). Countries shall prioritize the use of recommended
rapid molecular tests, rather than conventional microscopy, culture or DST, as

the initial diagnostic test for adults and children presumed to have pulmonary TB/
MDR-TB and/or HIV-associated TB and/or TB meningitis (17). This will ensure the
availability of early and accurate diagnosis. Conventional microscopy should be
used as an initial diagnostic test only in laboratory settings without rapid molecular
tests and in the absence of systems for timely sample transportation to a setting in
which these techniques are available.

In settings with high risk of transmission of TB and/or MDR-TB, such as prisons
in countries of the former Soviet Union, implementation of sputum polymerase

chain reaction ([PCR]-based screening (GeneXpert MTB/RIF assay) as an annual
screening tool has been shown to most cost-effectively reduce TB and MDR-TB
when compared to more traditional interventions (18).



In the event of discrepancies between the
results of conventional and molecular
assays, it is recommended that the
respective tests be repeated on the
same or another sample from the same
patient to exclude technical errors. If

the discrepancy between microscopy
and molecular tests is confirmed, the

Principles of laboratory diagnosis of TB

WHO-endorsed rapid
diagnostic tests should be
key to the diagnostic work-up

for all TB presumptive cases

laboratory shall report the molecular test result to the clinician instead of the

microscopy result due to the higher sensitivity and specificity of molecular tests

compared to microscopy. If the culture becomes positive after initial molecular

and microscopy tests were negative, this positive culture result should be reported

as well (as this reflects the proportion of samples for which culture remains the

most sensitive test]. The proposed table in Annex 1 has been developed to help the

interpretation and explanation of all potential discordant results that may occur,

although most of these cases will be observed very rarely. The table will also assist

laboratories to explain discrepant or conflicting results to clinicians.
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Prerequisites of a good
laboratory network

Countries should have sufficient funding

and appropriately trained human resources
available for laboratories, as well as a laboratory
maintenance and development plan @9

Laboratories should have appropriate infrastructure, biosafety measures,
equipment, and access to regular maintenance of equipment and infrastructure.
Laboratory commodities and supplies should be managed well and laboratory data
properly recorded, preferably in an electronic format. Ideally, the laboratory would
have a clear and separate budget line within the programme/hospital budget.

Specimen transportation and referral mechanisms within a laboratory network
should be well described, with clear transportation arrangements in place. Patient
specimens kept in appropriate secure containers can be transported using most
health-care vehicles to increase transport frequency and reduce delay; the quality
of the specimens arriving should be monitored (75, 20, 21). A laboratory quality
management system in line with WHO recommendations should be in place.

The laboratory work-up of a clinical sample should be defined by the patient’s
category [new, relapse or previously treated case), the purpose of the analysis (for
diagnosis or treatment success) and the patient’s risk assessment (HIV, or risk of
MDR-TB, for instance). This information is to be recorded on the laboratory request
form together with the laboratory tests to ensure that the most appropriate,
efficient and cost-effective laboratory work-up is achieved, and to facilitate result



interpretation - in the case of discordant
results - and communication between
clinical doctors and laboratory staff.
Frequent repetitions of DST are usually
unnecessary and often not helpful. Once a
patient has been shown to have MDR-TB, for
example, subsequent repetition of isoniazid
(INH) and RIF testing will be unhelpful.

An updated manual detailing
recommendations for biosafety was
published in 2012 by WHO (22). The
current recommendations are based on

Prerequisites of a good laboratory network

Similarly, line probe assays
[LPAs] should be placed

at regional and central
reference level laboratories,
because of the complexity
of the assay and required

infrastructure

assessments of the risks associated with different technical procedures performed

in different types of TB laboratories. It is recommended that culture and DST

be used only in laboratories at regional and central reference level that have

appropriate biosafety standards [22).

Similarly, line probe assays (LPAs) should be placed at regional and central

reference level laboratories (or any laboratory currently performing not automated

PCR-based amplification methodologies for infections, as the infrastructure will be

the same) because of the complexity of the assay and required infrastructure (23).

Many countries in the Region follow the principle of patient (instead of specimen)

referral to confirm the diagnosis of TB at specialized TB centres or hospitals. By

using WHO recommended rapid molecular techniques for the initial diagnosis of TB
and MDR-TB at district or subdistrict level (24, 25, a highly specific diagnosis of TB
can be achieved at a lower level in the health system, which can help countries to

reduce diagnostic delay, apply the most appropriate infection control measures and

simultaneously move towards ambulatory treatment of TB cases (9.
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Three algorithms are proposed in this document:

1. for the initial dia

gnostics of all presumptive TB cases

2. for follow-up of patients under first-line anti-TB treatment
3. for follow-up of MDR-TB patients (see Fig. 1-3).

Where resources and/or the availability of molecular diagnostics or other tests

are limited, different al

gorithms could be used for different patient groups based

on careful risk assessment and prioritization of molecular diagnostic tests and

liquid culture for those

patients presumed to have pulmonary MDR-TB and/or HIV-

associated TB and/or TB meningitis.

Algorithm for
of individuals

the initial laboratory diagnosis
with symptoms consistent with

pulmonary TB

This starts by subjecting two clinical specimens (preferably including the morning

sample] to a WHO-endorsed molecular diagnostic test and one specimen for

culture (Fig. 1).
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O Only when a positive rapid molecular test result is obtained would a subsequent
microscopy test be helpful to identify the bacterial load and infectivity. Results
of molecular tests should be communicated to the clinician without waiting for
culture results. If GeneXpert MTB/RIF is negative, no microscopy is necessary
and the sample should be sent for culture only (as culture would still be more
sensitive for TB detection).

O Culture-positive samples are subjected to identification, and those cultures
identified as M. tuberculosis (MTB) complex should be subjected to DST. If the
sample that was subjected to the molecular test is culture negative (as well
as negative on the molecular test), further clinical and other non-TB specific
laboratory investigations should follow.

O If the molecular diagnostic test predicts susceptibility to RIF and if first-line (FL)
LPA is available, it should be performed to identify INH mono-resistant cases. If
INH resistance is identified, INH mono-resistant regimen should be initiated. In
case FL-LPA is not available or no INH resistance is identified, the FL regimen
needs to be initiated. In both cases, culture and subsequent phenotypic drug-
susceptibility testing (pDST) should be done. Performing a WHO-recommended
rapid molecular test for drug resistance (such as Xpert or LPAJ on the primary
samples reduces the delay to appropriate phenotypic resistance results.

O If RIF resistance (with or without INH resistance) is confirmed, it is
recommended that the patient be referred to a DR-TB treatment initiation site
for appropriate therapy and to proceed with second-line (SL) LPA (24): this
recommendation applies to the direct testing of sputum specimens from RIF-
resistant TB or MDR-TB irrespective of the smear status, while acknowledging
that the indeterminate rate is higher when testing smear-negative sputum
specimens compared with smear-positive sputum specimens (26). SL-LPA is
suitable for use at central or national reference laboratory level; it has the
potential to be used at regional level if the appropriate infrastructure and
trained staff can be ensured (24).

O Once the culture becomes positive, first- and second-line pDST should be set
up, irrespective of SL-LPA results, for patients with negative and positive SL-LPA
results. This streamlining reduces any delay for initiating an appropriate M/XDR-TB
treatment regimen. Depending on the LPA results (FL and SLJ, treatment should
start accordingly and be adjusted if needed once pDST results are available.

O SL-LPA results that lead to the exclusion of both fluoroquinolones (FLQs) and
second-line injectable drug (SLID) resistance means that the use of a shorter
MDR-TB regimen could be considered, providing the other criteria are met (27).
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Fig. 1. Algorithm for the initial laboratory diagnosis of

individuals with symptoms consistent with pulmonary TB
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Footnotes for Fig. 1

|

olofooYoXcRoRoNS

Results of molecular tests should be communicated to the clinician without waiting for culture
results

Performing a rapid molecular test for drug resistance (e.g. Xpert or LPA] on the primary samples
reduces the delay to appropriate phenotypic resistance results

In the absence of Xpert MTB/RIF, sputum smear microscopy can be used as the initial test and the
sample should be sent as quickly as possible to a laboratory with the capacity to perform WHO
recommended molecular tests in addition to culture

In case Xpert MTB/RIF is absent but FL LPA is available, this test should be used for smear-positive
sputum samples, to detect rifampicin and in addition INH resistance. If INH-R is detected this
information should guide further diagnostic work and be considered in clinical treatment decisions

To be performed when FL-LPA is available and has not been done already

In the absence of FL-LPA, FL regimen is suggested to be initiated and adjusted once additional DST
results are available

In cases SL-LPA results would not become available within one week, empirical MDR-TB treatment
may be initiated

SL-LPA are suitable for use at the central or national reference laboratory level; or at regional level
with appropriate infrastructure

Following eligibility criteria

Algorithm for monitoring the follow-up of patients
with drug-sensitive pulmonary TB

This algorithm is shown in Fig. 2.

O

Monthly microscopy and culture during the intensive phase of two sputum
samples and immediately after completion of the intensive phase [at month two
for new cases and month three for previously treated cases) is suggested, as
well as during the fifth and last month of treatment, according to the timeframe
of the treatment protocol in a particular country.

If microscopy and/or culture is/are positive from a sample taken after two months’
treatment, a WHO-endorsed molecular diagnostic test and DST are suggested to
confirm the presence/absence of MTB and the anti-TB drug-resistance pattern.

If the WHO-endorsed molecular tests (X-pert, FL-LLPA] indicate resistance to RIF
with or without INH, then SL-LPA should be performed. SL-LPA results that lead
to the exclusion of both FLQs and SLID resistance means that the use of a shorter
MDR-TB regimen could be considered providing the other criteria are met (27).
Once culture results are available and RIF resistance is known (through WHO-
endorsed molecular tests), first- and second-line pDST should be performed
simultaneously.

1
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Fig. 2. Algorithm for monitoring the follow-up of patients

with drug-sensitive pulmonary TB
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4 Footnotes for Fig. 2

Performing a rapid molecular test for drug resistance (e.g. Xpert or LPA) on the primary samples
reduces the delay to appropriate phenotypic resistance results

SL-LPA are suitable for use at the central or national reference laboratory level; they have the
potential to be used at the regional level with appropriate infrastructure

endorsed molecular diagnostic test and DST are suggested to be performed to confirm the presence/
absence of MTB and to determine the resistance pattern

Before initiating the WHO-endorsed test, the results of the molecular tests conducted on previous
isolates of the respective patient should be checked in order to ensure that the molecular test of
choice can detect additional resistance

C If microscopy and/or culture is positive from a sample taken after two months treatment, a WHO-

Following eligibility criteria

The purpose of diagnostic testing here is to determine the success of treatment;
repeating DST is usually not required unless the patient continues to remain smear
and culture positive or there is evidence of concurrent MDR-TB exposure [that is,
potential superinfection) or clinical deterioration. The laboratory needs to be told
that the sample has been sent only to assess treatment success.

Algorithm for the monitoring of follow-up of
MDR-TB and RIF-resistant patients

This algorithm is shown in Fig. 3.

O Culture and microscopy of 1-2 sputum samples should be performed every
month (beginning from the third month] for the complete intensive phase of
treatment (28-30).

O After culture conversion (that is, after two consecutive negative cultures taken
at least 30 days apart], culture can be performed every third month and smear
microscopy every month (28], or following the timeframe of the treatment
protocol in a particular country.

O If microscopy becomes positive and once the culture becomes positive, SL-LPA
and pDST to additional anti-TB drugs should be performed (there is no need to
repeat the initial RIF-resistance tests, as these will remain resistant).

13
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Fig. 3. Algorithm for the monitoring of follow-up of MDR-TB

and RIF-resistant patients

( Two sputum specimens )

Microscopy
[(bacterial load, infectivity) Culture

MTB
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Footnotes for Fig. 3 A

@ To be performed only if no resistance to second line drugs (FLQ and SLID) was detected previously

@ There is no need to repeat the initial rifampicin resistance tests as these will remain resistant



Practical considerations for the diagnostic algorithm

Practical
considerations for the
diagnostic algorithm

Various tests are performed at different levels of
laboratories and within a laboratory network. In some
countries, laboratories that perform PCR-based
diagnostics for infections other than TB will have the
skills and infrastructure necessary for LPAs, as TB
diagnosis in many countries is incorporated with other
clinical microbiology tests for other diseases

The results of all tests performed at lower levels of laboratories should be
reported and referred together with the samples and/or cultured isolates to the
National Reference Laboratory (NRL). This will prevent wasteful duplication of
tests (except in a proportion used for quality control purposes). A handbook with
the detailed methodologies needed for assay performance has been published
by the European Centre for Disease Prevention and Control European Reference
Laboratory Network (37).

WHO recommends replacing conventional microscopy with rapid molecular tests
(such as GeneXpert MTB/RIF] for the initial diagnosis of TB (3, 17, 24, 25, 32). If
resources permit, two specimens should be tested to increase the sensitivity.
Microscopy would be limited to test TB positive samples detected by rapid
molecular techniques to ascertain patient infectivity and infection control purposes
and for treatment monitoring. Continuing with microscopy also maintains quality-
assured skills in performing microscopy if molecular tests are not available.
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Diagnostic methods of preference

Capacity for microscopy, culture and DST needs to remain, despite molecular
diagnostics. Microscopy and culture are particularly important for treatment
monitoring. The availability of molecular diagnostic tests does not eliminate the
need for conventional microscopy, culture and DST capability; microscopy and
culture remain necessary for the follow-up of treatment, and culture currently still
provides maximum diagnostic sensitivity, while conventional DST is required to
support a diagnosis of XDR-TB and provide a tailored patient-regime for M/XDR-TB
patients. Demands for conventional techniques might change in the future based on
the epidemiological situation.

O Light-emitting diode (LED] fluorescence microscopy is the recommended
method for microscopy at all levels of laboratory (33). Both LED microscopy
and conventional fluorescence microscopy are at least 10% more sensitive than
Ziehl-Neelsen microscopy. Moreover, LED microscopy is less costly compared
to conventional fluorescence microscopy (33).

O For culture, both solid and liquid media are recommended. Liquid culture is
more sensitive and quicker than culture on solid media (increased yield 10%) (34).
Liquid culture results may become available within days but are more prone to
contamination, more expensive and associated with a higher biosafety risk.

O Positive cultures should be differentiated into MTB complex and non-
tuberculous mycobacteria. Confirmation of MTB complex is done through
biochemical reaction, molecular amplification tests or immunochromatographic
assays. The latter two are recommended for species identification on culture
isolates, as they provide a rapid and definite identification of MTB complex (34).

Drug resistance can be detected by genotypic and phenotypic methods. Automated
liquid systems are the current gold standard for FL and SL DST (34). DST should
follow WHO guidelines with stringent quality assurance methods (29, 34, 35). SL DST
should aim to include testing of the aminoglycosides, polypeptides and FLQs used
in the country. DST results on these drugs have good reliability and reproducibility
and allow a quality-assured diagnosis of XDR-TB. With the introduction of SL-LPA
for detecting resistance to FLQs and SLIDs, resistant results to these drugs can be
obtained more rapidly.

By direct testing, SL-LPA will detect 86% of patients with FLQ resistance, 87% with
SLID resistance and 69% of XDR-TB; in all cases, the test will rarely give a false



Practical considerations for the diagnostic algorithm

positive result (2. In interpreting the results, it should be considered that SL-LPA
cannot determine resistance to individual FLQs. Resistance-conferring mutations
detected by SL-LPA are highly correlated with phenotypic resistance to ofloxacin
and levofloxacin. The correlation of these mutations with phenotypic resistance to
moxifloxacin and gatifloxacin is unclear, however, and the inclusion of moxifloxacin
or gatifloxacin in an MDR-TB regimen is best guided by pDST results (24). Mutations
in some regions of the MTB complex genome (such as the eis promoter region]
may be responsible for causing resistance

to one drug in a class (group) more than By direct test/ng Sl-1 PA will

other drugs within that class (group).

For example, the eis C14T mutation is detect 86% of IOaZL/eﬂlLS With
associated with kanamycin resistance in _ 0 .
strains from eastern Europe (26). FLQ reS/SlLaﬂCG, 87/0 W/th

. . SLID resistance and 69%
on-commercial methods for culture and

DST, including microscopic-observation OfXDR—TB /'n 8“ cases the
drug-susceptibility (MODSJ, colorimetric ' ’

redox indicator (CRI) methods and the test W/H fafely g/.Ve a false

nitrate reduction assay (NRAJ, are also o

recommended by WHO (34). These tests ,OOS/UV@ result

are currently considered as an interim

solution while scale-up of genotypic testing is developed. The systems are less
expensive than commercial systems, but may be more prone to errors due to lack
of standardization, are highly operator-dependent and only suitable for use at
reference laboratory level.

Currently, the WHO-recommended molecular diagnostic tests for TB and DR-TB
include LPAs and the Xpert MTB/RIF assay (as well as loop-mediated isothermal
amplification (LAMP)] for TB diagnosis only). Data from systematic reviews and
meta-analyses show that in comparison to conventional DST, LPAs are highly
sensitive (297%) and specific (299%) for the detection of RIF resistance, alone or in
combination with INH (sensitivity 290%; specificity 299%], on isolates of MTB and on
smear-positive sputum specimens (23, 37, 38).

An extensive review (17, 32) of the Xpert MTB/RIF assay to detect pulmonary TB
disease, including studies involving almost 10 000 participants, showed the high
specificity of the Xpert MTB/RIF assay to detect TB (99% (95% Crl 98-99%]).
Sensitivity varied by smear status: 68% (95% Crl 61-74%) for smear-negative
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culture-positive to 98% (95% Crl 97-99%) for smear-positive culture-positive
samples. Performance of the Xpert MTB/RIF assay for detection of extrapulmonary
TB varied by specimen type, with lower sensitivity for pleural and cerebrospinal
fluid (ranging from 17% to 80%, respectively] and somewhat lower specificity (93%)
for lymph node specimens, but with good sensitivity (>81%) and specificity (>98%)
for other specimen types (25).

Overall, the Xpert MTB/RIF assay had 95% (95% Crl 90-97%) sensitivity and 98%
(95% Crl 97-99%) specificity to detect RIF. When studies were analysed separately
for settings with different levels of RIF resistance, however, the sensitivity was
96% (95% Crl 91-98%) for settings with >15% RIF resistance among the tested
population, and 91% (95% Crl 79-97%) for settings with < 15% RIF resistance. The
corresponding pooled specificities were 97% (95% Crl 94-99%) and 99% (95% Crl
98-99%) (17, 32).

Similar data have been published in a systematic review with a detailed health
economic analysis (39). The specificity of Xpert MTB/RIF for detecting TB is very
high (99%), and false-positive results are likely to be linked to the detection by Xpert
MTB/RIF of dead MTB bacilli that would not be detected by culture, which is the
present reference standard. Given that the specificity of Xpert MTB/RIF is not 100%,
the positive predictive value (PPV) of Xpert MTB/RIF testing for RIF resistance
testing is adversely affected in settings with a low prevalence of drug-resistant TB
disease or in populations with a low prevalence of TB. Testing for TB is not usually
implemented in a general, asymptomatic population but in individuals with clinical
suspicion of TB following some form of screening involving, for example, symptom
assessment or chest X-ray. Such screening procedures increase the prevalence of
TB in the group tested and improve the PPV of the test, reducing but not eliminating
concerns related to false-positive results [32).

Interpretation and reporting of laboratory results

Results from laboratory tests, including microscopy, molecular tests, culture

and DST, should be reported to clinicians as soon as possible after they become
available, and all means of communication, including telephone, fax, email and
SMS, should be considered to facilitate communication. Interpretation of laboratory
results by laboratory doctors or equivalent is vital, especially in situations when
results are apparently inconsistent or discrepant. Subsequently, appropriate



isolation of the respective patients

and adjustment of their treatment
courses according to the anti-TB drug
susceptibility pattern of the causative
pathogens should be initiated promptly
[29] to prevent further spread of the
disease and/or the development of
further resistance.

It should be noted that mutations in the
rpoB gene are a very good marker for

Practical considerations for the diagnostic algorithm

Results from laboratory
tests, including microscopy,
molecular tests, culture and
DST, should be reported to
clinicians as soon as possible

after they become available

MDR-TB in the Region; the percentage of RIF mono-resistant isolates has been

shown to be only 0.5% among new cases and 0.9% among previously treated

cases (5). Under these circumstances, it seems reasonable to initiate patients on
MDR treatment if the Xpert MTB/RIF or LPA results indicate RIF resistance. More
caution is necessary when interpreting the results of molecular tests for SL anti-TB

drugs.
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Annex 1

Results obtained by genotypic (Xpert MTB/RIF and
first-line LPA) and phenotypic methods (MGIT and

LJ) to support primarily NRLs or regional reference
laboratories for better understanding and interpreting
discrepant results

Both methods, Xpert MTB/RIF and first-line line probe assays (LPA), have a high
sensitivity and specificity to detect tuberculosis [TB) and rifampicin resistance.
The Xpert MTB/RIF assay has 95% sensitivity and 98% specificity for rifampicin
detection and LPA 97% and 99% respectively (25, 26). That means there are few
false susceptible and false resistant strain results reported to clinicians.

Genotypic results are recommended to be reported first to clinicians, due to the
rapidity of the techniques and their high sensitivity and specificity. With this, the
clinician can start treatment with first-line drugs or a multidrug-resistance (MDR]
regimen based on the initial rapid molecular test results.

After repeating results with the other molecular-based technique (often LPA, as
Xpert MTB/RIF is proposed to be used as the initial test] and phenotypic drug-
susceptibility testing (pDST), the results can in rare cases differ. If both genotypic
DST (gDST) methods show resistance but pDST results are susceptible, there is
likely to be an error in performing conventional DST. Before clarification of the
reasons behind the discordance, the clinician shall proceed with the initiation of
treatment based on the gDST results.



Silent mutations, which are rare and can be detected only with genotypic methods,
do not result in amino acid changes and therefore do not confer resistance.

Rare or disputed mutations are detected by gDST, but there may be some
discordance when results are compared to pDST results, as they may indicate low-
level resistance that may be missed by some pDST methods.

Rare cases due to mutations outside the hotspot region will not be detected by
Xpert MTB/RIF and LPA but will be detected by phenotypic methods.

Sequencing techniques would be the preferred methodology to further confirm
silent, rare and disputed mutations.

Hetero-resistance can occur mainly in countries with a high MDR-TB rate, due to
the fact that patients can be infected with two or more different strains (so-called
mixed infections). In the LPA, heteroresistance can be visualized because both the
wildtype and the mutation probes will be positive. Heteroresistance may not always
be visible in the pDST, however. If in a sputum sample drug-susceptible bacteria
exist at a higher concentration, pDST results would normally be “susceptible”.

In this case, DST should be repeated with another sample to detect the resistant
strain, preferably with all techniques.

In summary: in high MDR prevalence settings, rifampicin-resistant results
obtained via rapid molecular techniques (GeneXpert and first-line LPA) should be
communicated to clinicians to inform the drugs used in the initiation of treatment.
In case of discordance between pDST and gDST results, absence of laboratory
errors should be guaranteed for both approaches (gDST and pDST) by the
laboratory and as a second step the different possibilities for potential discordant
results explained in Table A.1 should be considered.

Annex 1
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Algorithm for laboratory diagnosis and treatment-monitoring of pulmonary tuberculosis and drug-resistant tuberculosis using state-of-the-art rapid diagnostic technologies

Table A.1. Interpretation and explanation of potential discordant results

Xpert MTB/RIF -

primary sample

Resistant

S usceptible
Resistant

Resistant
Resistant

Resistant

Resistant

Susceptible

Susceptible

FL-LPA

WT: NO,
MUT: YES

WT.YES,
MUT: NO

WT: NO,
MUT: YES

WT: NO,
MUT:NO

WT: YES,
MUT: YES

WT:NO,
MUT:NO

WT: YES,
MUT: NO

WT: YES,
MUT: NO

WT: YES,
MUT: YES

Report to the clinician

RIF resistant based on Xpert MTB/RIF results

RIF susceptible

RIF resistant based on Xpert MTB/RIF results

RIF resistant based on Xpert MTB/RIF results

RIF resistant
Note: evidence of mixed infection with a RIF
resistant and sensitive strain

RIF resistant based on Xpert MTB/RIF results

If sequencing available and silent mutation
confirmed release as “RIF susceptible”,
otherwise release as “RIF resistant”.
Determine RIF MIC if possible in order to
identify low level resistance

Depends on outcome of investigation

RIF susceptible

RIF resistant
Note: evidence of mixed infection with a RIF
resistant and sensitive strain

RIF susceptible

Issue report with result: “No genetic markers
of RIF resistance detected; unable to perform
pDST due to mixed culture with NTMs”

RIF resistant

RIF resistant
Note: evidence of mixed infection with a RIF
resistant and sensitive strain

Depends on outcome of investigation

Treatment to be initiated by clinician

1. Initiate second-line regimen
2. Adjust treatment regimen if needed once
SL-LPA and pDST results are available

Initiate first-line regimen

1. Initiate second-line regimen
2. Adjust treatment regimen if needed once
SL-LPA and pDST results are available

1. Initiate second-line regimen
2. Adjust treatment regimen if needed once
SL-LPA and pDST results are available

1. Initiate second-line regimen
2. Adjust treatment regimen if needed once
SL-LPA and pDST results are available

1. Initiate second-line regimen
2. Adjust treatment regimen if needed once
SL-LPA and pDST results are available

Depends on outcome of investigation

Depends on outcome of investigation

Depends on outcome of investigation



Annex 1

pDST

Resistant

Susceptible
Susceptible

Resistant
Resistant

Susceptible

Susceptible

Resistant

Susceptible

Explanation / Possible laboratory
errors

Typical mutation in the rpoB RRDR

Faulty pDST e.g.:

e noortoo little bacteria suspension added

e too much RIF added

¢ RIF stock concentration too high

If erroneous pDST can be excluded mutations that
cause low level resistance could be expected.

Mutation not available on HAIN strip

Hetero-resistance

Faulty pDST (e.g. TB suspension not added)

Silent or rare mutations

Faulty Xpert MTB/RIF e.g.:
e sample mix up
e contamination

Hetero-resistance

Faulty pDST e.g.:
e nodrugadded
e contamination

Mixed culture with MTB and NTM

Mutation outside the rpoB 511-524 hotspot region

Hetero-resistance

Laboratory error (e.g. contamination
of the FL-LPA)

Action

Issue report

Issue report

¢ Repeat pDST
* Review RIF stock/concentration and quality controls

Issue report

¢ Repeat FL-LPA from pDST
* sequencing (double peaks)

¢ Repeat pDST
* Review RIF stock/concentration and quality controls

Sequencing

e Repeat FL-LPA, pDST testing of another isolate of the
patient

¢ Review samples tested before and after the sample in
question

¢ Review maintanance record

¢ Repeat Xpert testing on another sputum sample
* Repeat FL-LPA
e pDST testing of another isolate of the patient

¢ RepeatpDST
e Microscopy
¢ Blood plate from pDST

HAIN CM from RIF DST MGIT or from solid RIF DST; review
original solid culture, to check for NTM, repeat pDST on
another positive isolat

rpoB sequencing (outside RRDR)

e FL-LPA: check for faint signals
¢ Repeat FL-LPA from pDST
* Sequencing (double peaks)

Check negative control in the FL-LPA run. Repeat FL-LPA.
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