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SUMMARY
SETTING—Although considerable effort has been put into the development and evaluation of
new diagnostics for tuberculosis (TB) and multidrug-resistant TB (MDR-TB), little attention has
thus far been paid to the technical aspects of initiating quality-assured routine service use. For
implementation of the microscopic-observation drug susceptibility (MODS) methodology in the
Peruvian reference laboratory network, a laboratory accreditation process was devised; MODS
results from an expert reference laboratory (Universidad Peruana Cayetano Heredia [UPCH]) were
used as the standard against which implementing laboratory MODS results were judged to ensure
that, prior to use for patient care, implementing laboratories achieved the same high performance
with MODS as previously demonstrated in the research laboratory.

OBJECTIVE—To evaluate the validity of MODS-based accreditation and the concordance of
MODS drug susceptibility testing (DST) with molecular testing.

DESIGN—Head-to-head comparison of MODS DST results from implementing Peruvian
regional reference laboratories and the accrediting expert MODS laboratory (UPCH) with
GenoType® MTBDRplus DST.

RESULTS—The concordance of phenotypic MODS rifampicin (RMP) DST with GenoType
MTBDRplus was respectively 97.4%, 97.9% and 97.1% for the two implementing regional
laboratories and UPCH, and respectively 94.7%, 95.7% and 94.6% for isoniazid (INH) DST.

CONCLUSION—High and consistent levels of MODS/MTBDRplus concordance for INH and
RMP DST confirm the validity of the use of rapid methods as reference standards for
accreditation.
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IN THE PAST DECADE, there has been an explosion of interest in the development and
evaluation of new diagnostic tools for the diagnosis of tuberculosis (TB) and the rapid
identification of multidrug-resistant TB (MDR-TB).1 Some of these are now reaching the
implementation stage and, although guidelines are available to help policy makers navigate
setting appropriate test selection, resource implications, procurement and advocacy,2 little
attention has thus far been paid to the technical aspects of initiating routine service use and
quality assurance for these new tests.

The microscopic-observation drug susceptibility (MODS) assay is a low-cost, non-
proprietary phenotypic test for rapid TB and MDR-TB diagnosis which is being
implemented in the National TB Control Programme and Regional TB Laboratory Network
of Peru. MODS utilises microscopic observation of liquid cultures for rapid detection of TB
growth and direct drug susceptibility testing (DST) for isoniazid (INH) and rifampicin
(RMP) (standard operating procedures available at www.modsperu.org).

In the absence of an internationally accepted procedure for the accreditation of TB
laboratories wishing to perform MODS, an accreditation process was developed by a team
of experts in quality assurance and TB microbiology from the National TB Reference
Laboratory (NRL) at the Instituto Nacional de Salud, Ministry of Health and the Laboratorio
de Investigación de Enfermedades Infecciosas at the Universidad Peruana Cayetano Heredia
(UPCH), where the MODS assay was developed. The purpose of this accreditation process
was to ensure that, prior to use for patient care, implementing laboratories achieved the same
high performance with MODS that was previously demonstrated in the research laboratory
where it was developed.3 The focus of the accreditation process is thus on sensitivity of
culture and DST performance.

In brief, to be accredited for MODS use, implementing laboratories were required to
perform MODS on 120 samples from TB suspects presenting to government health centres
for diagnosis, of which at least 100 had to be positive for acid-fast bacilli on Ziehl-Neelsen
sputum smear microscopy. An aliquot of each decontaminated sputum sample created
during the standard MODS procedure (Figure 1) was stored at 4°C. Lots of these aliquots
were then transferred to the UPCH research laboratory, where blinded retesting by MODS
was performed. Results of culture (positive/negative/contaminated/indeterminate) and DST
(susceptible/resistant) were sent by each laboratory independently to the NRL, where data
were collated and analysed. Accreditation was granted if the results from the implementing
laboratory agreed with the reference laboratory, based on predetermined standards (a
description of this process and these data will be reported separately).

Using MODS results obtained by the expert reference laboratory as the standard against
which MODS performance in the implementing laboratory is judged has the advantage that
the accreditation process can be completed relatively swiftly, without the several months of
delay inherent in the use of conventional indirect DST. However, there was some concern
that a second test modality for evaluating implementing laboratory performance might be
more appropriate.

In 2008, the World Health Organization (WHO) endorsed the use of line-probe assays for
TB DST4 based on evidence of their reliability, sensitivity and specificity in high-,5,6
middle-7 and lower-income8 settings. Where available, such molecular tools might be
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suitable alternatives for use in the MODS accreditation process, similarly circumventing the
long turnaround times inherent in conventional DST.

To investigate the validity of the novel MODS-based accreditation process for evaluating
the performance achieved by the regional laboratories i mplementing MODS, a second
round of blinded retesting of all isolates was undertaken using a WHO approved molecular
method (GenoType® MTB-DRplus line-probe assay, Hain Lifescience GmbH, Nehren,
Germany) in an unrelated national TB reference laboratory. This furthermore permitted
concurrent evaluation of the use of the MTBDRplus assay as a potential alternative method
for rapid accreditation of MODS-implementing laboratories.

METHODS
Setting

Two urban regional TB reference laboratories in Lima Sur and Callao, Peru, serving
populations of respectively 1 930 000 and 864 000, participated in the MODS accreditation
process during March 2008–January 2009. Both succeeded in obtaining formal accreditation
by the Peruvian NRL of the Instituto Nacional de Salud based on the results of their
accreditation process.

External testing strategy
All UPCH mycobacterial strains produced from samples submitted by the implementing
laboratories for the initial accreditation process were stored in 1000 μl aliquots in
Middlebrook 7H9 with 10% glycerol at −70°C. Prior to transportation to the UK Health
Protection Agency (HPA) National Mycobacteria Reference Laboratory (NMRL) for line-
probe assay testing, all samples were inactivated as follows: in a Class II biological safety
cabinet the frozen aliquots of mycobacterial strains in Middlebrook 7H9 with 10% glycerol
were thawed and 500 μl were each transferred into a sterile screw-cap microcentrifuge tube.
After centrifugation at approximately 10 000 g for 15 min, the supernatant was discarded
and the pelleted bacteria were resuspended in 300 μl of polymerase chain reaction (PCR)
water (Sigma, St Louis, MO, USA) by vortexing and then heat-inactivated by incubation in
a heater block at 95°C for 20 min. To ensure all cultures were inactivated, mycobacterial
DNA extraction in the UK HPA laboratory was performed by further incubation for 20 min
at 95°C in a covered boiling water bath, followed by incubation at room temperature for 15
min in an ultrasonic bath. Samples were centrifuged at 13 000 g for 5 min, and 5 μl (20–100
ng DNA) of the supernatant was used directly per 50 μl PCR reaction and tested for
mutations associated with INH and RMP resistance by GenoType MTBDRplus. The staff
performing the GenoType MTBDRplus assay were blinded to phenotypic DST results from
Peru.

Data analysis
Three INH and RMP susceptibility determinations were available for each strain—
phenotypic MODS results from 1) the implementing regional reference laboratory, 2) the
UPCH research laboratory and 3) genotypic results from the UK HPA NMRL. Concordance
of MODS testing by each laboratory with GenoType MTBDRplus testing was assessed for
each drug using McNemar’s χ2 test for discordant pairs, percentage agreement and kappa
(κ) values to determine degree of agreement beyond chance.

Ethics review
Ethical review was not requested for this study which used anonymised, unlinked strains of
M. tuberculosis from our laboratory strain bank.
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RESULTS
Of the 209 strains of M. tuberculosis sent for MTB-DRplus testing, 116 came from Lima
Sur and 93 from Callao; 12 of the 836 INH or RMP MODS results (1.4%) were not
available due to culture contamination (Figure 2).

Rifampicin DST
GenoType MTBDRplus identified RMP resistance mutations in 18.2% of the isolates. The
concordance of phenotypic MODS RMP DST with GenoType MTBDRplus was 97.4%,
97.9% and 97.1% for the two implementing regional laboratories and UPCH, respectively
(Table).

Isoniazid DST
GenoType MTBDRplus identified INH resistance mutations in 23.0% of the isolates: 79%
of these had mutations only in katG, 17% had mutations only in inhA, and 4% had
mutations in both genes. The concordance of phenotypic MODS INH DST with GenoType
MTBDRplus was 94.7%, 95.7% and 94.6% for the two implementing regional laboratories
and UPCH, respectively (Table).

Discrepant analysis
For seven patients with strains that had been defined as phenotypically susceptible in both
MODS assays (regional reference laboratory and UPCH) and an eighth defined as
susceptible in MODS at UPCH (no regional reference laboratory result due to
contamination), GenoType MTBDRplus identified strain INH resistance due to a mutation
in the inhA gene only. All 39 strains expressing a mutation in katG (associated with high-
level INH resistance) were identified as phenotypically resistant in both MODS assays.

DISCUSSION
This is the first report comparing the results of direct phenotypic DST in the MODS assay
with indirect genotypic DST by the GenoType MTBDRplus test. The two principal findings
of this investigation are 1) very high levels of concordance between the two methodologies
for INH and RMP DST (over 94.5% and 97.0%, respectively) and 2) that this concordance
was consistently achieved across both research and routine clinical reference laboratories.

These findings have three immediate implications. First, they extend the evidence base for
the reliability of the MODS assay in rapid detection of drug resistance3,10–16 by indicating
excellent agreement with a WHO-endorsed DST methodology.4 Second, they demonstrate
the highly accurate performance that can be achieved in routine clinical service laboratories
starting to implement MODS. Finally they validate the accreditation procedure put in place
by the NRL, in which parallel MODS testing performed by an expert laboratory is utilised as
the reference methodology.

The median turnaround time for conventional solid medium-based DST can run to 5 months
in overloaded reference laboratories.17 The use of conventional methods as the reference
standard for the accreditation of laboratories implementing rapid diagnostics creates lengthy
delays and could extend the duration of the accreditation process beyond half a year. The
data presented here indicate that an accreditation procedure utilising parallel rapid testing in
an expert laboratory is feasible and reliable. In Peru, the MODS assay was used; however,
these data also demonstrate that rapid molecular tests such as the MTBDRplus line-probe
assay could also be considered; batching strains is logistically helpful and all strains can be
run within a day or two after completion of the final MODS culture in the implementing
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laboratory, saving a week over comparator MODS testing and a minimum of 3 months (and
more often up to 5 months) over conventional phenotypic DST.

The central theme underlying this work is the importance of establishing a pragmatic,
efficient and effective MODS quality assurance system. Laboratory accreditation is the first
step in this quality assurance (QA) process and is a critical prerequisite to ensuring that
service laboratory performance meets expected standards before any new tests are used for
patient care; here the proposed accreditation process for laboratories implementing MODS
proved reliable. However, regardless of the reference standard employed, accreditation in no
way obviates the need for ongoing QA for tests employed in clinical practice. The best
approaches to monitoring the quality of rapid TB culture and DST have yet to be
determined. At present, laboratories are developing strategies tailored to their needs and
resources. The MODS QA programme (available for download at www.modsperu.org) is
used to monitor performance in sample collection and delivery, sample decontamination,
culture sensitivity and specificity, direct DST (RMP and INH) and result delivery; it should
be an integral element of implementation of MODS in all laboratories that have achieved
accreditation.
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Figure 1.
MODS procedure and generation of back-up aliquot. OADC = oleic acid-albumin-dextrose-
catalase; PANTA = polymyxin B, amphotericin B, nalidixic acid, trimethoprim, azlocillin;
QA = quality assurance; MODS = microscopic-observation drug susceptibility.
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Figure 2.
Sample and strain testing flow chart: (a) denotes accreditation process analyses (not reported
here); (b) denotes evaluations reported here: 93 culture-positive samples from Lima Sur
were split and processed in MODS at both Lima Sur and UPCH, and 116 culture-positive
samples from Callao were split and processed in MODS at both Callao and UPCH. The
comparison of these parallel RMP and INH MODS DST results was the basis for the
accreditation process (reported elsewhere and indicated by (a) in the figure); the strains
derived from the positive MODS cultures at UPCH were sent to the UK for MTBDRplus
testing. The analysis reported here is the comparison of this molecular testing with the
results obtained by the implementing laboratory (Lima Sur or Callao) and UPCH by direct
MODS DST of the parent sample. Of the 836 MODS results, 12 (1.4%) were unavailable
due to contamination of the well—3 RMP and 3 INH from Lima Sur, and 4 RMP and 5 INH
from UPCH. UPCH = Universidad Peruana Cayetano Heredia; MODS = microscopic-
observation drug susceptibility; RMP = rifampicin; INH = isoniazid; UK HPA NMRL =
United Kingdom Health Protection Agency National Mycobacteria Reference Laboratory;
DST = drug susceptibility testing.
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