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Executive summary

Executive summary

Mycobacterial culture remains an important part of diagnostic algorithms for the detection of tu-
berculosis (TB), for drug susceptibility testing (DST) and for treatment monitoring of patients with
drug-resistant tuberculosis (DR-TB), but is often only available in centralized laboratories. World
Health Organization (WHO) recommends the use of rapid molecular tests such as Xpert MTB/RIF
(Cepheid, Sunnyvale, USA) for the detection of TB and rifampicin resistance as the initial diagnostic
test for all persons with signs and symptoms of TB. The manufacturer recommends that speci-
mens should be tested within 3 days of collection if specimens cannot be refrigerated. However,
in many high TB burden countries the available infrastructure does not permit rapid transportation
of sputum specimens from the point of collection to TB culture laboratories, and the availability of
consistently maintained refrigeration during transport is highly variable. There is a need for transport
products that can potentially improve the recovery and detection of Mycobacterium tuberculosis
complex (MTB) using culture-based methods as well as reducing culture contamination rates. It is
also important to determine if different products can improve the detection of MTB using molecular
tools, for which there are no point-of-care platforms available.

A systematic review of available commercial transport products was commissioned by the WHO
Global TB Progamme, which identified 14 published and unpublished reports comprising 17 stud-
ies that included five technical and 12 clinical studies. In addition, FIND performed a laboratory-
based evaluation study of one product, OMNIgene®eSPUTUM (DNA Genotek, Ottawa, Canada)
using pooled remnant clinical sputum specimens which were acid-fast bacilli (AFB) sputum smear-
positive at the National TB Reference Laboratory (NTRL) in Addis Ababa, Ethiopia and at the Uni-
dad de TB del Instituto de Medicina Tropical in Lima, Peru.

The Technical Expert Group (TEG) meeting was convened by the WHO Global TB Programme on
29 May 2017 in Geneva, Switzerland to review available evidence for the use of commercial sample
transport products that potentially improve the detection of MTB using culture-based and molecu-
lar methods. Evidence for the use of the following commercial transport products was assessed.

e OMNIgeneeSPUTUM (DNA Genotek, Ottawa, Canada);

e PrimeStore Molecular Transport Medium (PrimeStore MTM; Longhorn Vaccines and Diag-
nostics, San Antonio, USA);

e FTA card (Whatman, GE Healthcare Life Sciences, Pittsburgh, USA); and
e GENOeCARD (Hain Life Science GmbH, Nehren, Germany).

This assessment applied to products aimed at retaining viability for culture (OMNIgeneeSPUTUM)
as well as to those aimed at improving molecular yield without the need to retain culture viability
(PrimeStore MTM, FTA card and GENOeCARD).

The TEG agreed that there was no evidence to suggest that ambient conditions result in a significant
deterioration in downstream diagnostic test performance compared to untreated specimens trans-
ported under ambient conditions for molecular tests. The TEG noted that there was no evidence
that sample transport products improved the yield of molecular methods compared with untreated
specimens. The evidence from the FIND conducted study suggests that OMNIgeneeSPUTUM-
treated specimens likely improves culture positivity and contamination rates for Léwenstein-Jensen
media (LJ) compared to untreated specimens transported under ambient conditions. The effect of
OMNIgeneeSPUTUM on mycobacterial growth indicator tube (MGIT) positivity and contamination
rates was much smaller and was inconsistent making interpretation for MGIT difficult.

Vi
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The TEG agreed that there were a very limited number of studies that included a pure “transport
product versus no product” comparison which was a major limitation of the available evidence and
made it difficult to disaggregate the effect of the product itself. Further data would need to be gen-
erated on the performance of existing transport products in other specimens. Of value would be
specifically to test specimens that will require culture as per current testing algorithms and could be
most affected by potential negative effects of a transport product such as testing of paucibacillary
smear-negative TB specimens (including extra-pulmonary specimens and specimens from chil-
dren) and specimens collected for DR-TB patients for treatment monitoring.

Xpert MTB/RIF performance across all outcome measures was unaffected by treatment with
OMNIgeneeSPUTUM. However, Xpert MTB/RIF testing should not be performed directly from sam-
ples treated with OMNIgeneeSPUTUM without a centrifugation step and the addition of GeneXpert
sample reagent to the concentrated pellet. The need for centrifugation of specimens treated with
OMNIgeneeSPUTUM presents a potential drawback for its use with sputum specimens undergoing
Xpert MTB/RIF testing at peripheral sites where centrifuges are often not available.

viii



1. Background

1. Background

Tuberculosis (TB) causes 10.4 million cases and
1.8 million deaths annually and it is estimated
that one third of cases go undiagnosed each
year'. The emergence of multidrug and exten-
sively drug-resistant (DR) TB is a major threat
to global TB control. Culture and conventional
drug susceptibility testing (DST) can take up to
8-12 weeks to return, leading to prolonged pe-
riods of ineffective therapy and ongoing trans-
mission. Nevertheless, culture remains the ref-
erence standard for bacteriological confirmation
of TB and is needed for treatment monitoring of
patients with DR-TB. Rapid DNA based meth-
ods that can detect drug-resistant cases of TB
based on the detection of resistance conferring
mutations are essential to allow the early and
appropriate initiation of effective regimens.

Mycobacterial culture remains an important part
of diagnostic algorithms for the detection of TB,
for DST and for treatment monitoring of DR-TB,
but is often only available in centralised or refer-
ence laboratories. Mycobacterium tuberculosis
complex (MTB) are slow-growing bacilli and
therefore non-sterile specimens such as spu-
tum require decontamination before inoculation
into culture medium to avoid overgrowth with
other respiratory bacteria or fungi. Additionally,
sputum is highly viscous and requires digestion

and liquefaction to facilitate concentration of
any mycobacteria with centrifugation. Standard
culture processing procedures recommend
transport of specimens under refrigeration,
with subsequent digestion and decontamina-
tion with the NALC-NaOH method? or with 4%
NaOH upon arrival in the laboratory.

Commercial products that preserve the viability
of TB bacilli and reduce bacterial contamination
in patient specimens at the point of collection
or, when added to specimens after receipt at
the central laboratory, may aid in the recovery of
mycobacteria or preserve the bacterial DNA for
molecular testing. These products are intended
to improve the diagnostic accuracy of down-
stream tests for detection of MTB or DR-TB.

There is thus a need for improved products that
are () compatible with liquid and solid culture
methods as well as molecular methods for MTB
detection, (i) help maintain MTB viability, (iii) re-
duce contamination of cultures, (iv) eliminate
the need for refrigerated transport, (v) liquefy the
sample, ideally while requiring less time, techni-
cal skill and tailoring to local laboratory condi-
tions and (vi) allow for improved detection of TB
and drug-resistance using molecular methods.

1 Global Tuberculosis Report 2016. WHO/HTM/TB/2016.13. Geneva: World Health Organization, 2016
2 Kent PT., and G.P. Kubica. 1985. Public Health Mycobacteriology. A Guide for the Level lll Laboratory.
U.S. Depatment of Health and Human Services, Centers for Disease Control, Altlanta, GA.
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2. Scope of the Technical Expert Group Meeting

The Technical Expert Group (TEG) meeting was
convened by the WHO Global TB Programme
on 29 May 2017 in Geneva, Switzerland to
review available evidence for the use of com-
mercial sample transport products that could
potentially improve the detection of MTB using
culture-based and molecular methods. The ob-
jectives of the TEG were as follows:

e To review evidence from a systematic re-
view for the use of available commercial
sample transport products for the im-
proved detection of MTB using culture-
based and molecular methods;

e To review evidence from an evaluation
study for the use of OMNIgeneeSPUTUM
conducted by FIND;

e To identify implementation consider-
ations and research priorities for the use
and subsequent evaluation of sample
transport products;

e To review the performance characteris-
tics and finalise the draft target product
profile (TPP) for sample transport prod-
ucts that improve the recovery of myco-
bacteria with culture.

The TEG evaluated the findings from two sets of
evidence during the meeting and performed a
final review of the performance characteristic in
the TPP. Evidence from a systematic review of
commercially available sample transport prod-
ucts and the findings from a study conducted
by FIND for the use of OMNIgeneeSPUTUM so-
lution were assessed by the TEG.

This meeting report provides a summary of the
evidence for the use of individual commercial
sample transport products. The TEG agreed on
the final performance characteristics for a TPP
for sample transport product that could improve
the recovery of mycobacteria on liquid and solid
culture by reducing culture contamination and
preserving MTB viability. The final consensus
TPP is described in Annex 1.



3. Systematic review

3. Systematic review

A systematic review was performed to collect
and analyze data on performance of available
commercial products firstly for preserving the
viability of TB bacilli during transport for cul-
ture, and secondly, for improving the recov-
ery of DNA for nucleic acid amplification tests
(NAATs), such as Xpert MTB/RIF.

The literature search was performed without
language or date restriction on 20 November
and 1 December 2016 and identified the follow-
ing commercial transport products:

e OMNIgeneeSPUTUM (DNA Genotek, Ot-
tawa, Canada);

e PrimeStore MTM (Longhorn Vaccines
and Diagnostics, San Antonio, USA);

e FTA card (Whatman, GE Healthcare Life
Sciences, Pittsburgh, USA); and

e GENOeCARD (GenoeCardHain Life Sci-
ence GmbH, Nehren, Germany).

OMNIgeneeSPUTUM is a solution that when
added in equal volume to a sputum specimen
aims to retain the viability of MTB upon culture
and minimise contamination from other respira-
tory bacteria. PrimeStore MTM, FTA card and
GENOeCARD are products aimed at improving
yield for molecular assays without retaining bac-
terial viability.

Two authors of the review independently
screened studies for eligibility using predefined
inclusion and exclusion criteria.

The search identified studies that were classified
as either ‘technical’ or ‘clinical’. Technical stud-
ies were early (Phase 1) studies aimed to estab-
lish technical performance. These studies used
samples consisting of MTB bacilli added to a
diluent, such as liquid culture medium, or buffer.
Clinical studies were evaluation (Phase 2) stud-
ies that aimed at assessing test performance in
clinical settings. Clinical studies primarily used
sputum. When a publication included a techni-
cal and a clinical study, both were included.

To appraise the methodological quality of techni-
cal studies, a checklist, the Quality Assessment
of Technical Studies (QUATS) was developed
and used. To appraise the methodological qual-
ity of clinical studies, the Quality Assessment of
Diagnostic Accuracy Studies (QUADAS-2) tool
was used.

The findings were summarized descriptively as a
meta-analysis could not be performed because
of considerable differences in the study designs,
patient populations, testing strategies, and di-
agnostic tests used. The OMNIgeneeSPUTUM
solution was the only product evaluated that
aimed to preserve the viability of mycobacteria
for culture. The OMNIgeneeSPUTUM solution
was further assessed to determine if it met the
optimal and minimal performance requirements
described in the consensus TPP.

3.1 Studies identified through
the systematic review

The search yielded 9252 records from which 14
unique study reports were identified (Figure 1).
Of these, 12 were published reports (Daum
2014; Daum 2015; Daum 2016; Guio 2006;
Kelly-Cirino 2016; Kelly-Cirino 2017; Maharjan
2016a; Maharjan 2016b; Miotto 2008; Omar
2015; Omar 2016; Rabodoarivelo 2015) and
two manuscripts in preparation (Asefa 2017;
Robinson 2017).

Of the 14 included study reports, two (Daum
2014; Rabodoarivelo 2015) were technical stud-
ies, nine (Asefa 2017; Daum 2015; Guio 2006;
Kelly-Cirino 2016; Kelly-Cirino 2017; Maharjan
2016a; Maharjan 2016b; Omar 2016; Robinson
2017) were clinical studies, and three (Daum
2016; Miotto 2008; Omar 2015) included both a
technical and a clinical study. 17 individual stud-
ies were identified in the 14 study reports which
included five technical and 12 clinical studies. A
list of included and excluded studies is provided
in Annex 2.
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Figure 1. The flow diagram showing study inclusion and exclusion for transportation

products systematic review
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3.2 Findings from the systematic review

3.2.1 Overview of included technical
studies

The five technical studies evaluated the follow-
ing transport products: PrimeStore MTM, three
studies (Daum 2014; Daum 2016; Omar 2015);
both FTA and GenoeCard, one study (Rabodo-
arivelo 2015); and GenoeCard, one study
(Miotto 2008). The studies were conducted in

following countries: South Africa, one study
(Omar 2015); USA and South Africa, one study
(Daum 2016); ltaly, one study (Miotto 2008);
USA, one study (Daum 2014); and multiple
sites, Madagascar, India, Argentina, and Brazil,
one study (Rabodoarivelo 2015).

Daum 2014 evaluated whether PrimeStore
MTM could inactivate different concentrations
of MTB in phosphate buffered saline (PBS) and
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assessed the effect of exposure to low and high
temperatures for up to 24 hours on the ability
to detect DNA using PrimeMix® after extraction
with PrimeXtract (a DNA extraction platform).

Daum 2016 performed two experiments.
In the first experiment, a dilution series us-
ing PrimeStore MTM or PBS as a diluent was
spiked with M. tuberculosis H37Rv, and decon-
taminated with NALC-NaOH prior to DNA ex-
traction and detection. Secondly, a dilution se-
ries of MTB in PrimeStore MTM or PBS without
decontamination and the Xpert MTB/RIF assay
was used for TB detection and the cycle thresh-
old (Ct) values were compared.

Omar 2015 performed three experiments. First,
M. tuberculosis H37Rv spiked into sputum at a
single concentration had PrimeStore MTM add-
ed at different ratios. The mixture was kept for
up to 180 minutes prior to NALC-NaOH decon-
tamination and MGIT 960 liquid culture. Second,
three smear-positive sputum specimens were
split and each aliquot treated with PrimeStore
MTM or sterile water. The PrimeStore MTM ali-
quot was stored at room temperature and the
water aliquot refrigerated. Samples were stored
for up to four weeks and with periodic sampling
for DNA extraction using NUcliSENS, easyMAG,
and PrimeMix® for TB detection. Third, an as-
sessment was performed of the compatibil-
ity of three commercial DNA extraction systems
(NUCliSENS, easyMAG, QiaAMP DNA mini kit,
MagNA Pure 96 System) with a dilution series of
PrimeStore MTM-treated MTB spiked sputum.
Xpert MTB/RIF was used as a control on sputum
without PrimeStore MTM.

Rabodoarivelo 2015 added a dilution series
of M. tuberculosis H37Rv to FTA card and
GenoeCardGenoeCard and placed the punched
paper discs on LJ media to detect growth.

Miotto 2008 used MTB clinical isolates with
known drug susceptibility patterns to evaluate
the GenoeCard. Suspensions were placed on
the GenoeCard, dried at room temperature for
two hours, inactivated by incubation at 110 °C
for 15 minutes, and then transported to the
laboratory, where a DNA-containing card punch

was eluted and tested using MTBDRplus assay.

3.2.1.1 Summary of findings from the
technical studies

These technical studies demonstrated that
PrimeStore MTM rendered high concentra-
tions of M. tuberculosis in buffer and sputum
non-cultivable after extended incubation at
room temperature (longer periods were re-
quired to completely inactivate mycobacteria in
sputum). PrimeStore MTM-treated specimens
were compatible with Xpert and PrimeMix,
and Xpert quantitative Ct values were not af-
fected by PrimeStore MTM. The FTA card and
the GenoeCard did not appear to render MTB
strains non-culturable, but DNA from punches
of each was compatible with MTBDRplus and
resulted in accurate results. Only one study for
PrimeStore MTM (Daum 2016) included a pure
“transport product versus no product” compari-
son. In extracting data, particular attention was
given as to whether a study included a pure
comparison of strategies without the transport
product (untreated strategy) and with the trans-
port product (treated strategy). In a pure com-
parison, the storage temperature, duration, di-
agnostic tests used, or timing of the diagnostic
tests were similar across strategies. This type of
comparison is referred to as a pure “transport
product versus no product” comparison. Such
comparisons allow the effect of the product
alone to be measured.

3.2.2 Overview of included clinical studies

The 12 clinical studies evaluated the following
transport products: OMNIgeneeSPUTUM, six
studies (Asefa 2017; Kelly-Cirino 2016; Kelly-
Cirino 2017; Maharjan 2016a; Maharjan 2016b;
Robinson 2017); PrimeStore MTM, four stud-
ies (Daum 2015; Daum 2016; Omar 2015;
Omar 2016); FTA card, one study (Guio 2006);
GenoeCard, one study (Miotto 2008). Daum
2015 and Omar 2016 involved the same pa-
tients, but evaluated different testing strategies
(Daum 2017).

Of the 12 clinical studies, nine studies (75%)

3 PrimeMixTB (PrimeMix) is a commercial polymerase chain reaction (PCR) test https://www.lhnvd.com/

primemix
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were primarily or exclusively conducted in low-
or middle-income countries, which included
South Africa, four studies (Daum 2015; Daum
2016; Omar 2015; Omar 2016; Uganda, one
study (Kelly-Cirino 2017); Nepal, two studies
(Maharjan 2016a; Maharjan 2016b); Malawi, one
study (Asefa 2017); and Kyrgyzstan, one study
(Robinson 2017). One study was conducted in
Japan (Guio 2006) and one study in ltaly (Miotto
2008). One study (Kelly-Cirino 2016) obtained
specimens from the FIND TB specimen bank.
Regarding laboratories, one study (Asefa 2017)
involved an intermediate laboratory, one study
(Daum 2015) involved a central and several pe-
ripheral laboratories, and one study (Robinson
2017) involved all three levels. All other stud-
ies involved central laboratories. The median
sample size was 100 specimens (interquartile
range, 50, 180). The median TB prevalence in
the studies was 48% (interquartile range, 31%
to 85%). Four of the included studies (Asefa
2017; Daum 2015; Guio 2006; and Omar 2016)
reported a median or mean age, which ranged
from 40 to 51 years.

The 12 clinical studies were notable for differ-
ences in study design, patient population, di-
agnostic tests used, and testing strategies.
Only three (Daum 2016; Kelly-Cirino 2016;
Maharjan 2016a) of the 12 included clinical
studies included a pure “transport product
versus no product” comparison. In the re-
maining nine studies, the storage temperature
(OMNIgeneeSPUTUM: Asefa 2017; Maharjan
2016b; Robinson 2017), the diagnostic tests
used (PrimeStore MTM: Daum 2015; Omar
2015; Omar 2016) or the timing of the diag-
nostic tests (OMNIgeneeSPUTUM: Kelly-Cirino
2017) differed between the two testing strate-
gies that were being compared, or there was
only one testing strategy evaluated (FTA card:
Guio 2006; GenoeCard: Miotto 2008). Thus,
in these nine studies, the effect of the product
alone could not be disaggregated from other
factors that may influence results. For the three
studies that had different storage temperatures
in each strategy (Asefa 2017; Maharjan 2016b;

Robinson 2017), it should be noted that they
sought to evaluate whether a testing strategy
with OMNIgeneeSPUTUM offered comparable
performance to the standard of care strategy
in the study setting, which involved using re-
frigeration, and were not designed to evaluate
whether performance was similar or improved
compared to ambient conditions. No studies
kept control specimens (no product) for extend-
ed periods under ambient conditions. Testing
either happened immediately, or after a period
of refrigeration.

3.2.2.1 Clinical studies involving HIV-positive
people and children — Molecular detection

HIV-positive patients and children often have
specimens that are paucibacillary®, which may
be more susceptible to degradation of the bacilli
with loss of viability or degradation of the bacte-
rial DNA under ambient conditions. Three studies
reported information on HIV status: 80% of par-
ticipants in Asefa 2017 (n = 313) were HIV-posi-
tive and in Daum 2015 (n = 132) and Omar 2016
(n = 123), which included the same participants,
50% of participants were HIV-positive.

In Asefa 2017, Xpert positivity rates were
comparable across strategies (the un-
treated strategy used refrigeration and the
OMNIgeneeSPUTUM-treated  strategy was
done at ambient temperatures). In Daum 2015
and Omar 2016, Xpert on untreated specimens
and PrimeMix on PrimeStore MTM-treated
specimens had similar performance. In Daum
2015, untreated specimens were tested with
Xpert within 24 hours and treated specimens
were shipped at ambient temperature to a
central laboratory and tested with PrimeMix. In
Omar 2016, untreated specimens were tested
with Xpert at a peripheral laboratory or shipped
to a central laboratory (conditions not specified).
Treated specimens were sent twice weekly at
ambient temperature to a central laboratory ap-
proximately 500 km away.

In Daum 2015, there did not appear to be a
difference with respect to HIV status although

4 Theron G, Peter J, van Zyl-Smit R, Mishra H, Streicher E, Murray S, Dawson R, Whitelaw A, Hoelscher M,
Sharma S, Pai M, Warren R, Dheda K. Evaluation of the Xpert MTB/RIF assay for the diagnosis of pulmonary
tuberculosis in a high HIV prevalence setting. American Journal Respiratory and Critical Care Medicine

2011;184(1):132-40.
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numbers were low: 3/21 (14%) specimens were
PrimeMix positive and Xpert negative among
HIV-positive patients compared with 4/18 (22%)
specimens among HIV-negative patients. Asefa
2017 and Omar 2016 did not provide results
stratified by HIV status. Although children were
included in Asefa 2017 (age range of partici-
pants from two to 79 years), there were no spe-
cific data for children.

3.2.2.2 Clinical studies including smear-
negative specimens

Sputum preservation and transport products
may have more utility in low bacillary load speci-
mens, which may be more vulnerable to losing
viability or be overgrown by contaminating mi-
crobes on culture. With respect to smear, ten
studies (83%) included both smear-positive
and smear-negative (culture-positive) speci-
mens, with the percentage of smear-negative
specimens ranging from 3% to 50%. One study
(Daum 2016) included only smear-positive
specimens; one study (Asefa 2017) could not
determine smear status because the majority of
patients (77%) were not evaluated by micros-
copy; and for one study (Robinson 2017) the to-
tal number of smear-negative specimens could
not be determined. Three studies included only
a few smear-negative (culture or Xpert posi-
tive) specimens: Maharjan 2016a, one smear-
negative specimen (3%); Maharjan 2016b, eight
smear-negative specimens (16%); and Miotto
2008, five smear-negative specimens (31%).
Six studies had higher numbers of smear-
negative (culture- or Xpert-positive) specimens:
Daum 2015, 15/38 (39%); Guio 2006, 13/35
(87%); Kelly-Cirino 2016, 20/55 (35%); Kelly-
Cirino 2017, 14/45 (831%); Omar 2015, 13/26
(50%); and Omar 2016 16/41 (39%). In Kelly-
Cirino 2016, when compared across strategies
and stratified by smear status, the rates of Xpert
positivity were similar. In Kelly-Cirino 2017,
Xpert data stratified by smear status were not
presented.

None of the aforementioned six studies includ-
ed data stratified by smear status and compar-
ing rates of culture positivity or time to positivity
across untreated and treated strategies.

3.2.2.3 Clinical studies and drug resistance
testing

Although the number of resistant specimens in
the included studies was very low, there were
no significant differences reported between the
untreated and treated strategies.

3.2.2.4 Clinical studies including a pure
“transport product versus no product”
comparison

In the three clinical studies (Daum 2016; Kelly-
Cirino 2016; Maharjan 2016a) that performed a
pure comparison between untreated and treat-
ed strategies, rates of LJ culture positivity (Ma-
harjan 2016a, OMNIgeneeSPUTUM) and Xpert
positivity (Daum 2016, PrimeStore MTM; Kelly-
Cirino 2016, OMNIgeneeSPUTUM) appeared
similar. In the one study (Maharjan 2016a)
that assessed the culture contamination rates,
contamination in LJ culture was significantly
reduced in the OMNIgeneeSPUTUM-treated
strategy compared with the untreated strategy
(12% vs 2%; P = 0.028). In Maharjan 2016a,
both strategies involved transport (0-8 days) at
ambient temperatures to the laboratory.

One study (Kelly-Cirino 2016) reported that the
Xpert MTB/RIF error rate was high (33%) when
OMNIgeneeSPUTUM-treated specimens were
tested directly without the addition of Xpert sam-
ple reagent. However, the errors were resolved
on repeat testing when OMNIgeneeSPUTUM-
treated specimens were centrifuged and the
sediments mixed with GeneXpert sample re-
agent prior to Xpert testing.

In another study (Maharjan 2016a) that reported
time to culture positivity (LJ), the average time
was identical, being 23 days in both strategies.

3.2.2.5 Clinical studies grouped by product
OMNIgene*SPUTUM

The six included studies (Asefa 2017; Kelly-Ciri-
no 2016; Kelly-Cirino 2017; Maharjan 2016a;
Maharjan 2016b; Robinson 2017) reported sim-
ilar rates of smear-positivity across strategies.
For culture, Robinson et al., used refrigeration in
the untreated strategy and reported higher rates
of positivity for LJ and MGIT 960 in the treated
strategy with no difference in contamination
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rates (Robinson 2017). Maharjan 2016a (LJ
only) and Kelly-Cirino 2017 (LJ and MGIT 960),
however, reported similar rates of culture posi-
tivity across strategies and significantly reduced
LJ contamination rates in the treated strategy.
In Maharjan 20163, the untreated strategy in-
volved transport at ambient temperature. In
Kelly-Cirino 2017, in the untreated strategy,
culture was done on fresh specimens on the
day of collection, whereas in the treated strat-
egy, specimens were held at room temperature
for up to five days and transported on different
days for culture.

Regarding NAATs and OMNIgeneeSPUTUM,
Asefa 2017 found similar positivity and er-
ror rates across strategies for Xpert. Maharjan
2016b also found that Xpert positivity rates and
Xpert error rates were similar. Likewise, Robin-
son 2017 reported similar Xpert positivity rates
and rifampicin resistant rates.

In the studies that evaluated time to culture
positivity and OMNIgeneeSPUTUM, Kelly-
Cirino 2017 found that treated specimens be-
came MGIT culture positive, on average, 5.6
days later than the untreated specimens and,
in the treated strategy, observed an increase
in time to positivity associated with prolonged
storage time. Robinson 2017 reported similar
time to positivity for LJ and MGIT 960 across
strategies. As noted above, (Maharjan 2016a)
reported the average time to culture positivity
(LJ) to be 23 days in both untreated and treated
strategies.

PrimeStore Molecular Transport Medium
(MTM)

Daum 2015 found that PrimeStore MTM-treat-
ed sputum specimens had a rate of Xpert posi-
tivity (30%) similar to PrimeMix (33%) (used in
combination with the PrimeXtract DNA extrac-
tion platform) on untreated sputum specimens.
In a study using stored specimens from smear-
positive and Xpert-positive patients (n = 17),
Daum 2016 found the Xpert positivity rate to be
100% in both untreated and treated strategies.
In addition, the same specimens were Xpert ri-
fampicin resistant in both strategies and Xpert
cycle thresholds appeared not to differ signifi-
cantly across strategies. Daum 2016 included
a pure “transport product versus no product”
comparison. Using PrimeStore MTM-treated
specimens, Omar 2015 found PrimeMix to yield
a positivity rate of 100% (13/13) in smear-pos-
itive culture-positive patients and 54% (7/13) in
smear-negative culture-positive patients. Omar
2016 found that PrimeMix rates of positiv-
ity were similar to those of Xpert on untreated
specimens.

FTA card and GenoeCard

Using FTA card, Guio 2006 found an in-house
PCR to have a sensitivity of 82% (95% CI 60,
95) in smear-positive culture-positive patients
compared with 69% (95% CI 38, 91) in smear-
negative culture-positive patients. Specificity
was 96% (95% CI 89, 99). Using GenoeCard,
Miotto 2008 found an MTBDRplus positivity
rate of 90% and that GenoeCard enabled de-
tection of four out of six smear-negative speci-
mens. Neither study included a pure “transport
product versus no product” comparison, as
only one strategy was included.
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4. FIND evaluation study for the use of OMNIgeneSPUTUM

4.1 Study design

A laboratory-based analytical study using
pooled, remnant clinical sputum specimens
which were all AFB smear positive was con-
ducted at the National TB Reference Labora-
tory (NTRL) in Addis Ababa, Ethiopia and at the
Unidad de TB del Instituto de Medicina Tropical
in Lima, Peru.

The objectives of the study were to

e To assess comparative effectiveness of
OMNIgeneeSPUTUM versus standard pro-
cessing using NALC-NaOH in reducing cul-
ture contamination, and maintaining MTB
viability across a range of experimental con-
ditions (varying storage time and tempera-
ture), and

e To investigate if there were any negative
effects of OMNIgeneeSPUTUM on the abil-
ity to detect MTB with molecular assays.

Remnant freshly collected expectorated sputum
specimens that had arrived at the laboratory
within 24 hours after collection were included
in the study. All of these specimens were AFB
smear-positive sputum specimens that had been
submitted for diagnostic testing and had not un-
dergone any processing. Specimens from per-
sons under 18 years of age and from patients on
treatment were excluded. Specimens from each
patient meeting the above inclusion criteria were
mixed, using vortex and glass beads, and then
split into multiple aliquots of approximately 0.5ml.

Both sets of aliquots were then randomly as-
signed to a defined experimental condition to
simulate a range of conditions that samples un-
dergo during transport from peripheral to cen-
tral laboratories.

e 1 day (24h) at 4°C (150 aliquots per site)
representing optimal conditions for speci-
men transport where cold conditions are
maintained and specimens are transported
rapidly

e 8 days (192h) at 37°C (200 aliquots
per site) representing sub-optimal condi-
tions where no cold storage is available,
temperatures are high and specimens are

in transit for a prolonged period of time
(8 days also represents the maximum time
period that a specimen should be kept in
OMNIgeneeSPUTUM according to the
manufacturer)

e 4 days (96h) at 25°C (150 aliquots per
site) reflect conditions representing mid-
points between the favourable and unfa-
vourable conditions and reflect conditions
typically encountered in high-TB burden
countries

e 16 days at 25°C (10 aliquots per site) re-
flect conditions that may be encountered in
performing a nationwide drug resistance or
prevalence survey.

The aliquots were treated with either an equal
volume of OMNIgeneSPUTUM or with standard
NALC-NaOH processing. Aliquots were inocu-
lated on MGIT and LJ culture media and incu-
bated for six and eight weeks respectively. The
Xpert MTB/RIF assay was performed on each
specimen (Figure 2).

4.2 Findings from the FIND Evaluation
of OMNIgene*SPUTUM

4.2.1 Culture positivity

The proportions of aliquots positive by LJ or
MGIT culture for MTB complex were evaluated
comparing the positive proportion of specimens
treated with OMNIgeneeSPUTUM with those
processed using standard NALC-NaOH. The
proportions of aliquots with positive culture re-
sultsamong the different experimental conditions
were assessed. Using OMNIgeneeSPUTUM,
a total proportion of 0.88 of aliquots (95% ClI
0.85-0.91) were positive by LJ as compared to
only 0.79 of aliquots (95% CI 0.73-0.84) treated
with NALC-NaOH. This difference was statisti-
cally significant (p < 0.001). Using MGIT culture,
a total proportion of 0.88 (0.81-0.87) aliquots
were positive using OMNIgeneeSPUTUM as
compared to 0.84 (0.81-0.88) using NALC-
NaOH (not statistically significant). An analysis
by the different examined conditions did not
show a statistically significant difference be-
tween OMNIgeneeSPUTUM and NALC-NaOH.
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Collection site

Figure 2: FIND field evaluation study for the use of OMNIgene*SPUTUM

Leftover sputum specimens
ISample transport
(same day)
ples pooled and divided into ~0.5ml aliquots
Half of aliquots randomly Half of aliquots randomly
allocated to be N-N-aliquots allocated to be OGS-aliquots
N-N- 0GS-
aliquots aliquots
Add 1:1
OM-SPD
Expose sets of two aliquots (one OGS-aliquot and one N-N-aliquot) to defined experimental

Culture & DST laboratory

NALC-NaOH
Decontamination

Centrifuge, discard supernatant
and resuspend pellet in 1.5ml PBS|

500u¢ 200u 5004 soui

KN

e Using the day 1 condition among LJ cul-
tures, aproportion of 0.89(95% C10.82-0.93)
were positive using OMNIgeneeSPUTUM as
compared to 0.84 (95% Cl 0.77-0.89) us-
ing NALC-NaOH. Using MGIT, a proportion
of 0.88 (95% Cl 0.81-0.912) were posi-
tive using OMNIgeneeSPUTUM as com-
pared to 0.86 (95% CI 0.80-0.91) using
NALC-NaOH.

e Using the 4 day condition, a proportion of
0.88 (95% CI 0.82-0.92) were positive using
OMNIgeneeSPUTUM on LJ, while only 0.76
(95% CI 0.36-0.95) were positive using NA-
LC-NaOH. Proportions using MGIT at day 4
were similar, with 0.88 (95% Cl 0.82-0.92)
using OMNIgeneeSPUTUM and 0.84 (95%
Cl 0.60-0.95) using NALC-NaOH.

e Using the 8 days condition, among LJ
aliquots, 0.86 (95% CI 0.79-0.91) were
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positive using OMNIgeneeSPUTUM as com-
pared to only 0.76 (95% CI 0.36-0.95) us-
ing NALC-NaOH. Using MGIT, the positive
proportion was 0.88 (95% Cl 0.82-0.92) us-
ing OMNIgeneeSPUTUM compared to 0.83
(95% CI 0.75-0.89) using NALC-NaOH.

e Using the 16 days condition, among
LJ aliquots, 0.90 (95% CI 0.69-0.98) were
positive using OMNIgeneeSPUTUM as com-
pared to only 0.72 (95% CI 0.34-0.93) us-
ing NALC-NaOH. Using MGIT, the positive
proportion was 0.91 (95% CI 0.7-0.98) us-
ing OMNIgeneeSPUTUM compared to 0.90
(95% CI 0.68-0.99) using NALC-NaOH.
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4.2.2 Culture contamination

The proportions of aliquots that were con-
taminated on LJ or MGIT culture were evalu-
ated comparing the proportion of specimens
treated with OMNIgeneeSPUTUM with those
processed using standard NALC-NaOH. The
proportions of aliquots with contaminated cul-
ture results among the different experimental
conditions were assessed. The overall propor-
tion of contaminated aliquots was 0.17 (95%
Cl 0.12-0.23) with OMNIgeneeSPUTUM using
LJ culture as compared to 0.32 (95% CI 0.2-
0.47) using NALC-NaOH, a statistically sig-
nificant difference (p < 0.001). Using MGIT, the
proportion of contaminated aliquots was 0.15
(95% CI 0.12-0.19) using OMNIgeneeSPUTUM
compared to 0.19 (95% CI 0.09-0.32) using
NALC-NaOH (not statistically significant). An
analysis by the different examined conditions
only showed a statistically significant difference
in overall LJ contamination rate.

e Using the day 1 condition,
OMNIgeneeSPUTUM-treated aliquots had
a proportion of 0.12 (95% CI 0.08-0.18)
contamination on LJ as compared to 0.18
(95% CI 0.12-0.26) using NALC-NaOH. For
MGIT, the proportion of contamination ob-
served with NALC-NaOH was 0.18 (95% ClI
0.12-0.26) compared to 0.14 (95% CI 0.09-
0.21) using OMNIgeneeSPUTUM.

e Using the day 4 condition,
OMNIgeneeSPUTUM-treated aliquots had
a lower contamination rate on LJ with a pro-
portion of 0.2 (95% CI 0.14-0.27) compared
t0 0.39 (95% CI 0.27-0.51) of NALC-NaOH
treated aliquots. This difference was statisti-
cally significant (p < 0.001). Contamination
rates were also lower for aliquots inoculat-
ed into MGIT with a contamination rate of
0.22 (95% CI 0.16-0.3) using NALC-NaOH
compared to 0.15 (95% CI 0.1-0.22) using
OMNIgeneeSPUTUM.

e Using the day 8 condition,
OMNIgeneeSPUTUM-treated aliquots had
a proportion of 0.2 (95% CI 0.15-0.28) con-
tamination on LJ as compared to 0.31 (95%
Cl 0.23-0.39) using NALC-NaOH treated
aliquots. Among MGIT aliquots, the propor-
tion of contaminated aliquots was 0.2 (95%

Cl 0.13-0.29) using OMNIgeneeSPUTUM
and 0.18 (0.13-0.26) using NALC-NaOH.

e Using the day 16 condition,
OMNIgeneeSPUTUM-treated aliquots had a
proportion of contamination of 0.09 (95% ClI
0.02-0.3) with both LJ and MGIT, compared
to contamination rates of NALC-NaOH
treated aliquots of 0.6 (95% CI 0.25-0.87)
using LJ and 0.14 (95% CI 0.04-0.38) with
MGIT.

4.2.3 Time to culture positivity

Overall and for all examined conditions, an
increase in time-to-positivity was noted for
OMNIgeneeSPUTUM-treated aliquots com-
pared to NALC-NaOH treated aliquots. The over-
all time-to-positivity for OMNIgeneeSPUTUM-
treated aliquots was 12.86 days (95% ClI
9.73-15.98) compared to 9.95 days (95% ClI
6.47-13.44) for NALC-NaOH treated aliquots,
a statistically significant difference (p < 0.001).

4.2.4 Xpert MTB/RIF positivity,
indeterminate and invalid rates

To determine the impact of OMNIgeneeSPUTUM
on Xpert MTB/RIF results, the proportion of
aliquots positive by Xpert MTB/RIF and the
proportion of aliquots with indeterminate or in-
valid results were analyzed. Overall, there was
no statistically significant difference in propor-
tions of aliquots with positive Xpert MTB/RIF
results, regardless of processing methodol-
ogy. For OMNIgeneeSPUTUM-treated aliquots,
this corresponded to 0.88 (95% CI 0.85-0.91)
as compared to 0.89 (95% CI 0.86-0.92) for
NALC-NaOH-treated aliquots. The positive pro-
portion rates were comparable across all exam-
ined conditions for both OMNIgeneeSPUTUM
and NALC-NaOH. Overall, the proportion of
Xpert MTB/RIF positive and unsuccessful re-
sults, were similar across the two laboratories.
Across all examined conditions, the propor-
tions of rifampin-resistant Xpert MTB/RIF were
similar and not statistically significantly different.
Xpert Ct-values were almost identical between
OMNIgeneeSPUTUM and NALC-NaOH for all
probes and across all conditions, with no sig-
nificant trends in either direction.
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4.2.5 OMNIgene*SPUTUM Cost analysis

A comprehensive laboratory-based  bot-
tom-up micro-costing comparing decon-
tamination of sputum specimens using the
OMNIgeneeSPUTUM and the routine de-
contamination procedure using NALC-NaOH
method was conducted by FIND in Ethiopia
and Peru. A range of unit cost relative to var-
ied workload levels were captured based on the
Time and Motion (TAM) study using direct ob-
servation method. Using an estimated unit price
of USD 1.15 per ml of OMNIgeneeSPUTUM,

the study demonstrated that laboratory-based
decontamination using OMNIgeneeSPUTUM
would be cheaper if average processed sputum
volumes are less than 1 ml (actual observations
were made for split specimens with volumes
of 0.5ml). However, given that the cost of de-
contamination using OMNIgeneeSPUTUM de-
pends highly on the patient specimen volume,
it is likely that the cost per specimen would be
higher than the NALC-NaOH method in rou-
tine laboratory practice or in scenarios in which
OMNIgeneeSPUTUM would be added at the
point of collection prior to specimen transport.
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5. Technical Expert Group consensus

The TEG agreed that there was no evidence to
suggest that ambient conditions result in a sig-
nificant deterioration in downstream diagnostic
test performance compared to untreated speci-
mens transported under ambient conditions
for molecular tests. The TEG noted that there
was no evidence that sample transport prod-
ucts improved the yield of molecular methods
compared with untreated specimens. However,
the TEG agreed that there is a need for a trans-
port product to improve recovery of MTB using
culture-based methods. The limited evidence
from the FIND conducted study suggests that
OMNIgeneeSPUTUM-treated specimens may
improve the culture positivity and contamination
rates for LJ. The effect of OMNIgeneeSPUTUM
on MGIT positivity and contamination rates was
much smaller and was inconsistent, making in-
terpretation for MGIT difficult.

There was no evidence to suggest Xpert MTB/
RIF performance was adversely affected by
treatment with  OMNIgeneeSPUTUM  when
specimens were treated with the GeneXpert
sample reagent before loading into the Xpert
MTB/RIF cartridges. However, it should be
borne in mind that the addition of both GeneX-
pert sample reagent and OMNIgeneeSPUTUM
to a specimen will have a greater dilutionary ef-
fect than either solution alone. This effect will
likely have the biggest impact in smear-negative
or Xpert-negative culture-positive specimens,
for which there are limited data. One way to
mitigate the potential increased frequency of
false-negative results would be to centrifuge
OMNIgeneeSPUTUM treated specimens, and
resuspend the pellets in GeneXpert sample re-
agent, however, the availability of centrifuges
in Xpert testing sites is very limited. The TEG
agreed that in routine practice, sputum speci-
mens treated with OMNIgeneeSPUTUM should
be centrifuged prior to adding the GeneXpert
sample reagent.

There was limited evidence to suggest that,
when forming part of a diagnostic strategy in-
volving culture (OMNIgene® SPUTUM) or a rapid
molecular test (OMNIgene®SPUTUM, PrimStore
MTM, GenoeCard or FTA Card), the use of
commercial transport products under ambient

conditions results in downstream TB test per-
formance comparable to untreated specimens
transported using refrigeration. Furthermore
there was little evidence that short-term cold
storage helped. The TEG agreed that there
was limited evidence to suggest that commer-
cial transport products improved TB test per-
formance compared to untreated specimens
transported under ambient conditions for cul-
ture, but no evidence of improved performance
with molecular tests.

Of the 17 studies evaluated in the systematic
review, few studies had low risk of bias in every
domain, which decreased the confidence of the
TEG in the findings. Only three of the 12 clinical
studies included a pure comparison between
untreated and treated strategies

5.1 Products meeting optimal and minimal
requirements in the TPP

The TEG agreed that OMNIgeneeSPUTUM was
the only product that met most of the minimal
TPP characteristics, for specimens to undergo
mycobacterial culture with the ability to undergo
additional testing on the culture isolate, however,
more data are needed on product stability and
cost. In addition, OMNIgeneeSPUTUM did not
meet the optimal performance characteristics
for the recovery of MTB, the required number of
steps needed at the health care facility, transport
stability and training needs. This assessment can
help inform the optimization of existing products
and the design of new products.

Of the domains applicable to the other prod-
ucts included in this review (which, unlike
OMNIgeneeSPUTUM, were not designed for use
with culture), none met the minimal characteris-
tics for transport stability, and only PrimeStore
MTM and GenoeCard met the minimal char-
acteristics for the health care facility steps and
training domains. Like OMNIgeneeSPUTUM,
the other products also lacked data in the prod-
uct stability and cost domains.

The TEG noted that there were very limited
data available that assessed the performance
of transport products in testing specimens from
patients with smear-negative TB or in testing
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specimens from MDR-TB patients requiring cul-
ture for treatment monitoring. The fragile bacilli
from treatment monitoring specimens (which
are also paucibacillary) are likely to even be more
adversely affected by OMNIgeneeSPUTUM but
further evidence is needed. The TPP is likely to
be most applicable for the testing of specimens
from patients with paucibacillary TB such as
HIV-infected individuals and children especially
those who are Xpert MTB/RIF negative and thus
require additional diagnostic evaluations.

5.2 Use of OMNIgene*SPUTUM to replace
transport under refrigeration

Considering the use of OMNIgeneeSPUTUM
as an alternative to refrigeration for specimen
transportation for culture, the TEG agreed that
there was insufficient evidence to demonstrate
that culture performance significantly improved
when using this sample transport product.
When comparing OMNIgeneeSPUTUM-treated
specimens at ambient temperature with re-
frigerated storage the evidence suggested
that the positivity rates on LJ and MGIT were
comparable.

Considering the use of OMNIgeneeSPUTUM as
an alternative to refrigeration for XpertMTB/RIF
testing, the TEG agreed that the performance of
XpertMTB/RIF testing on OMNIgeneeSPUTUM-
treated specimens at ambient temperature
is equivalent to Xpert MTB/RIF testing on un-
treated specimens with refrigeration. However,
the TEG also agreed that there was no evidence
suggesting that refrigeration improved Xpert
performance over ambient conditions.

5.3 OMNIgene*SPUTUM as an alternative
for processing specimens for culture

Considering the use of OMNIgeneeSPUTUM
as an alternative to NALC-NaOH for specimen
processing the TEG found that there was lim-
ited evidence from the FIND evaluation study
that OMNIgeneeSPUTUM-treated specimens
may achieve lower contamination rates on
LJ media compared to NALC-NaOH-treated
specimens. MGIT contamination rates with
OMNIgeneeSPUTUM versus NALC-NaOH were
comparable at all time points considered.

There was a consistent effect of increased posi-
tivity on LJ, whereas results were variable and
inconsistent for the use of OMNIgeneeSPUTUM
on MGIT culture However, an increase in the
time to culture positivity in MGIT was seen with
OMNIgeneeSPUTUM-treated specimens com-
pared with those treated with NALC-NaOH.
The TEG agreed that for OMNIgeneeSPUTUM-
treated specimens, the increase in time to cul-
ture positivity observed in MGIT may reflect
an increase in mycobactericidal activity of
OMNIgeneeSPUTUM compared with NALC-
NaOH. The TEG considered that the effect of
an increase in time to culture positivity may be
more pronounced in paucibacillary specimens
(e.g. from HIV-infected individuals and chil-
dren) or specimens collected from patients on
treatment.

It was postulated that OMNIgeneeSPUTUM
when used as a specimen decontamination
reagent (added at the point of collection or in
the culture facility) may have benefit in mini-
mising the time required to decontaminate
specimens compared to NALC-NaOH as the
same strict timing of treatment of specimens
with NALC-NaOH time does not apply for
OMNIgeneeSPUTUM which could permit larg-
er batches of samples to be processed at the
same time.

5.4 Use of commercial sample transport
products for performing molecular tests

OMNIgeneeSPUTUM did not negatively impact
downstream testing of sputum specimens with
Xpert MTB/RIF assay across all outcome mea-
sures. There was no effect on Xpert positivity.
However, one study reported a high error rate
when OMNIgeneeSPUTUM treated specimens
were directly loaded in to the Xpert cartridge
without the addition of the GeneXpert sample
reagent. Under routine conditions, the addition
of OMNIgeneeSPUTUM to sputum specimens
would require centrifugation and the addition
of GeneXpert sample reagent to the sediment
prior to GeneXpert testing. As centrifuges may
not be available in laboratories where GeneX-
pert is used, OMNIgeneeSPUTUM should not
be added to specimens that will undergo Xpert
MTB/RIF testing.
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PrimeStore MTM is mycobactericidal and ren-
ders MTB non-viable and unsuitable for culture.
The performance of Xpert MTB/RIF was unaf-
fected by treatment with PrimeStore MTM. FTA
card and GenoeCard do not kil MTB and are
a possible option to transport specimens for
testing with WHO recommended molecular
methods including Xpert and line probe assays.
However, none of the molecular transport prod-
ucts improved the yield of molecular methods
compared with untreated specimens.

5.5 Conclusion

Of the 17 studies identified in the systematic re-
view only three studies had a low risk of bias in
every domain, which decreased the confidence
in the findings. Only three of the 12 clinical
studies included a pure comparison between
untreated and treated strategies. The limited
number of a pure “transport product versus no
product” comparison was a major limitation of
the available evidence. In the FIND evaluation
study of OMNIgeneeSPUTUM, only smear-pos-
itive remnant sputum specimens were used.

Smear-negative specimens and specimens
from patients on treatment were not included.
The TEG agreed that the greatest benefit for
the use of a transport product would be in pre-
serving the viability of TB bacilli in paucibacillary
specimens for culture or to improve the recov-
ery of any viable bacilli in patients requiring cul-
ture for treatment monitoring.

Based on two sets of data (i.e. the systematic re-
view and the FIND conducted evaluation study)
the TEG concluded that testing strategies using
commercial transport products did not clearly
show consistent improvement over conven-
tional culture methods for reducing contamina-
tion or for increasing yield from culture although
some improvements in reduced contamination
rates and culture positivity were observed us-
ing LJ media. The need for centrifugation of
specimens treated with OMNIgeneeSPUTUM
to prevent the dilution effect of having to add an
additional equal volume of GeneXpert sample
reagent presents a potential drawback for its
use with sputum specimens undergoing Xpert
MTB/RIF testing at peripheral sites where cen-
trifuges are often not available.
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6. Research priorities

The TEG recommended that future studies use
study designs that allow true “transport product
versus no product” comparisons and hence
use the same diagnostic test(s) and transport
and storage conditions in each strategy. This
would enable researchers to measure the ef-
fect of “the product” alone. The TEG suggested
that any future studies include more smear-
negative or Xpert-negative specimens and in-
clude paucibacillary specimens from children
and HIV-infected individuals or provide other
evidence that any increase in culture time to
positivity would not outweigh any benefit of a
sample transport product. Further evidence for
the use of OMNIgeneeSPUTUM in treatment
monitoring is needed especially since the bacilli
from patients on treatment may be more frag-
ile and more likely to be adversely affected by

OMNIgeneeSPUTUM. Future studies should
also evaluate the compatibility of products with
other WHO-approved molecular tests such as
line probe assays.

Given the need for improved sample transport
products for culture and the importance of ad-
dressing the remaining knowledge gaps on ef-
fectiveness in paucibacillary specimens and in
specimens for treatment monitoring, WHO sup-
ports the procurement of OMNIgeneeSPUTUM
for operational research purposes. FIND have
developed a a study protocol template that
countries could use for operational research
which is available at:

https://www.finddx.org/wp-content/up-
loads/2017/08/0OmniGene-sputum_protocol-
template_15AUG2017.pdf



7. Annexes

*2JN} N PajeUIWLBIUOD B 0} 8su oAl 1ey) ojdwes e Buljeuiuueluoosp-al Usym Jo swi Jo spouad pebuojoid 4oy Isuel) Ul useq sey ajduwes e )i HOBN %1 01 buiuosal "6
uolrenyis ey} 0} Buipioooe areudoidde aiow ayy Buisooyo ‘spoyiew Yiog Aojdws osfe Aew sepoyesoge] AllIgeIn O 1IA JO SSO| Joyealb JO 1500 U} Je Sejel UOIeullUBIuOD

JaMO| BAIB 0} SPUBY YOIYM ‘OAIIRUISYE UOWIWIOD B S| OTVN INOUIM HOBN %+ 'SBUISS 1SOW Ul 9480 JO PIBPUEIS JUSLUNO 84} S| POUIaW (8010NY 9 1U8Y) HOBN-OTVN UL

(TN INOUIAM) POUISL HOBN %1 8U} 10 pouiaW (Boiany| '8 JUsH) HOBN-OTYN 8U Jauiie Se pauljep s! SPOYISLU SUfIN0A JUSLIND, ‘dd 1 SIU} Jo sesodind auy Jo4 9

18610} of payul|) panjoAul 8q o} Ajey1| @1p |py) sBullies Jo spuly om) eIo aley|

ssliojpIoqoT 7
1s0d yjos |
‘[oroqp paguosep SO s1asn

(weysAs a100 yioay
ul uoypjusuws|dwl jo
[ors] 1samoy) Buieg

“Bujuioy Alojoiogo| [pwiulul

AJUo 10 OU BADY UBHO [|IM JDIS B18yM
welsAs 810D YJ|pay 8yj JO [@A8] DISDg 1P|
10 1s0d yjjpsy D &g ADW SIY| "UOIDS||0D
uawidads jo juiod sy} 1o pejusws|dwi aq
o} pajoadxe aq pjnom uoln|os Lodsunl vy

ay} yim Jsey olsoubolp wioped puo pepaau Ji Buissecoid jouolippp wiojied
‘pjel eyl woyy suswioeds sAj@dal OYMm| sepopIogR| Buiaiedal Ul supRIuYde| g7

C_O_QO Or_>>u @c_c_oz \CO,—OLOQD_ _OE_E_E 10 ou r_t\,> w_mv__0>> 2100 L:O@I |
”_U®>_O>c_ ®Q Ql >_®v___ 210 ,:Urt slesn u_O w_Uc_v_ OM| alb m‘_w_._._.

(uswioads

(lusboal sy} ppo pup suswioads

158} 8y Jo Jesn jebio|

*aBupyd Ajsnl
O} SpPOYjeW PIDPUDJs 8s8y 1eA0 soubwio)ad
panoidull MOYS |SNW UOIN|OS [SA0U v/

“spoyjew jusiind o} pa1odwod
Auixe|dwod jusjoainbs 1sps| jo DY

IO UOIDOZIPIDPUDIS PUD SMO|PIOM
Asojpiogo| seyiduwis yoiym puo
'spoylew |SQ yim ejqupdwod Buieq
aliym Ayjigoia DGl Buinoidw 1o /puo
uoloulwpuod Buionpal Ag uswioeds
wninds uo ainynd pijos pup pinby| uo
D1IB|ODGOAU O AloAODaI JO sulig) Ul
(uoliulep 88| spoytew juslINd Sy
uodn ssaoidull yaiym uolnjos podsuol)

"UOIDZIPIOPUDIS PUD

smoppiom Alojoiogpy saijijduwis yoiym
puD ‘spoylew |G Yim a|quoduwod
Buieq ejiym Alljigqoia DgIW
Buircidwi Jo /pup uoipUIWDIUOD
Buionpel Aq (Butise) 1o} passedoid
uswioads Aup uo) ainyno pijos

puo pinbi| uo PLIBIPPGOdAW JO
Alanodel Jo swisj ul (uoliulep

855) spoyjew jusiind sy uodn
senoidwl yoiym uoin|os podsuni|

osn Um_ocm,_:_ \ _OOO

asM papuaiy|

suoypjwr] /suoyoun|dx3 _

Pwuw |

[Pundo |

dHs1IsjORIDYD)

Bunsa) [euonippe

oBJapun 0} AJjige 8y} YUM 42N} Nnd [el}oeqooAw Buniinbas suswioads 10} suonnjos podsued] :91404d 1onpo.d 19bJe] *| Xxauuy

saxauuy L

17



TECHNICAL EXPERT GROUP MEETING REPORT

"8|qpo1jddp so HOPN| %} O}

10 HOPNDTYN JO 850 10} pup 8|qoJIAD 84
pInoys a1njjnd pijos puo pinbl| yiog 10} Djop
A||Pep)] "Spoyiew JO UOIPUIGUWIOD 10 POyl
auynol jusnnd sjondoiddo 1souw ey jsuipbo
spow aq pjnoys uosupduod oy} SjoN|

"auljesg
SIyl Jeno Juswanoldwl s 10jo0j Asy eyl pup
soupwiopiad sulesnq uo juspuadap AlyBiy

s JuswaAoidull Jo Junowo sy} 8ouls papiaoid

S| DlisiiejopInYD edubWIojad dliBWINU

ON "ylog 1o Ajigpia gl Butnoiduwy 1o
uoyouIWPUOD Budnpal Ag peAsiyop eq
Aow siyj puo ‘UsIP|IYD 10 AIH PUD G Yim
siuslind “6e 'g) Aiojjopgionod /g ealpBau
-psws yim sjusiod ‘gl eAlisod-IDaws yim
siuslind Buipnpur ‘gl yim sjusipd o 10j
‘paroidwl aq jsnw jdwiao sinynd ol

8y} uo A1snodsl DG\ JO Siol [|oIsAQ

(Buysay o
1oud eBolols uswidads pepuswwOda]
JO Jiwy] o suswioads Uo 1O uIPYD [00D

ou “B8) suolipuod [pudogns o)
paiodwod Isjieq [Uo108||02 Jo Aop
awos sy} uo pessedoid si uswioads

Jl USAS ' SpOYjaW SUHNOI JuSLIND +
uopisBlyel, uolpuIqUOd syj o} [onb3

2INND [ puo J|OW

ylog uo Ajaiisod-opswi Buoodul
AjnipBau noyjim ‘ucios)|od

jo Aop ewps ayj uo passedoid

s| uswioads Ji usae ' spoyjeu
aulnol juslind + uolpiebiel,
UOHDUIQUIOD 8y} Uy} Jalieg

(Ao grw

JO 8DUDUBJUIDW PUD
uoljoUIWDJUCDSP)
ajpl Aleroodel

DLW [[PIRAO

Sols 1

0._UU._Ur_U ®UCUE._O“_._®n_

"Alojoiogp| ayj

Ul SPOYIeW [DISASS UIDJUIDW O} BUIADY PIOAD
o uppoduw os|o si suswidads JSYo Yiim
Aljiqupdwod lsnsemop “suolpinp jiodsuniy
Buoy ol 1oalgns snyi puo sBuyes [oieydued
Ul P3j28||02 USYO 810 PUD UOHDUIIDIUOD

Jo sl yBiy jo 810 suswidads ssayl Souls
‘oinds a0 adA; uswioads ebin) Asy sy |

suswioads wnyndg

|ooojoud o
aBupyd ou yum ‘Dgly 1o} Bulisey 1oy
passeooid aq Abw oy} uswideds Auy

adAj uswioads jobip|

s pepuau|

suoypjiwI] /suoypup|dxy

[owiuy

[Pwiydo

dlslIsjoRIDYD)




7. Annexes

JuswiuoliAus @CO wCOE:; Ol

abpj|ids Jo aspd Ul pepaau s|p21WeYd Aup pup juabnel 10j AlIDIXO) JO S|eAs] MO

Ajoixo|

'$s8| 10 Adodsoioiw 1oaiip uodn pasog s

o} jus|pAinba &g P|NOYs 8sn Jo 8iis [DHIUL By
10 Ajojosolq lolelay| "sqo| Pazijoiusd 1o (|
$SDJ2) DS Ul suop si Buixiw puo uolN|os jo
UOHIPPO 8y} ‘spoyiew 18yjo 10 HOPNFDTYN
104 “ainsodxa Jo Yysu Buionpal sny) ‘eijusd
yljpay [oleydued “e1 ‘uoloe||02 jo jujod sy
10 auop s wninds Jo Buissedold ou Apusun

Adoosoloiw 1osiip
JO 1Dy} UDY} 8SI0M OU sl Ajajosolg

suolnooeid Ajgjosolq [psieAlun)

Asjosoig

‘Aydwis 1o} peuegerd st | 1|

'paiinbay s oo usboel :uswideds uipped ||
"sBoyos| 10 8Bpjids 1o} |olyusiod ezjwiuiul of
puo sisuipjuod wninds eBio| Bulinbal pioAd
o} uswioeds o} jusBoal Jo olpI WNWIXD

SOlIDI 8UWN|OA PaliNbal WOl UOHDLIDA
o} jsnqol ! | 1z ubyj JejpaiB ou swinjoA
uswjoads o} oljpl so psppo jusboal
JO 8WN|OA !IPf yiim papiroid soiaep
Bunnspew 1o onsia / eppwixoiddo AuQ

Ajjowiuiwu Ajuo sssoaioul

awN[oA uswidads |[DIBA0 (DY) YINs
umop palip jueboal ‘uswiosds

0} pappp jusboel bmmnjuoq.mw:
-5|Buis painspsw-aid :Aiosssosu
SjuSWaINSDaW SWN|OA ON|

Sjuswalnspauw
®E3_0>

"ss@
10 Adoosouoiw il Jo 3su of Ew_o>_:U®_
aq pjnoys Aljiopy 8102 yjjpey i suoynodeaid
Agjosolq Alpssedap| “einsodxe Jo s
[onusiod o sesod Ajljiooy 102 yipay ayj

1o Jauipjuod wnjnds ayj Jo Bujuedo joeday

uoyobnjijued Jo Bullipis

UO{&E IOOZ\U._/QZ CO£ LQ_QEG 10

>>O_+v__0>> QWIS “\»\_O,:O\_OQQ @;D,__DU v

sdajs pswiyj ou ‘[ojoj
sdajs ¢ > “leuipjuod wninds Jo Buluado
8UO UDY} aiow ou :Allj1oD} 81D Yipay Iy

uoyobnjijued

Jo Buiois poyew HOPN|/DTVN

uoy; Jejduwis Alojpiogp| a1njnd iy

sdajs pawiy ou ‘|pjoy sdais g
> 'lauipjuod wnjnds Jo Bujuedo suo
Dy} 80w ou AJ|I9D} 810D YjoaY Iy

siojplado
ayl Aq pswioped aq
o} sdals Jo JequinN|

solsLIsjORIPY [PUoyBIdO

alnjnd il puo | IOW

4log ylim @dusliajiaiul ou pup uolidsjep pup uoyodlidwp YN ‘UoldDIXe
YN Yim eduaiajiejul Jo swiel Ul SADSSD 10jnds|ow Uo j0a)je eAlioBau o

SADSSD

COZUQGU Um._./\/\
yim Ayjiquedwor

wu__m_‘_m._uc._cr_u wuc_oE.\_O“_‘_wn_

suoypjwr] /suoyoup|dx3

oI

[pwydo

U_._w_gm.—UULUF_U




TECHNICAL EXPERT GROUP MEETING REPORT

(lo]oHo| ‘sjonuod |pinpadoid) sedlonid piopupis of IDjIWIS

[o3uoD
Alljon [puleixg

spoyjew aulnol jusind
10} UDY} slow ou :AlojpIogR| BIN|ND 1y

3ISOM [OWIOU AJ|ID} 810D YioeY 1y

SPOYjeW SUlNOI JusLNd
10} upyj sse| :Alojpiogo| 81nind 1y

SISDM OU AJI|IoD 810D Y08y Iy

|[Psodsip eISoAA

juswinsul oNJ

uolpjusWINISU|

abpiojs 1o} s|gissod Ajuo Jjesit 1onpoid
ayl Jo Buizeay ‘Alplwny %0/ 'D.5¢€

1o o dn puo D 0| MoJeq Syuow 7 |
10} 8bpiols 8jpIs|O} P|NOYS 19NPOI4

oBoioys

10§ 8|gissod Ajuo Jjasyi jonpoid ey jo
Buizeayy (0,06 10 sApp g iodsupiy
Bunnp ssaljs sjoIs|0} Of 8|qP 8]
pInoys ‘Aupiuny %06 "De01 O

dn pup D, 0| MOJeq syuow {7

10} ebolojs ejoIe|o} pINoys 1PNPoly

Jusboal

/ 1} 1581 jo Alljiqoig

jlodsupij Joj sieujpjuod
|proeds 1of pasu ou ‘paiinbel jou
uolnylisuodel ‘jusboal puseie z o dn

podsupiy
10} S18UIPJUOD |DI2ads J0j pssu ou
I} UOHD8||0D UlyliM PaUIDIUOD|eS

s|oueipw /sjuaboey

Bulssy pup
Buisseooud Jeypny
a10jeq paiinbal

sinoy g > soinuiw OF > SWl} WNWIUNA
jlodsupy Bunnp

shop shop 0Og SWl} WNWIXD\A

Apiuiny Alpiuny %06 podsunyy

%0/ 'D 4O PUD O usemiaq Buipis|ol "D 0G pup O usemieq Buypisiol | Buunp sinpiedws
"iodsupl} Bulinp s|qois 1onpold "liodsupiy Bunp e|qois 1onpoly 8|qpidecoy

soysispRIDYd [PuoypIedO

20



7. Annexes

‘JusBoal aAlsuadxe aiow sI YN 9ouls
‘ledpay s1 8uo|D HOPN] 1Py} 8jou sy

(PaIoUIWDIUOD I 8INYjND Isil)

8y} alaym saspD Ul) uswioads Jayjoun Jiugns
o} paau jou op oym sjusipd of sBulaos
ainjjn>joadel Buipioao ul sBuios
uolpIebiilel 10§ pasu BuipioA ioj sBuiAbs
qpo| 8y} Ul mojpjiom paroidul

pup Jnoqo| peonpal Joj sBujaps [olusiod
:sppadsp Buimojjof ey} Bupiepisuod

'sBuiaps [puolippo |olusiod sjpdidluo
pInom am Inq '1s02 [olsjow HOPN-DTYN
1suipBo Buppowydueq [PIIUL UO PesDq St SIY|

"uoljolepIsUOD ojul sjso0d Buiddiys
&0} Of pssu pjnom eduid [oulf SNYL 'SYIoMX@
palepisuod alp sjebio} edud esay) 1oyl sloN|

g [sjusBoal)
jo uswioads o 1o} 81D sjebipy eoud esay| $sny s $SNZ S | se|gowinsuod Jo 50D
Buiouy
Buiuioyy
Alojpiogp) [pwiuiw yiim [guuosied Ajuo suoyonisul pio gol /epinB
yijoay Jof Buiuiply pejooipsp sinoy 7 S | [onsia yim jissul eBoyond Jo meirsy Buuiol]

solsLIsjORIPY [PUoyBIdO




TECHNICAL EXPERT GROUP MEETING REPORT

Annex 2: References to reports identified
in the systematic review

Included studies

1. Asefa 2017

Unpublished data only

Asefa W, Neri S, Dalebout S, Trusov A, Nalikung-
wi R, Ahmed E, Weirich A, Curry PS, Dimba A,
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sputum samples to Xpert® MTB/RIF testing in
Malawi. Manuscript in preparation, 2017.

2. Daum 2014

Daum LT, Choi Y, Worthy SA, Rodriguez JD,
Chambers JP, Fischer GW. A molecular trans-
port medium for collection, inactivation, trans-
port, and detection of Mycobacterium tubercu-
losis. International Journal of Tuberculosis and
Lung Disease 2014;18(7):847-9.

3. Daum 2015

Daum LT, Peters RP, Fourie PB, Jonkman K,
Worthy SA, Rodriguez JD, et al. Molecular de-
tection of Mycobacterium tuberculosis from
sputum transported in PrimeStore(®) from rural
settings. International Journal of Tuberculosis
and Lung Disease 201;19(5):552-7.

4. Daum 2016

Daum LT, Fourie PB, Peters RPH, Rodriguez
JD, Worthy SA, Khubbar M, et al. Xpert® MTB/
RIF detection of Mycobacterium tuberculosis
from sputum collected in molecular transport
medium. International Journal of Tuberculosis
and Lung Disease 2016;20(8):1118-24.

5. Guio 2006

Guio H, Okayama H, Ashino Y, Saitoh H, Xiao
P, Miki M, et al. Method for efficient storage
and transportation of sputum specimens for
molecular testing of tuberculosis. International
Journal of Tuberculosis and Lung Disease
2006;10(8):906-10.

6. Kelly-Cirino 2016

Kelly-Cirino CD, Curry PS, Marola JL, Helstrom
NK, Salfinger M. Novel multi-day sputum trans-
port reagent works with routine tuberculosis
tests and eliminates need for cold chain: Pre-
liminary study of compatibility with the Xpert
MTB/RIF assay. Diagnostic Microbiology and
Infectious Disease 2016;86(3):273-6.

7. Kelly-Cirino 2017

Kelly-Cirino CD, Musisi E, Byanyima P, Kas-
wabuli S, Andama A, Sessolo A, Sanyu |, Za-
wedde J, Curry PS, Huang L. Investigation of
OMNIgene-:SPUTUM performance in delayed
tuberculosis testing by smear, culture, and
Xpert MTB/RIF assays in Uganda. J Epidemiol
Glob Health. 2017 Jun;7(2):103-109.

8. Maharjan 2016a

Maharjan B, Shrestha B, Weirich A, Stewart A,
Kelly-Cirino CD. A novel sputum transport solu-
tion eliminates cold chain and supports routine
tuberculosis testing in Nepal. Journal of Epide-
miology and Global Health 2016;6(4):257—- 265.

9. Maharjan 2016b

Maharjan B, Kelly-Cirino CD, Weirich A, Curry
PS, Hoffman H, Avsar K, Shrestha B. Evalu-
aton of OMNIgeneOMNIgene® SPUTUM-
stabilised sputum for long-term transport and
Xpert® MTB/RIF testing in Nepal. International
Journal Tuberculosis and Lung Disease
2016;20(12):1661-1667.

10. Miotto 2008

Miotto P, Piana F, Migliori GB, Cirillo DM. Evalu-
ation of the GenoeCard as a tool for transport
and storage of samples for tuberculosis molec-
ular drug susceptibility testing. The New Micro-
biologica 2008;31(1):147-50.

11. Omar 2015

Omar SV, Peters RPH, Ismail NA, Dreyer AW,
Said HM, Gwala T, et al. Laboratory evaluation of
a specimen transport medium for downstream
molecular processing of sputum samples to
detect Mycobacterium tuberculosis. Journal of
Microbiological Methods 2015;117:57-63.

12. Omar 2016

Omar SV, Peters RPH, Ismail NA, Jonkman
K, Dreyer AW, Said HM, et al. Field evaluation
of a novel preservation medium to transport
sputum specimens for molecular detection of
Mycobacterium tuberculosis in a rural African
setting. Tropical Medicine & International Health
2016;21(6):776-82.

13. Rabodoarivelo 2015

Rabodoarivelo MS, Imperiale B, Andriania-
vomikotroka R, Brandao A, Kumar P, Singh
S, et al. Performance of Four Transport and
Storage Systems for Molecular Detection of
Multidrug-Resistant Tuberculosis. PLOS ONE
2015;10(10):e0139382.
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14. Robinson 2017

Unpublished data only

Robinson J, Baydulloeva Z, Toichkina T, Adil-
bekova R, Samatovich KA, Gulmira K. Field
evaluation of OMNIgeneOMNIgene SPUTUM
reagent in Kyrgyzstan. Manuscript in prepara-
tion, 2017.

Excluded studies

1. Aggarwal D, Mohapatra PR. Sputum conver-
sion at the end of intensive phase treatment of
pulmonary tuberculosis patients with diabetes
mellitus or HIV infection. The Indian Journal of
Medical Research 2008;127(4):408-9.

2. Alisjahbana B, van Crevel R. Improved diag-
nosis of tuberculosis by better sputum quality.
Lancet 2007 Jun 9;369(9577):1908-9.

3. Andrey DO, Hinrikson H, Renzi G, Hibbs J,
Adlers D, Schrenzel J. Xpert (R) MTB/RIF as-
say sensitivity with different methods of CSF
processing for the diagnosis of TB meningitis.
International Journal of Tuberculosis and Lung
Disease 2015 Dec;19(12):1555-6.

4. Aparna S, Krishna MKV, Gokhale S. From
microscopy centre to culture laboratory: a
viable ride for mycobacteria. International
Journal of Tuberculosis and Lung Disease
2006;10(4):447-9.

5. Apers LM, Chihota V. Susceptibility of a se-
ries of routine sputum samples for antituber-
culosis chemotherapy in Gweru, Zimbabwe.
South African Medical Journal 2004;94(4):282.

6. Ardizzoni E, Mulders W, Sanchez-Padilla E,
Varaine F, de Jong BC, Rigouts L. Decontami-
nation methods for samples preserved in cetyl-
pyridinium chloride and cultured on thin-layer
agar. International Journal of Tuberculosis and
Lung Disease 2014;18(8):972-7.

7. Banada PP, Sivasubramani SK, Blakemore
R, Boehme C, Perkins MD, Fennelly K, et al.
Containment of bioaerosol infection risk by the
Xpert assay and its applicability to point-of-
care settings. Journal of Clinical Microbiology
2010;48(10):3551-7.

8. Banada PP, Koshy R, Alland D. Detection of
Mycobacterium tuberculosis in blood by use of
the Xpert MTB/RIF assay. Journal of Clinical Mi-
crobiology 2013;51(7):2317-22.

9. Banada PP, Naidoo U, Deshpande S, Karim
F, Flynn JL, O’Malley M, et al. A Novel Sam-
ple Processing Method for Rapid Detection of
Tuberculosis in the Stool of Pediatric Patients
Using the Xpert MTB/RIF Assay. PLOS ONE
2016;11(3):e0151980.

10. Bark CM, Thiel BA, Johnson JL. Pretreat-
ment time to detection of Mycobacterium tu-
berculosis in liquid culture is associated with
relapse after therapy. Journal of Clinical Micro-
biology 2012;50(2):538.

11. Barreto LBPF, Lourenco MCdS, Rolla VC,
Veloso VG, Huf G. Evaluation of the Amplified
MTD Test in respiratory specimens of human
immunodeficiency virus patients. International
Journal of Tuberculosis and Lung Disease
2012;16(10):1420.
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KM, Creecy AE, Short PA, et al. Automated De-
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2016;21(6):732-42.

13. Bouwman JJM, Thijsen SFT, Bossink AW.
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al Ultrasonics Symposium 2014;501-6.

15. Das D, Dwibedi B, Kar SK. Transportation
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Odisha, India. Journal of Infection in Developing
Countries 2014;8(8):1059-62.
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