SUPPLEMENT ARTICLE

Defining the Needs for Next Generation Assays
for Tuberculosis

Claudia M. Denkinger,">® Sandra V. Kik,>? Daniela Maria Cirillo,* Martina Casenghi,’ Thomas Shinnick,® Karin Weyer,’
Chris Gilpin,” Catharina C. Boehme,' Marco Schito,® Michael Kimerling,’ and Madhukar Pai®

'FIND, Geneva, Switzerland; ZDivision of Infectious Disease, Beth Israel Deaconess Medical Center, Boston, Massachusetts; McGill International TB
Centre and Department of Epidemiology, Biostatistics, and Occupational Health, McGill University, Montreal, Canada; “IRCCS Ospedale San Raffaele,
Milan, Italy; ®Médecins sans Frontiéres, Geneva, Switzerland; ®Centers for Disease Control and Prevention, Atlanta, Georgia; "World Health Organization,
Geneva, Switzerland; ®HJF-DAIDS, A division of The Henry M. Jackson Foundation for the Advancement of Military Medicine, Inc., Bethesda, Maryland;
and %Bill and Melinda Gates Foundation, Seattle, Washington

To accelerate the fight against tuberculosis, major diagnostic challenges need to be addressed urgently. Post-
2015 targets are unlikely to be met without the use of novel diagnostics that are more accurate and can be
used closer to where patients first seek care in affordable diagnostic algorithms.

This article describes the efforts by the stakeholder community that led to the identification of the high-
priority diagnostic needs in tuberculosis. Subsequently target product profiles for the high-priority diagnostic
needs were developed and reviewed in a World Health Organization (WHO)-led consensus meeting.

The high-priority diagnostic needs included (1) a sputum-based replacement test for smear-microscopy; (2) a
non-sputum-based biomarker test for all forms of tuberculosis, ideally suitable for use at levels below microscopy
centers; (3) a simple, low cost triage test for use by first-contact care providers as a rule-out test, ideally suitable for
use by community health workers; and (4) a rapid drug susceptibility test for use at the microscopy center level.

The developed target product profiles, along with complimentary work presented in this supplement, will help
to facilitate the interaction between the tuberculosis community and the diagnostics industry with the goal to lead
the way toward the post-2015 global tuberculosis targets.
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In 2012, there were an estimated 9 million tuberculosis
cases leading to 1.5 million deaths, the majority of
which were preventable with existing treatments if diag-
nosed early [1]. Major gains have been made in the fight
against tuberculosis over the past decades, and the
world is on track to meet the targets of the 2015 UN
Millennium Development Goal of reversing tuberculo-
sis incidence. Also, all regions except for Africa and Eu-
rope are on track to achieve a reduction in the mortality
rate by 50%. However, to accelerate the fight against
tuberculosis and move towards post-2015 targets and
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finally elimination of this disease, two major challenges
need to be addressed urgently: (1) Each year 3 million pa-
tients, about one third of all tuberculosis cases, are not di-
agnosed or notified; (2) The emergence of drug resistance
against the main anti-tuberculous drugs is creating a pub-
lic health crisis in many countries around the world.

Early diagnosis of tuberculosis and universal drug-
susceptibility testing are the first steps necessary to iden-
tify the adequate treatment for individual patients and
to prevent the spread of disease at the population level.
Novel tests that reach “the missing three million patients”
and curb the epidemic of drug-resistant tuberculosis are
needed. These tests need to have improved performance
characteristics and/or reach lower levels of the health-
care system and be affordable as well as link to the
needs around new drug/regimen development.

This article describes the efforts that lead to the iden-
tification of the highest priority diagnostic needs in tuber-
culosis and the consensus-building process that resulted
in target product profiles (TPPs) for tests to address those
needs.
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METHODS

Defining a List of Needs

Through interviews with representatives from national tubercu-
losis programs, clinical experts from industrialized, middle, and
low-income countries, researchers, and clinical laboratory ex-
perts, a “wish-list” was compiled defining the most important
diagnostic needs for tuberculosis [2]. In addition, the literature
was searched, and recent reports and position papers were
consulted. A list was then assembled of tests needed to fill im-
portant gaps in the current diagnostic landscape and whose de-
velopment would be feasible in the near future [3].

Prioritization Exercise

Once a list of diagnostic needs was developed, a prioritization
exercise was done in order to establish a rank order of the tests
and to identify those that were perceived of highest priority [3].
Five different predefined expert groups were consulted: patient
and community advocates, field practitioners and clinicians,
experts from national tuberculosis programs, modelers, and
market experts. All experts rated the diagnostic needs based
on 10 different criteria having a 5-year time frame for deploy-
ment in mind. The criteria that were evaluated included the pri-
oritization for their respective stakeholders group, the potential
for scale up of a test addressing the respective need, and the
magnitude of the effect of a test on tuberculosis incidence and
mortality reduction as well as the market potential for the test.

TPP Development and Refinement

For the highest rated diagnostic needs, comprehensive TPPs
were developed by McGill University, Montreal, Canada, and
FIND, Geneva, Switzerland. The TPPs were assembled based
on a literature search and interviews with experts and then re-
vised in several rounds with the input provided by researchers,
clinicians, policy makers, test developers, and funders. As a re-
sult of these extended and reiterative consultations, detailed and
comprehensive TPPs were developed. In addition, shorter ver-
sions including only the most important characteristics were
prepared and used for the consensus building process.

Consensus Building

The shortened versions of the TPPs were presented to a large
stakeholder audience that included clinicians, implementers,
and representatives of countries and national tuberculosis pro-
grams in a “Consensus Meeting on high-priority Target Prod-
uct Profiles” convened in April 2014, by the World Health
Organization (WHO) on behalf of the Global Laboratory Initia-
tive and the New Diagnostics Working Group of the Stop TB
Partnership. Leading up to the meeting, a Delphi-like process
was used to facilitate consensus building. The shortened TPPs
were sent to all invited meeting participants (excluding individ-
uals working in industry in order to avoid possible bias). Indi-
viduals were asked to rate the level of agreement with each of the

proposed characteristics outlined in the TPPs. It was prespeci-
fied that consensus would be achieved when at least 50% of the
individuals completing the Delphi-survey would agree with the
proposed characteristics. Only characteristics for which less
than 75% of the responders agreed or a distinct subgroup dis-
agreed were ultimately discussed in the consensus meeting. The
final TPPs were published by WHO and partners in October
2014 [4]. This article presents the final TPPs as they were pub-
lished in the meeting report.

RESULTS

In interviews and reviews of publications, the tuberculosis com-
munity identified the need for developing several tuberculosis
diagnostic tests in addition to the currently available tools [2].
The list of tests (Table 1) includes triage and screening tests [5],
tests for patients difficult to diagnose (ie, children, patients with
human immunodeficiency virus [HIV] and patients with ex-
trapulmonary tuberculosis) [6],a simple non-sputum-based bi-
omarker test for diagnosis of active tuberculosis [7], a molecular
smear-replacement test [8] at the microscopy center level or at
even lower levels of care, drug-susceptibility tests (DST) that
could be done in decentralized or centralized settings [9], a bio-
marker test for diagnosis of a latent tuberculosis infection that
predicts progression to active tuberculosis [10] and a test for
treatment monitoring [11].

Table 1. Identified Needs for Diagnostic Tests Categorized by
Main Indication

TRIAGE, RULE OUT AND SYSTEMATIC SCREENING
Triage test for those seeking care®
An HIV/ART clinic-based test to rule out active TB
Systematic screening test for active case finding

RAPID TB DIAGNOSIS (WITH OPTIONAL DRUG SUSCEPTIBILITY
TESTING)

Rapid, sputum-based, cartridge-based, molecular test for
microscopy centers (with the option of add-on DST cartridge)®

Rapid biomarker-based instrument-free test for non-sputum
samples (which can also detect childhood and extrapulmonary
TB)?

Multiplexed test for TB and other infectious diseases
NEXT-GENERATION DRUG SUSCEPTIBILITY TEST

Centralized, high-throughput, drug susceptibility test
(incorporating new drugs to support the roll out of new TB Rx
regimens post 2014)

TREATMENT MONITORING TEST
Treatment monitoring test (test for cure)
PREDICTIVE TEST FOR LATENT TB INFECTION
Predictive test for latent TB infection at high risk of active TB

Abbreviations: ART, antiretroviral therapy; DST, drug-susceptibility tests; HIV,
human immunodeficiency virus; TB, tuberculosis.
@ Highlights the tests that are being addressed in this article. Target product
profiles for the other identified needs are being developed independent of
the effort described herein by FIND and partners.
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The priority-setting exercise ultimately identified the follow-
ing tests as the key priorities, which would have the most impact
on incidence and morbidity reduction and potential for market
entry and scale up over the coming 5years [3].

1. A rapid sputum-based test as a replacement for smear-
microscopy (“smear-replacement test”) with or without DST;

2. A rapid non-sputum-based test capable of detecting all
forms of tuberculosis via the identification of characteristics bio-
markers or biosignatures (“non-sputum based biomarker test”);

3. A triage test, which should be a simple, low cost test for use by
first-contact health care providers as a rule-out test (“triage test”);

More details of the priority setting exercise can be found else-
where [3]. Four TPPs were ultimately developed, dividing up the
rapid sputum-based test as a replacement for smear-microscopy
into one with a DST component (“rapid DST”) and another
one (“smear-replacement test”). The 3 TPPs that address tuber-
culosis detection are presented in this article. The fourth TPP
that addresses the “rapid DST” is presented separately (see Den-
kinger CM et al in this supplement) as it discusses the very com-
plex field of drug susceptibility testing.

TPP for a Smear-replacement Test for Tuberculosis Detection
Rationale

Smear microscopy is the most widely used tuberculosis test in
high-burden countries, and its sensitivity limitations are well
known [12]. The sensitivity of newer rapid tools for tuberculosis
detection (eg, Xpert) still does not reach that of culture [13, 14].
More sensitive tests are needed so that patients with tuberculo-
sis can be identified upon first presentation to the health care
system and so that patients with paucibacillary disease (eg,
HIV patients and children) are detected.

Xpert MTB/RIF (“Xpert,” Cepheid, Inc., Sunnyvale, Califor-
nia) has enabled more timely and sensitive diagnosis of tuber-
culosis over smear microscopy and up-front DST for the key
drug (rifampin) in the first-line treatment regimen [15-17].
However, the use of Xpert is limited by its cost and infrastruc-
ture requirements (eg, power, temperature controlled environ-
ment), which prohibits its placement and use in most
microscopy centers [18, 19]. The rollout of Xpert has also dem-
onstrated that new diagnostic tools do not necessarily reach ad-
ditional people eligible for testing or increase the overall
number of tuberculosis cases diagnosed, if they are implement-
ed within established care settings (although Xpert does in-
crease the number of bacteriologically confirmed cases) [20].
On the other hand, there is an increasing number of molecular
tests in the pipeline that aim to be more sensitive and are spe-
cifically designed for use in resource-limited settings such as
microscopy centers or peripheral health clinics [21]. Other as-
says for detection may conceivably be feasible as well (eg, anti-
gen detection), but the molecular pipeline appears to be the
most promising in the near future.

TPP characteristics

A more sensitive smear-replacement test would increase the
number of patients diagnosed with tuberculosis and might re-
duce transmission and morbidity through earlier diagnosis and
treatment (Table 2) [22]. Ideally a test would aim for a better
sensitivity than Xpert for tuberculosis detection and be as
good as liquid culture (ie, diagnostic sensitivity of >95% in com-
parison to culture; analytical sensitivity of less than 4.5 genome
equivalents/reaction and <10e2 CFU/assay on one sample).
Such a test could obviate further need for culture in drug-
susceptible tuberculosis and potentially improve the trust of cli-
nicians and patients in the diagnostic performance of tests and
thereby reduce empiric treatment and overtreatment [24].

Modeling work has demonstrated that even a test with per-
formance characteristics better than smear (50% detection of
smear-negative) yet inferior to Xpert, if employed at microscopy
centers and combined with good linkage to treatment, would
result in a reduction in transmission over deployment of Xpert
at a district level [22]. Whether up-front resistance testing such
as detection of rifampin resistance in Xpert is beneficial will de-
pend on the local epidemiology of drug-resistance and the
trade-offs made by including DST (eg, in respect to time to re-
sult). A test at the level of a microscopy center would also lever-
age the existing treatment infrastructure for drug-susceptible
tuberculosis that is already in place in these settings. Further-
more, if a smear-replacement test can also be used for treatment
monitoring (eg, through detecting viable bacteria), it would be
able to completely replace smear microscopy and would be
more likely to be adopted by tuberculosis programs.

A sputum-smear replacement test should ideally have a fast
turn-around time and allow for batching as well as random access
to rapidly inform a treatment decision at the time of the first visit
and link to further care [25,26]. Due to conditions that prevail in
microscopy centers in high-burden countries, a robust test with
very simple sample preparation and minimal operational require-
ments will be necessary [8, 18]. Minimal sample handling (ie,
total hands-on steps after obtaining sample) and no precision
volume control and precision time steps should be required to
ensure that the test is feasible with the level of expertise and train-
ing that can be expected at microscopy centers [8, 18].

Continuous power is not always available at microscopy cen-
ters in high tuberculosis burden countries; therefore, a battery op-
erated device with charge possibility (conceivably through solar
power) would be most ideal in order for a test to fit the entire
breadth of settings in microscopy centers [8, 18]. High environ-
mental temperatures and high humidity (up to 50°C and 90% hu-
midity) are often a problem in countries where tuberculosis is
endemic. Dusty environments are common and adequate protec-
tion of optics and moving parts should be considered [27]. Main-
tenance and calibration require special attention to ensure
functionality of equipment particularly at peripheral centers. The
average time to equipment/module failure should ideally be more
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Table 2. TPP for a Smear-replacement Test for Tuberculosis Detection

Characteristic Optimal Requirements Minimal Requirements
Scope
Goal To develop a sputum-based test for detecting pulmonary TB at the microscopy-center level of the

Target population
Target user of the test®
Setting (level of the health-care system)

PERFORMANCE CHARACTERISTICS
Diagnostic sensitivity®

Diagnostic specificity®

Possibility of using test for treatment
monitoring

OPERATIONAL CHARACTERISTICS

Manual preparation of samples (steps
needed after obtaining sample)

Reagent integration

Data export (connectivity and
interoperability)

Time to result®
Power requirements
Maintenance and calibration®

Operating temperature and humidity
level

Reagent kit — storage, stability, and
stability during transport

Internal quality control

PRICING

Price of individual test® (costs of reagent
only; after scale-up; ex-works
[manufacturing costs only, excluding
shipping])

Capital costs for instrument®

health-care system to support the initiation of TB therapy during the same clinical encounter or

the same day

Target groups are all patients suspected of having pulmonary TB who are able to produce sputum,

in countries with a medium prevalence to a high prevalence of TB as defined by WHO?

Health-care workers with a minimum amount of training (that is, with skills that are similar to or less

demanding than those needed for performing smear microscopy)

higher levels of the health-care system

Sensitivity should be >95% for a single test

when compared with culture (for smear-

negative cases it should be >68%; for smear-

positive it should be 99%)

Microscopy-center level (primary health-care centers with attached peripheral laboratories) or

Sensitivity should be >80% for a single test

when compared with culture (for smear-
negative cases it should be >60%; for smear-
positive it should be 99%)

>98% specificity when compared with culture

Yes: a test that is able to replace smear

microscopy and also be used to monitor
treatment is more likely to be adopted and
more likely to completely replace smear
microscopy

No

No steps or 1 step; precise volume control and A maximum of 2 steps; precise volume control

precise timing should not be required

All reagents should be contained in a single

device

Integrated ability for all data to be exported

(including data on use of the device, error
rates and rates of invalid tests, and
personalized, protected results) over a USB
port and network

<20 min

and precise timing should not be required

A maximum of 2 external reagents should be

required; these should be part of test kit

Integrated ability for all data to be exported

(including data on use of the device, error
rates and rates of invalid tests, and non-
personalized results) over a USB port

<2h

Battery operated with recharging capability and a circuit protector

Preventative maintenance and calibration

should not be needed until after 2 y or 5000
samples; only simple tools and minimal
expertise should be required; an alert to
indicate when maintenance is needed should
be included; the device should be able to be
calibrated remotely or no calibration should be
required

Between +5°C and +50°C with 90% humidity

2 years at 0°C to +50°C with 90% humidity;

should be able to tolerate stress during
transport (72 h at +50°C); no cold chain
should be required

Full internal process controls are necessary,

including controls for sample processing and
amplification (for NAAT)

<US$ 4.00 for detecting TB

<US$ 500 per module

Preventative maintenance should not be

needed until after 1y or 1000 samples; only
simple tools and minimal expertise should be
required; an alert to indicate when
maintenance is needed should be included;
the device should be able to be calibrated
remotely, should calibrate itself or no
calibration should be required

Between + 5°C and +40°C with 70% humidity

12 months at 0°C to +40°C with 70% humidity;

should be able to tolerate stress during
transport (72 h at +50°C); no cold chain
should be required

<US$ 6.00 for detecting TB

<US$ 1400 per module

Adapted with permission from WHO consensus meeting report on TPPs [4]
Abbreviations: NAAT, nucleic acid amplification test; TB, tuberculosis; TPPs, target product profiles; WHO, World Health Organization.

@ High-prevalence countries are those with >40 cases per 100 000 population; medium-prevalence countries are those with 20-40 cases per 100 000 population; and
low-prevalence countries are those with <20 cases per 100 000 population [23].

b These characteristics were considered to be the most important, and specific consensus was asked for and reached through a Delphi survey.
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than 2 years, and a maintenance alert should indicate the need for
preventative maintenance as it is unlikely that the same person will
always handle the device and records will be kept on duration of use
of a device [28]. Only simple tools and minimal expertise should be
required for maintenance and repair of the equipment given the
difficulty of service visits in peripheral settings [8, 18]. The scale
at which a new test is adopted will depend substantially on how
well it meets the specified operational characteristics.

TPP for a Non-sputum-based Biomarker Test for Tuberculosis
Detection

Rationale

A highly sensitive test based on a biological sample other than
sputum (such as urine, blood, saliva, or exhaled air) suitable for
implementation at lower levels of care would conceivably help
shorten the delay before diagnosis and enable early treatment
(and thus reduce morbidity, mortality and transmission) [29,
30] (Table 3). A non-sputum based sample could also enable the
diagnosis of extrapulmonary tuberculosis (EPTB) and tubercu-
losis in children as well as the diagnosis in patients presenting in
an earlier stage of the disease (eg, patients who do not have a
productive cough to provide a sputum) [25, 31].

TPP characteristics

A non-sputum based biomarker test ideally should be at least as
accurate as Xpert 98% sensitive for smear-positive, culture-
positive pulmonary tuberculosis (PTB), and 68% sensitive for
smear-negative, culture-positive PTB in adults; however, any
improvement over smear microscopy could be of value if the
test has operational characteristics that make it easy to perform
and uses a non-sputum-based sample [32]. For children, a test
sensitivity equal or better than 66% for intrathoracic tuberculo-
sis and equal or better than 80% for extrapulmonary tuberculo-
sis (EPTB) in adults would be optimal, as this can currently be
achieved on the appropriate samples with Xpert [1, 6, 33]. Sim-
ilar to Xpert, the specificity of the test should at least be 98%
compared against a microbiological reference standard. Ideally
the test should be suitable for use at lower levels of the health-
care system where it can reach more patients, and it should ide-
ally not require laboratory facilities [22, 34]. Given the deploy-
ment at lower levels of the health-care system, an instrument
free test would be ideal, but a small (eg, handheld) device is ac-
ceptable and would conceivably add benefits (eg, connectivity).
The operational characteristics defined for a smear-replacement
test at the microscopy center need to be met at a minimum.

TPP for a Community-based Triage/Referral Test for
Identification of Tuberculosis Suspects

Rationale

Most individuals who present themselves to health facilities
with symptoms suggestive of tuberculosis do not have tubercu-
losis. In order to rule out tuberculosis quickly a low-cost triage

test is necessary. Only triage test positive patients will then re-
quire confirmatory testing [5, 35] (Table 4).

TPP characteristics

A triage test needs to be a simple, low-cost test with high sensi-
tivity for use by first-contact providers in the community (eg,
community health workers). Such a test can rule out tuberculosis
when the result is negative. Individuals with a positive result are
directed to further evaluation with a confirmatory test (eg, Xpert).
Sensitivity of a triage test should ideally be as good as that of the
confirmatory test (>95% of confirmatory test) as otherwise pa-
tients would be missed by the test and the strategy of testing all
patients with the confirmatory test would theoretically result in a
higher case notification rate. However, if a triage test is done at
lower levels of care and is easier to do, conceivably more people
suspected of having tuberculosis will be tested. Consequently, the
test might increase the number of tuberculosis patients identified
even if its sensitivity is lower than that of the confirmatory test.
Therefore, the minimal sensitivity in the TPP was defined to be
greater than 90% compared to the confirmatory test.

A triage test might also conceivably diagnose EPTB. For con-
firmatory testing, a molecular test or culture on an aspirate or
biopsy would then be necessary (eg, a biopsy for lymph node
tuberculosis). The specificity requirement for a triage test needs
to consider the tuberculosis prevalence in the population tested,
but consensus was reached that it should be optimally at least
80% and minimally at least 70%. The specificity of the test is
one of the main drivers of the cost-effectiveness of an implemen-
tation strategy. The lower the specificity of the triage test, the
higher the number of confirmatory tests necessary and therefore
the lower the cost of a triage test needs to be to result in a cost-
effective testing strategy [5].

For successful implementation at the community level, a tri-
age test should ideally use an easily accessible sample (eg, urine,
finger stick blood). The test should optimally be device-free or if
a device is needed it should at least be battery-operated [8, 18].
The ideal time-to-result (including sample preparation and
processing time) has not been studied; however, a rapid test is
more likely to be integrated within the work flow and result in
same visit decision making.

The main characteristics of these TPPs were discussed and
agreed upon in the “Consensus Meeting on high-priority Target
Product Profiles” convened by the World Health Organization
on behalf of the Global Laboratory Initiative and the New Diag-
nostics Working Group of the Stop TB Partnership in April
2014 and published in October 2014 [4].

DISCUSSION

Novel tests are needed to reach “the missing three million pa-
tients” and curb the epidemic of drug-resistant tuberculosis.
These tests need to have improved performance characteristics,
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Table 3. TPP for a Rapid Non-sputum-based Biomarker Test for Tuberculosis Detection

Characteristic Optimal Requirements Minimal Requirements
SCOPE
Goal To develop a rapid biomarker-based test that can diagnose pulmonary TB and optimally also

Target population

Target user of the test®

Setting (level of the health-care system)

PERFORMANCE CHARACTERISTICS

Diagnostic sensitivity for pulmonary TB in
adults®

Diagnostic sensitivity for extrapulmonary
TB in adults

Diagnostic sensitivity in children

Diagnostic specificity®

OPERATIONAL CHARACTERISTICS
Sample type

Manual preparation of samples (steps
needed after obtaining sample)
Time to result®

Instrument and power requirement

Maintenance and calibration®

Operating temperature and humidity level

extrapulmonary TB using non-sputum samples (for example, urine, blood, oral mucosal
transudates, saliva, exhaled air) for the purpose of initiating TB treatment during the same

clinical encounter or on the same day

Target groups are adults and children including those who are HIV-positive and suspected of
having active pulmonary TB or extrapulmonary TB in countries with a medium prevalence to a

high prevalence of TB as defined by WHO?

Health-care workers with a minimum of
training

Health posts without attached laboratories
(that is, levels below microscopy centers)
or higher levels of the health-care system

Sensitivity should be >98% for smear-
positive culture-positive pulmonary TB,
and >68% for smear-negative culture-
positive pulmonary TB in adults (that is,
sensitivity should be similar to that of the
Xpert MTB/RIF assay)

Overall pooled sensitivity should be >80% in
adults with HIV infection

Ideally, sensitivity should be >80% for all
forms of microbiologically confirmed
extrapulmonary TB®

Sensitivity for childhood intrathoracic TB
should be >66% for microbiologically
confirmed TB (that is, similar to the
sensitivity of the Xpert MTB/RIF assay)®

Trained microscopy technicians

Primary health-care clinics with attached
laboratories; peripheral microscopy centers or
higher levels of the health-care system

Overall sensitivity should be >65% but should be
>98% among patients with smear-positive
culture-positive pulmonary TB (that is,
sensitivity should be similar to that of smear
microscopy)

Overall pooled sensitivity should be better than
the sensitivity of smear microscopy in adults
with HIV infection

Diagnosis of extrapulmonary TB is an important
need, and a test that can diagnose
extrapulmonary TB in addition to pulmonary TB
will have significant benefits for individual
patients; additionally, it is likely to be better
accepted in the community of care providers.

No lower range of sensitivity was defined

Diagnosis of childhood TB is an important need,
and a test that improves the diagnosis of TB in
children will have significant benefits for
individual patients; additionally, it is likely to be
better accepted in the community of care
providers.

No lower range of sensitivity was defined

At least as specific as the Xpert MTB/RIF assay for detecting pulmonary TB, extrapulmonary TB
and childhood TB (that is, the test should have 98% specificity when compared against a
microbiological reference standard); the test should distinguish between active TB and latent or

past infection

Not invasive or minimally invasive, non-sputum samples (such as, urine, blood, oral transudates,

saliva, exhaled air)

Sample preparation should be integrated or
manual preparation should not be required

<20 min including time spent preparing the
sample

No instrument needed

Disposable, no maintenance required

Between +5°C and +50°C with 90%
humidity

A limited number of steps only; precise
measuring should not be needed for any
step (such as precise measuring of volumes
or time)

<1 hincluding time spent preparing the sample

Small, portable or hand-held instrument (weighing
<1 kg) that can operate on battery or solar
power in places where power supplies may be
interrupted

Preventative maintenance should not be needed
until after 1y or >1000 samples; only simple
tools and minimal expertise should be required;
an alert to indicate when maintenance is
needed should be included; the instrument
should be able to be calibrated remotely or no
calibration should be needed

Between +5°C and +40°C with 70% humidity
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Table 3 continued.

Characteristic Optimal Requirements Minimal Requirements

Result capturing, documentation, data An instrument-free test with the ability to The test menu must be simple to navigate; the
display save results using a separate, attachable instrument should have an integrated LCD
reader screen, simple keypad or touch screen, and the
ability to save results using either the
instrument or a separate reader

Internal control included only for processing the
sample

Internal controls should be included for
processing the sample and detecting TB

Internal quality control

PRICING

Price of individual test® (costs of reagents  <US$ 4.00
and consumables only; after scale-up;
ex-works [manufacturing costs only,
excluding shipping])

<US$ 6.00

Adapted with permission from WHO consensus meeting report on TPPs [4].

Abbreviations: HIV, human immunodeficiency virus; LCD, liquid crystal display; TB, tuberculosis; TPPS, target product profiles; WHO, World Health Organization.
@ High-prevalence countries are those with >40 cases per 100 000 population; medium-prevalence countries are those with 20-40 cases per 100 000 population; and
low-prevalence countries are those with <20 cases per 100 000 population [23].

b These characteristics were considered to be the most important, and specific consensus was asked for and reached through a Delphi survey.

¢ The sensitivity for detecting extrapulmonary tuberculosis should also be tested against a composite reference standard that includes culture with or without a
nucleic acid amplification test, histology, smear microscopy, biochemical testing, presenting signs, and response to treatment with anti-tuberculosis therapy,
depending on site of infection. Xpert MTB/RIF testing has an estimated sensitivity for diagnosing tuberculosis of 84% for lymph node aspirates or other tissue
samples, and 55% sensitivity for samples of cerebrospinal fluid, when compared with a composite reference standard, but Xpert MTB/RIF testing requires
invasive samples [1].

d Xpert MTB/RIF has an estimated sensitivity for microbiologically confirmed tuberculosis of 85% for detecting tuberculosis in lymph node aspirates or other tissue
samples, 80% for cerebrospinal fluid, and 44% for pleural fluid but testing requires invasive samples (from aspiration, biopsy, lumbar puncture or thoracentesis).

¢ The test's sensitivity in children should be evaluated against a composite reference standard as defined by an international panel of experts [6].

reach lower levels of the health-care system and reduce cost of
diagnostic algorithms as well as link to the needs around new
drug/regimen development. TPPs are important to specify
end-users needs and target specifications for performance and
operational characteristics that product developers should meet.
While the TPPs outlined here are all based on a large number of
interviews, discussions and extensive literature consultation,
still many of the characteristics rely on assumptions and the
consensus of expert opinion. Also, the TPPs specify the needs
across a wide spectrum of settings with substantial potential dif-
ferences. While modeling might be of benefit in this context, the
understanding of the most essential parameters, particularly for
tests that would reach a patient population that is currently not
reached by tests (eg, triage test), is limited and modeling outputs
are often restricted to defining the key drivers of impact and set-
ting boundaries for those characteristics in sensitivity analyses
[5,36]. As further data become available from operational re-
search and modeling, the outlined TPPs may require refine-
ment. Particularly, defining the acceptable costs is difficult
and transparent discussions around diagnostic pricing, cost
structure and hidden costs on the one hand and affordability
and cost-effectiveness on the other hand are necessary.

New tuberculosis diagnostic tests able to improve tuberculo-
sis detection for EPTB, tuberculosis in children and other forms
of paucibacillary tuberculosis could be of great benefit for indi-
vidual patient management [33, 37, 38]. An outstanding ques-
tion in this context concerns which reference standard should

be considered to assess test accuracy for the diagnosis of these
forms of the disease. Indeed microbiological culture, commonly
used as the reference standard for establishing a definitive diag-
nosis of tuberculosis, performs poorly in children and EPTB pa-
tients [39-41]. Therefore, test accuracy for the detection of
EPTB and tuberculosis in children should be evaluated against
a composite reference standard including multiple diagnostic
methodologies as well as clinical diagnosis criteria. A composite
reference standard for the evaluation of diagnostics for child-
hood tuberculosis has been defined by an international expert
panel and is currently being updated and revised based on latest
available evidence [6, 42].

Furthermore, the development of TPPs only represents a first
step to address test developers’ needs. The next question that
needs to be addressed is the current and potential volume and
market for the new tests. This is a key issue for test developers as
they consider an investment in this field [43]. To estimate the
potential market, one first has to assess the currently served
market. The last large-scale market assessment for tuberculosis
diagnostics was performed by FIND and TDR in 2006 [44].
More recently market assessments were done for 4 BRICS coun-
tries (Brazil, South Africa, China, and India) under the lead of
McGill University in collaboration with FIND, UNITAID, the
New Diagnostics Working Group of the Stop TB Partnership,
and multiple country level partners. The work will be docu-
mented in separate publications, with the first article published
being the market assessment for Brazil [45]. An assessment of
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Table 4. TPP for a Community-based Triage/Referral Test for Identification of TB Suspects

Characteristic Optimal Requirements Minimal Requirements
SCOPE
Goal To develop a test that can be used during a patient’s first  To develop a test that can be used during a patient'’s first

Target population

Target user of the test®

Setting (level of the health-care
system)

PERFORMANCE CHARACTERISTICS

Diagnostic sensitivity®

Diagnostic specificity®

OPERATIONAL CHARACTERISTICS
Sample type

Manual preparation of samples
(steps needed after obtaining
sample)

Time to result®

Instrument and power
requirement

Maintenance and calibration®

Operating temperature and
humidity level

Result capturing, documentation
and data display

Internal quality control

PRICING

Price of individual test® (costs of
reagents and consumables
only; after scale-up; ex-works
[manufacturing costs only,
excluding shipping])

encounter with the health-care system to identify
patients with any symptoms of or risk factors for
active TB, including patients coinfected with HIV,
those who do not have TB and those who need
referral for further confirmatory testing

Adults and children with signs and symptoms of active
TB at any site in countries with a medium prevalence
to a high prevalence of TB as defined by WHO?

Community health workers and informal providers who
have had a minimum of training

Community level or village level or higher levels of the
health-care system

Overall sensitivity should be >95% when compared
with the confirmatory test for pulmonary TB;° no
lower range of sensitivity was defined for
extrapulmonary TB¢

Specificity should be >80% compared with the
confirmatory test

Non-sputum samples (such as urine, oral mucosal
transudates, saliva, exhaled air or blood from a finger-
stick)

Sample preparation should be integrated or manual
preparation should not be required (excluding waste
disposal); precise timing and measuring should not be
required

<5 min
None

Disposable, no maintenance required

Between +5°C and +50°C with 90% humidity

An instrument-free test with visual readout and with the
ability to save results using a separate, attachable
reader

Internal controls should be included for processing the
sample and detecting TB

<US$ 1.00

encounter with the health-care system to identify
patients with any symptoms of or risk factors for
active pulmonary TB, including patients coinfected
with HIV, those who do not have TB and those who
need referral for further confirmatory testing

Adults and children with signs and symptoms of active
pulmonary TB in countries with a medium
prevalence to a high prevalence of TB as defined by
WHO?

Health workers trained to the level of auxiliary nurses

Health posts and primary-care clinics or higher levels of
the health-care system

Overall sensitivity should be >90% compared with the
confirmatory test for pulmonary TB®

Specificity should be >70% compared with the
confirmatory test

Sputum; non-sputum samples are preferred (such as
urine, oral mucosal transudates, saliva, exhaled air, or
blood from a finger-stick; imaging technology

2 steps (excluding waste disposal); precise timing and
measuring should not be required

<30 min

Small, portable or hand-held device (weighing <1 kg);
should have an option for battery power or solar
power

Preventative maintenance should not be needed until
after 1y or 1000 samples; only simple tools and
minimal expertise should be required; an alert to
indicate when maintenance is needed should be
included; the device should be able to be calibrated
remotely, should calibrate itself, or no calibration
should be required

Between + 5°C and +40°C with 70% humidity

The test menu must be simple to navigate; the
instrument should have an integrated LCD screen, a
simple keypad or touch screen, and the ability to save
results using either the instrument or a separate
reader

Internal control included only for processing the sample

<US$ 2.00

Adapted with permission from WHO consensus meeting report on TPPs [4].
Abbreviations: HIV, human immunodeficiency virus; LCD, liquid crystal display; TB, tuberculosis; TPP, target product profiles; WHO, World Health Organization.

@ High-prevalence countries are those with >40 cases per 100 000 population; medium-prevalence countries are those with 20-40 cases per 100 000 population; and
low-prevalence countries are those with <20 cases per 100 000 population [23].
® These characteristics were considered to be the most important, and specific consensus was asked for and reached through a Delphi survey.

°® The performance characteristics of the triage test need to match those of the confirmatory test that will be used.

9 The sensitivity of the triage test should be compared with the sensitivity of a composite reference standard (that includes culture with or without a nucleic acid
amplification test, histology, smear microscopy, biochemical testing, presenting signs and response to treatment with anti-tuberculosis therapy, depending on site of
infection) to account for the fact that the test may detect cases of early tuberculosis or extrapulmonary tuberculosis in cases in which a standard microbiological
reference standard might not perform well.
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the market for a potential smear-replacement test has also been
published [12]. The market potential for the novel tests de-
scribed in the TPPs above was assessed based on the served
available market combined with country specific epidemiologi-
cal data. The results of these market projections are presented in
this supplement in a separate article (see Kik et al [3, 12]).

The achievable volume for a test will be part of the consider-
ation when test developers define the test price. For countries
the question will be whether the rollout of a test is possible
given the available budget. This question can be answered by
considering the number of patients that will be tested, the likely
algorithms with which a test will be used, and the available
country budget based on the current spent [46]. The results
may on the one hand inform test developers as they consider
the price point for a novel test and on the other hand it will in-
form national programs, donors, and funders. Such an exercise
was undertaken considering the 4 novel TPPs and is presented
here in a separate article (Pantoja et al [46]).

In summary, this article describes 3 out of 4TPPs that were
identified as the highest priority by the tuberculosis community
and the consensus that was reached on the most important per-
formance and operational characteristics. Our work, together
with complementary work presented in this supplement, aims
to facilitate the interaction between the tuberculosis community
and the diagnostics industry with the goal of leading the field
toward achieving the post-2015 global targets [47].

Notes

Financial support. This work was supported by a grant of the Bill and
Melinda Gates Foundation to McGill University (OPP1061487) and to
FIND (OPP1018924). C. M. D. was supported by a postdoctoral fellowship
of the Burroughs ~Wellcome Fund from the American Society of Tropical
Medicine and Hygiene. M. S. was supported by federal funds from the Na-
tional Institute of Allergy and Infectious Diseases, National Institutes of
Health, Department of Health and Human Services, under contract number
HHSN272200800014C. The funders had no role in the analysis of data and
decision to publish.

Potential conflicts of interest. No financial or industry conflicts.
C. M. D. and C. C. B. are employed by FIND, a nonprofit organization
that collaborates with industry partners, including Cepheid and Hain diag-
nostics among others, for the development, evaluation and demonstration of
new diagnostic tests for poverty-related diseases. M. P. serves as a consultant
to the Bill and Melinda Gates Foundation, and on the Scientific Advisory
Committee of FIND, Geneva. All other authors report no potential conflicts.

All authors have submitted the ICMJE Form for Disclosure of Potential
Conflicts of Interest. Conflicts that the editors consider relevant to the con-
tent of the manuscript have been disclosed.

References

1. World Health Organization. Global Tuberculosis Control: WHO report
2014. Geneva: World Health Organization, 2014.

2. Dowdy DW, Houben R, Cohen T, et al. Impact and cost-effectiveness of
current and future tuberculosis diagnostics: the contribution of model-
ling. Int ] Tuberc Lung Dis 2014; 18:1012-8.

3. Kik SV, Denkinger CM, Casenghi M, Vadnais C, Pai M. Tuberculosis
diagnostics: which target product profiles should be prioritised? Eur Re-
spir ] 2014; 44:537-40.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

. World Health Organization. High-priority target product profiles for

new tuberculosis diagnostics: report of a consensus meeting. Geneva:
World Health Organization, 2014.

. van’t Hoog A, Cobelens FG, Vassall A, et al. Optimal triage test charac-

teristics to improve the cost-effectiveness of the Xpert MTB/RIF assay
for TB diagnosis: a decision analysis. PLOS One 2013; 8:e82786.

. Graham SM, Ahmed T, Amanullah F, et al. Evaluation of tuberculosis

diagnostics in children: 1. Proposed clinical case definitions for classifi-
cation of intrathoracic tuberculosis disease. Consensus from an expert
panel. J Infect Dis 2012; 205(suppl 2):S199-208.

. Batz H-G, Cooke GS, Reid SD. Towards lab-free tuberculosis diagnosis:

Treatment Action Group, Stop TB Partnership, Imperial College Lon-
don. London: MEDECINS SANS FRONTIERES, 2011.

. Denkinger CM, Kik SV, Pai M. Robust, reliable and resilient: designing

molecular tuberculosis tests for microscopy centers in developing coun-
tries. Expert Rev Mol Diagn 2013; 13:763-7.

. Wells WA, Boehme CC, Cobelens FG, et al. Alignment of new tubercu-

losis drug regimens and drug susceptibility testing: a framework for ac-
tion. Lancet Infect Dis 2013; 13:449-58.

Pai M, Denkinger CM, Kik SV, et al. Gamma Interferon Release Assays
for Detection of Mycobacterium tuberculosis Infection. Clin Microbiol
Rev 2014; 27:3-20.

Wallis RS, Kim P, Cole S, et al. Tuberculosis biomarkers discovery: de-
velopments, needs, and challenges. Lancet Infect Dis 2013; 13:362-72.
Kik SV, Denkinger CM, Chedore P, Pai M. Replacing smear microscopy
for the diagnosis of tuberculosis: what is the market potential? Eur
Respir ] 2014; 43:1793-6.

Steingart KR, Schiller I, Horne DJ, Pai M, Boehme CC, Dendukuri N.
Xpert(R) MTB/RIF assay for pulmonary tuberculosis and rifampicin re-
sistance in adults. Cochrane Database Syst Rev 2014; 1:CD009593.
Ling DI, Flores LL, Riley LW, Pai M. Commercial nucleic-acid ampli-
fication tests for diagnosis of pulmonary tuberculosis in respiratory spec-
imens: meta-analysis and meta-regression. PLoS One 2008; 3:¢1536.
World Health Organization. WHO monitoring of Xpert MTB/RIF roll-
out. 2014.

Cobelens F, van den Hof S, Pai M, Squire SB, Ramsay A, Kimerling ME.
Which new diagnostics for tuberculosis, and when? J Infect Dis 2012;
205(suppl 2):S191-8.

Denkinger CM, Pai M. Point-of-care tuberculosis diagnosis: are we
there yet? Lancet Infect Dis 2012; 12:169-70.

Denkinger CM, Nicolau I, Ramsay A, Chedore P, Pai M. Are peripheral
microscopy centres ready for next generation molecular tuberculosis di-
agnostics? Eur Respir ] 2013; 42:544-7.

Raizada N, Sachdeva KS, Sreenivas A, et al. Feasibility of decentralised
deployment of Xpert MTB/RIF test at lower level of health system in
India. PLoS One 2014; 9:e89301.

Theron G, Zijenah L, Chanda D, et al. Feasibility, accuracy, and clinical
effect of point-of-care Xpert MTB/RIF testing for tuberculosis in prima-
ry-care settings in Africa: a multicentre, randomised, controlled trial.
Lancet 2014; 383:424-35.

UNITAID. Tuberculosis: Diagnostic Technology and Market Land-
scape. Geneva: World Health Organization, 2014.

Sun AY, Pai M, Salje H, Satyanarayana S, Deo S, Dowdy DW. Modeling
the impact of alternative strategies for rapid molecular diagnosis of
tuberculosis in Southeast Asia. Am ] Epidemiol 2013; 178:1740-9.
World Health Organization. Global tuberculosis report 2011. Geneva
2011:1-246.

Theron G, Peter ], Dowdy D, Langley I, Squire SB, Dheda K. Do high
rates of empirical treatment undermine the potential effect of new diag-
nostic tests for tuberculosis in high-burden settings? Lancet Infect Dis
2014; 14:527-32.

Claassens MM, du Toit E, Dunbar R, et al. Tuberculosis patients in pri-
mary care do not start treatment. What role do health system delays
play? Int ] Tuberc Lung Dis 2013; 17:603-7.

Sreeramareddy CT, Kishore PV, Menten J, Van den Ende J. Time delays
in diagnosis of pulmonary tuberculosis: a systematic review of literature.
BMC Infect Dis 2009; 9:91.

Target Product Profiles for Tuberculosis Tests o JID 2015:211 (Suppl 2) e S37

STOZ ‘9T YoIe|A UO A1SIeAIUN Y10 A MBN Te /B10'seulno(pioxo pilj/:dny wouy pspeojumoq


http://jid.oxfordjournals.org/

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Colla M. Cepheid presentation on Xpert MTB/RIF failure rates. In:
Geneva: Global Laboratory Initiative.

Banoo S, Bell D, Bossuyt P, et al. Evaluation of diagnostic tests for in-
fectious diseases: general principles. Nat Rev Microbiol 2010; 8:517-29.
Dowdy DW, Lotia I, Azman AS, Creswell ], Sahu S, Khan AJ. Popula-
tion-level impact of active tuberculosis case finding in an Asian mega-
city. PLoS One 2013; 8:e77517.

Denkinger CM, Kampmann B, Ahmed S, Dowdy DW. Modeling the
impact of novel diagnostic tests on pediatric and extrapulmonary tuber-
culosis. BMC Infect Dis 2014; 14:477.

Sohn H, Aero AD, Menzies D, et al. Xpert MTB/RIF testing in a low
tuberculosis incidence, high-resource setting: limitations in accuracy
and clinical impact. Clin Infect Dis 2014; 58:970-6.

Peter JG, Theron G, Singh N, Singh A, Dheda K. Sputum induction to
aid diagnosis of smear-negative or sputum-scarce tuberculosis in adults
in HIV-endemic settings. Eur Respir ] 2014; 43:185-94.

Denkinger CM, Schumacher SG, Boehme CC, Dendukuri N, Pai M,
Steingart KR. Xpert MTB/RIF assay for the diagnosis of extrapulmo-
nary tuberculosis: a systematic review and meta-analysis. Eur Respir J
2014; 44:435-46.

Girosi F, Olmsted SS, Keeler E, et al. Developing and interpreting models
to improve diagnostics in developing countries. Nature 2006; 444(suppl
1):3-8.

World Health Organization. A systematic review of the sensitivity and
specificity of symptom- and chest-radiography screening for active pul-
monary tuberculosis in HIV-negative persons and persons with un-
known HIV status, 2013.

Dowdy DW, Hoog AV, Shah M, Cobelens F. Cost-effectiveness of rapid
susceptibility testing against second-line drugs for tuberculosis. Int J
Tuberc Lung Dis 2014; 18:647-54.

Bates M, O’Grady ], Maeurer M, et al. Assessment of the Xpert MTB/
RIF assay for diagnosis of tuberculosis with gastric lavage aspirates in

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

children in sub-Saharan Africa: a prospective descriptive study. Lancet
Infect Dis 2013; 13:36-42.

Zar HJ, Workman L, Isaacs W, et al. Rapid molecular diagnosis of pul-
monary tuberculosis in children using nasopharyngeal specimens. Clin
Infect Dis 2012; 55:1088-95.

Zar HJ, Hanslo D, Apolles P, Swingler G, Hussey G. Induced sputum
versus gastric lavage for microbiological confirmation of pulmonary tu-
berculosis in infants and young children: a prospective study. Lancet
2005; 365:130-4.

Marais BJ, Pai M. Specimen collection methods in the diagnosis
of childhood tuberculosis. Indian ] Med Microbiol 2006; 24:
249-51.

Dinnes ], Deeks ], Kunst H, et al. A systematic review of rapid diagnostic
tests for the detection of tuberculosis infection. Health Technol Assess
2007; 11:1-314.

Cuevas LE, Browning R, Bossuyt P, et al. Evaluation of tuberculosis
diagnostics in children: 2. Methodological issues for conducting and re-
porting research evaluations of tuberculosis diagnostics for intrathorac-
ic tuberculosis in children. Consensus from an expert panel. ] Infect Dis
2012; 205(suppl 2):5209-15.

Pai M. TB diagnostics: FAQs by test developers. IJTLD 2013;
17:1-2.

WHO/TDR/FIND. Diagnostics for tuberculosis. Global demand
and market potential. Geneva: World Health Organization, 2006:
1-203.

Consortium TBDMA. Market assessment of tuberculosis diagnostics in
Brazil in 2012. PLoS One 2014; 9:¢104105.

Pantoja A, Fitzpatrick C, Vassall A, Weyer K, Floyd K. Xpert MTB/RIF
for diagnosis of tuberculosis and drug-resistant tuberculosis: a cost and
affordability analysis. Eur Respir ] 2013; 42:708-20.

World Health Organization. Global strategy and targets for tuberculosis
prevention, care and control after 2015, 2014.

S38 e JID 2015:211 (Suppl 2) e Denkinger et al

STOZ ‘9T YoIe|A UO A1SIeAIUN Y10 A MBN Te /B10'seulno(pioxo pilj/:dny wouy pspeojumoq


http://jid.oxfordjournals.org/


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 175
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


