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Abstract Having caused devastating epidemics during the 20th century, the incidence of life-threatening human African trypanosomiasis
has fallen to historically low levels as a result of sustained and coordinated efforts over the past 20 years. Humans are the main reservoir
of one of the two pathogenic trypanosome subspecies, Trypanosoma brucei gambiense, found in western and central Africa. The expected
advent of a safe and easy-to-use treatment to be given to seropositive but microscopically unconfirmed individuals would lead to further
depletion; in the meantime, the presence of T. b. gambiense infection in the community must be monitored to allow the control strategy to
be adapted and the elimination status to be assessed. The World Health Organization has therefore developed a target product profile that
describes the optimal and minimal characteristics of an individual laboratory-based test to assess 7. b. gambiense infection in low-prevalence
settings. Development of the target product profile involved the formation of a Neglected Tropical Diseases Diagnostics Technical Advisory
Group and a subgroup on human African trypanosomiasis diagnostic innovation needs, and an analysis of the available products and
development pipeline. According to the product profile, the test should ideally: (i) require a minimally invasive or non-invasive specimen,
collectable at peripheral facilities by minimally trained health workers; (i) demonstrate good sensitivity and high specificity; (iii) have a
stability of samples allowing transfer to reference laboratories preferably without cold chain; (iv) be stable over a wide range of environmental
conditions for more than 2 years; and (v) after marketing, be available at low cost for at least 7 years.

Abstracts in S5 H13Z, Francais, Pycckuii and Espafiol at the end of each article.

Introduction

Human African trypanosomiasis, endemic in sub-Saharan
Africa, is a life-threatening parasitic infection transmitted by
the tsetse fly.! Having caused devastating epidemics during
the 20th century, its incidence has fallen to historically low
levels as a result of sustained and coordinated efforts over
the past 20 years.” The disease is caused by two trypanosome
subspecies with distinct epidemiology. (i) Trypanosoma
brucei rhodesiense, found in eastern and southern Africa, is
harboured by wild and domestic animals (which constitute its
reservoir) and is occasionally transmitted to humans; and (ii)
T. b. gambiense, which is found in western and central Africa,
has its main reservoir in humans and between 2011 and 2020
accounted for 95% (32275 out of 34 096 reported cases) of the
total caseload of human African trypanosomiasis.?

Because clinical signs and symptoms of human African
trypanosomiasis are unspecific, diagnosis relies on labora-
tory techniques.® Field serodiagnostic tests exist only for T. b.
gambiense and are based on the detection of antibodies; they
are therefore not confirmatory of infection. With the current
low disease prevalence, the positive predictive value of sero-
logical tests is particularly low. Field-applicable tools include
the card agglutination test for trypanosomiasis,* used mainly
in active screening by specialized mobile teams, and the rapid

diagnostic tests that are more suitable for individual testing
at point-of-care. Confirmation of T. b. gambiense infection
requires microscopic examination of body fluids, necessitating
specific training. The best performing methods are laborious
and demonstrate 85%—-95% diagnostic sensitivity when per-
formed by skilled personnel.®

With regards to the control and elimination of gambiense
human African trypanosomiasis, it has long been observed
that a strategy of repeated rounds of screening followed by
treatment of detected cases can bring down the prevalence
substantially.® The expected advent of a safe and easy-to-use
treatment to be given to seropositive but microscopically un-
confirmed individuals would lead to further depletion of the
parasite reservoir.” However, if this type of treatment policy is
applied, the presence of T. b. gambiense infection in the com-
munity must be monitored to allow the control strategy to be
adapted in each setting and to provide key data to assess the
elimination status in endemic countries.

The World Health Organization (WHO) has therefore de-
veloped a target product profile that describes the optimal and
minimal characteristics of an individual laboratory-based test
to assess T. b. gambiense infection in low-prevalence settings.
The purpose of this profile is to inform product developers of
the key performance specifications and characteristics of such
a test that will meet the needs of end-users in sub-Saharan
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African countries. The main features of
such a product include: (i) its use at an
individual level in suspects (e.g. those
with serological or clinical suspicion,
and/or geographical proximity to con-
firmed cases) to determine if they are
currently infected (ideally) or have pre-
viously been infected by T. b. gambiense;
(ii) high specificity and good sensitiv-
ity; (iii) simple specimen collection by
minimally trained staff, and stability of
samples allowing transfer to reference
laboratories preferably without cold
chain; and (iv) ideally requiring blood
from finger-prick with minimal sample
processing. To help with interpretation,
it should also be established for how
long the test may remain positive in an
individual after a T. b. gambiense infec-
tion has cleared (e.g. antibody tests may
remain positive for years).

Methods

The development of this target product
profile was led by the WHO Department
of Control of Neglected Tropical Diseas-
es following standard WHO guidance.
To identify and prioritize diagnostic
needs, a WHO Neglected Tropical Dis-
eases Diagnostics Technical Advisory
Group was formed. Subgroups to advise
on specific neglected tropical diseases
were subsequently created, including a
subgroup working on human African
trypanosomiasis diagnostic innova-
tion needs. This group of independent
experts comprised leading international
scientists and specialists, including from
countries where the disease is endemic,
who followed standard WHO declara-
tion of interest procedures.

A landscape analysis of the available
products and development pipeline was
conducted, and salient areas with unmet
needs were identified. Through meetings
and remote consultations, use-cases
were developed for the hypothetical
tools considered as the four main gaps,
and assigned an order of priority. A
template adapted to the human African
trypanosomiasis context was agreed,
and used to develop the target product
profile. The draft of this target product
profile (rated as third-highest priority)
underwent several rounds of review by
the subgroup members, before being
reviewed by the members of the advisory
group. A draft version was posted on
the WHO website for public consulta-
tion on 23 September 2022 for 28 days,
inviting viewers to complete a proforma
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comment form. After further review by
members of the advisory group, a final
version of the target product profile was
made available online.®

Target product profile
Intended use

This test is intended for individuals
at increased suspicion for gambiense
human African trypanosomiasis after
serological testing or clinical exami-
nation, or because of proximity to a
confirmed case. Ideally, a positive test
should indicate current infection with
gambiense human African trypano-
somiasis, with inclusion of a previous
infection as acceptable.

It would be desirable for a test to
detect the presence of T. b. gambiense-
specific antibodies, T. b. gambiense
antigens, or whole-parasite or T. b.
gambiense-specific nucleic acids; how-
ever, the detection of antibodies or anti-
gens of Trypanozoon, or whole-parasite
or Trypanozoon-specific nucleic acids,
would be minimally acceptable. The
sampling should be conducted before
treatment in the case of molecular or
antigen analytes. Antibodies may persist
from a previous infection, which would
allow the retrospective diagnosis of T. b.
gambiense infection; sampling could be
conducted immediately after treatment
in this case.

The type of specimen required
should ideally be either minimally
invasive (e.g. finger-prick or venous
blood) or non-invasive (e.g. saliva, urine
or tears). A test feasible at a national
or sub-national laboratory would be
ideal, but the need to refer to interna-
tional laboratories would be minimally
acceptable. A trained health worker
(with ideally <1 hour’s basic training,
or acceptably up to 4 hours) should be
capable of collecting the specimens. At
the reference laboratory performing
the test, a 1-2 days’ training for labo-
ratory personnel should be sufficient,
and a maximum of 7 days would be
acceptable.

Assay performance

A clinical sensitivity of at least 95% is
desired (>90% minimally acceptable),
comparable to the most sensitive para-
sitological tests currently in use. False
negatives resulting in non-treatment not
only have a risk of death but also result
in lower prevalence estimates. Further,
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because false positives result in un-
necessary treatment and overestimated
prevalence, a clinical specificity of at
least 99% is desired (>95% minimally
acceptable).

Because diagnosis and treatment
are currently based on microscopy at the
subgenus level, a Trypanozoon-specific
test would be acceptable; however, the
test should ideally detect lower taxa
(e.g. T b. gambiense type 1). In terms
of detection thresholds, an analytical
sensitivity of 10 parasites/mL or less
is desired (although <50 parasites/mL
would be minimally acceptable). Re-
peatability and reproducibility should
be as high as possible, with K-values of
greater than 0.96 and 0.94 desired, re-
spectively (>0.92 and >0.90 minimally
acceptable, respectively). Control of
functionality is required, and the avail-
ability of temperature-stable positive
and negative controls for batch and kit
testing is desired.

Operational characteristics

The test should ideally be usable in con-
ditions of 10 °C-40 °C and 10%-88%
relative humidity, although margins of
10°C -30 °C and 40%-70% would be
minimally acceptable. Preparation of the
specimen in the field should preferably
be a single-step process (maximum four
steps), with preferably no (or minimal)
need for precision liquid handling or
specialized material. Specimens should
ideally be testable individually (i.e.
without any waste of unused reagent),
although testing in batches of less than
eight would be minimally acceptable.
Results should ideally be available
within 48 hours (maximum 1 week)
after arrival at the test laboratory, prefer-
ably with automatic scoring, recording
and integration of results (visual/manual
scoring, recording and integration mini-
mally acceptable).

Reagent and sample handling

The stability of the reagent should con-
sider the time frame for distribution
from manufacturer, passage through
customs and the limited number of
tests that may need to be performed in
low-prevalence settings. Tests should be
stable at 4 °C-45 °C (4 °C-8 °C mini-
mally acceptable) and 40%-88% relative
humidity, ideally for more than 2 years
(1 year minimally acceptable). Ideally,
individual tests (or < 8-specimen series)
should be accompanied by all necessary
accessories and reagents for processing.
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Reagents should either be ready for use,
or else usable after a preferred maximum
of two steps (maximum five steps mini-
mally acceptable).

Specimen processing (volume
<0.07 mL for finger-prick; <5 mL for
venous blood) before preferably non-
urgent transport (e.g. 4 weeks) should
ideally be achievable either without
any further steps or a maximum of two
steps. Stability of the sample for 4 weeks
at 40 °C or 12 months at 4 °C is desir-
able; stability of the sample for 3 days
at 35 °C or 1-2 months at 4 °C would
be minimally acceptable. Sample waste
management procedures should adhere
to standard biosafety measures for han-
dling potentially infectious materials,
with waste disposal in biosafety bins and
sharps containers following standard
guidelines.

Commercial aspects

The supply of the test should be guar-
anteed for preferably 7 years or more
(at least 5 years minimally acceptable)
after marketing, and manufacturers
should replace non-functioning tests or
instruments. External support should be
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available with a desired response time of
ideally 1 day (1 week maximum).
Individual tests should be available
to health facilities at a maximum cost of
5 United States dollars (US$); the mini-
mally acceptable cost is under US$ 20.

Conclusion

Currently, the diagnostic tools available
in or near the field are not appropriate
for determining T. b. gambiense infec-
tion because of the low sensitivity of
simple microscopy tests, and the low
feasibility of more sophisticated tests
with higher performance. According
to the product profile, the test should
ideally: (i) require a minimally invasive
or non-invasive specimen, collectable
by fixed or mobile facilities close to
affected communities by minimally
trained health workers; (ii) demon-
strate good sensitivity, high specific-
ity, repeatability and reproducibility;
(iii) have a simple specimen collection
procedure, and a good stability of
specimens allowing transfer to refer-
ence laboratories preferably without
cold chain ; (iv) be stable over a wide

range of temperature and relative
humidity for more than 2 years; and
(v) after marketing, be available at
low cost for at least 7 years. In settings
with an absence of performant mi-
croscopy, treatment could be decided
based on the results of this test. This
test would also become very useful in
the framework of a potential strategy
of providing immediate treatment to
unconfirmed serological suspects, a
situation that is currently predicted
with the potential advent of an oral,
single-dose safe treatment. In such
situations, this test could confirm or
rule out T. b. gambiense infection a
posteriori, allowing the epidemiologi-
cal situation to be monitored. l
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Résumé

Profil de produit cible: Test de détection de Trypanosoma brucei gambiense pour les régions a faible prévalence

Apres avoir causé des épidémies dévastatrices au cours du 20¢ siecle,
la trypanosomiase humaine africaine, potentiellement mortelle, a vu
son incidence chuter a un niveau historiquement bas grace aux efforts
conjoints et soutenus déployés ces deux dernieres décennies. Les
humains constituent le principal réservoir de I'une des deux sous-especes
pathogéniques de trypanosome, Trypanosoma brucei gambiense, que
I'on retrouve en Afrique occidentale et centrale. L'arrivée d'un traitement
sUr et simple d'utilisation, qui serait administré aux individus séropositifs
mais sans confirmation microscopique, devrait entrainer une nouvelle
diminution; dans l'intervalle, la présence d'une infection a T. b.gambiense
au sein de la communauté doit étre surveillée afin de pouvoir adapter
la stratégie de lutte et évaluer le statut d'élimination. Par conséquent,
I'Organisation mondiale de la Santé a élaboré un profil de produit
cible qui détaille les caractéristiques minimales et optimales d'un test
individuel en laboratoire visant a confirmer l'infection a 7. b. gagmbiense

dans les régions a faible prévalence. La mise au point de ce profil a
entrainé la formation d'un Groupe consultatif technique sur le diagnostic
des maladies tropicales négligées et d'un sous-groupe consacré aux
besoins en matiére d'innovation diagnostique pour la trypanosomiase
humaine africaine, qui a conduit une analyse des produits existants et
des projets de développement. Selon le profil de produit, le test devrait
idéalement: (i) nécessiter un prélevement d'échantillon peu ou non
invasif, pouvant étre effectué dans des structures périphériques par des
professionnels de la santé ayant recu une formation sommaire; (ii) faire
preuve d'unbon niveau de sensibilité et d'un niveau élevé de spécificité;
(iii) avoir une stabilité des échantillons permettant le transfert vers des
laboratoires de référence, de préférence sans chaine de froid; (iv) rester
stable dans un large éventail de conditions environnementales pendant
plus de deux ans; et enfin, (v) apres commercialisation, étre disponible
a bas colit pendant au moins sept ans.

Pesiome

LieneBoii npodunb NpoayKTa: TeCT Ha BbisBNeHue Trypanosoma brucei gambiense B ycnoBusix HU3Kom

PacnpoCcTpaHEeHHOCTHN 3aboneBaHus

ABNAACD NMPUUYMHONM yxacaowmx snnaemmin 8 20-m Beke,
3a001€BaeMOCTb OMACHBIM 1A XW3HN YenoBeka adpuKaHCKNM
TPMMaHOCOMO30M CHM3UMACh O UCTOPUYECKN HU3KOrO YPOBHA B
pesynbTaTe NOCNefoBaTENbHbBIX U CKOOPAVNHUPOBAHHbBIX YCUANIA
3a nocnearune 20 net. Jlloam ABMATCA OCHOBHbIM €CTECTBEHHbIM
pe3epByapoM OfHOIO 13 ABYX NaTOreHHbIX MOABWAOB TPUMaHOCOM
Trypanosoma brucei gambiense, BCTpeyatoWwmUxca B 3anafHom
n LeHTtpansHol Adpuke. MoasneHre 6e30MacHOro 1 NPoCToro
NeYeHus, KOTOPOE MOXHO OYAET Ha3HaUaTb LM C CePOMO3UTUBHBIM,
HO MUKPOCKOMMYECKM HETMOATBEPKAEHHBIM CTaTyCOM, NpuBenet
K JanbHenWeMy CHIKeHWIO 3ab01eBaemMoCcTi, TeM BpeMeHeMm
HeobxoamMo OyrneT oTcneanTs Hanuure nHdekumn 1. b. gambiense
B COOTBETCTBYIOWEN 0OLWMHE, YTOObI MOXKHO OblNIO afanTMpoBaTh
cTpaTeruio 6opbObl 1 OLUEHWTL CTaTYC NUMMUHALMN. B CBA3M C 3TVM
BceMmnpHO opraHu3aument 30paBooxpaHeHna Obin paspadoTtaH
Lenesot Npodunb MPOAYyKTa, KOTOPbIA ONMCHIBAET ONTUMalbHblE
N MUHVMaNbHbIE XapaKTEPUCTUKK OTAENbHbIX N1abopaTOPHbIX
UCMbITaHNA ANA OUeHKM nHbekumn T. b. gambiense B8 ycnosmax

HM3KOW pacnpoCTpaHeHHOCTN. Pa3paboTka Lenesoro npoduna
NPOAyKTa BKAloUana cosfaHue TeXHUUYECKOW KOHCYNbTaTUBHOWM
rpynnbl MO AMarHOCTUKe 3a0bIThiX akTyasnbHbIX 3aboneBaHuin 1
NOArPYNMbl MO MHHOBALMOHHBIM NOTPEOHOCTAM AMATHOCTUKM
adpPMKAHCKOro TPMMNaHOCOMO3a YeNlOBEKA, a TakKe aHanu3
MNMEIOWMXCA NPOAYKTOB 1 CTpaTeru passuTna. B cootBeTcTBMM
C npodunem NpoAyKTa TeCT NPU MAEaNbHbIX YCIOBUAX AOMKEH:
(i) TpeboBaTh MCMONBb30BaHA 06PA3LOB C MYHVMANBHBIM MHBA3NBHbBIM
NN HEMHBA3MBHbBIM BO3[ENCTBMEM, COBMPAEMBIX B YCIIOBUAX
nepudepunHbIX yypexxaeHuin MeauUMHCKAMKY paboTHUKaMK1 C
MUHUMANbHOW NOATOTOBKOW; (ii) AEMOHCTPNPOBATL XOPOLYHO
YyBCTBUTENIBHOCTb 1 BLICOKYIO CrietunduyHoCT; (i) obecneursatb
CTabVNbHOCTL 0OPA3LIOB, MO3BONAIOLLYIO TPAHCMOPTUMPOBATL VX A0
3TanoHHOW nabopatopuu, NpeanoYUTUTENbHO 683 1CMoNb30BaHUA
XononoBow Lenv; (iv) 6biTb CTabWUbHBIM B LUIMPOKOM [1Mana3oHe
YCNOBWIN OKpYxalolel cpefbl B TeueHve 6onee 2 neT; (v) nocne
BbIXOZa Ha PbIHOK ObITb AOCTYMHBIM MO HU3KOW LEHE B TeUeHVe Kak
MUHNMYM 7 NET.

Resumen

Perfil de producto objetivo: prueba de deteccion de Trypanosoma brucei gambiense en regiones de baja prevalencia

Tras haber causado epidemias devastadoras durante el siglo XX, la
incidencia de la tripanosomiasis humana africana potencialmente
mortal ha descendido a niveles histéricamente bajos gracias a los
esfuerzos sostenidos y coordinados de los Ultimos 20 afos. El ser
humano es el principal reservorio de una de las dos subespecies
patdgenas del tripanosoma, Trypanosoma brucei gambiense, presente en
Africa Occidental y Central. La prevista disponibilidad de un tratamiento
seguro vy facil de administrar a personas seropositivas, pero no
confirmadas al microscopio, permitiria una mayor eliminacion; mientras

tanto, se debe vigilar la presencia de la infeccién por T. b. gambiense
en la comunidad para poder adaptar la estrategia de control y evaluar
el estado de eliminacion. Por consiguiente, la Organizacién Mundial
de la Salud ha elaborado un perfil de producto objetivo que describe
las caracteristicas éptimas y minimas de una prueba de laboratorio
individual para evaluar la infeccion por . b. gambiense en regiones de
baja prevalencia. El desarrollo del perfil de producto objetivo implicé la
formacién de un Grupo de Asesoramiento Técnico sobre Diagndstico
de Enfermedades Tropicales Desatendidas y un subgrupo sobre las
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necesidades de innovacion en el diagndstico de la tripanosomiasis
humana africana, asf como un andlisis de los productos disponibles
y en desarrollo. Seguin el perfil objetivo, lo ideal serfa que la prueba:
(i) requiriera una muestra minimamente invasiva o0 no invasiva, que
pudiera ser recogida en centros periféricos por personal sanitario con
una capacitacion minima; (i) demostrara una buena sensibilidad y alta
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especificidad; (iii) tuviera una estabilidad de las muestras que permita
su transferencia a laboratorios de referencia, preferiblemente sin
cadena de frio; (iv) fuera estable en un amplio rango de condiciones
ambientales durante mds de 2 afios; y (v) tras su comercializacion,
estuviera disponible a bajo coste durante al menos 7 afos.
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