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KEYWORDS Summary Contemporary control of schistosomiasis is typically reliant upon large-scale admin-
istration of praziquantel (PZQ) to school age children. Whilst PZQ treatment of each child is

Schistosoma; . . . . -
Circulating cathodic inexpensive, the direct and indirect costs of preventive chemotherapy for the whole school
antigen; population are more substantive and, at the national level where many schools are targeted,

maximising cost effectiveness and the health impact are essential requirements for ensuring
longer-term sustainability (i.e. >5 years). To this end, the WHO has issued a set of treatment
dipsticks; guidelines, inclusive of re-treatment schedules, such that, Yvhere possiblg, tre'?\tment decisions
Oligochromatography; by schgol are based upon loca.l dlseas.e prevalence as determined by.para51tolog1cal. and/or ques-
LAMP tionnaire methods. As each diagnostic method has known shortcomings, presumptive treatment
of at-risk schools may initially be preferred, especially if the existing infrastructure for disease
surveillance is poor. It is against this background of school-based preventive chemotherapy that
a rapid diagnostic test (RDT) for schistosomiasis is most urgently needed, not only to improve
initial disease surveillance but also to focus drug delivery better through time. In this paper,
the development, evaluation and application of selected diagnostic tests are reviewed to iden-
tify barriers that impede progress, foremost of which is that a new disease surveillance and
evaluation model is required where the in-country price of each RDT ideally needs to be less
than US$1 to be cost effective both in the short- and long-term perspective.

© 2009 Published by Elsevier Ltd on behalf of Royal Society of Tropical Medicine and Hygiene.
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1. Introduction

* Based on a presentation to a Joint Meeting of the Royal Soci-  Throughout much of sub-Saharan Africa there is a plethora
ety of Tropical Medicine & Hygiene and Royal Geographical Society of freshwater habitats, of man-made or natural origin, that
Expedition Advisory Centre (Medical Cell) on 22 May 2008, entitled actually or potentially harbour aquatic snails of the gen-
‘Field epidemiology in sub-Saharan Africa: will rapid diagnosis tests era Bulinus and/or Biomphalaria. The genera are each of
(RDTs) ever replace microscopy?’. K X - L i
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groups, respectively, although not all snail species play a
role in disease transmission.! Schistosome infections in man
give rise to schistosomiasis, which is conveniently divided
into two forms, urinary or intestinal, that typically represent
monospecific infection with S. haematobium in the former
and S. mansoni in the latter.Z Dual infections (so-called co-
infections, where both schistosome species parasitise the
same individual) occur but, surprisingly perhaps, this aspect
of the present global disease burden is still only poorly
known, in contrast to monospecific disease burdens.>* Two
other S. haematobium group species, S. intercalatum and
S. guineensis, are able to infect man but are very geograph-
ically restricted and, when taken together with infections
occasioned by other schistosomes of veterinary significance,
are of medial interest alone.>®

Like other helminths, schistosomes themselves do not
directly reproduce within the human host but rather the
female worm produces copious amounts of eggs, which are
either voided in the host’s excreta or become trapped within
tissues. For S. haematobium infections, the passage of eggs
perforating the bladder wall gives rise to the classic sign
of infection, macrohaematuria (visible blood in the urine).
Whilst eggs of S. mansoni perforate the bowel wall, the asso-
ciated release of blood is visible only in exceptional cases, as
faecal material usually occludes. Detection of microhaema-
turia (cryptic blood in the urine) with reagent strips is a well
known proxy marker of urinary schistosomiasis,” whilst fae-
cal occult blood tests generally lack the sensitivity required
for proxy diagnosis of intestinal schistosomiasis.® More usu-
ally it is the detection of schistosome eggs, which are of
characteristic size and shape for each species, either in stool
or urine that provides unequivocal evidence of infection. A
precise diagnosis, however, may be hampered as individu-
als may, or may not, continuously shed eggs throughout the
period of their infection. Indeed, sporadic egg excretion,
especially when numbers of infecting worms are low, typi-
cally confounds the sensitivity of parasitological methods of
diagnosis, but it is the gradual accumulation of trapped eggs
over a period of several months or years that induces host
morbidity.*

2. Geography of schistosomiasis

In sub-Saharan Africa, schistosomiasis has a complicated
distribution owing to the complex interplay of biotic and
abiotic factors, but it is a significant blight upon the
populace especially in places where people, snails and par-
asites are brought together on a regular basis.* In such
locations, schistosomiasis can be almost universal and con-
tributes to the daily entrapment of those often already
in poverty and marginalisation. Disentangling macroepi-
demiological and microepidemiological determinants of the
disease is particularly challenging, as an intriguing fea-
ture of schistosomiasis is its geographical overdispersion or
tight focality.” Thus far, predictive epidemiological mod-
els have struggled to encapsulate this feature precisely
but can, at least, identify environments unfavourable for
transmission and therefore exclude areas quite confidently,
e.g. landscapes that are too cold or dry."® School-based
questionnaire methods reporting the occurrence of red
urine can also be useful for targeting, or eliminating,

areas for treatment where urinary schistosomiasis is likely
endemic."

At the local level, however, disease endemicity is often
the product of ‘place-specific’ factors both in time and
space, e.g. the seemingly chaotic occurrence and fluctu-
ations of infected freshwater snails through seasons.'? It
has previously been stated that no two disease transmis-
sion foci are the same,? and the applied significance of this
heterogeneity, unfortunately, is that precise mapping of the
endemicity of schistosomiasis at the local level can be dif-
ficult, short of exhaustive investigative sampling within the
human populace (see Figure 1). Moreover, even with such
precise geographical information at hand it is still neces-
sary to understand both physical and molluscan aspects of
transmission for, as people travel, the place at which infec-
tions were encountered does not always correlate, or best
predict, the actual place where infections were initially or
subsequently acquired. It is this peculiarity where the distri-
bution of the snail, and not man, actually restricts, in time
and space, the active disease transmission zone to people. '
Whilst not all populations of Bulinus or Biomphalaria have
the capacity to transmit schistosomes, resulting from a com-
plex evolutionary interplay between snail and parasite,’
within a context of disease control, efforts for more pre-
cise mapping of permissive intermediate hosts is not always
given sufficient support.

Whilst a detailed knowledge of this aspect of snail-
related transmission is very much needed, this information
is notoriously difficult to acquire at each of the key local
environments short of performing extensive malacologi-
cal surveys and schistosome—snail infection experiments.’
Doing the above is all the more difficult given that pre-
cise identification and classification of natural populations
of Bulinus and Biomphalaria can be problematic, even
with molecular methods. So like the progress needed to
abate disease transmission with improvements in sanita-
tion and water hygiene (which are still vitally needed),
substantial progress towards an enduring snail transmission
map useful for control of schistosomiasis is both ardu-
ous and slow.'”? However, this progress sharply contrasts
with the rapid impact that chemotherapy with the orally
administered anthelminthic praziquantel (PZQ) can provide
for morbidity reduction in the human populace. Indeed,
this is especially pervasive as the tools and drug delivery
systems are essentially to-hand and infected communi-
ties, e.g. school age children, can be reached relatively
easily with school-based infrastructures utilising univer-
sal primary education (UPE) initiatives, e.g. trained school
teachers distribute medications. Moreover, after treatment,
children usually feel an immediate improvement in their
health.

3. A changing face of schistosomiasis control

Use of chemotherapy in the control of schistosomiasis was
advocated long ago,? but a driving force in its present
widespread application has been the significant reduction
in price of PZQ tablets following from off-patent production
of the drug by generic manufacturers. In addition, as part
of the World Health Assembly 54.19 resolution, deworming
is firmly on the international health agenda and increasing
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Figure 1  Schematic maps representing the complex distribution of schistosomiasis by depiction of three primary landscape fea-
tures (physical, molluscan and disease), which collectively combine to produce the focal, or patchy, occurrence of schistosomiasis.
The area depicted is adjacent to a major lake and typical of a subcountry level; in Lake Victoria, for example, where the shoreline
is some 3400 km long there would be up to 200 similar epidemiological patchworks likely inclusive of some 2400 schools. Whilst the
disease landscape (C) can be thought of as an end product of both the physical (A) and mollusc (B) factors, it directly interacts with
the physical and molluscan in determining ways, for example, the activities of infected humans influence the spread of infection
back to aquatic snails and/or the behaviour of the human population itself sometimes creates new physical landscape features, e.g.
irrigation schemes, or coalesces around existing features to intensify transmission, e.g. harvesting fish. (A) A total of 12 schools is
shown with associated aquatic features set within a 10 km swath from the shoreline of a large lake. (B) The depicted colonisation
patterns of intermediate snail hosts in the aquatic habitats is based upon the known malacology of Lake Victoria.! Note that the
lacustrine Bulinus (e.g. Bu. transversalis and Bu. trigonis) do not transmit urinary schistosomiasis whereas Bulinus found in riverine
and pond environments do (e.g. B. globosus). The colonisation patterns of Biomphalaria differ, with Bi. choanomphala being found
in the lake whilst Bi. pfeifferi and/or Bi. sudanica is restricted to marshes and irrigation schemes. (C) Prevalence map of urinary
and intestinal schistosomiasis at each of the 12 schools. Note that School 2 is exceptional in that dual infections of Schistosoma

haematobium and S. mansoni co-exist. These maps are based upon typical data from Uganda.'3 "4

access to anthelminthics, particularly in school age chil-
dren, is a key target promoted by the WHO, e.g. by 2010 at
least 75% of school age children at risk of morbidity should
have regular access to chemotherapy. More recently, the
delivery of PZQ is now set within a new integrated strat-
egy for preventive chemotherapy for the control of human
helminthiasis that aims, as a rapid impact package, to bring
future returns in averting host morbidity that would other-
wise develop in the absence of treatment. The rationale and
ethical arguments for adopting this strategy are particularly
convincing given all alternatives. '

Whilst many of the anthelminthic drugs used in integrated
preventive chemotherapy are donated, or are very low cost,
generic production of PZQ still has an associated cost that
typically results in in-country prices of PZQ tablets between
US$0.04 and USS$0.08 per 600 mg tablet, or higher, subject to
local taxes/delivery.'® As part of the Schistosomiasis Control
Initiative (SCI), further negotiations to procure PZQ from a
variety of competitor generic manufacturers are set hope-
fully to decline this price further still. As the correct dose
(40 mg/kg) of PZQ is calculated by patient weight, fractions
or multiples of PZQ tablets are therefore needed.' In the
context of national control programmes and to speed admin-
istration of treatment, weighing scales have been replaced
by a PZQ treatment or dosing pole that, for school age chil-
dren, spans the corresponding doses of one to three tablets
(in half-tablet divisions) across a child’s height range from
94cm to 160 cm. In Uganda, for example, field use has esti-

mated that for a typical primary school an allocation of 2.7
tablets per child gives sufficient surplus to ensure that no
drug shortages are encountered, especially as non-enrolled
children of school age are also eligible for treatment on the
day of treatment, and that the actual average treatment
per child dosing is slightly lower, approximately 2.2 tablets
per child.'”'®

Thus, at a cost of less than USS$0.20 (for the absolute
price of tablets) for each PZQ-treated child,'® the basic
economics of chemotherapy for school children are particu-
larly attractive and have become a fundamental cornerstone
of international health advocacy that few could begrudge.
Nevertheless, given the geographical distribution of schis-
tosomiasis, the large school aged populace and extensive
country-wide landscape to be covered, this simple health
advocacy ascertain is not particularly convincing, especially
when the following two questions are considered: where are
the schools with schistosomiasis, and which schools need
regular re-treatment?

Answers to these questions can be found, in part, by the
WHO treatment guidelines issued in 2002; for example, in
schools where the parasitological prevalence of schistoso-
miasis is in excess of 50% (high prevalence schools) annual
mass treatment of school age children is recommended,
whilst in schools where the prevalence is >10% but <50%
(medium prevalence schools) mass treatment once every 2
years is advised, and in schools where the prevalence is
<10% (low prevalence) mass treatment of children twice
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during their primary schooling (at entry and on leaving)
is directed.'®? Following these guidelines ensures that a
considered balance between cost effectiveness and health
impact is struck; in high prevalence schools the majority
of treatments are administered to children who are likely
infected, whilst in low prevalence schools treatments are
more sparsely allocated through time to ensure that wastage
of drugs is minimised yet those infected children, a minority,
receive some form of medication. A prerequisite of imple-
mentation of these guidelines is, of course, knowledge of
the prevalence of disease by school, but in the majority of
cases this is not known or the information is decades out of
date.?

Unfortunately, as parasitological surveys are not
cheap,™" collecting this epidemiological information
at such a fine scale school by school is expensive, thus
blanket mass treatment of putative at-risk schools can be a
preferred option. From an ethical perspective, promotion
of treatment is more justifiable than withholding treat-
ment unless there is substantial evidence to the contrary.
Evidence to the contrary usually takes the form of cost
effectiveness; it makes no economic sense to mass treat
schools on a regular basis where schistosomiasis is actually
absent or scaling-up factors become unmanageable.?’ An
example of this trade-off is illustrated in Table 1, which
considers four treatment options within a 5-year interven-
tion programme given a typical epidemiological landscape
in sub-Saharan Africa, as previously depicted in Figure 1.
These data are developed in simplified format from Brooker
et al.” and Stothard et al.™

Table 1

4. School-based control: is there any room for
rapid diagnostic tests?

Whilst there are a variety of arguments in favour of the
use of rapid diagnostic tests (RDT), e.g. it allows evidence-
based decision-making, their absolute necessity could be
immediately justified if their application in improving the
efficiency of correctly allocating PZQ treatments could be
off-set neutral, or even better off-set positive, in favour of
the costs to be saved through drug wastage, as illustrated
in Figure 2. To explore this scenario further, the costs asso-
ciated within Table 1 are taken further in Table 2 where
three in-country RDT pricing scenarios, of US$1, 3 and 5
per test, are explored. In this model of field surveillance, a
vehicle with driver carrying two health technicians is envis-
aged with site visits to each of the 12 schools as depicted
in Figure 1, taking a total of 5 days. To obtain a reason-
able estimate of the prevalence of disease by school, it has
been previously shown by computer simulations and field-
based evaluations that testing a sample of 15 children per
school could confidently gather evidence sufficient for the
WHO prevalence-based treatment thresholds.'® Thus, test-
ing in this manner, the total expenditure ranges from an
estimated US$1034.0 to US$1850.0 such that the percent-
age cost allocated for the RDTs themselves within the field
surveillance team increases from 19.7% to 55.1% (Table 2).

Using these values, it is immediately apparent that a
RDT priced in-country at USS5 per test, at best, can only

Prevalence of schistosomiasis by school at the onset of a 5-year intervention, and direct costs of praziquantel (PZQ)

tablets (an assumed average of US$0.075 per treated child) for each of four simple models of drug delivery

School? Schistosomiasis (%) Cost of PZQ per school (USS)
Intestinal Urinary BothP BMDA, 1 BMDA, 5 SMDA, 5 PMDA, 5
round¢ rounds? rounds® rounds’
1 6.0 0.0 6.0 75.0 375.0 22.5 75.0
2 37.5 60.0 78.0 ’ ’ 292.5 375.0
3 100.0 0.0 100.0 ’ ’ 375.0 375.0
4 1.0 15.0 15.5 ” ” 58.1 150.0
5 0.0 65.0 65.0 ” ” 243.8 375.0
6 40.0 0.0 40.0 ” ” 150.0 150.0
7 95.0 2.0 96.0 ” ” 360.0 375.0
8 45.0 0.0 45.0 ’ ’ 168.8 150.0
9 0.0 0.0 0.0 ” ” 0.0 75.0
10 75.0 0.0 75.0 ” ” 281.2 375.0
11 7.0 0.0 7.0 ’ ’ 26.3 75.0
12 0.0 0.0 0.0 ” ” 0.0 75.0
Total 33.9 11.8 44.0 900.0 4500.0 1955.6 2625.0

@ There were approximately 1000 children in each school.
b Total prevalence is not cumulative owing to co-infection.

¢ Blanket (not targeted) treatment with delivery of drugs to all schools only once.

d Blanket (not targeted) treatment with delivery of drugs to all schools every year for 5 years.

€ Selective treatment of positive individuals each year as originally identified at intervention baseline (NOTE: a hypothetical scenario
only, as children neither leave nor exit the school during the 5-year cycle).

f After an initial blanket mass drug administration in the first year, selective treatment following WHO guidelines according to prevalence
by school based upon initial baseline assessment (NOTE: prevalence is determined by a rapid diagnostic test, the costs of which are as

estimated in Table 2).
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Table 2 Estimated budgets for at-school-site testing for each of the 12 schools. Three rapid diagnostic test (RDT) pricing
schemes, with ancillary costs (i.e. the field surveillance team with vehicle), are indicated. Whilst other transport and staffing
models are possible (e.g. use of motorbikes), the field team consists of a driver with car accompanied by two health technicians.
By inspecting at least four schools each day, a budget of 5 field-days is required allowing for travel to and from the working area

Price per Total cost Ancillary costs for at-school-site testing Total (% for RDTs)
test (USS) of RDTs? - - -
StaffP Vehicle® Teachers Disposables® Contingencyf
1 204.0 475.0 250.0 60.0 20.0 25.0 1034.0 (19.7)
3 612.0 ’ ” ” ” ’ 1442.0 (42.4)
5 1020.0 e A A L L 1850.0 (55.1)

2 A total of 17 tests per school is needed assuming an invalid test rate of approximately 10%, the cost per test is the final ‘in-country’

price.

b Staff field per day rates: one driver at US$25 and two technicians at US$35.
¢ Car costs at USS50 per day allowing for field and general vehicle up-keep.
d Assisting teacher(s) at each school are given a lunch allowance of US$5.

€ Provision of general items: disposable gloves and plastic-ware.

f A contingency allowance to meet costs of any unexpected expenses.

be off-set neutral given its use within a prevalence gather-
ing exercise. Thus, an absolute upper pricing boundary can
be firmly set, above which the use of RDTs could not be jus-
tified. Pricing at US$1 or USS3 per test is off-set positive,
with total savings of US$816.0 and US$408.0, respectively.
Given that the example in Figure 1 is but a single patch in
the epidemiological quilt of Lake Victoria, for example, if
scaled proportionately total savings would be in the region
of US$81.6K to US$163.2K. Therefore, in a scenario where
the RDT is priced at less than US$3 per test, it would be con-
sistently more cost effective than presumptive treatment of
at-risk schools and, for economic reasons alone, could be
strongly advocated. Pricing at USS$1 per test also opens up
another important possibility, that RDTs could be used both
in start-point and end-point monitoring if a further US$218
could be re-assigned from the overall budget (i.e. US$43.6K
from a total budget for Lake Victoria), thereby off-setting
the total costs of conducting the two surveys. If not, then

(A) Costofwasted drug = BMDA - PMDA =US$1850

(B) Efficiency (%) of BMDA drug allocation = (BMDA/ SMDA*) x 100 = 43%

Efficiency (%) of PMDA drug allocation = (PMDA/SMDA) x 100 = 75%

Figure 2 The budget that could be freed due to better drug
targeting could be used to justify implementation of rapid diag-
nostic tests. (A) From the example shown in Figure 1 and Table 1,
the approximate cost of wasted drug is the difference between
blanket mass drug administration (BMDA) and prevalence-based
mass drug administration (PMDA) following WHO guidelines.
(B) Assessment of the efficiency of treatment by BMDA and PMDA
set against selected mass drug administration (SMDA). The effi-
ciency of BMDA will always be approximately the same as the
aggregated mean prevalence by school of the epidemiological
landscape surveyed, i.e. 44% (Table 1). * Note that SMDA is a
hypothetical example as to do this would have required logis-
tically unattainable resources and unrealistic financial budgets
to determine precisely the infection status of each child.

in-country pricing of the RDT at US$0.50 would be required
but at this level there is little doubt that RDTs would be con-
sistently justified. Perhaps more importantly, at this pricing
their use could lead to an intervention performance indi-
cator, e.g. percentage reduction of disease prevalence by
school, as shown in Figure 3. By having such an indicator,
both start-point and end-point information could be explic-
itly defined within the 5-year cycle, which could allow more
accurate forecasting of drug requirements over forthcom-
ing decades as well as gathering essential statistics for more
informed health advocacy to secure subsequent intervention
funds.

5-year treatment programme cycle Next 5-year proaramma’
A '
- T, 1
BMDA '
0 1 2 3 4 5 I? BMDA !
@ 4 o :
PMDA " PMDA '
—ma M .1 :
Start-point End-point Start-point !
]

Figure 3 A comparison of the surveillance and evaluation

model used in blanket mass drug administration (BMDA) and
prevalence-based mass drug administration (PMDA) reveals that
PMDA should be favourable for a variety of reasons. First, if
rapid diagnostic tests (RDT) priced at USS$1.0 per test were
incorporated into an initial prevalence mapping exercise by
school their immediate use would be off-set positive against
the total amount of praziquantel saved by better allocation of
treatments. If additional funds were available, or RDTs were
priced at USS0.5 per test, then end-point impact mapping of the
5-year programme is also possible. In comparison with BMDA, no
such information of impact is gained other than total numbers
of treated children through time. If another second round of
5-year funding is envisaged then the initial end-point could be
seen as the next start-point (only if a limited amount of time has
elapsed, e.g. 1—2 years), otherwise a new start-point assess-
ment is needed. If chemotherapy has had a diminishing effect
upon mean aggregated prevalence by school, e.g. is now signif-
icantly less than 44%, then the efficiency of BMDA will further
decline while the efficiency of PMDA increases.
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5. Available rapid diagnostic tests for
schistosomiasis

The desirability of a RDT can be encapsulated within
the acronym ASSURED (i.e. RDTs should be Affordable,
Sensitive, Specific, User-friendly, Rapid and robust, Equip-
ment free and Deliverable to end-users). Presently, RDTs
now centralise upon lateral flow immunodiagnostic devices
where antigens released from the targeted parasite are
detected.?? Most often, whole blood taken as a fingerprick
is used but other bodily fluids, e.g. urine, often contain
detectable amounts of parasite antigen. In comparison with
other tropical diseases, e.g. malaria and lymphatic filari-
asis, it is perhaps surprising, given the extensive research
into the immunobiology of schistosomiasis, that the choice
of commercially available RDTs for this disease is par-
ticularly meagre. It should be recognised, however, that
there are many implicit difficulties in detecting schistosome
infections.?324

For schistosomiasis, attention originally focused upon
schistosome antigens present in patient serum,?® then later
urine, which led to a simple-to-use ELISA dipstick spe-
cific for schistosome circulating cathodic antigen (CCA) in
urine. In reality, CCA is a cocktail of secreted proteins
released from the gut of adult worms that share carbohy-
drate polysaccharide epitopes. Since the schistosome gut
is blind-ended, worms typically vomit their digested blood
meals daily and these products, together with CCA, enter
the host blood vasculature system. Schistosome CCA is
then excreted by the kidney into the urine at amounts
detectable by antigen capture methods. Further refine-
ments in anti-CCA antibody formulations led to lateral flow
urine-CCA dipstick,? which became commercially available
in 2003 entitled the ‘schistosomiasis one step test’ pro-
duced by the European Veterinary Laboratory (Woerden, The
Netherlands; see http://www.evlonline.nl). From a field
perspective, collection of urine samples is much easier than
stool collection, thus the urine-CCA dipstick facilitates par-
ticularly rapid specimen collection for examination at each
school.

As CCA antigens are genus cross-specific, the ‘schisto-
somiasis one step test’ was not designed to discriminate
between urinary and/or intestinal schistosomiasis, which,
from a control perspective, has the advantage of cap-
turing, but not identifying, both forms of disease in a
single test.?® While the test had gone to market it was
not fully evaluated to US Food and Drug Administration
(FDA) standards for use in the disease-endemic setting
and was therefore supplied for research purposes only. A
variety of ad hoc evaluation studies followed and found,
unexpectedly, that the dipstick totally failed to detect S.
haematobium infections?” or that the sensitivity for urinary
schistosomiasis was poor.2® On the other hand, the diagnos-
tic performance of the dipstick for intestinal schistosomiasis
was very good,?” which has also been corroborated in differ-
ent epidemiological settings.?’ Another important facet of
this RDT is its ability to track the intensity of S. mansoni
infections, as proportionality between CCA concentration
and excreted eggs was strongly correlated.?”’ A RDT that
can record intensity of infection is particularly useful for
assessing a decline in individual host worm burdens as well

as identifying locations where transmission is particularly
high.

The reported observations on urinary schistosomiasis
prompted a subsequent reformulation of this test by the
Department of Parasitology, Leiden University Medical Cen-
ter (Leiden, The Netherlands) and eventual production with
a different commercial supplier, namely Rapid Medical Diag-
nostics (South Africa), but a recent evaluation of the test has
still shown that the detection of urinary schistosomiasis, at
least on Zanzibar, was poor (J.R. Stothard et al., unpublished
data). There are a variety of reasons why the dipstick is not
performing, but a potentially serious concern is that sub-
tle differences in the antigenicity of CCA from populations
of S. haematobium from different regions may be a likely
confounder.

6. Present barriers against use of existing
rapid diagnostic tests

A formidable barrier in the use of a schistosomiasis RDT is
that there is presently no reliable RDT capable of detect-
ing both disease forms simultaneously. This is a serious set
back as even if the test was proven to perform well in some
locations, it could incorrectly document the prevalence
of schistosomiasis, especially co-infections, if the present
reformulated urine-CCA dipstick was applied without addi-
tional in-country evaluations. Whilst it may be possible to
supplement the performance of the test by conjoint use of
reagent strips for detection of microhaematuria, this would
not be advisable as it would complicate sampling protocols,
which should be kept as simple as possible.

Another major hurdle limiting any further use, even
within a monoendemic area for intestinal schistosomiasis,
is the current cost of each CCA dipstick, presently retailing
at between US$2.6 and US$4.6.%7 This pricing is contingent
upon numbers requested/packaging requirements and does
not cover freighting or local taxes. Careful consideration is
therefore needed to determine whether the performance,
and more importantly cost-effective application, can be jus-
tified. Compossible scenarios in the framework stipulated
above would suggest that this pricing is too high for any
sustainable future, as presently it would be off-set nega-
tive against the possible saving of PZQ. At the same time
as fixing in-country prices, the likely total economic rev-
enue to be generated from the RDTs has to be financially
attractive for the diagnostic industry otherwise their retail
market is barren. Given that most people afflicted with
schistosomiasis cannot and could not afford to buy PZQ
treatments, the possibility of any private retail within the
endemic area is slim. From another perspective, as the SCI
has created and fostered a demand for production of PZQ
within the pharmaceutical sector, a similar atmosphere is
therefore needed for sustained commercial production of
RDTs. It can only be hoped that with future large-scale donor
funding for control of neglected tropical diseases, e.g. from
the United States Agency for International Development
(USAID), this aspect is more carefully nurtured otherwise
monitoring and surveillance activities, which are necessary
to ensure donor funds are wisely spent, will remain incom-
plete and stunted.
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7. Future rapid diagnostic test technologies in
the pipeline

In a review such as this it is important to speculate
what future technologies could work in synergy or even
replace antigen/serological methods. It is certain that any
future schistosomiasis-specific RDT will likely depend upon
inspection of biomarkers obtained from a patient’s urine.
Detection of parasite DNA in host urine through PCR is
still being explored with quantitative real-time PCR with
a variety of fluorescent-labelled reporter probes.3® Assays
that have the capacity to detect either species of schis-
tosome are emerging but adaptation of these methods to
the field setting will be particularly challenging. With this
intention, lateral flow oligochromatographic techniques are
being developed with a goal to downgrade the laboratory
equipment into a more ‘outdoor’ setting.3' The price of each
oligochromatographic dipstick, however, has yet to be set
and the necessary time taken to obtain test results remains
speculative, neither of which make for appealing or enduring
solutions.

As yet, direct detection of parasite DNA with complemen-
tary oligonucleotide probes is not possible, thus the initial
PCR step cannot be avoided. As an alternative to conven-
tional PCR, loop-mediated isothermal amplification (LAMP)
could be particularly attractive, as being pioneered for the
diagnosis of trypanosomiasis,3? given its high sensitivity and,
if coupled with visual detection of turbidity within each
LAMP reaction, negating the need for an expensive photome-
ter, could be one way forward. None the less, as with all
PCR-based methods, care should be taken with possibilities
for cross-contamination, which could be a key challenge for
quality control if such methods were set in routine practice.
In so doing, this could significantly alter the cost effective-
ness of PCR approaches if replicate tests were needed on a
regular basis to cross-verify initial findings.

8. Concluding remarks

To promote the sustainable future use of RDTs for use in the
control of schistosomiasis, a reliable non-invasive test capa-
ble of detection, and differentiation, of both forms of the
disease is required. The tests also have to be endorsed by the
WHO and their use set within an umbrella policy document
setting out best practice. In addition to this, a key ingredi-
ent for sustainability will be in correctly setting the price
per test; when set against the cost of drug wastage, an in-
country price of less than US$3 per test could make the RDT
immediately affordable. Ideally, if tests were no more than
USS$0.50 per test then these could play an additional role in
both start-point and end-point monitoring of the control pro-
gramme itself. Gathering such information would promote
transparency, which in turn could potentially better secure
further donor funds by an explicit demonstration of reduc-
ing disease burdens through time. The challenge is now for
the commercial sector to bring to market a RDT that fulfils
these requirements.
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