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Clinical cases of Moroccan residents have been recorded since 2004, indicating successful interruption of transmission of  
S. haematobium infection at national level. �e first national survey initiated in 2009 for Schistosomiasis haematobium among children 
born a�er 2004, applied diagnostic test was the HAMA-EITB, based on the Western blot technology, and molecular malacological 
diagnostic tools clearly confirm transmission stop. In 2015, a recent, small survey utilizing an HAI, ELISA tests and an ultrasensitive 
antigen test, FTCUP CAA, in a group of individual with a past history of infection. However, obviously follow-up surveys to prevent 
reemergency and for certification of the schistosomiasis elimination require vigilant diagnosis strategies. Here we discuss diagnosis 
story line in the national laboratory and challenges based on the available tools in relation to their clinical parameters (sensitivity/
specificity; Sn/Sp), practicability and associated costs. When transmission stop has been achieved, survey cost and speed are likely 
to benefit from cost effective pooling strategies and ultrasensitive assays indicating active infection in all potential risk groups. 
Similarly molecular pooling strategies to monitor infections in the snail vectors.

1. Introduction

Schistosomiasis haematobium is a worldwide public health 
problem affecting 150 million persons in third-world coun-
tries. It was estimated that annual mortality due to nonfunc-
tioning kidneys caused by infections with S. haematobium 
could be as high as 150,000 [1, 2]. Although morbidity and 
mortality was significantly decreased a�er introduction of 
programs that include large-scale drug therapy, estimates are 
that in 2015 at least 218 million people still require preventive 
treatment to restrain transmission [3]. National programs 
applying repetitive (annually or bi-annually) mass drug 
administration (MDA) approaches have been implemented 
in several countries in Africa [4]. �e immediate impact of 
(repeated) chemot.herapy in case of S. haematobium infection 

is a decrease in the number of severe cases of urinary schisto-
somiasis and the concurrent reduction of the parasite load, in 
general this leads to overall lower endemicity. However, long 
term success of any MDA approach depends on additional 
measures as behavioral changes, improved sanitation and 
access to clean fresh water. As schistosomiasis is a vector-borne 
disease, actions to constraint or eliminate the intermediate 
host (i.e., snails from the genus Bulinus) are apparently man-
datory as well. In MDA low endimicity established settings, 
new- and re-infections will likely continue when the secondary 
measures are not sufficient. Moreover, new cases and low 
worm burden may not be recognized effectively because they 
are not easily detected by the generally used low sensitive egg 
microscopy and poor specificity of serological (antibody 
detection) methods. In these settings the proper timing of 
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MDA-stopping decision is difficult when evidently the 
required appropriate diagnostic tools for monitoring are miss-
ing. Highly sensitive diagnostic tools are therefore required to 
successfully proceed-to and validate the elimination of the 
disease [5].

Nevertheless, in several countries, morbidity has been suc-
cessfully controlled and transmission thought to be interrupted 
as a consequence of intensified efforts. �e status of schistoso-
miasis in areas that have reached low-transmission was 
reviewed not long ago [6] and recommendations offered 
regarding tools and strategies for monitoring, criteria to deter-
mine interruption of transmission and validation of elimina-
tion. However, these recommendations do not (yet) include 
the implementation of the newly developed ultrasensitive diag-
nostic tools [7, 8] that allow highly accurate determination of 
the infection status [9–15]. It is believed that transmission- stop 
has been achieved in 19 countries, and currently some already 
await confirmation of successful steep towards elimination. An 
unequivocal approach including the use of accepted diagnostic 
tools is crucial to demonstrate actual elimination status. �e 
aim of our review is to present the line story of the disease in 
Morocco, the description of the diagnostic considerations for 
verification of elimination, and cost effective diagnosis strategy 
purposed to certify schistosmiasis elimination.

2. Schistosomiasis Transmission Interruption 
in Morocco

Morocco is one of the countries thought to progress rapidly 
towards elimination. Urinary schistosomiasis caused by S. 
haematobium and transmitted by Bulinus truncatus, was first 
diagnosed in 1914 in Marrakech. It became highly endemic 
and was given priority in public health work in the early eight-
ies [16]. �e intervention was successful, and at 2004, the 
interruption of transmission at national level was apparently 
achieved. Since 2004 no new Schistosoma infection in Morocco 
of a native resident has been recorded.

Five years later, an initiative to confirm interruption of 
transmission and first step to towards endorsement of elimina-
tion was started in 2009 with a national serological survey for 
Schistosomiasis haematobium among children born a�er 2004. 
�e areas selected to participate were the past schistosomiasis 
endemic provinces: Errachidia, Tata, El Kelaa des Sraghna, Beni 
Mellal, and ChtoukaAit Baha. �e applied diagnostic test was 
the HAMA- EITB, based on Western blot technology. �e test 
screens for the presence of antibodies against microsomals S. 
haematobium worm antigens with presumptive clinical sensi-
tivity and specificity of 99%. �e results demonstrated absence 
of new antibody positive cases for all 2382 individuals included 
in the survey [17]. A sometime later performed national mal-
acological survey that simultaneous use of DraI PCR and the 
specific Sh110/Sm-SL nucleic acid PCR test in past endemics 
areas in Morocco indicated absence of S. haematobium in its 
specific snail vector Bulinus truncatus. Although the survey 
indicated the potential presence of S. bovis, results are consid-
ered good confirmation for transmission stop of human infec-
tions by S. haematobium as also indicated by the serological 
survey [18]. Hence, these two surveys and the fact that no new 

cases of urinary schistosomiasis have been reported suggested 
successful elimination of the disease in Morocco. �en obvi-
ously follow-up routine surveys to prevent reemergency require 
vigilant and cost effective diagnosis strategies.

3. Post Elimination (Diagnostic Tests 
Challenges)

3.1. Antibody Detection Test.  Antibody detection as 
recommended by WHO [19] obviously is well suited to test 
individuals born a�er transmission stop followed by antigen 
or nucleic acid based testing for those testing seropositive cases 
[20]. However, antibody testing for travelers, immigrants and 
residents born before transmission stop was claimed does not 
seem to be a valid approach as there are no accurate antibody 
tests that can distinguish past from previous infection. Moreover, 
sensitivity as well as specificity of the current antibody assays 
may be an issue [21, 13]. Relevantly large inconsistencies 
between results obtained with different antibody tests still make 
the general application of a single antibody test challenging 
[22]. Algorithms based on the use of multiple antibody tests 
would be needed to obtain the required high sensitivity. When 
targeting maintaining transmission stop, specificity seems 
somewhat less important as treatment of few false positives 
is not disastrous although surely not recommendable in view 
of possible drug side effects and potential drug resistance. 
However, to certify elimination specificity cannot be neglected. 
Appropriate algorithms based on parallel rather than serial 
testing may partly deal with specificity issues but it will 
relevantly increase cost. HAMA EITB is highly sensible and 
specific, using pooling samples, but strep test preparation 
required worm Schistosoma haematobium culture and high 
technology (the antigen must be ordered from committed 
international laboratories one year before). Antigen and to a 
lesser extend nucleic acid based testing may then become valid 
alternatives especially when high sensitivity and specificity can 
be warranted even when testing using pooling strategies. As is 
the case in several other countries, in Morocco the tool used 
for routine monitoring is still the direct examination of the 
urine of children with a focus on the (previous endemic) high 
risk areas. �e detection of the presence of viable eggs in urine 
defines an active case [19]. Given the large migration of African 
refugees from endemic countries during the last decade and 
the real probability to miss the low-worm/egg burden cases, it 
is prudent to improve the epidemiological tools for children 
serological survey in high risk areas.

3.2. Antigen Detection Test.  In 2017, small study amongst 37 
adults with a history of past infection (before 2004) indicated 
2 individuals still carrying residual but low worm burden 
Schistosoma infections; the actual involved species was not 
determined [13]. �e applied diagnostic tool detected a worm-
specific carbohydrate which is discharged by alive worms 
into the human blood circulation, the circulating anodic 
antigen (CAA). �is bio-molecule is detectable in blood and/
or urine and indicates an active ongoing infection, but does 
not always imply egg production. �e CAA test is a highly 
specific and the most sensitive assay capable to detect a single 
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worm Schistosoma infection including non-fecund or single-
sex worms. It is a genus specific test that will identify active 
infections with any of the know Schistosoma species, including 
bovis, curassoni and intercalatum [13]. �e identification of the 
two individuals with residual infection indicates the importance 
of the need of proper and highly sensitive diagnostic tools to 
obtain accurate information regarding elimination status. �e 
infected individuals were non-symptomatic and likely carry a 
low worm burden as indicated by the measured level of CAA, 
with worms probably incapable of egg production. However, it 
seems clear that to maintain the currently alleged elimination 
of urogential schistosomiasis in Morocco and to prevent 
reemergency of infection either through unexpected species, 
residual low worm burden infections in adult residents, or 
through infected immigrants and travelers, a highly focused 
strategy and survey protocol is needed.

4. Selecting Suitable Diagnotic Tools for 
Current Surveys

Surveys may include parasitological methods, serology (anti-
body detection) and any newly available test as e.g. assays 
detecting worm antigen in bodily fluids. �e surveys should 
also include snail surveys as presence of the vector by itself 
does provide an important pulpit for re-emergence of the dis-
ease. Besides Sn and Sp issues of the applied tests, costs issues 
play a role and in part determine the scale at which the surveys 

can be performed. Possibilities to implement accurate and 
cost-effective pooling strategies may thus be of importance. 
For the surveys three types of assays are considered: (i) assays 
detecting active Schistosoma infection for individuals born 
before 2004 and immigrants; (ii) assays detecting exposure to 
S. haematobium (Sh) and S. bovis (Sb) for individuals born 
a�er 2004; (iii) assays detecting snails infected with miracidia. 
In Table 1 a number of tests are listed that were previously 
used, and/or are considered for future use in national surveys 
to detect Schistosoma infection. We note that not all tests are 
(always) commercially available and price-ranges can be quite 
variable, but obviously when surveys are part of scientific stud-
ies (including the evaluation of laboratory based ‘research-
only’ tools) or vice versa, noncommercial diagnostics should 
not be excluded. Table 2 summarizes potential tests available 
for malacological surveys to detect infected snails.

 (i)  � Assays detecting active Schistosoma infection for 
individuals born before 2004 and immigrants: For 
post-transmission and elimination settings, it is rec-
ognized that parasitological test (urine microscopy 
in case of Morocco) does not provide good enough 
sensitivity and cannot be considered an accurate tool. 
Detection of circulating antigens, i.e. the circulating 
anodic antigen detected with the UCP-LF CAA test 
platform, has demonstrated excellent performance 
worldwide in different endemic and no endemic 
settings. CAA detection assay formats are available 

Table 1: Considered diagnostic tests for Schistosomiasis haematobium  in the Moroccan survey.

1. Urine hemedipstick, 2. Heamatobium microsomal antigen enzyme Immunotransfert Blot, 3. 23 kDa Western blot, 4. Soluble eggs antigen enzyme linked-
immunosorbent assay, 5. Hemmaglutination indirect, 6. Dipstick dye immunoassay, 7. Schistosoma mansoni cercarial transformation fluid, 8. Point of care/
circulating cathodic Antigen, 9. Polymerase chain reaction.

Diagnostic Test Field Cost/test 
(USD) Evaluation Sensitivity/spec-

ificity Note Ref

Clinical test Hem test1 + 0, 3
Iraq, Ghana, Sudan, 

Tanzania, Nigeria, Sub 
Saharan Africa

79%/98% Morbidity test [26]

Antibodies 
detection

HAMA EITB2 _ >5 Morocco USA 95%/100% High cost and not 
field-friendly [12, 23]

EITB/WB 23kDa3 _ 8, 8 Egypt and Morocco 50/91% High cost and not 
field-friendly [23, 24]

ELISA-SEA4  
(soluble eggs 

antigen)
+ 8, 8 Ghana 98.5%/83%/93% High cost  

Need laboratory [23, 25]

HAI5(whole adult 
worm antigen) + 2.5 Germany, Chile and 

Netherlands 92%/94.7% Acceptable [25–26]

DDIA6 + 1 China -- Need evaluation in haemato-
bium low endemic areas [28]

RDT SmCTF7 + <3 Ivory Coast 66.7%/34.4% Not acceptable [29]

Antigen 
detection

Filtration _ <3 Africa, Iran, Iraq Need laboratory [30]

RDT filtration + <3 USA, Kenya 79%/95%
Field friendly and cost effec-
tiveness, but not hygienic in 

large number of samples
[31]

POC CCA8 + 3
Cameroun, Ivory Coast 

Ethiopia, Kenya,  
Uganda

36%/78% Not sensitive in haematobi-
um low endemic areas [32, 33]

Zanzibar 99% [30]
PCR9 _ 8 Brazil 100% High cost [20, 33]
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of DraI reverse primer and Sh73 direct primer (73d). �e 
sensitivity of S. haematobiumdetection was 1 pg/μl, whereas 
S. bovis detection was 10 pg. It can be assumed that  
detection of snails infected with S. haematobium will be 
accomplished from very early prepotency. Such assays 
required further validation using larger numbers of field snails 
in Morocco [41, 18].

5. Survey to Certify Elimination

5.1. Human Survey.  �e process of confirming the interruption 
of transmission and possible certification of elimination is 
based on human and snails survey each five years since 2009, 
with the third survey coming up in 2019. �e national survey 
of Schistosomiasis haematobium is largely focused on children 
born a�er transmission-stop 2004. Surveys will be performed 
in settings in past endemics provinces and in areas were 
imported African cases were registered during the last years. 
As diagnostic test, besides individual urine parasitological, the 
UCP-LF antigen assay for CAA detection also in individual 
sera and urines (Figure 1).

5.2. Malacological Survey.  Belkacemi et al. reported that March 
is the month of reproduction of snails in Morocco, and juvenile 
snails become infective in the beginning of September [48, 
49].Transmission period is greatly associated with population 
movement generally important in summer August-Octobre 
(holiday, travel, swim, irrigation) [49, 50]. Survey will be 
focused on Bulinus truncatus, the intermediate host of 
schistosomiasis in Morocco, and Planorbarius metidjensis, 
experimental intermediate host of S. haematobium in south 
of Morocco.

PCR of snail pools has been shown to be practical for 
large-scale monitoring of S. haematobium transmission, how-
ever there is a need to improve the cost-effectiveness of the 
test by development of a method similar to LAMP amplifica-
tion that is cheaper and more field friendly [40]. �e malaco-
logical treatment may be done annually in each breeding sites 
showing Bulinus in the last three years, because, treatment can 
le� the juvenile snails, and the life age of Bulinus is estimated 
to two years [51, 52].

for dried blood samples [42], serum, plasma and 
urine [11–13]. �e test includes a sample prepara-
tion step which may make the assay in its current 
format somewhat less field-friendly as this step 
requires some basic laboratory equipment. However, 
the sample preparation step makes the assay highly 
flexible towards sample input (matrix type and vol-
ume) allowing improved sensitivity to the level that 
single-worm, single -sex and low fecundity infections 
are detectable. �is flexibility towards sample amount 
also makes the assay well suited for cost-effective 
pooling strategies [43].

 (ii) � Assays detecting exposure to S. haematobium and S. 
bovis for individuals born a�er 2004: In China where 
S. japonicum (Sj) has been largely eliminated as a pub-
lic health problem in through implementation of a 
series of different measures [44]. Detection of sero-
positive individuals is applied to identify potential 
active infections and transmission. However, a study 
by van Dam et al. indicated that the applied antibody 
test lacks specificity [21]. HAMA EITB highly spe-
cific and sensible but could be expensive. A generic 
rapid antibody detection platform utilizing UCP-LF 
has been developed for testing with various biologi-
cal matrices (blood-based, urine and saliva) [7–46], 
but still require evaluation and validation for poten-
tial application in pooling approaches. �e antibody 
assays do not need a sample preparation step and 
are usable for point-of-care (near patient) use and if 
needed can be performed non-invasively using urine 
samples [47].

(iii) � Assays detecting snails infected with miracidia.

Malacological studies utilizing nucleic acid (NA) ampli-
fication to detect miracidia NA are also well suited for pooling 
strategies as the technology also requires a sample purification 
step which is quite flexible towards sample volume. 
Simultaneous use of DraI PCR, and Sh110 SmSl PCR, as used 
in our first study, take more time and reactive [18]. More 
recently, Abassi et al. develop a simple and more sensitive PCR 
assay that enables direct discrimination of S. haematobium 
from related animal schistosomes, by the primer combination 

Table 2: Considered tests for malacological diagnosis of S. haematobium infection.

Test Prepatent infection 
detection Sensitivity

Discrimination 
between S. haemato-

bium and S. bovis

Field friendly  
(large survey) Cost USD References

Light test No 1 Miracidium No No 0 [33]
Dissection Yes 1 Sporocyste No No 0 [34]
Hemolymph test Yes (a�er 2 weeks) Seropositivite No No 5 [35–37]
DraI PCR Yes 1 pg/µl No Yes 7 [38]

Sh110SmSl PCR Yes 1 pg/µl Yes but S. bovis not 
amplified No 7 [39]

DraI et Sh110SmSl 
PCR Yes 1 pg/µl Yes (amplify S. bovis) Yes 14 [18]

PCR 77/73 Yes 1pg/µl Yes (amplify S. bovis) Yes 7 [40]
CoxI PCR 0.8ng/µl 8 [2]
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utilizing lateral-flow based assays and upconverting phosphor 
labels,” Parasitology, vol. 141, no. 14, pp. 1841–1855, 2014.

  [8] � P. L. A. M. Corstjens, R. K. Nyakundi, C. J. de Dood et al., 
“Improved sensitivity of the urine CAA lateral-flow assay for 
diagnosing active Schistosoma infections by using larger sample 
volumes,” Parasites & Vectors, vol. 8, no. 1, 2015.

  [9] � G. J. van Dam, C. J. de Dood, M. Lewis et al., “A robust dry 
reagent lateral flow assay for diagnosis of active schistosomiasis 
by detection of Schistosoma circulating anodic antigen,” 
Experimental Parasitology, vol. 135, no. 2, pp. 274–282, 2013.

[10] � R. van Grootveld, G. J. van Dam, C. J. de Dood et al., “Improved 
diagnosis of active Schistosoma infection in travellers and 
migrants using the ultra-sensitive in-house lateral flow test 
for detection of circulating anodic antigen (CAA) in serum,” 
European Journal of Clinical Microbiology & Infectious Diseases, 
vol. 37, no. 9, pp. 1709–1716, 2018.

[11] � S. Knopp, P. L. A. M. Corstjens, A. Koukounari et al., “Sensitivity 
and specificity of a urine circulating anodic antigen test for the 
diagnosis of Schistosoma haematobium in low endemic settings,” 
PLOS Neglected Tropical Diseases, vol. 9, no. 5, p. e0003752, 
2015.

[12] � G. J. van Dam, J. Xu, R. Bergquist et al., “An ultra-sensitive 
assay targeting the circulating anodic antigen for the 

6. Conclusion

Schistosomiasis antigen detection test and malacological 
molecular test are suitable for human and snail survey in post 
elimination phases. Nevertheless to consolidate the approach 
survey, temporary drying of irrigation canals, sanitary educa-
tion, improvement of Schistosomiasis laboratories, improve-
ment of basic formation and training programs (hours 
number) of medical parasitology for students in institute of 
technical health even if some parasitic disease are eliminated, 
improvement of scientific technology, survey of imported 
cases and monitoring of risk map may be useful to maintain 
elimination, prevent reemergence of the disease and for cer-
tification of the schistosomiasis elimination.

Conflicts of Interest

�e authors declare that they have no conflicts of interest.

Funding

�e authors received no financial support for the research, 
authorship, and/or publication of this article.

References

  [1] � F. Amarir, B. El Mansouri, H. Fellah et al., “National serological 
survey of Schistosomiasis haematobium  in Morocco: arguments 
to explain the elimination,” American Journal of Tropical 
Medicine and Hygiene, vol. 84, no. 1, pp. 15–19, 2011.

  [2] � B. L. Webster, D. Rollinson, J. R. Stothard, and T. Huyse, “Rapid 
diagnostic multiplex PCR (RD-PCR) to discriminate Schistosoma 
haematobium and S. bovis,” Journal of Helminthology, vol. 84, 
no. 1, pp. 107–114, 2010.

All risk
groups:

childrens, 
immigrants,

travelers Positive (+)

Positive (+)

Treatmant 
and survey

Higt risk of
exposition

area 

Microscopic 
examination of 

urine by �ltration

Negative (–)

Negative (–) Survey

FTUCP CAA 
urine/sera

Figure 1: Approach of parasite survey in post elimination phase of  Schistosomiasis haematobium in Morocco.



Journal of Parasitology Research6

by a combination of a commercial indirect hemagglutination 
test with Schistosoma mansoni adult worm antigens and an 
enzyme-linked immunosorbent assay with S. mansoni egg 
antigens,” Journal of Clinical Microbiology, vol. 40, no. 9,  
pp. 3432–3437, 2002.

[28] � H.-Y. Hua, W. Wang, G.-Q. Cao, F. Tang, and Y.-S. Liang, 
“Improving the management of imported schistosomiasis 
haematobia in China: lessons from a case with multiple 
misdiagnoses,” Parasites & Vectors, vol. 6, no. 1, p. 260, 2013.

[29] � J. T. Coulibaly, E. K. N’Goran, J. Utzinger, M. J. Doenhoff, and 
E. M. Dawson, “A new rapid diagnostic test for detection of 
anti-Schistosoma mansoni and anti-Schistosoma haematobium 
antibodies,” Parasit Vector, vol. 6, no. 1, pp. 6–29, 2013.

[30] � S. Knopp, K. A. Mohammed, S. M. Ali et al., “Study and 
implementation of urogenital schistosomiasis elimination 
in zanzibar (Unguja and Pemba islands) using an integrated 
multidisciplinary approach,” BMC Public Health, vol. 12,  
no. 1, p. 930, 2012.

[31] � J. M. Sheele, J. H. Kihara, S. Baddorf, J. Byrne, and  
B. Ravi, “Evaluation of a novel rapid diagnostic test for 
Schistosoma haematobium based on the detection of human 
immunoglobulins bound to filtered Schistosoma haematobium 
eggs,” Tropical Medicine and International Health, vol. 18,  
no. 4, pp. 477–484, 2013.

[32] � D. G. Colley, S. Binder, C. Campbell et al., “A five-country 
evaluation of a point-of-care circulating cathodic antigen urine 
assay for the prevalence of Schistosoma mansoni,” American 
Journal of Tropical Medicine and Hygiene, vol. 88, no. 3,  
pp. 426–432, 2013.

[33] � O. Ibironke, A. Koukounari, S. Asaolu, I. Moustaki, and C. Shiff, 
“Validation of a new test for Schistosoma haematobium based on 
detection of Dra1 DNA fragments in urine: evaluation through 
latent class analysis,” PLoS Neglected Tropical Disease, vol. 6,  
no. 1, p. 1464, 2012.

[34] � MarocMinistère de la Santé Publique: Guide de la lutte 
contre la schistosomiase, “Rapport de la direction des affaires 
techniques,” 1982.

[35] � B. Yacoubi, A. Zekhnini, A. Moukrim, and D. Rondelaud, 
“Bulins et planorbes et endémie bilharzienne dans le sud west 
marocain,” Bulletin de la Société de Pathologie Exotique, vol. 100, 
no. 3, pp. 174–175, 2007.

[36] � J. Hambourger, M. Weil, M. Anton, and T. Turetzky, 
“Schistosoma mansoni antigene recognized in Biomphalaria 
glabrata hemolymphe by monoclonal antibodies,” American 
Journal of tropical Medecine and Hygiene, vol. 40, no. 6,  
pp. 605–612, 1989.

[37] � M. J. Doenhoff, P. L. Chiodini, and J. V. Hamilton, “Specific and 
sensitive diagnosis of schistosome infection: can it be done with 
antibodies?” Trends in Parasitology, vol. 20, no. 1, pp. 35–39, 2004.

[38] � C. H. King and D. Bertsch, “Meta-analysis of urine heme 
dipstick diagnosis of Schistosoma haematobium infection, 
including low-prevalence and previously-treated populations,” 
PLoS Neglected Tropical Diseases, vol. 7, no. 9, p. e2431, 2013.

[39] � J. Hamburger, O. Hoffman, H. C. Kariuki et al., “Large-scale, 
polymerase chain reaction–based surveillance of Schistosoma 
haematobium dna in snails from transmission sites in coastal 
kenya: a new tool for studying the dynamics of snail infection,” 
�e American Journal of Tropical Medicine and Hygiene, vol. 71, 
no. 6, pp. 765–773, 2004.

[40] � I. Abbasi, C. H. King, R. F. Sturrock, C. Kariuki, E. Muchiri, 
and J. J. Hambourger, “Differenciation of S. haematobium by 

diagnosis of Schistosoma japonicum in a low-endemic area, 
People’s Republic of China,” Acta Tropica, vol. 141, pp. 190–
197, 2015.

[13] � A. Balahbib, F. Amarir, P. L. Corstjens et al., “Selecting accurate 
post-elimination monitoring tools to prevent reemergence of 
urogenital schistosomiasis in Morocco: a pilot study,” Infectious 
Disease of Poverty, vol. 6, no. 1, p. 75, 2017.

[14] � Y. Vonghachack, S. Sayasone, V. Khieu et al., “Comparison 
of novel and standard diagnostic tools for the detection of 
Schistosoma mekongi infection in Lao People’s Democratic 
Republic and Cambodia,” Infectious Diseases of Poverty, vol. 6, 
no. 1, p. 127, 2017.

[15] � M. N. Clements, Paul L. A. M. Corstjens, Sue Binder et al., 
“Latent class analysis to evaluate performance of point-of-
care CCA for low-intensity Schistosoma mansoni infections in 
Burundi,” Parasites & Vectors, vol. 11, no. 1, p. 111, 2018.

[16] � Ministére de la santé: Plan d’action stratégique du maintien 
de l’élimination de la Schistosomiase (Bilharziose) 2012–2016, 
“Rapport of direction of epidemiology and control of diseases,” 
pp. 1–30, 2012.

[17] � H. Fellah, B. El Mansouri, F. Amarir et al., “National serologic 
survey of Schistosomiasis haematobium  in Morocco: evidence 
for elimination,” �e American Journal of Tropical Medicine and 
Hygiene, vol. 84, no. 1, pp. 15–19, 2011.

[18] � F. Amarir, F. Sebti, I. Abbasi et al., “Molecular evaluation of 
S. haematobium infected snails by DraI PCR and sh110/SmSl 
PCR: another argument of elimination of schistosomiasis in 
Morocco,” Parasites & Vectors, vol. 7, p. 288, 2014.

[19] � WHO, Schistosomiasis Progress Report 2001–2011, Strategic 
Plan 2012–2020, World Health Organization Press, Geneva, 
Switzerland, (2012–2013).

[20] � M. G. Cavalcanti, L. F. Silva, R. H. S. Peralta, M. G. M. Barreto, 
and J. M. Peralta, “Schistosomiasis in areas of low endemicity: 
a new era in diagnosis,” Trends in Parasitology, vol. 29, no. 2, 
pp. 75–82, 2013.

[21] � G. J. van Dam, J. Xu, R. Bergquist et al., “An ultra-sensitive assay 
targeting the circulating anodic antigen for the diagnosis of 
Schistosoma japonicum in a low-endemic area, People’s Republic 
of China,” Acta Tropica, vol. 141, pp. 190–197, 2015.

[22] � H.-F. Kinkel, S. Dittrich, B. Bäumer, and T. Weitzel, 
“Evaluation of eight serological tests for diagnosis of imported 
schistosomiasis,” Clinical and Vaccine Immunology, vol. 19,  
no. 6, pp. 948–953, 2012.

[23] � M. M. Al Sherbiny, A. M. Osman, K. Hancock, A. M. Deelder, 
and V. C. W. Tsang, “Application of immunodiagnostic assays: 
detection of antibodies and circulating antigens in human 
schistosomiasis and correlation with clinical findings,” 
American Journal of Tropical Medicine and Hygiene, vol. 60, 
no. 6, pp. 960–966, 1999.

[24] � Moroccan Ministry of Health, Directorate of Epidemiology and 
Diseases Control (DELM), “État d’avancement des programmes 
de lutte contre les maladies parasitaires,” 2001.

[25] � K. M. Bosompem, O. Owusu, E. O. Okanla, and S. Kojima, 
“Applicability of a monoclonal antibody-based dipstick in 
diagnosis of urinary schistosomiasis in the central region of 
Ghana,” Tropical Medicine and International Health, vol. 9,  
no. 9, pp. 991–996, 2004.

[26] � C. H. King, “Parasite and poverty, the case of schistosomiasis,” 
Acta tropica, vol. 113, no. 2, pp. 95–104, 2010.

[27] � V. T. Gool, H. Vetter, T. Vervoort, M. J. Doenhoff, J. Wetsteyn, 
and D. Overbosch, “Serodiagnosis of imported schistosomiasis 



7Journal of Parasitology Research

PCR amplifiying an inter-repeat sequence,” American Journal of 
Tropical Medicine and Hygiene, vol. 76, no. 5, pp. 950–955, 2007.

[41] � I. Abbasi, J. Hambourger, K. Curtis, L. M. Peter, M. M. Eric, 
and Charles, H. K., “Differenciating Schistosoma haematobium 
from related animal schistosomes by PCR amplifying inter 
repeat sequence flanking newly selected repeated sequences,” 
American Journal of Tropical Medicine and Hygiene, vol. 87, no. 
6, pp. 1059–1064, 2012.

[42] � J. R. Stothard, J. C. Sousa-Figueiredo, C. Standley et al., “An 
evaluation of urine-CCA strip test and fingerprick blood SEA-
ELISA for detection of urinary schistosomiasis in schoolchildren 
in Zanzibar,” Acta Tropica, vol. 111, no. 1, pp. 64–70, 2009.

[43] � P. L. A. M. Corstjens, P. T. Hoekstra, C. J. de Dood, and G. J. van 
Dam, “Utilizing the ultrasensitive Schistosoma up-converting 
phosphor lateral flow circulating anodic antigen (UCP-LF 
CAA) assay for sample pooling-strategies,” Infectious Diseases 
of Poverty, vol. 6, no. 1, p. 155, 2017.

[44] � Y. Yang, Y. B. Zhou, X. X. Song et al., “Integrated control strategy 
of schistosomiasis in the People’s Republic of China: projects 
involving agriculture, water conservancy, forestry, sanitation 
and environmental modification,” Advances in Parasitology, vol. 
92, pp. 237–268, 2016.

[45] � P. L. Corstjens, H. H. Fidder, K. C. Wiesmeijer et al., “A rapid 
assay for on-site monitoring of infliximab trough levels: a 
feasibility study,” Analytical and Bioanalytical Chemistry, vol. 
405, no. 23, pp. 7367–7375, 2013.

[46] � P. L. A. M. Corstjens, C. J. de Dood, J. W. Priest, H. J. Tanke, and S. 
Handali, “Feasibility of a lateral flow test for neurocysticercosis 
using novel up-converting nanomaterials and a lightweight 
strip analyzer,” PLoS Neglected Tropical Diseases, vol. 8, no. 7, 
p. e2944, 2014.

[47] � C. J. de Dood, P. T. Hoekstra, J. Mngara et al., “Refining diagnosis 
of schistosoma haematobium infections: antigen and antibody 
detection in urine,” Frontiers in Immunology, vol. 9, 2018.

[48] � M. Belkacemi and J. C. Belkacem, “Curage et traitement 
molluscicide pour la lutte contre la schistosomiase,” Eastern 
Mediterranean Health Journal, vol. 12, no. 1/2, p. 129, 2006.

[49] � L.-D. Wang, H.-G. Chen, J.-G. Guo et al., “A strategy to control 
transmission of schistosoma japonicum in china,” New England 
Journal of Medicine, vol. 360, pp. 121–128, 2009.

[50] � X.-H. Wu, C. Ming-Gang, and Z. Jiang, “Surveillance of 
schistosomiasis in five provinces of China which have reached 
the national criteria for elimination of the disease,” Acta Tropica, 
vol. 96, no. 2–3, pp. 276–281, 2005.

[51] � F. Flemming, “Study of the relationships between Schistosoma 
and their intermediate hosts.1. the genus Bulinus and S. 
haematobium from Egypte,” Journal of Helminthology, vol. 53, 
no. 1, pp. 15–29, 1979.

[52] � I. Dieng, “Mécanisme de la Compatibilité du Schistosome avec 
son Hôte Définitif,” Université  Cheikh Anta Diop de Dakar”, 
1999.


	Survey and Diagnostic Challenges after Transmission-Stop: Confirming Elimination of Schistosomiasis haematobium in Morocco
	1. Introduction
	2. Schistosomiasis Transmission Interruption in Morocco
	3. Post Elimination (Diagnostic Tests Challenges)
	3.1. Antibody Detection Test
	3.2. Antigen Detection Test
	4. Selecting Suitable Diagnotic Tools for Current Surveys
	5. Survey to Certify Elimination
	5.1. Human Survey
	5.2. Malacological Survey
	6. Conclusion
	Conflicts of Interest
	Funding
	References


