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Overview
Treating preschool age children (PSAC) with schistosomiasis remains a challenge. Without a
pediatric praziquantel (PZQ) formulation, the inclusion of this age group in control programs
is limited, and general access to treatment in routine care settings is severely bottlenecked.
There are, however, current platforms that target PSAC in primary health care such as the inte-
grated management of childhood illnesses (IMCI), which could integrate PZQ in their portfolio
and deliver a pediatric PZQ formulation when available. In addition, other age groups such as
school-aged children (SAC) could also benefit from the IMCI’s successful strategy and be
treated in health centers using a similar approach. This Viewpoint article reports a summary of
a symposium held at the American Society of Tropical Medicine and Hygiene national meeting
in 2014 that brought together six experts in different areas in the field of pediatric schistosomi-
asis to form a working group that could provide recommendations for the inclusion of PSAC
in the IMCI and other existing preschool outreach programs. This was to develop and adapt
methodologies to fill existing gaps left by current mass drug administration (MDA) programs
and synergize efforts for schistosomiasis control more broadly. Foremost, this includes a better
definition of subclinical disease in young children to integrate into ICMI guidelines and further
demonstration of the benefit of expanded access of treatment to children of all ages by encour-
aging universal access.

The Double Treatment Gap for Schistosomiasis
Over 123 million children suffer from schistosomiasis worldwide, but only SAC are presently
targeted for MDA with PZQ treatment in WHO-led preventive chemotherapy (PC) efforts [1].
This is despite growing evidence that in some endemic foci a majority of PSAC become
infected and can develop early disease [2,3]. The need to include the vulnerable PSAC group in
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MDA in order to prevent and avert early-onset morbidity is acknowledged by WHO, and work
is in progress to develop a workable pediatric PZQ formulation [4]. Nevertheless, ongoing
MDA programs only cover 34.6% of SAC with standard tablets (600 mg), meaning at least 79
million SAC go untreated [5], contributing to the existing double PZQ treatment gap
(untreated PSAC and SAC). There is commitment to scale up this figure in the next few years,
as PZQ donation is soon to reach more than 100 million SAC per year [6].

The IMCI is one of WHO/UNICEF’s most successful strategies in reducing mortality in
children under five years of age [7]. Since it was first conceived in 1997, it has provided over 75
countries with easy-to-use tools for primary care health workers to promptly identify and treat
life-threatening conditions such as pneumonia, diarrhea, malaria, measles, and malnutrition.
The IMCI has quickly expanded to now include health prevention measures such as Vitamin A
supplementation, vaccination, and treatment for soil-transmitted helminths (STHs) in
endemic areas. Its success relies in part on the rapid and effective syndromic approach to treat-
ment using standard case management, permitting local adaptation in accordance with
regional variations in the prevalence of deadly diseases. As the IMCI expands to include other
health threats to children under five, pediatric schistosomiasis, a devastating, disabling
neglected tropical disease (NTD), is the next candidate that could benefit from inclusion in its
successful strategy.

In most endemic areas, individual case management for clinical schistosomiasis is not hap-
pening, because the disease is poorly recognized in younger children [8]. This is often due to
the first-level health worker’s lack of understanding of the range of schistosomiasis clinical
manifestations. Furthermore, there is a widely accepted perception that disease will ultimately
be “treated” through MDA programs during school age years. This resulting double treatment
gap (PSAC and SAC) could be addressed with the integration of public health approaches (e.g.,
MDA) with individual case management interventions. This would increase the delivery of
PZQ at the primary care level, as occurred in the case of mebendazole therapy for STHs [9].
Integrated early treatment could have programmatic advantages for health ministries and,
more importantly, could also prevent schistosomiasis-associated morbidity and downstream
complications later in life (Fig 1).

PreventableMorbiditieswith Earlier PZQ Treatment

Anemia, growth, and nutrition
Nutritional status is considered a key “vital sign” in the assessment of the pediatric patient,
integrating both long- and short-term insults to health. Schistosomiasis is well known to cause
deficits in linear growth, leading to chronic undernutrition (stunting) as well as acute undernu-
trition (wasting) [1]. As practitioners gain expertise in identifying children who have experi-
enced any kind of growth insult, there is an opportunity through the IMCI global strategy to
include PZQ as a key intervention to treat one of the many causes of undernutrition among
children living in poverty [10]. Use of this drug has the greatest nutritional benefit for children
who are undernourished at the time of treatment [11]. Also of note, studies have demonstrated
that children experiencing the greatest morbidity due to schistosomiasis have elevated levels of
pro-inflammatory cytokines that lead to anorexia and cachexia, which may limit the benefits of
any food supplement interventions provided for undernutrition in this setting [12].

Provision of PZQ as part of IMCI would also provide an opportunity to treat well-docu-
mented, schistosomiasis-associated anemia [1]. Improvements in hemoglobin with the treat-
ment of schistosomiasis likely occurs through decreasing occult blood loss, which occurs at
higher intensities of infection, and amelioration of anemia of inflammation [13]. The role of
anemia of inflammation in schistosomiasis is relevant, as iron absorption from the gut is
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decreased and iron is shunted from bio-available forms to storage forms. The provision of iron
in this context, therefore, will have a dampened effect. Thus, treatment of schistosomiasis will
have dual benefit by treating the underlying inflammation due to infection and maximizing
children’s ability to benefit from iron supplementation.

Female andmale urogenital schistosomiasis
Females with schistosomiasis carry an additional burden of reproductive tract disease that has
been neglected in clinical management since its discovery more than 120 years ago. Female
Genital Schistosomiasis (FGS) causes bleeding and three distinct lesions: grainy, sandy patches,
rubbery papules, and homogenous yellow patches. Studies in Tanzania and Zimbabwe found
that women with FGS have a 3- to 4-fold increased risk of having HIV; they also seem to have
increased secondary infertility, contact bleeding, pain, and stress incontinence [14]. Girls as
young as 10–12 years old have been found to have malodorous discharge, itching, and bloody
discharge (even before menstrual periods) [15]. Furthermore, gynecological lesions were found
to be irreversible in adult women even after several rounds of treatment with PZQ. Males are
also affected and could be important for male–female HIV transmission [16].

The perfect timing of treatment for the prevention of lesions (and HIV) should therefore
also be explored, but it is within reason to assume that preschool treatment could have a tangi-
ble impact on preventing genital lesions [15].

Cognition
The evidence for educational or cognitive benefit of deworming of any kind is currently
debated [2,7]. The expectation of educational and cognitive benefit is implied by mass deworm-
ing programs, making future randomized controlled trials to provide conclusive evidence ethi-
cally nonpermissive. Ongoing meta-analysis work is pooling data across 30 individual studies

Fig 1. Proposed PZQ deliverystrategiesat different levels of care and the targetedage groups for each one.

doi:10.1371/journal.pntd.0004946.g001
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to evaluate the cognitive impact of schistosomiasis in SAC (Ezeamama et al., submitted for
publication). Outcomes evaluated include educational loss in two domains (attendance and
achievement) and cognitive performance in four domains (learning, memory, attention, and
intelligence). This effort suggests that schistosomiasis infection is associated with significant
educational loss and significant deficits in learning and memory, but not innate intelligence or
attention. Therefore, early treatment of children in Schistosoma-endemic regions may be bene-
ficial for preventing downstream educational loss and cognitive impairment.

Early advanced disease
Epidemiological studies with global positioning system data loggers have revealed that PSAC
can have surprisingly high levels of daily and cumulative water contact within the first three
years of life [17]. With more sensitive diagnostics, such as serology, these early-stage infections
can be better revealed, thereby providing better causal associations with direct markers of dis-
ease, e.g., fecal occult blood or microhematuria [1], along with more subtle aspects of morbidity,
e.g., anemia and organomegaly, in case-control studies. Recent reports using ultrasonography
highlight that advanced disease such as chronic fibrosis can be traced back to preschool child-
hood, which further evidences why earlier access to PZQ is vital [18].

Pediatric PZQ Formulation:WhenWill It BecomeAvailable?
The safety of PZQ in PSAC has been widely established across Schistosoma species [3,19,20],
but recent PZQ pharmacokinetic and pharmacodynamic data suggest that current recom-
mended dosing is too low at 40 mg/kg and that higher dosing is needed for young children
[21]. However, there are issues regarding the operational difficulties and choking risks of
crushing PZQ tablets across both clinical practice as well as MDA programs. The development
of the very needed pediatric PZQ formulation by Merck-Serono is currently undergoing
human trials after successfully completing the preclinical developmental stage [22]. Their tar-
get is to register and launch a new pediatric formulation in the first endemic countries by 2019.
Until then, treating PSAC will rely solely on PZQ crushed tablets, and currently WHO is not
formally capturing this aspect of treatment within the PC database [4].

Conclusions
We have identified important treatment gaps in the ongoing MDA strategy for schistosomiasis
that leave infected children untreated. A synergistic approach to schistosomiasis control could
integrate PZQ delivery through ongoing primary health care strategies (IMCI) both for PSAC
as well as SAC, with ongoing MDA efforts that currently exclude PSAC. When the PZQ pediat-
ric formulation becomes available, a solid clinical care pathway with an optimized dosing strat-
egy needs to be in place to allow an efficient delivery into existing programs.

We propose a step-wise approach to identify and treat children of any age with schistosomi-
asis through (1) Identification of schistosomiasis individual cases using a detailed clinical classi-
fication that could be taught to health care workers so they could identify children with
suspected disease, and in areas where prevalence is known to be high, provision of treatment
could be the first standard of care (Fig 2). This is important particularly for the nonspecific
manifestations, such as anemia and growth retardation, that are highly prevalent in resource-
limited environments where schistosomiasis coexists with other endemic diseases. In addition,
the use of point-of-care (POC) Schistosoma diagnostics could become more widely available,
allowing individualized test-and-treat approaches [23]. (2) Access to PZQ treatment in the
health center. Through the national delivery of PZQ to health centers, trained staff can treat
suspected schistosomiasis cases based on the clinical staging proposed. This applies to standard
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tablet formulation of PZQ, now widely available at low cost over the counter in pharmacies in
several countries. Moreover, the surplus from MDA programs could be given to health centers
to allow year-round continuity of treatment. (3) Integration of PZQ within the IMCI when the
PZQ pediatric formulation becomes available. PC to PSAC can be synergized with other pre-
ventive measures (e.g., vaccines, vitamin A supplementation, deworming with mebendazole,
and parental education to prevent re-infection) when a pediatric formulation is available.
Meanwhile, while waiting for a pediatric formulation, the use of crushed tablets should be con-
tinued on a case-by-case basis, which is common practice when very young children need
other essential drugs [24] and which can be done with adequate training and supervision by
health workers. Antischistosomal treatment in PSAC should not be delayed. This simple
change in tactics for schistosomiasis control will make use of all available tools, whether in the
community (via IMCI) or by WHO-led efforts for PC through PZQ MDA programs: a strategy
not only ethically correct, but also cost effective [25]. It is time to discard the common sit-and-
wait approach for PSAC schistosomiasis and move toward an effective test-and-treat approach
for PSAC.
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Fig 2. Pediatric clinical staging for the different clinicalmanifestations of schistosomiasis in childhood.

doi:10.1371/journal.pntd.0004946.g002

Expanding PZQAccess

PLOSNeglectedTropical Diseases | DOI:10.1371/journal.pntd.0004946 September 22, 2016 5 / 7



References
1. Colley DG, Bustinduy AL, SecorWE, King CH. Human schistosomiasis. Lancet. 2014. Epub 2014/04/

05. doi: 10.1016/S0140-6736(13)61949-2PMID: 24698483.

2. Stothard JR, Sousa-Figueiredo JC, BetsonM, Bustinduy A, Reinhard-Rupp J. Schistosomiasis in Afri-
can infants and preschool children: let them now be treated! Trends Parasitol. 2013; 29(4):197–205.
doi: 10.1016/j.pt.2013.02.001 PMID: 23465781; PubMedCentral PMCID: PMCPMC3878762.

3. Sousa-Figueiredo JC, BetsonM, Atuhaire A, ArinaitweM, Navaratnam AM, KabatereineNB, et al. Per-
formance and safety of praziquantel for treatment of intestinal schistosomiasis in infants and preschool
children. PLoS Negl Trop Dis. 2012; 6(10):e1864.Epub 2012/10/25. doi: 10.1371/journal.pntd.
0001864PMID: 23094120; PubMedCentral PMCID: PMC3475660.

4. World Health Organization. Reportof a meeting to review the results of studies on the treatment of
schistosomiasis in preschool-age children.Geneva: World Health Organization; 2011. vi, 23 p. p.

5. WHO. Schistosomiasis: number of people treatedworldwide in 2014.Weekly epidemiological record.
2016; 5(91):53–60.

6. http://www.who.int/mediacenter/factsheets/fs115/en/ [cited 2016 15 July].

7. World Health Organization. Division of Child Health and Development., UNICEF. Improving child
health: IMCI: the integrated approach. Geneva: World Health Organization; 1999. 21 p. p.

8. King CH. It's time to dispel the myth of "asymptomatic" schistosomiasis. PLoS Negl Trop Dis. 2015; 9
(2):e0003504. doi: 10.1371/journal.pntd.0003504PMID: 25695740; PubMedCentral PMCID:
PMCPMC4335065.

9. AlbonicoM, Allen H, Chitsulo L, Engels D, Gabrielli AF, Savioli L. Controlling soil-transmitted helminthia-
sis in pre-school-age children through preventive chemotherapy. PLoS Negl Trop Dis. 2008; 2(3):e126.
doi: 10.1371/journal.pntd.0000126 PMID: 18365031; PubMedCentral PMCID: PMCPMC2274864.

10. Bustinduy AL, Parraga IM, ThomasCL, Mungai PL, Mutuku F, Muchiri EM, et al. Impact of polyparasitic
infections on anemia and undernutrition amongKenyan children living in a Schistosomahaematobium-
endemic area. Am J Trop MedHyg. 2013; 88(3):433–40. doi: 10.4269/ajtmh.12-0552PMID: 23324217;
PubMedCentral PMCID: PMCPMC3592521.

11. CoutinhoHM, Acosta LP, McGarvey ST, Jarilla B, Jiz M, Pablo A, et al. Nutritional status improves after
treatment of schistosoma japonicum-infected children and adolescents. J Nutr. 2006; 136(1):183–8.
Epub 2005/12/21. 136/1/183 [pii]. PMID: 16365080.

12. CoutinhoHM, Leenstra T, Acosta LP, Su L, Jarilla B, Jiz MA, et al. Pro-inflammatory cytokines and C-
reactive protein are associated with undernutrition in the context of Schistosoma japonicum infection.
Am J Trop MedHyg. 2006; 75(4):720–6. PMID: 17038701.

13. Friedman JF, KanzariaHK, McGarvey ST. Human schistosomiasis and anemia: the relationship and
potentialmechanisms. Trends Parasitol. 2005; 21(8):386–92. PMID: 15967725.

14. KjetlandEF, Hegertun IE, Baay MF, OnsrudM, Ndhlovu PD, Taylor M. Genital schistosomiasis and its
unacknowledged role on HIV transmission in the STD intervention studies. International journal of STD
& AIDS. 2014; 25(10):705–15. doi: 10.1177/0956462414523743 PMID: 24621458.

15. KjetlandEF, Leutscher PD, Ndhlovu PD. A review of female genital schistosomiasis. Trends Parasitol.
2012; 28(2):58–65. doi: 10.1016/j.pt.2011.10.008 PMID: 22245065.

16. Stecher CW, KallestrupP, KjetlandEF, Vennervald B, Petersen E. Considering treatment of male geni-
tal schistosomiasis as a tool for futureHIV prevention: a systematic review. International journal of pub-
lic health. 2015; 60(7):839–48. doi: 10.1007/s00038-015-0714-7 PMID: 26298443.

17. Seto EY, Sousa-Figueiredo JC, BetsonM, Byalero C, Kabatereine NB, Stothard JR. Patterns of intesti-
nal schistosomiasis amongmothers and young children from Lake Albert,Uganda: water contact and
social networks inferred fromwearable global positioning system dataloggers. Geospat Health. 2012; 7
(1):1–13. doi: 10.4081/gh.2012.99PMID: 23242675.

18. Wami WM, Nausch N, Midzi N, Gwisai R, Mduluza T, Woolhouse M, et al. Identifyingand Evaluating
Field Indicators of Urogenital Schistosomiasis-RelatedMorbidity in Preschool-Aged Children. PLoS
Negl Trop Dis. 2015; 9(3). doi: 10.1371/journal.pntd.0003649.WOS:000352199400101.

19. Mutapi F, Rujeni N, Bourke C, Mitchell K, Appleby L, Nausch N, et al. Schistosomahaematobium treat-
ment in 1–5 year old children: safety and efficacy of the antihelminthic drug praziquantel. PLoS Negl
Trop Dis. 2011; 5(5):e1143.Epub 2011/05/26. doi: 10.1371/journal.pntd.0001143PMID: 21610855;
PubMedCentral PMCID: PMC3096601.

20. Mutapi F. Changing policy and practice in the control of pediatric schistosomiasis. Pediatrics. 2015;
135(3):536–44. doi: 10.1542/peds.2014-3189PMID: 25687146.

21. Bustinduy A, Waterhouse D., de Sousa-Figueiredo J, RobertsS. A., Atuhaire A., Van DamG.J, Corst-
jens PA., Scott JT., StantonMC., Kabatereine NB., Ward S., HopeWH., Stothard JR.. Population

Expanding PZQAccess

PLOSNeglectedTropical Diseases | DOI:10.1371/journal.pntd.0004946 September 22, 2016 6 / 7

http://dx.doi.org/10.1016/S0140-6736(13)61949-2
http://www.ncbi.nlm.nih.gov/pubmed/24698483
http://dx.doi.org/10.1016/j.pt.2013.02.001
http://www.ncbi.nlm.nih.gov/pubmed/23465781
http://dx.doi.org/10.1371/journal.pntd.0001864
http://dx.doi.org/10.1371/journal.pntd.0001864
http://www.ncbi.nlm.nih.gov/pubmed/23094120
http://www.who.int/mediacenter/factsheets/fs115/en/
http://dx.doi.org/10.1371/journal.pntd.0003504
http://www.ncbi.nlm.nih.gov/pubmed/25695740
http://dx.doi.org/10.1371/journal.pntd.0000126
http://www.ncbi.nlm.nih.gov/pubmed/18365031
http://dx.doi.org/10.4269/ajtmh.12-0552
http://www.ncbi.nlm.nih.gov/pubmed/23324217
http://www.ncbi.nlm.nih.gov/pubmed/16365080
http://www.ncbi.nlm.nih.gov/pubmed/17038701
http://www.ncbi.nlm.nih.gov/pubmed/15967725
http://dx.doi.org/10.1177/0956462414523743
http://www.ncbi.nlm.nih.gov/pubmed/24621458
http://dx.doi.org/10.1016/j.pt.2011.10.008
http://www.ncbi.nlm.nih.gov/pubmed/22245065
http://dx.doi.org/10.1007/s00038-015-0714-7
http://www.ncbi.nlm.nih.gov/pubmed/26298443
http://dx.doi.org/10.4081/gh.2012.99
http://www.ncbi.nlm.nih.gov/pubmed/23242675
http://dx.doi.org/10.1371/journal.pntd.0003649
http://dx.doi.org/10.1371/journal.pntd.0001143
http://www.ncbi.nlm.nih.gov/pubmed/21610855
http://dx.doi.org/10.1542/peds.2014-3189
http://www.ncbi.nlm.nih.gov/pubmed/25687146


Pharmacokinetics and Pharmacodynamics of Praziquantel in Ugandan childrenwith Intestinal Schisto-
somiasis: Higher Dosages are Required for Maximal EfficacyMbio. 2016;In press: mBio 7(4):e00227–
16. doi: 10.1128/mBio.00227-16 PMID: 27507822

22. consortiumPp. http://www.pediatricpraziquantelconsortium.org/what-we-do/pediatric-praziquantel-
program.html 2016 [03/05/2016].

23. Pai NP, Vadnais C, DenkingerC, Engel N, Pai M. Point-of-care testing for infectious diseases: diversity,
complexity, and barriers in low- andmiddle-income countries. PLoSMed. 2012; 9(9):e1001306. doi:
10.1371/journal.pmed.1001306 PMID: 22973183; PubMedCentral PMCID: PMCPMC3433407.

24. Pineiro Perez R, SantiagoGarcia B, Fernandez LlamazaresCM, Baquero ArtigaoF, Noguera Julian A,
MelladoPena MJ, et al. [The challenge of administering anti-tuberculosis treatment in infants and pre-
school children. pTBredMagistral Project]. An Pediatr (Barc). 2016; 85(1):4–12. doi: 10.1016/j.anpedi.
2015.07.027PMID: 26364849.

25. Lo NC, Bogoch II, Blackburn BG, RasoG, N'Goran EK, Coulibaly JT, et al. Comparison of community-
wide, integrated mass drug administration strategies for schistosomiasis and soil-transmitted helminthi-
asis: a cost-effectiveness modelling study. Lancet Glob Health. 2015; 3(10):e629–38. doi: 10.1016/
S2214-109X(15)00047-9 PMID: 26385302.

Expanding PZQAccess

PLOSNeglectedTropical Diseases | DOI:10.1371/journal.pntd.0004946 September 22, 2016 7 / 7

http://dx.doi.org/10.1128/mBio.00227-16
http://www.ncbi.nlm.nih.gov/pubmed/27507822
http://www.pediatricpraziquantelconsortium.org/what-we-do/pediatric-praziquantel-program.html
http://www.pediatricpraziquantelconsortium.org/what-we-do/pediatric-praziquantel-program.html
http://dx.doi.org/10.1371/journal.pmed.1001306
http://www.ncbi.nlm.nih.gov/pubmed/22973183
http://dx.doi.org/10.1016/j.anpedi.2015.07.027
http://dx.doi.org/10.1016/j.anpedi.2015.07.027
http://www.ncbi.nlm.nih.gov/pubmed/26364849
http://dx.doi.org/10.1016/S2214-109X(15)00047-9
http://dx.doi.org/10.1016/S2214-109X(15)00047-9
http://www.ncbi.nlm.nih.gov/pubmed/26385302

