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Objective: Efficacy of artemisinin derivatives alone or in combination compared to praziquantel alone for the
treatment of urinary schistosomiasis in schoolchildren.
Methods: Randomized clinical trials comparing praziquantel with artemisinin derivatives in the treatment of
urinary schistosomiasis in schoolchildren were included. Medline, EMBASE, LILACS, CENTRAL, African
Index Medicus, and Scielo were searched. We also analyzed the abstracts of the main conferences on
infectious diseases and tropical medicine during the years 2009–2011. Google Scholar and OpenSIGLE
were also searched. The last search was performed in July 2012. The primary endpoint was the cure rate.
The main outcome data were retrieved using a standardized form; three independent researchers (WP, HC,
and SS) performed the search, retrieved data, and evaluated the risk of bias. Disagreements were resolved
by discussion. Risk ratios were used and heterogeneity was evaluated. A fixed or random-effects model
was used according to the results of heterogeneity testing. An intention-to-treat analysis was done. Data
were analyzed using Revman 5.0.24 (Copenhagen: The Nordic Cochrane Centre).
Results: Seven studies were selected for full text review and only five studies were finally included. The cure
rate for praziquantel was superior to that of artesunate (RR: 1.66; 95% CI: 1.18–2.33). Artesunate was not
clearly superior to placebo (artesunate versus placebo, RR: 3.21; 95% CI: 0.50–20.74). Combination of
artesunate with praziquantel could prove more beneficial than praziquantel alone (RR: 1.15; 95% CI: 1.01–
1.31). The frequency of adverse events was equivalent for both drugs (praziquantel versus artesunate, RR:
1.11; 95% CI: 0.80–1.55).
Conclusions: Our meta-analysis showed that praziquantel was significantly more effective than artesunate
for the treatment of urinary schistosomiasis in schoolchildren. Artesunate at best had a marginal role in
combination therapy.
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Introduction
Schistosomiasis is one of the most prevalent helminthic

infections in the world. In mid-2003, the population at

risk was estimated to be 779 million individuals, and

more than 200 million people were infected.1 This

parasitosis affects people living in tropical and sub-

tropical areas of Africa, South America, the Middle

East, East Asia, and the Philippines. Schistosomiasis is

acquired through the skin by contact with cercariae

while bathing or wading in fresh water. Chronic

infection in endemic areas is associated with liver and

intestinal disease (Schistosoma mansoni, Schistosoma

intercalatum, Schistosoma japonicum, and Schistosoma

mekongi) or kidney and bladder dysfunction (Schisto-

soma haematobium).

Urinary schistosomiasis is an important cause of

morbidity in Africa. It is normally acquired during

childhood and up to 60% of schoolchildren have been

found to be infected in some settings, even an 80%

prevalence has been reported, indicating that school-

children is one of the most, if not the most affected

group by chronic urinary schistosomiasis.2,3 Chronic

infection can lead to chronic anemia, undernutrition,

reduced exercise tolerance, and loss of performance.4

Schistosomiasis was responsible for the loss of at least
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13–15 million disability-adjusted-life-years in 2004.5

Moreover, squamous cell carcinoma of the bladder is a

well-known complication and has been reported as the

most frequent cancer in endemic areas.6

The pyrazino-isoquinoline praziquantel is currently

the drug of choice for the treatment of urinary

schistosomiasis.7 It is administered as a single dose of

40 mg/kg. Praziquantel binds to the beta subunit of

voltage-gated Ca2z ion channels and disrupts Ca2z

homeostasis, although its mechanism of action is not

completely understood.8,9 The drug causes tetanic

contractions and tegumental vacuoles, which force the

worms to detach from the veins and die.10 Praziquantel

has been the main treatment for schistosomiasis for

decades and is cheap and easy to administer, with an

excellent efficacy and safety profile.7,11 It has also been

shown that treatment with praziquantel reverses

chronic injury caused by schistosomiasis, such as liver

fibrosis and urinary tract abnormalities.12–16 Even

during pregnancy and breastfeeding, praziquantel

seems to be safe, and therapy should be encouraged.17,18

These attributes have made praziquantel the drug of

choice in the treatment of schistosomiasis.18

Despite the advantages of praziquantel, massive

preventive chemotherapy treatment programs (re-

commended and implemented by the World Health

Organization) based on this agent maintain environ-

mental pressure on the Schistosoma species and make

the emergence of resistance a potential threat. In

Senegal, the very low cure rates reported for S.

mansoni infection are believed to be due to resistance.19

Failure of praziquantel treatment in travelers infected

with S. haematobium has also been described.20 This

resistance has been found in vivo and in vitro.21 A

mechanism for resistance has also been suggested, as

low cure rates with praziquantel have been described

in one strain of S. mansoni from Egypt that over-

expresses the protein SMDR2,22 an ATP-driven drug-

efflux protein (homologous to P-glycoprotein) for

which praziquantel is both a substrate and an

inhibitor.23 Relying only on praziquantel for the

treatment of schistosomiasis could prove problematic

in the long term, and alternative drugs should be

investigated. Similarly, it would be useful to have safe

and effective alternative drugs for patients who

experience intolerance or toxicity.

Artemisia annua is the source of artemisinin, a

sesquiterpene lactone whose derivatives are the first-

line choice for the treatment of malaria.24 Artemisinin

derivatives have been shown to have antischistosomal

activity both in vitro and in animal models.25 Although

the mechanism of action is not well understood,

the glycogen content of the worms is reduced by a

reduction in glucose uptake, an increase in glycogen

phosphorylase activity, and inhibition of several other

enzymes involved in glucose metabolism.25 The use of

artemisinin derivatives could diminish the pharmaco-

logical pressure on praziquantel. Clinical trial results

have also shown them to be effective in humans,26,27

although when compared to praziquantel, the results

are not clear-cut. In 2008, Danso-Appiah et al. per-

formed a thorough meta-analysis of currently avail-

able options for the treatment of urinary schistoso-

miasis. Only one clinical trial analyzed artesunate, and

the authors concluded that further investigation was

needed to elucidate the role of artemisinin derivatives

in the treatment of urinary schistosomiasis.7 Recently,

Liu et al.28 performed a meta-analysis regarding the

efficacy of artemisinin derivatives versus praziquantel

for prevention and treatment of schistosomiasis.

Mainly this study speaks about prevention and species

other than Schistosoma haematobium. However, in the

small part of the analysis regarding artesunate for the

treatment of S. haematobium infections, they found

that it had a poor performance. A strong limitation is

that only two studies were analyzed and no compar-

ison to praziquantel was done. Another interesting

finding was a possible role for artesunate in combina-

tion treatment with praziquantel. This could be

explained by the theoretical synergistic effect of

artemisinin derivatives acting on the immature forms

of the fluke.29,30

The high burden of disease, the risk of resistance due

to pharmacological pressure, the need for alternative

drugs in cases of toxicity/intolerance, and the potential

efficacy of artemisinin derivatives led us to review

the role of these drugs in the treatment of urinary

schistosomiasis. Our objective was to compare their

efficacy alone or in combination with that of prazi-

quantel for the treatment of chronic urinary schisto-

somiasis (defined as presence of S. haematobium ova in

urine) in schoolchildren.

Methods
A protocol was specifically developed for this review

(accessible by e-mail request to the corresponding

author). Three independent researchers (WP, HC,

and SS) performed the search, retrieved data, and

evaluated the risk of bias. Disagreements were

resolved by discussion.

Search methods
The electronic databases Medline, EMBASE, LILACS,

the Cochrane Central Register of Controlled Trials,

African Index Medicus, and Scielo were searched. In

Medline, the terms entered were ‘schistosoma haema-

tobium and: either artemisinin or arthemether or

artesunate’. In LILACS, ‘schistosoma’ was entered in

the fields ‘descriptor’ and ‘clinical trial registry’, in

Scielo, the term entered was ‘schistosoma’, and in the

Cochrane Central Register of Controlled Trials, the

term entered was ‘schistosoma haematobium’.
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The abstracts of the main conferences on infectious

diseases and tropical medicine held in 2009, 2010 and

2011 (Interscience Conference on Antimicrobial Agents

and Chemotherapy, European Congress on Clinical

Microbiology and Infectious Diseases, Annual Meeting

of the American Society for Tropical Medicine and

Hygiene, and European Congress of Tropical Medicine

and International Health) were analyzed, and the

bibliographies of all recovered documents were searched

for additional references. Google Scholar and Open-

SIGLE were searched using the terms ‘schistosoma

haematobium and: either artemisinin or artemether or

artesunate’.

Study selection
No year of publication or language restrictions were

applied; the last search was performed in July 2012.

The results were screened by title. Potentially eligible

studies were identified by reading the abstract and

definitive decision about inclusion was done based on

a reading of the full text. The only works included

were comparative randomized or quasi-randomized

clinical trials that studied schoolchildren with urinary

schistosomiasis treated with an artemisinin derivative

(with or without a secondary drug) or praziquantel

(alone or in combination therapy).

Data extraction and management
The main outcome data were retrieved using a

standardized form designed for this study. The

primary endpoint was the cure rate, defined as the

proportion of patients with no egg excretion in two

urine samples on two consecutive days between 3 and

8 weeks after treatment. The secondary endpoints

were egg reduction rate, resolution of hematuria, and

comparison of the incidence of adverse events. The

regimens compared for all endpoints were artesunate

[with or without a secondary drug (not praziquantel)]

versus praziquantel, artesunate plus praziquantel

versus praziquantel alone, and artesunate versus

placebo.

Risk of bias assessment
Risk of bias in each of the five studies was assessed

using the Cochrane Collaboration tool.31 The following

domains were evaluated: sequence generation, alloca-

tion concealment, blinding (investigators, outcome

Figure 1 Flow diagram of the search and study process.
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assessors, and participants), incomplete outcome data,

selective outcome reporting, and other sources of bias.

Each study was judged on each of the risk of bias

domains as low risk of bias, high risk of bias, or ‘unclear

risk of bias’.

Data synthesis
Data were analyzed using Revman 5.0.24 (Copen-

hagen: The Nordic Cochrane Centre). Risk ratios were

used for dichotomous outcomes. Heterogeneity was

evaluated visually using a forest plot and statistically

using a Cochran Q test and Higgins I2 test32 to assess

not only whether heterogeneity was present, but also its

impact on outcome. We performed an intention-to-

treat analysis to adjust for missing data due to

dropouts, and dropouts were considered as treatment

failure. A fixed or random-effects model was used

according to the results of heterogeneity testing.

Results
The search yielded 12 574 entries that were screened

by title and abstract. Of these, only seven were

selected for full text review and 5 studies were

eventually included in the analysis (Fig. 1).33–37

Two studies were excluded because they were not

controlled clinical trials. The characteristics of the

studies included are shown in Table 1. The studies

were performed during 2001–2010. All studies except

one were randomized controlled clinical trials: three

were open-label and two double-blind. All of the

trials were conducted in Western Africa. The trial

populations were 801 in one study, around 300 in

three studies, and 83 in one study. Age ranged from

7 to 20 years. Diagnosis and cure assessment was

performed with light microscopy of filtrated urine in all

studies (current gold standard technique).38 For the

purposes of this meta-analysis, the primary efficacy

endpoint was measured at the earliest follow-up visit

reported by the study even when the follow-up was

longer (range: 26–56 days). The treatment arms com-

pared were praziquantel (40 mg/kg in one dose),

artesunate (in several dosing schedules) with or without

a second drug (sulfamethoxypyrazine/pyrimethamine in

one study and mefloquine in another), the combination

of artesunate plus praziquantel, and placebo. One stu-

dy had a mefloquine monotherapy arm. No studies

evaluated any artemisinin derivatives other than arte-

sunate for the treatment of S. haematobium infection in

humans.

The risk of bias for each study is shown in Fig. 2. A

potentially high risk was found in two of the studies

included, one had an unclear risk, and only two trials

were considered to have a low risk.

Figure 3 shows the results for the primary outcome

expressed as the risk ratio for cure (praziquantel versus

artesunate). Praziquantel showed a significantly better

Figure 2 Summary of the risk of bias: z, low risk of bias; 2,

high risk; ?, unclear risk.

Figure 3 Evaluation of cure rates for praziquantel (PZQ) versus artesunate (ART) in urinary schistosomiasis. In the study by

Sissoko et al., the artesunatezsulfamethoxypyrazine/pyrimethamine arm was counted as artesunate. In the study by Inyang-

Etoh et al., the artesunate plus placebo and praziquantel plus placebo arms were counted as artesunate and as praziquantel,

respectively. In the study by Keiser et al., artesunate plus mefloquine was counted as artesunate.
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response rate than artesunate (RR: 1.66; 95% CI: 1.18–

2.33). Analysis of the risk of bias showed that, in those

studies with a low risk, praziquantel was superior to

artesunate (RR: 2.16; 95% CI: 1.51–3.09), whereas in

those with a potentially higher risk, the effect was not

clearly better (RR: 1.35; 95% CI: 0.88–2.07).

Artesunate was not clearly superior to placebo in

cure rates (Fig. 4) (artesunate versus placebo, RR:

3.21; 95% CI: 0.50–20.74). Nevertheless, the combi-

nation of artesunate with praziquantel (Fig. 4) was

slightly superior to praziquantel monotherapy (RR:

1.15; 95% CI: 1.01–1.31).

The egg reduction rate could not be evaluated in a

pooled analysis, given that not all studies reported

enough information to perform a pooled analysis. We

provide the crude data in Table 1. Although not

formally meta-analyzed, the egg reduction rate was

consistently higher in the praziquantel groups than in

the artesunate groups in all studies except in the study

by Keiser et al., where it was reported to be the same

in both the praziquantel and the artesunate groups

(.95%). Resolution of hematuria could not be

evaluated because of the diverse nature of the

definitions used in the different trials.

No differences were found in the comparison of the

proportion of adverse events reported between the

praziquantel and artesunate regimens (RR: 1.49; 95%

CI: 0.82–2.71) (Fig. 5).

Discussion
In our meta-analysis, praziquantel showed signifi-

cantly better efficacy than artesunate for the treat-

ment of urinary schistosomiasis in schoolchildren. At

best, artesunate had a marginal role in combination

therapy.

Artesunate cannot be considered an alternative to

praziquantel. In our study, it was not clearly superior

to placebo, although it could be used in combination

treatment if the need for combination therapy ever

arose. Administration of artesunate to treat schisto-

somiasis is further restricted because of high concern

over the emergence of resistant strains of Plasmo-

dium spp. in malaria-endemic areas. Plasmodium spp.

and Schistosoma spp. coexist in many regions, and

Figure 5 Evaluation of the proportion of patients who developed any adverse event during therapy with praziquantel (PZQ)

versus artesunate (ART). In the study by Sissoko et al., the artesunatezsulfamethoxypyrazine/pyrimethamine arm was counted

as artesunate. In the study by Inyang-Etoh et al., the artesunate plus placebo and praziquantel plus placebo arms were counted

as artesunate and as praziquantel, respectively. In the study by Keiser et al., artesunate plus mefloquine was counted as

artesunate.

Figure 4 Evaluation of cure rates for artesunate (ART) versus placebo (PLB) in urinary schistosomiasis. In the study by

Inyang-Etoh et al., the arm of artesunate plus placebo was counted as artesunate. Evaluation of cure rates for

praziquantelzartesunate (PZQzART) versus praziquantel (PZQ) alone in urinary schistosomiasis.
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co-infection affects 4.6–25% of patients,26,27 depend-

ing on the species of Schistosoma and the geographi-

cal location. The use of artesunate in monotherapy

and in suboptimal doses for treatment of malaria is

risky, as this approach is a known risk factor for the

emergence of resistant strains of Plasmodium spp.24,39

Treatment compliance within the regimens could

potentially have affected the outcomes as praziquan-

tel is taken as a single dose and artesunate as multiple

doses. Nevertheless, we do not believe this to be the

case, as except in the studies of Sisoko et al. and de

Clerq et al., treatment was directly observed and if

the patient spat out or vomited the drug it was

readministrated. Even if this difference in complexity

of the regimens contributes to a difference in the

outcomes, this would just be another argument that

favors praziquantel.

Our meta-analysis is limited by the small number

of studies included, especially in the analysis of

secondary endpoints, as conclusions drawn from a

meta-analysis of only two studies are questionable,

and we believe that they could be regarded, at best, as

a hypothesis for further investigation. Nonetheless,

we believe that the conclusion drawn for our primary

endpoint is solid, as all the studies reveal similar

findings and the studies with the highest methodolo-

gical quality and least risk of bias reach the same

conclusion.

When interpreting the results, it is important to

remember that in two studies, artesunate was com-

bined with a second drug, namely, mefloquine in one

and sulfamethoxypyrazine/pyrimethamine in the

other, and that these drugs could affect the outcome

of the artesunate arm. Intuitively, one might expect

both drugs to improve the outcome of the artesunate

arm, implying that the difference observed in our study

is smaller than the real difference between artesunate

and praziquantel. In fact, no differences were found

between artesunate and placebo. However, the num-

ber of patients in this comparison was small.

Another potential limitation of this study is the

presence of heterogeneity, which could be due to the

different treatment regimens administered in studies

where artesunate is combined with a second drug, the

different doses of artesunate used, differences in

study design and risk of bias, and even the different

geographic locations where the studies were per-

formed (reflecting differences in the susceptibility of

the parasite to treatment, different reinfection rates,

and different severities of infection). Differences in

the time at which treatment outcomes were measured

could also be a source of heterogeneity, as the longer

time to measurement the higher the possibility that

the patient becomes re-infected. Although, hetero-

geneity is a common feature of meta-analyses,40 we

must establish whether it affects the results to the

extent that it invalidates them. We do not believe that

heterogeneity significantly affects the results of our

meta-analysis: the forest plot shows the same trend

for all trials, a random-effects model was used to

minimize the effect of heterogeneity on pooled

estimates, and the studies with least risk of bias

showed that praziquantel was more efficacious than

artesunate.

Artesunate and other derivates of artemisinin (e.g.

artemether, dihydroartemisinin, and arteether) have

shown antischistosomal properties in experimental

animal models and in humans.25,41,42 However, since

we only examined trials involving artesunate in S.

haematobium infections, we are unable to extrapolate

the results for artesunate to other derivatives of

artemisinin or to infections by Schistosoma species

other than S. haematobium. Liu et al. found a very

good performance of artesunate in preventing S.

japonicum infections,28 reflecting the possibility that

artesunate could be effective against only some

species of Schistosoma.

In any case, the high burden of disease induced by

schistosomiasis is unlikely to be resolved by relying only

on pharmacological approaches and treatment of

individual cases. Public health strategies including snail

control with molluscicides and population-based che-

motherapy have proven effective and drastically reduce

the prevalence of infection.43 These programs lead to a

reduction in morbidity due to schistosomiasis that lasts

up to 2 years.44 However, their sustainability has been

questioned, and the eradication of schistosomiasis will

also depend on health education, behavioral changes,

sanitation, and safe water supply.45

In summary, based on the results of this meta-

analysis, artesunate is clearly inferior to praziquantel

for the treatment of urinary schistosomiasis. The

question of whether combination therapy could be of

interest or whether other artemisinin derivatives

could be useful remains unanswered.
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