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1.
Background

Soil-transmitted helminthiasis, caused by infections with intestinal nematodes, remains among the most prevalent and debilitating parasitic diseases in the world (Horton 2003; Utzinger and Keiser 2004; Bethony et al. 2006). More than 2 billion people are infected, and there is growing evidence about the negative impact of soil-transmitted helminth infections on the course and outcome of pregnancy (i.e. anaemia), children’s physical and cognitive development, educational attainment and worker productivity in later life (WHO 2002; Miguel and Kremer 2004; Utzinger and Keiser 2004; Bethony et al. 2006; Lammie et al. 2006). Recent estimates suggest that the global burden due to soil-transmitted helminthiasis might by as high as 39 million disability-adjusted life years (DALYs), thus approaching or even surpassing the burden of malaria (Hotez et al. 2006). The major soil-transmitted helminth species are Ascaris lumbricoides, Trichuris trichiura and the hookworms (Necator americanus and Ancylostoma duodenale). They show the widest geographical distribution and current estimates are that between 807 and 1221 million people are infected with A. lumbricoides, 604-795 million people with T. trichiura, and 576-740 million people with the hookworms (Bethony et al. 2006).
There is growing recognition of the public-health significance of yet another soil-transmitted helminth, namely Strongyloides stercoralis (Keiser and Nutman 2004). An estimated 30-100 million people are infected (Bethony et al. 2006). However, no data is currently available regarding the global burden and geographical distribution of strongyloidiasis. An important underlying reason is that one of the most widely used diagnostic approaches for the evaluation of intestinal helminth infections – i.e. the Kato-Katz technique (Katz et al. 1972) – is unsuitable for detection of S. stercoralis, and microscopic examination of direct faecal smears only has a low sensitivity (Sato et al. 1995). The available methods with a high sensitivity [i.e. Koga agar plate (Koga et al. 1991) and Baermann technique (Garcia 2001)] are time-consuming and somewhat cumbersome to perform.
High prevalences of A. lumbricoides, T. trichiura and hookworms have been reported from sub-Saharan Africa and Southeast Asia, including China (de Silva et al. 2003; Bethony et al. 2006). According to the Chinese Ministry of Health (MoH) the prevalence of soil-transmitted helminth infections in Yunnan province was 21.7% during the second nationwide parasitological survey completed in 2004 (MoH 2005). Additional helminth infections are known to occur in this area, i.e. Enterobius vermicularis, Taenia solium and T. saginata, and the presence of various food-borne trematodes is strongly suspected. There is a lack of data for S. stercoralis.
In June 2006, we carried out a cross-sectional study in a small village in the southern part of the Yunnan province. Parasitological screening of 180 randomly selected individuals revealed that soil-transmitted helminth infections were pervasive; we found a point prevalence of A. lumbricoides, T. trichiura and hookworms of 93.9%, 88.9% and 87.8%, respectively. In addition, we found 21 cases positive for S. stercoralis, accounting for a prevalence of 11.7% (Steinmann et al. 2007). Our results implied that multiparasitism was the norm rather than the exception, confirming recent reports from Africa (Raso et al. 2004) and South America (Brooker et al. 2006).
The functional significance of multiple helminth infections on clinical outcomes (e.g. anaemia) are increasingly appreciated (Ezeamama et al. 2005) and opportunities offered for integrated control approaches have been discussed (Hotez et al. 2006; Lammie et al. 2006; Utzinger and de Savigny 2006).
Current efforts for the control of soil-transmitted helminth infections rely on chemotherapy (Lammie et al. 2006; Utzinger and de Savigny 2006). Albendazole and mebendazole are routinely used in chemotherapy campaigns targeting millions of children and adults each year. These drugs have a good safety profile and the low frequency and generally mild nature of adverse side effects even allows their use by non-medical personnel, such as school teachers in school-based mass treatment campaigns (WHO 2002). Albendazole shows high efficacies against A. lumbricoides and the hookworms and a moderate efficacy against T. trichiura (Utzinger and Keiser 2004). Unfortunately, albendazole only has a low-to-moderate efficacy against S. stercoralis. The standard treatment for the latter parasite is ivermectin. This drug, on the other hand, exhibits only low activity against other soil-transmitted helminths (Utzinger and Keiser 2004).

Tribendimidine is a broad-spectrum anthelminthic drug developed by Chinese scientists in the mid-1980s (Ren et al. 1987). Tribendimidine is structurally related to amidantel, which has been developed by Bayer in the late 1970s and has been effectively used against various helminths (nematodes and trematodes) in laboratory studies and clinical trials (Thomas 1979; Wollweber et al. 1979; Rim et al. 1980). Tribendimidine is licensed by the Chinese Food and Drug Administration for the treatment of human infections with A. lumbricoides, T. trichiura and the hookworms. Its safety record compares well with that of albendazole (Xiao et al. 2005), which is further underscored by recent data obtained from phase IV trials. Clinical studies revealed that tribendimidine shows promissing activity against Taenia spp. and E. vermicularis. Unpublished studies further indicate high activities of tribendimidine against Strongyloides venezuelensis, Hymenolepis nana and H. diminuta in mice and rats. The activity of tribendimidine against S. stercoralis has not yet been assessed.
The World Health Organization (WHO) recommends that anthelminthic drugs are administered to entire populations in case the prevalence of soil-transmitted helminths (i.e. A. lumbricoides, T. trichiura and hookworm infection) exceeds 50% (WHO 2002). Ancillary benefits are likely to occur among individuals who are concurrently infected with other parasites (e.g. S. stercoralis) in case the anthelminthic drug has some efficacy against these parasites. In settings where the prevalence of soil-transmitted helminthiasis is high, small studies to comparatively assess the efficacy of different anthelmintic drugs are useful and can guide subsequent policy recommendations. This issue has been documented for Vietnam, where mebendazole is the current drug of choice in the national helminth control programme, despite significantly lower efficacy when compared to albendazole (Flohr et al. 2007).
We proposed to assess the safety and efficacy of albendazole versus tribendimidine against soil-transmitted helminthiasis, including S. stercoralis. Our proposal is further motivated by the following considerations. First, it is plausible that tribendimidine will be used in mass treatment campaigns in China, in addition to the currently used albendazole. Since tribendimidien and albendazole belong to different chemical classes (Wollweber et al. 1979; Utzinger and Keiser 2004), alternating between the two drugs would reduce the chance of resistance development (Geerts and Gryseels 2000). Second, by default, mass treatment campaigns are not preceded by individual diagnosis of parasitic infections, and hence there is an opportunity to assess the potential ancillary benefits on other parasitic infections. Third, we lack detailed knowledge on whether multiple species parasitic infections have an effect on treatment outcomes (i.e. altered safety or efficacy profiles). Fourth, in case tribendimidine results in a higher efficacy against S. stercoralis than albendazole, the use of tribendimidine would offer an elegant way to cover an additional parasite, which is neglected, but nonetheless of considerable public health significance. It is important to note that ivermectin is currently not available for human use in China.
2.
Detailed research plan

2.1.
Study aims

(1) To further our understanding of the local epidemiology of soil-transmitted helminthiasis (including strongyloidiasis) in selected villages in Yunnan province of China.
(2) To comparatively assess the sensitivity and specificity of different diagnostic approaches for soil-transmitted helminth infections, with particular consideration to S. stercoralis.
(3) To assess the safety and efficacy of oral albendazole versus oral tribendimidine (both drugs will be administered in a single dose of 200 mg for children aged 5-14 years, and 400 mg for individuals aged ≥15 years) against different soil-transmitted helminth infections.

2.2. 
Experimental design

2.2.1.
Study area and population surveyed
The study will be carried out in Nan Weng village in Menghai county, Xishuangbanna prefecture, Yunnan province, China. The village is inhabited by approximately 350 individuals of Bulang nationality, belonging to 80 families. All family members aged 2 years and above will be invited to participate in the initial parasitological screening. Participating (≥1 stool sample submitted) individuals aged ≥5 years will be enrolled in the comparative treatment efficacy study, irrespective of the parasitological diagnosis.
Based on our preliminary work in the same area we anticipate that 80-90% of the eligible individuals who are present in the village at the time of the survey will submit at least 1 stool sample and we anticipate that point prevalence with the three main soil-transmitted helminths will exceed 80%. Moreover, we anticipate that 10-15% of the individuals will harbour S. stercoralis.
2.2.2.
Patient inclusion criteria

(1) Age ≥5 years, both sexes.

(2) Submission of ≥1 stool sample for the baseline parasitological survey.

(3) For females, not pregnant, as verbally assessed by medical personnel on the day of treatment.

(4) Absence of major systemic illnesses, as assessed by medical personnel on the day of treatment.

(5) Written informed consent by the head of the household on behalf of the whole family.
2.2.3.
Patient exclusion criteria

(1) Presence of any abnormal medical condition, as judged by the medical personnel.

(2) No stool sample submitted for baseline parasitological survey.

(3) Enrolled in any other clinical investigation during the study.

(4) For females: pregnancy
Standard anthelminthic treatment according to the applicable Chinese treatment guidelines will be offered to all residents of Nan Weng village aged 2 years and above who are not included in the comparative treatment efficacy study.
2.2.4.
Baseline survey

Demographic, economic and health-related behavioural data of the village population will be collected by means of pre-tested individual and family questionnaires. All residents aged ≥2 years will be invited to submit 3 stool samples over a 6-day period. The stool samples will be collected daily and continuously processed by the following diagnostic techniques.
(1) Kato-Katz (diagnosis of A. lumbricoides, T. trichiura, hookworms, Taenia spp., other helminths): 1 slide/sample.

(2) Baermann (diagnosis of S. stercoralis): 1 test/sample.

(3) Koga agar plate (diagnosis of S. stercoralis and hookworms): 1 plate/sample.

(4) Sodium acetate-acetic acid-formaline (SAF) conservation (followed by ether-sedimentation technique, to be done after conclusion of the field study; diagnosis of helminths and intestinal protozoa): 1 sample/individual
2.2.5.
Treatment
Study participants (according to above-specified inclusion criteria) will be randomly assigned to either albendazole (group A) or tribendimidine (group B).

In group A, participants aged 5-14 years will receive a single 200 mg oral dose of albendazole; older participants will be treated with a single 400 mg oral dose of albendazole. In group B, participants aged 5-14 years will receive a single 200 mg oral dose of tribendimidine; older participants will be treated with a single 400 mg oral dose of tribendimidine. The drugs will be distributed to the study participants after dinner time (ca. 18:00 hours) by local health professionals, and ingestion confirmed.
2.2.6.
Acute adverse effect monitoring

The treating health professionals and a medical doctor will be present in the village for the next 3 hours following drug administration and respond to requests for medical assistance in case of acute adverse events (AEs). All study participants will be invited to report AEs 24 hours post-treatment. In case of AEs, appropriate medical action will be taken, e.g. administration of drugs for relief.
AEs will be graded, and their onset and duration recorded (see Appendix 3). The intensity of AEs will be judged by the medial doctor as followed:
Mild: present but not requiring any interference

Moderate: (1) present and requiring medication for symptomatic relief as requested by the affected people or 2) present and interfering with normal daily activities.
Severe: present and required medical intervention beyond symptomatic relief.
.
2.2.7.
Endpoint parasitological stool survey

2-4 weeks after the treatment, all study participants will be invited to submit another 3 stool samples over a 6-day period. The stool samples will be collected daily and continuously processed by the same diagnostic techniques as detailed above.

Participants without eggs or larvae in their stools as assessed by the respective methods will be considered parasitologically cured. Egg reduction rates for the different parasites will be calculated based on the arithmetic mean egg count of the 3 Kato-Katz slides prepared before and after treatment. Cure rates will be calculated on a per-species basis and not take into account the influence of the treatment on any co-infections.
2.2.8.
Concomitant therapy

No restriction except antiparasitic treatment (albendazole, mebendazole, levamisole, pyrantel pamoate or any other anthelminthic drug). Participants are asked about antiparasitic treatment over the preceding month upon distribution of the study drugs.
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Appendix 1: Informed consent (translated to Chinese)
Study participant information and consent sheet

COMPARISON OF THE DIAGNOSTIC PERFORMANCE 
OF DIFFERENT METHODS FOR THE DETECTION OF INTESTINAL PARASITES 
WIT A SPECIAL FOCUS ON STRONGYLOIDES STERCORALIS

EVALUATION OF THE TREATMENT EFFICACY OF 2 COMMONLY USED ANTI-PARASITIC DRUGS

This study is jointly undertaken by researchers from the following institutions:
- Yunnan Institute for Parasitic Diseases (YIPD), China CDC, Simao, People’s Republic of China

- National Institute of Parasitic Diseases (IPD), China CDC, Shanghai, People’s Republic of China

- Swiss Tropical Institute (STI), Basel, Switzerland

Principal investigators: The following persons are directly responsible for the design and the implementation of the study: Prof. Dr. Du Zun-Wei (YIPD), Prof. Dr. Zhou Xiao-Nong (IPD), Prof. Dr. Jürg Utzinger (STI) and Peter Steinmann, PhD-Student (STI).
Aim of the study: Helminth infections (small parasitic worms such as hookworms, roundworms, tapeworms, etc.) and intestinal protozoa live in the intestine and are causing a wide range of diseases and conditions ranging from mild and unnoticed to severe and debilitating. Among the main symptoms are intestinal problems, general weakness and fatigue. There is no single diagnostic method capable of reliably detecting all intestinal parasites and Strongyloides stercoralis is missed by most traditional methods. It is also known that the excretion of parasites is not uniform, thus infections can be missed if only one stool sample is analyzed. We want to compare the performance of different diagnostic methods and to assess how many additional infections are diagnosed if 3 instead of 1 stool sample are examined. Safe drugs can be used to treat helminth infections. We want to compare the efficacy of two drugs which are licensed for human use by the China State Food and Drug Administration. These two drugs are albendazole and tribendimidine.

For this study we recruit the members aged 2 years and above of all families living in your village.

Procedure: We will ask you and every member of your family aged ≥2 years who is not pregnant to provide us your morning stool over several days (total of 3 stool samples). In addition, we will ask questions about your living conditions, personal health and habits. We will then check the stools for the eggs of the different worms or their larvae.
Every participant aged 5 years and above will be treated free of charge with one of the two drugs but you do not know which drug you get. We will ask you 3 and 24 hours after the treatment if you felt any side effects of the treatment. 2-4 weeks after the treatment, we will again ask you to submit 3 stool samples and analyze them using the same methods as before. If you are still infected, you will be re-treated with albendazole. Children aged 2-4 years will be treated with albendazole according to the Chinese national standard.

Confidentiality: The data collected may be published but no names will appear in any publications. No personal data and diagnoses will be made available in a way that allows the identification of real persons to other people, authorities or companies than those directly involved in the study.

Potential risk: There is no risk associated with the participation in this study. The use of both drugs should be safe even in pregnant women. Still, pregnant members of your family should not participate.
Participation/withdrawal: Participation in this study is entirely voluntary and you or any member of your household is free to withdraw from the study at any moment without further obligations.
Costs/compensation: Participation in this study will not result in any costs to you. The treatment of diagnosed worms is free of charge.
Contact person for further questions and complaints: Any questions or complaints can be directed at the fieldworkers who will try to answer them or transfer them to one of the principal investigators. You may also wish to contact directly Prof. Dr. Zhou Xiao-Nong anytime, office: +86 21 64738058, mobile: 13916230620.

I (please print) _____________have read and understood this text and all my questions have been answered. I am aware of my rights and duties and I freely accept to participate in this study with my family.
Date and signature participant (head of household):
Date and signature fieldworker:
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Appendix 3: Summary and grading of acute adverse events
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