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SUMMARY 

Urogenital schistosomiasis is caused by Schistosoma haematobium and can lead to severe 

morbidity if untreated. The human-snail-human life cycle of S. haematobium can be interrupted 

with treatment, snail control and behavior change interventions. The Zanzibar islands, United 

Republic of Tanzania, have achieved low overall prevalence nowadays; thus, their historical 

interventions can guide other sub-Saharan African countries towards the same goal. At the 

same time, questions arise about whether large-scale treatment is still justified in areas with a 

very low prevalence. Novel strategies are now needed to map environmental factors and human 

infection, identify clusters, and address spatial heterogeneity of infection focally.  

The current thesis addresses these questions in several ways. A systematic review of 100 years 

of schistosomiasis and snail-related research on Zanzibar was performed to identify 

interventions and their impact on the S. haematobium prevalence. The impact of seven years 

of mass drug administration (MDA) and of a 16-month treatment gap on S. haematobium 

prevalence was determined. Finally, as part of the SchistoBreak study (2020-2024) being 

implemented to develop novel strategies for the elimination of schistosomiasis, two cross-

sectional surveys in schools and households utilized micro-mapping to assess the impact of 

test-treat-track-test-treat (5T) interventions as an alternative to MDA in low-prevalence areas. 

A hundred years of interventions resulted in a low overall prevalence of <5% in 2020. After a 

16-month gap of MDA, spatial heterogeneity of S. haematobium infection on the islands was 

observed and became more pronounced when the prevalence rebounded primarily in hotspot 

areas. A novel strategy for infection mapping within the SchistoBreak study demonstrated the 

feasibility of finding pre-randomized households in remote settings. After one year of 5T 

interventions in low-prevalence areas, no significant prevalence increase was revealed. 

A combination of MDA, including treating adults and preschool-aged children, snail control, 

and behavior change measures are crucial to reducing the S. haematobium prevalence in 

hotspot areas. Environmentally friendly snail control and new intervention grounds for 

behavior change measures need to be explored. To compare the schistosomiasis prevalence 

across countries and to create a global prevalence map, micro-mapping guidelines by the World 

Health Organization are required. In low-prevalence settings, targeted interventions present 

alternatives to MDA; however, future studies need to assess the optimal interventions required 

to maintain or further reduce the prevalence towards interruption of transmission.  
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ZUSAMMENFASSUNG 

Die urogenitale Schistosomiasis wird durch Schistosoma haematobium verursacht und kann 

unbehandelt zu schwerer Morbidität führen. Der Mensch-Schnecke-Mensch-Lebenszyklus von 

S. haematobium kann durch medizinische Behandlung, Schneckenkontrolle und Verhaltens-

änderungen unterbrochen werden. In Sansibar, Vereinigte Republik Tansania, ist die Gesamt-

prävalenz heute sehr niedrig, so dass die dortigen historischen Maßnahmen anderen sub-Sahara 

afrikanischen Ländern als Vorbild dienen können. Gleichzeitig stellt sich die Frage, ob eine 

groß angelegte Behandlung in Gebieten mit einer sehr niedrigen Prävalenz noch gerechtfertigt 

ist. Es sind nun neuartige Strategien erforderlich, um Umweltfaktoren und menschliche 

Infektionen zu erfassen, Cluster zu identifizieren und die räumliche Heterogenität der Infektion 

gezielt anzugehen. 

Eine systematische Übersichtsarbeit über 100 Jahre Schistosomiasisforschung in Sansibar 

wurde durchgeführt, um Interventionen und ihre Auswirkungen auf die Prävalenz von  

S. haematobium zu ermitteln. Es wurde ermittelt, wie sich eine siebenjährige 

Massenbehandlung mit Medikamenten (MDA) und eine 16-monatige Behandlungspause auf 

die Prävalenz von S. haematobium auswirkten. Die SchistoBreak-Studie (2020-2024) wird 

durchgeführt, um neue Strategien zur Eliminierung der Schistosomiasis zu entwickeln. In zwei 

Querschnittserhebungen in Schulen und Haushalten wurde mit Hilfe von Kartierung die 

Wirkung von Test-Behandlung-Nachverfolgung-Test-Behandlung (5T) als Alternative zur 

MDA in Gebieten mit niedriger Prävalenz bewertet. 

Hundert Jahre Interventionen führten zu einer niedrigen Gesamtprävalenz von <5 % im Jahr 

2020. Es wurde eine räumliche Heterogenität der S. haematobium-Infektionen auf den Inseln 

beobachtet, die besonders deutlich wurde, als die Prävalenz nach einer 16-monatigen Unter-

brechung der MDA vor allem in Hotspot-Gebieten wieder anstieg. Eine neuartige Strategie zur 

Infektionskartierung im Rahmen der SchistoBreak-Studie zeigte, dass es möglich ist, prä-

randomisierte Haushalte in abgelegenen Gebieten zu finden. Nach einem Jahr 5T-Inter-

ventionen in Gebieten mit niedriger Prävalenz wurde kein signifikanter Anstieg der Prävalenz 

festgestellt. 

Eine Kombination aus MDA, einschließlich der Behandlung von Erwachsenen und 

Vorschulkindern, Schneckenkontrolle und Maßnahmen zur Verhaltensänderung sind von 

entscheidender Bedeutung, um die Prävalenz von S. haematobium in Hotspot-Gebieten zu 
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verringern. Umweltfreundliche Schneckenkontrolle und neue Interventionsorte für Verhaltens-

änderungen müssen erforscht werden. Um die Prävalenz länderübergreifend vergleichen zu 

können und eine globale Prävalenzkarte zu erstellen, ist eine Micro-Mapping-Richtlinie der 

Weltgesundheitsorganisation erforderlich. In Gebieten mit niedriger Prävalenz stellen gezielte 

Interventionen eine Alternative zur MDA dar; künftige Studien sind jedoch erforderlich, um 

die optimalen Interventionen zu finden, um die niedrige Prävalenz aufrechtzuerhalten oder 

weiter zu senken. 

 

MUHTASARI 

Kichocho kinachoenea kwa njia ya mkojo husababishwa na kimelea kinachoitwa Schistosoma 

haematobium, na kinaweza kusababisha hali mbaya ya mwili ikiwa hakijatibiwa. Mzunguko 

wa maisha wa S. haematobium katika mwili wa binadamu unaweza kuzuiwa na matibabu, 

udhibiti wa konokono na mabadiliko ya tabia. Visiwa vya Zanzibar, vilivyopo ndani ya Jamhuri 

ya Muungano ya Tanzania, kwa sasa wamefikia kiwango cha chini cha maambukizi; Kwa 

hivyo, udhibiti wao wa kihistoria unaweza kuongoza nchi zingine za Afrika kusini mwa jangwa 

la sahara kuelekea lengo moja. Wakati huo huo, mjadala unaibuka; ikiwa matibabu ya watu 

wengi bado yanafaa katika eneo lenye kiwango cha chini sana cha maambukizi. Kwa sasa, 

mikakati mipya  inahitajika kutoa mwelekeao wa sababu za kimazingira na maambukizo ya 

wanadamu, kubaini maeneo ya maambukizi, na kushughulikia utofauti uliopo katika maeneo 

mahsusi yanayopatikana maambukizi hayo.  

Tasnifu hii inajadili maswali haya katika njia tofauti tofauti. Mapitio ya kimfumo ya miaka 100 

ya kichocho na utafiti unaohusiana na konokono kwa Zanzibar ulifanyika ili kubaini udhibiti 

na athari zake  za kuenea kwa S. haematobium. Matokeo ya ugawaji wa dawa kwa watu wengi 

(MDA) wa miaka saba, ambao uliacha muda wa  miezi 16 bila ya kutoa matibabu ya kuenea 

kwa S. haematobium ulifanyika. Mwisho, utafiti wa Schistobreak (2020-2024) ulifanyika ili 

kuweka mikakati mipya ya  kutokomeza kichocho. Tafiti mbili zilifanyika katika maeneo ya 

shule na kaya, tafiti hizi zilitumia ramani ndogo ndogo kutathmini athari za udhibiti 

uliojulikana kwa jina la chunguza-tibu-tafuta-chunguza-tibu (5T) kama njia mbadala ya MDA 

katika maeneo yenye maambukizi ya kiwango cha chini. 

Udhibiti wa imaka mia moja kwa ujumla ulipelekea kiwango cha chini cha kuenea kwa 

kichocho cha <5% mnamo 2020. Baada ya muda wa miezi 16 bila ya kutoa matibabu,  utofauti 
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katika maeneo wa maambukizi ya S. haematobium  visiwani ulionekana kuongezeka zaidi  hasa 

katika maeneo sugu. Mkakati mpya wa utafutaji wa maambukizi wa utafiti wa Schistobreak 

ulionyesha uwezekano wa kupata nyumba zilizobaikika kabla kwenye maeneo ya vijijini. 

Baada ya mwaka mmoja wa udhibiti wa 5T katika maeneo yenye maambukizi ya kiwango cha 

chini, hakukuonekana ongezeko la kiwango kikubwa cha maambukizi. 

Mchanganyiko wa MDA, pamoja na matibabu ya watu wazima na watoto wenye umri mdogo 

wa kabla yakwenda shule, udhibiti wa konokono na hatua za mabadiliko ya tabia ni muhimu 

katika kupunguza kuenea kwa S. haematobium katika maeneo sugu. Njia rafiki kwa mazingira 

za udhibiti wa konokono na njia mpya za udhibiti za mabadiliko ya tabia zinahitaji 

kuchunguzwa zaidi. Ili kuweza kulinganisha kwa kuenea kwa ugonjwa wa kichocho baina ya 

nchi mbali mbali kwa lengo la kutoa matokeo ya jumla ya ramani ya dunia ya kuenea kwa 

kichocho, miongozo ya ramani ndogo ndogo kutoka kwa Shirika la afya Duniani inahitajika. 

Katika maeneo yenye maambukizi ya kiwango cha chini, hatua mahsusi zilizopo zinawasilisha 

mbadala kwa MDA; Ingawje, tafiti za baadae zinahitaji kutathmini  uthibiti bora unaohitajika 

kudumisha au kupunguza zaidi kuenea kwa S. haematobium katika kuelekea udhibiti kabisa 

wa maambukizi. 
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1. GENERAL INTRODUCTION 

1.1. Urogenital schistosomiasis 

1.1.1. Transmission of the causative agent 

There are three primary species of schistosomes that infect humans: Schistosoma 

haematobium, S. mansoni, and S. japonicum. The former causes urogenital schistosomiasis, 

while the latter two cause intestinal schistosomiasis [1]. This thesis focuses on the Zanzibar 

archipelago, United Republic of Tanzania, where S. haematobium is the only causative agent 

present [2], and thus targets urogenital schistosomiasis. 

Schistosoma haematobium is a trematode parasite transmitted through a human-snail-human 

life cycle (Figure 1) [3]. Infected individuals who urinate in freshwater bodies release S. 

haematobium eggs into the water, which can stay viable for up to seven days [4]. Once the eggs 

hatch, free-living ciliated miracidia are released into the water. Snails of the genus Bulinus are 

suitable intermediate hosts for S. haematobium [5]. If a Bulinus snail is present in a freshwater 

body, the miracidia can penetrate the tissue of the snail where S. haematobium asexually 

reproduces through maternal and juvenile sporocyst stages within four to six weeks [3]. After 

replication, tens of thousands of cercariae are released into the freshwater body, potentially 

infecting humans. Snail populations and cercarial density have been shown to have strong 

spatial and seasonal variation [4]. Upon human skin penetration, the cercariae lose their tail 

and travel as schistosomula through the vasculature for the next 4-6 weeks. The parasites 

migrate through the lungs to the liver until they eventually settle, usually in the urogenital 

system, primarily in the veins surrounding the bladder, where sexually mature female and male 

worms pair and mate [4, 6]. Once paired, the female and male worm stay together and live an 

average of three to ten years in the human body [1]. Following fertilization, the female worm 

starts to release eggs into circulation. The eggs can transverse the wall of the blood vessel and 

of the bladder and enter the bladder lumen, from where they may be excreted from the human 

body through urine [6]. The S. haematobium life cycle restarts when an infected individual 

urinates in a freshwater body where Bulinus snails are present. 
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Figure 1. The life cycle of Schistosoma haematobium. A. An infected individual urinating into a 
freshwater body releases a Schistosoma haematobium egg; B. The egg hatches and releases a 
miracidium; C. The miracidium penetrates the tissue of the intermediate host snail of the Bulinus 
Africanus species group; D. Cercariae are released into the freshwater body; E. The cercariae penetrate 
the skin of another individual; F. The paired adult worms in the human body.  

 

1.1.2. Diagnosis 

The standard diagnostic method for detecting S. haematobium is to filter urine and look for ova 

under a light microscope [7]. The number of eggs indicates the intensity of the infection (light 

intensity: <50 eggs/10 ml urine; heavy intensity: ≥50 eggs / 10 ml urine); therefore, the standard 

amount of urine filtered is 10 ml [7, 8]. This urine filtration method shows a high sensitivity 

when used in high-prevalence areas, but the sensitivity of urine filtration decreases with 

decreasing overall prevalence in a region, and urine samples with ultra-low egg counts (<5 

eggs/10 ml urine) are easily misinterpreted as false negatives [9]. The standard urine filtration 

method is not suitable for point-of-care testing as it requires a laboratory equipped with light 

microscopes. Mobile phone-based microscopes for testing S. haematobium infection have been 

developed, allowing point-of-care testing [10]. However, these microscopes show a low 
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sensitivity and may only serve as a viable alternative in resource-poor settings without a 

laboratory. 

Another widely used method is to test for microhematuria (blood in the urine) as a proxy for S. 

haematobium infection [11-13]. Urine dipsticks, which change color when microhematuria is 

present, indicate the presence and intensity of blood in the urine. Studies have shown that the 

dipsticks are a good indicator of urogenital schistosomiasis in endemic settings [9, 14, 15]. 

However, as with urine filtration, the sensitivity of the dipsticks decreases in populations with 

low overall prevalence and in individuals with light-intensity infections [11, 15]. The 

specificity of microhematuria is lower than in urine filtration as microhematuria could also be 

the lead symptom for other health issues, such as genitourinary tract infections [16, 17]. 

Nonetheless, an advantage of testing for microhematuria is the ease of transportation and use 

of the dipstick allowing the test to be done at the point-of-care.  

In addition to urine filtration and testing for microhematuria, other tests have been researched, 

such as antibody detection, antigen ELISA, circulating anodic antigen, recombinase 

polymerase amplification, and PCR assays [18-21]. Furthermore, there has been recent 

research on using clustered regularly interspaced short palindromic repeats (CRISPR) as a 

diagnostic tool for S. haematobium [22]. However, a low-cost test for urogenital 

schistosomiasis that is highly sensitive and specific, even in low-prevalence settings, and that 

can be used at the point of care is yet to be developed.  

1.1.3. Interventions  

The life cycle of S. haematobium (see 1.1.1.) can be interrupted at various stages, including 

killing the parasite in the human, killing the snails, and preventing individuals from urinating 

into freshwater bodies or coming into contact with water. In the absence of vaccines that could 

prevent humans from infection (and/or transmission) [23], the interventions that have been 

recommended by the World Health Organization (WHO) and have been implemented in 

various studies primarily focus on treatment, snail control, and behavior change [7, 24-26].  

Preventive chemotherapy approaches were introduced for schistosomiasis and soil-transmitted 

helminths through inclusion in the World Health Assembly resolution 54.19 in 2001 [27]. 

Preventive chemotherapy with the drug of choice praziquantel against schistosomiasis has been 

implemented by many countries as mass drug administration (MDA) [28]. Praziquantel is 

administered at 40 mg/kg body weight in a single dose [29]. To simplify logistics in MDA, it 

is suggested to use a weight/height-adjusted dose pole as an alternative to bathroom-type scales 
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[30]. The safety of praziquantel has been established for individuals ≥4 years old [31]. 

Praziquantel shows high egg reduction rates in treated individuals but limited efficacy against 

juvenile worms, and it does not prevent reinfection [32, 33]. In 2001 with the World Health 

Assembly resolution 54.19, praziquantel MDA was recommended for school-age children as 

this age group is considered at the highest risk for infection and associated morbidity [4, 34]. 

As of 2022, the recommendation has been extended to preschool-aged children and adults, 

including pregnant women after the first trimester and lactating women [7]. Merck KGgA, the 

manufacturer of praziquantel, has pledged to donate praziquantel for an unlimited period for 

school-age children and, in certain regions, also for adults [35, 36]. In 2013, the question arose 

as to whether, and at what level of prevalence, MDA becomes unacceptable from a compliance, 

ethical, or cost perspective [37]. Since 2022, the WHO has recommended implementing 

treatment interventions on a community level rather than a country level based on the local 

prevalence of schistosomiasis [7]. In communities with ≥10% prevalence, (bi-)annual MDA is 

recommended, including all age groups from two years old in MDA programs with a coverage 

of ≥75% [7]. For communities with <10% prevalence, two different approaches may be 

implemented: i) continuing the formerly implemented MDA to move towards interruption of 

transmission or ii) implementing a test-and-treat approach targeting a specific population 

instead. The certainty of evidence for this recommendation is low, though, and additional 

research is needed to support and refine this recommendation. 

To interrupt the life cycle at the snail level, snail control can be used to reduce the prevalence 

of schistosomiasis. Snail control is an umbrella term for interventions that include 

implementing environmental measures, such as stream channelization or drainage of irrigation 

schemes or using biological or chemical molluscicides [38]. Snail control aims to reduce the 

number of intermediate host snails in freshwater bodies by killing them or making the water 

bodies unattractive to snails. The WHO Pesticide Evaluation Scheme recommends the use of 

niclosamide, a chemical molluscicide, which has been specifically developed for the control of 

intermediate hosts for schistosomiasis and other trematodes, e.g., fascioliasis [38]. It is 

recommended to implement snail control activities in areas endemic for schistosomiasis in 

addition to human treatment, behavioral change, and water, sanitation, and hygiene (WASH) 

interventions [7]. However, niclosamide is also toxic to fish, invertebrates, and amphibians and 

should therefore be applied focally to minimize environmental damage [7].  

The life cycle of S. haematobium can also be interrupted at the level of human behavior, as 

transmission requires human-waterbody contact [25]. Individuals are less likely to become 
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infected with S. haematobium if they can access alternatives to freshwater bodies for household 

chores or recreational activities [39]. In addition, individuals who do not urinate in freshwater 

bodies cannot spread S. haematobium and thus cannot sustain the life cycle [40]. Knowledge 

about the life cycle and the risks and pathogenesis of S. haematobium is vital to change human 

behavior [41]. Behavior change interventions, such as the encouragement to use toilet facilities, 

can help reduce the contact of individuals with freshwater bodies [25]. However, real behavior 

change can only come when alternatives to water bodies are provided, in particular WASH 

infrastructure [41]. Since 2022, the WHO has recommended implementing behavior change 

interventions in endemic areas alongside treatment, snail control, and WASH interventions [7]. 

1.1.4. Epidemiology and public health relevance 

Schistosomiasis is a water-borne disease causing severe morbidity when untreated [4]. 

Schistosomiasis manifests in two phases, the acute and the chronic phase [1, 4]. Acute 

schistosomiasis occurs primarily in individuals infected for the first time, such as travelers, or 

may occur in individuals with severe reinfection [3]. Acute schistosomiasis occurs 14-84 days 

after infection and may include sudden onset of symptoms, such as fever, headache, 

eosinophilia, and fatigue [42].  

Chronic schistosomiasis occurs primarily in individuals living in endemic areas [3]. Long-term 

morbidity caused by an infection with S. haematobium is due to an inflammatory response to 

eggs that do not complete the life cycle by exiting the human body through urination but instead 

become trapped in body tissues [43]. Severe urogenital schistosomiasis includes chronic 

urinary tract fibrosis (hydroureter and hydronephrosis) due to poor immune regulation of the 

human body’s antischistosomal egg responses [1]. Untreated patients may also develop bladder 

cancer due to a urogenital schistosomiasis manifestation [44]. The leading symptom of 

urogenital schistosomiasis is blood in the urine, often accompanied by burning micturition and 

urinary frequency [1]. In addition, S. haematobium causes anemia due to blood loss and 

inflammation, and it impairs childhood development due to the effects of inflammation on 

physical fitness, cognitive function, iron metabolism, and expected growth [1]. Infection with 

S. haematobium can also cause morbidity related to the reproductive organs; female genital 

schistosomiasis (FGS) and male genital schistosomiasis (MGS) [1, 45]. Women with FGS may 

have sandy patches in the lower genital tract and lesions of the vagina, vulva, cervix, ovaries, 

and fallopian tubes [46]. FGS is associated with infertility and an increased risk of miscarriage 

[45]. In addition, there is growing evidence that FGS is associated with an increased risk of 
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sexually transmitted infections such as human immunodeficiency virus [47]. Pathology 

associated with MGS can be found in the prostate, testes, scrotum, and seminal vesicles. The 

leading symptom of MGS is hemospermia [48], but symptoms also include prostatitis, 

dyspareunia, oligospermia, and orchitis [1]. 

Despite its significant impact on the 251.4 million people at risk of infection with Schistosoma 

spp. in 78 countries worldwide, schistosomiasis belongs to the 20 neglected tropical diseases 

(NTDs) [7, 28, 36]. NTDs are defined as “ancient diseases of poverty that impose a devastating 

human, social and economic burden on more than 1 billion people worldwide, predominantly 

in tropical and subtropical areas among the most vulnerable, marginalized population” [36]. 

NTDs receive minimal attention within the global health agenda, resulting in limited resources 

and recognition by international funding agencies [49].  

Schistosomiasis is found in various regions of the world, including The Americas, South-East 

Asia, and the Western Pacific, but it is mainly prevalent in Africa, where 90% of those requiring 

treatment live [28]. According to numbers from 2006, about 207 million people were infected 

worldwide with Schistosoma spp [50]. Sub-Saharan African countries are primarily affected 

by S. mansoni and S. haematobium [26]. Prevalence of S. haematobium in sub-Saharan Africa 

has been decreasing, with estimates of a population-adjusted prevalence of 17.4% in sub-

Saharan Africa in 2010 to a prevalence of 6.2% in 2019 [26]. Typically, the highest infection 

prevalence and the highest prevalence of heavy-intensity infection are found in school-aged 

children, meaning that children are also primarily responsible for maintaining the transmission 

life cycle [4]. However, adults can also become infected, primarily those with frequent contact 

with freshwater bodies, e.g., for chores such as washing clothes/dishes, but also for bathing or 

fishing [1]. Infections in pre-school-age children are also increasingly recognized as important 

to combat [51]. 
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1.2. The study site 

The study site for all data and analyses presented in this thesis was the Zanzibar archipelago, 

consisting of the two islands Unguja and Pemba (Figure 2). The Zanzibar archipelago is a semi-

autonomous part of the United Republic of Tanzania, and the islands are located around 30 km 

off the Tanzanian mainland. The islands are divided into 11 districts and subdivided into 129 

small administrative areas known as “shehias” [52]. According to data collected through a 

census in 2022, the population of Unguja is about 1.3 million, with 900,000 people living in 

the urban area in western Unguja [53]. The population of Pemba is approximately 500,000, 

equally divided between northern and southern Pemba. In 2019/2020, 11.7% of the households 

on the Zanzibar islands did not have a toilet, particularly in the Micheweni district in northern 

Pemba, where 55.5% of the district population did not have a toilet [54]. In 2019/2020, only 

57.0% of the households in Zanzibar had direct access to electricity, with a particularly low 

percentage in northern Pemba (15.7%).  

 

Figure 2. The United Republic of Tanzania (left) with the Zanzibar islands Unguja and Pemba 

(right) and the division of the islands into districts, and the location of the Neglected Tropical 

Diseases Center of the Zanzibar Ministry of Health on Unguja and the Public Health Laboratory 
– Ivo de Carneri on Pemba. The background of the left panel shows the bedrock topography of the 
United Republic of Tanzania and neighboring countries [55]. The district Mjini Magharibi on Unguja 
can be subdivided into the districts Mjini, Magharibi A, and Magharibi B. 
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All studies and results presented in this thesis were conducted and obtained with the support of 

Zanzibar authorities, primarily the NTD Program of the Zanzibar Ministry of Health (MoH) 

and the Public Health Laboratory – Ivo de Carneri (PHL-IdC).  

On Unguja, the Zanzibar MoH’s NTD Program has a laboratory in Lumumba, Mjini Magharibi 

(Figure 2), which is equipped to diagnose and monitor S. haematobium on the island and to 

implement control and elimination activities against S. haematobium, including mass drug 

administration, snail control, and behavior change interventions.  

On Pemba, the PHL-IdC, constructed in 2000 in Wawi, Chake Chake, is a reference center for 

monitoring and evaluating national programs to control endemic diseases (Figure 2). The 

laboratory is well equipped for diagnosing and monitoring S. haematobium and other endemic 

diseases on Pemba and conducting control and elimination activities against S. haematobium, 

including MDA, snail control, and behavior change interventions. Since 2023, the PHL-IdC 

has also been equipped with a PCR laboratory.  

 

1.3. The studies 

The results of the presented PhD thesis are primarily based on two studies: the Zanzibar 

Elimination of Schistosomiasis Transmission (ZEST) study and the SchistoBreak study. 

1.3.1. The Zanzibar Elimination of Schistosomiasis Transmission study 

In 2011, the ZEST study was formed by an alliance of the Neglected Tropical Diseases Program 

of the Zanzibar Ministry of Health, the PHL-IdC, the WHO, the Schistosomiasis Control 

Initiative (now Unlimit Health), the Natural History Museum London, the Swiss Tropical and 

Public Health Institute (Swiss TPH), and the Schistosomiasis Consortium for Operational 

Research and Evaluation (SCORE) [2, 56]. The ZEST study was designed as a large-scale 

cluster-randomized trial in 90 randomly selected shehias on Unguja and Pemba [56]. Each 

cluster consisted of 30 shehias (15 per island) and served as one out of three intervention arms: 

i) biannual MDA in schools and communities and snail control, ii) biannual MDA in schools 

and communities and behavior change interventions, and iii) biannual MDA in schools and 

communities alone. Parasitological surveys in schools and communities were conducted 

annually to monitor prevalence of S. haematobium on the islands and to assess the 

interventions' impact [57, 58]. (Bi-)annual MDA has continued to date, albeit with a 16-month 
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treatment gap in 2019/2020, following the completion of the study in 2017 [59]. The large-

scale annual parasitological surveys in schools and communities were continued until 2021.  

1.3.2. The SchistoBreak study 

The SchistoBreak study is implemented in 20 shehias in the north of Pemba from 2020 to 2024 

under the leadership of the Swiss TPH, the PHL-IdC, and the Zanzibar MoH. The study is 

designed as an intervention study to evaluate a multidisciplinary intervention approach to 

eliminate urogenital schistosomiasis in the north of Pemba [60]. In hotspot shehias, three 

complementary interventions are deployed: i) biannual MDA in schools and communities, ii) 

snail surveys in all known freshwater bodies and snail control if snails of the genus Bulinus are 

found, and iii) behavior change interventions in schools and communities. In low-prevalence 

shehias (<3% S. haematobium prevalence in schools and <2% S. haematobium prevalence in 

communities), no MDA is conducted. Instead, a surveillance-response approach is 

implemented, including active, passive, and reactive surveillance and reactive snail control. 

Annual parasitological surveys in schools and households are conducted to classify shehias as 

hotspot or low-prevalence implementation units and to monitor S. haematobium prevalence in 

all age groups of ≥4 years. Based on the parasitological surveys, the impact of the interventions 

in the north of Pemba is evaluated. 
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1.4. Rationale for goal and objectives 

While schistosomiasis is endemic in 78 countries, 27 of those countries show low transmission 

[28]. The WHO defines the steps for countries to reach elimination of schistosomiasis into five 

sequential steps: i) morbidity control, ii) elimination as a public health problem, iii) interruption 

of transmission, iv) verification of elimination, and v) post-elimination surveillance [61]. One 

of the regions that shows a low transmission of Schistosoma infection and has achieved 

elimination as a public health problem (<1% heavy intensity infection prevalence) in 2017 is 

the Zanzibar archipelago [57].  

After many years of various interventions to interrupt the life cycle of S. haematobium, such 

as treatment, snail control, and behavior change, overall prevalence of S. haematobium was 

assessed as 1.7% in 9-12 year old schoolchildren and as 1.5% in adults in 2017 [57, 58]. 

However, a spatial heterogeneity of S. haematobium infection on the islands has been observed 

down to the administrative level with many low-prevalence areas and a few hotspot areas [57]. 

Still, georeferenced data for Zanzibar allowing to implement targeted interventions are limited, 

as was long the case for large parts of Africa [37].  

 

Much can be learned from the islands for future intervention implementation in Zanzibar and 

elsewhere by looking at historical interventions and their impact on the prevalence of S. 

haematobium, including the impact of the absence of interventions. Novel strategies are now 

needed to map Schistosoma infection in humans and environmental factors with geo-referenced 

data in order to identify and explain the infection clusters and to enable addressing the spatial 

heterogeneity of S. haematobium infection with focal interventions.  
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2. RESEARCH GOAL AND OBJECTIVES 

The overarching goal of this PhD thesis is  

Improving strategies and intervention approaches for schistosomiasis elimination in Zanzibar, 

United Republic of Tanzania. 

To reach the goal, the following interrelated main objectives and specific research aims are 

pursued in the PhD thesis: 

1. To document the interventions and the intervention’s impact on the schistosomiasis 

prevalence in Zanzibar before 2021 

a. Identifying and discussing the milestones in schistosomiasis research, control, 

and elimination efforts from 1925 to 2022 on Unguja and Pemba, United 

Republic of Tanzania 

b. Monitoring S. haematobium prevalence in children and adults on Unguja and 

Pemba from 2012 to 2020 with a particular focus on the year 2020, after a 16-

month treatment gap 

2. To micro map S. haematobium infections and risk factors for infection in the north of 

Pemba from 2020-2024 

a. Presenting a study protocol for mapping and addressing the focality and 

heterogeneity of S. haematobium transmission, using novel adaptive 

intervention strategies for schistosomiasis elimination on Pemba 

b. Enhancing household-based randomized surveys for fine-scale mapping of S. 

haematobium prevalence in remote areas of Pemba, annually from 2020 to 2024 

c. Assessing risk factors for transmission and S. haematobium prevalence by 

mapping water bodies and human infections at the school- and household-level 

at the onset of the SchistoBreak study on Pemba in 2020/2021 

3. To assess alternative interventions to mass drug administration against schistosomiasis 

in low-prevalence areas in the north of Pemba 

a. Assessing the perception of mass drug administration among the population in 

the north of Pemba and discussing focal interventions as alternatives  

b. Evaluating the performance of test-treat-track-test-treat interventions in 

implementation units with low prevalence of S. haematobium in the north of 

Pemba within the SchistoBreak study in 2021 

11



 

 

3. PUBLICATIONS 

3.1. The long road to schistosomiasis elimination in 

Zanzibar: A systematic review covering 100 years of 

research, interventions and control milestones  

 

Lydia Trippler1,2, Stefanie Knopp1,2, Sophie Welsche3, Bonnie L. 

Webster4,5, J. Russell Stothard6, Lynsey Blair3, Fiona Allan4,5,7, Shaali 

Makame Ame8, Saleh Juma9, Fatma Kabole8, Said Mohammed Ali10, 

David Rollinson4,5,11, Tom Pennance4,5,12  

 

1 Swiss Tropical and Public Health Institute, Allschwil, Switzerland 

2 University of Basel, Basel, Switzerland 

3 Unlimit Health, London, United Kingdom 

4 Natural History Museum, London, United Kingdom 

5 London Centre for Neglected Tropical Disease Research, London, United Kingdom 

6 Liverpool School of Tropical Medicine, Liverpool, United Kingdom 

7 University of St Andrews, St Andrews, United Kingdom 

8 Neglected Diseases Programme, Zanzibar Ministry of Health, Lumumba, Unguja, United 

Republic of Tanzania 

9 Neglected Diseases Programme, Zanzibar Ministry of Health, Mkoroshoni, Pemba, United 

Republic of Tanzania 

10 Public Health Laboratory – Ivo de Carneri, Wawi, Chake Chake, Pemba, United Republic 

of Tanzania 

11 Global Schistosomiasis Alliance, London, United Kingdom 

12 Western University of Health Sciences, Lebanon, Oregon, United States of America 

 

This article was published in:  

Advances in Parasitology (2023), Jul 17 

doi: 10.1016/bs.apar.2023.06.001

12



 

 

Abstract 

Zanzibar is among the few places in sub-Saharan Africa where interruption of Schistosoma 

transmission seems an achievable goal. Our systematic review identifies and discusses 

milestones in schistosomiasis research, control and elimination efforts in Zanzibar over the past 

100 years. The search in online databases, libraries, and the World Health Organization 

Archives revealed 153 records published between May 1928 and August 2022. The content of 

records was summarised to highlight the pivotal work leading towards urogenital 

schistosomiasis elimination and remaining research gaps. The greatest achievement following 

100 years of schistosomiasis interventions and research is undoubtedly the improved health of 

Zanzibaris, exemplified by the reduction in Schistosoma haematobium prevalence from > 50% 

historically down to < 5% in 2020, and the absence of severe morbidities. Experiences from 

Zanzibar have contributed to global schistosomiasis guidelines, whilst also revealing 

challenges that impede progression towards elimination. Challenges include: transmission 

heterogeneity requiring micro-targeting of interventions, post-treatment recrudescence of 

infections in transmission hotspots, biological complexity of intermediate host snails, 

emergence of livestock Schistosoma species complicating surveillance whilst creating the risk 

for interspecies hybridisation, insufficient diagnostics performance for light intensity infections 

and female genital schistosomiasis, and a lack of acceptable sanitary alternatives to freshwater 

bodies. Our analysis of the past revealed that much can be achieved in the future with practical 

implementation of integrated interventions, alongside operational research. With continuing 

national and international commitments, interruption of S. haematobium transmission across 

both islands is within reach by 2030, signposting the future demise of urogenital 

schistosomiasis across other parts of sub-Saharan Africa. 

 

 

 

 

 

 

 

Due to the length of the article,  

the complete publication can be found in the appendix of this thesis 
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Abstract

Background

Considerable progress towards the elimination of urogenital schistosomiasis was made

by the Zanzibar Elimination of Schistosomiasis Transmission project from 2012 till 2016,

when biannual praziquantel mass drug administration (MDA) alone or with additional snail

control or behaviour change interventions were implemented. Annual MDA was continued

in 2017 and 2018, but not in 2019, imposing a 16-month treatment gap. We monitored the

Schistosoma haematobium prevalence from 2012 till 2020 and assessed recrudescence

patterns with focus on 2020.

Methodology

Repeated cross-sectional surveys were conducted from 2011/12 till 2020 in 90 communities

and 90 schools in Zanzibar. Annually, around 4,500 adults and up to 20,000 schoolchildren

were surveyed. The S. haematobium prevalence was detected by urine filtration and

reagent strips. In 2020, risk factors for infection were investigated using generalized esti-

mated equation models.

Principal findings

In adults, the apparent S. haematobium prevalence was 3.9% in 2011 and 0.4% in 2020. In

schoolchildren, the prevalence decreased from 6.6% in 2012 to 1.2% in 2019 with vicissi-

tudes over the years. Prominent recrudescence of infection from 2.8% in 2019 to 9.1%

(+225%) in 2020 was observed in 29 schools with historically moderate prevalences

(�10%). Compared with 2019, reinfection in 2020 was particularly striking in boys aged
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9–16 years. Being male was a risk factor for infection in 2020 (adults: odds ratio (OR): 6.24,

95% confidence interval (95% CI): 1.96–19.60; schoolchildren: OR: 2.06, 95% CI: 1.52–

2.78). Living near to a natural freshwater body significantly increased the odds of infection in

adults (OR: 2.90, CI: 1.12–7.54).

Conclusions/Significance

After 11 rounds of MDA over 7 years and a 16-month treatment gap, the urogenital schisto-

somiasis prevalence considerably rebounded in hotspot areas. Future elimination efforts in

Zanzibar should focus on re-intensifying MDA plus additional interventions in hotspot areas.

In low-prevalence areas, the strategy might be adapted from MDA to targeted surveillance-

response.

Author summary

Schistosomiasis is a neglected tropical disease caused by parasitic blood flukes of the

genus Schistosoma. On the Zanzibar islands, United Republic of Tanzania, interventions

to eliminate urogenital schistosomiasis commenced in 2012. From 2012 to 2016, the

population was treated biannually with praziquantel and, additionally, some areas

received mollusciciding against the intermediate host snail, or educational measures for

behavior change. Mass drug administration (MDA) with praziquantel was continued

annually in 2017 and 2018, but not in 2019. As a result of the interventions, the overall

S. haematobium prevalence was reduced to 0.4% in adults and 3.4% in schoolchildren in

2020. However, in some areas, the MDA gap in 2019 resulted in a considerable rebound

of infections. The recrudescence in 2020 was particularly striking for boys aged 9–16

years. In general, in 2020, male participants had higher odds of infection than females.

Adults living near to a natural freshwater body also showed an increased risk of

S. haematobium infection. Future elimination efforts in Zanzibar should focus on re-

intensifying elimination interventions, including MDA, snail control and behavior change

in hotspot areas. In low-prevalence areas, the strategy might be adapted from MDA to tar-

geted interventions, such as surveillance-response.

Introduction

The neglected tropical disease (NTD) schistosomiasis is endemic in 78 countries worldwide

and, according to estimates from 2017, it is responsible for about 1.4 million disability-

adjusted life years annually [1,2]. In their new road map for NTDs 2021–2030, the World

Health Organization (WHO) highlights the global elimination of schistosomiasis as a public

health problem as target for 2030 [3]. Elimination as public health problem is therein defined

as<1% proportion of heavy intensity infections [3]. According to mathematical modelling as

well as multi-country and multi-year studies, elimination of schistosomiasis as public health

problem can be achieved relatively quickly [4–6]. Once countries or areas have achieved this

goal, they likely wish to move further down the elimination road, aiming for the interruption

of schistosomiasis transmission, defined as zero incidence of infection.

Clearly, as long as interruption of transmission has not been achieved, recrudescence of

transmission and disease remains a threat. Recrudescence of transmission can easily occur due

PLOS NEGLECTED TROPICAL DISEASES Rebound of urogenital schistosomiasis in hotspots in Zanzibar
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to the asexual reproduction of the parasite in its intermediate host snail and the release of thou-

sands of cercariae into natural freshwater, which are then able to infect the next definitive

human host [7,8]. Hence, as long as some, even very few people remain infected with schisto-

somes, the parasite’s lifecycle can be perpetuated and the risk of recrudescence remains [9].

Also after the transmission of the parasite was successfully interrupted in an area or country,

transmission can be reintroduced as long as the intermediate host snails thrive and

Schistosoma eggs are released into the snails’ freshwater habitat. To avoid recrudescence in

areas where interruption of transmission has not yet been achieved, control and elimination

efforts need to be maintained. To prevent reintroduction of schistosomiasis in areas consid-

ered post-elimination settings, a sensitive detection and timely treatment of cases through

effective surveillance-response mechanisms is necessary [3]. Regarding the clonal reproduc-

tion of the parasite in its intermediate host snail, the detection of the parasite in the snail by

xenomonitoring will constitute an important part of surveillance activities [7,8].

Interventions to control the morbidity caused by urogenital schistosomiasis in Zanzibar

started in the 1980‘s when S. haematobium was highly prevalent on the islands Pemba and

Unguja [10–13]. Control interventions were enforced by large-scale mass drug administration

(MDA) campaigns in schools implemented in the early 2000s [14–16]. These interventions

paved the way for one of the first projects to eliminate urogenital schistosomiasis from an area

in sub-Sahara Africa: the Zanzibar Elimination of Schistosomiasis Transmission (ZEST) proj-

ect, implemented in Pemba and Unguja from 2011 till 2017 [17,18]. Over the course of ZEST,

considerable progress towards the elimination of urogenital schistosomiasis was made [6,19].

During the ZEST project, MDA with praziquantel was implemented biannually in schools and

whole communities across the islands Pemba and Unguja. In addition to biannual MDA, snail

control and behavioural change interventions were implemented in 30 selected shehias (small-

est administrative areas) in Pemba and Unguja, respectively, as part of a cluster randomized

trial supported by the Schistosomiasis Consortium for Operational Research and Evaluation

(SCORE) [17]. The impact of the interventions was monitored in annual cross-sectional sur-

veys in 90 study schools and shehias from 2012 until 2017. The interventions reduced the

S. haematobium prevalence in Zanzibar from 3.9% to 1.5% in 20–55 year old adults, and

from 6.6% to 1.9% in 9–12 year old schoolchildren from 2012 to 2017. In 2017, heavy

S. haematobium infection intensities (�50 eggs per 10 ml urine) occurred in 0.1% of 20–55

year old adults and in 0.5% of 9- to 12-year old schoolchildren [19]. Hence, within the ZEST

project, urogenital schistosomiasis was eliminated as public health problem from most schools

and communities in Zanzibar in 2017 and the S. haematobium prevalence was significantly

reduced [6,19]. While the SCORE trial was concluded in early 2017, MDA in schools and she-

hia communities continued under the lead of the Zanzibar NTD Program, and was imple-

mented annually in 2017 and 2018. No MDA was conducted in 2019 due to procurement

issues.

We aimed to monitor the S. haematobium prevalence in children and adults in Zanzibar

from 2012 till 2020 and to assess recrudescence patterns and risk factors for infection across all

age groups with a particular focus on the year 2020, after the 16-month treatment gap.

Methods

Ethics statement

The SCORE cluster randomized intervention trial, including annual cross-sectional surveys to

assess the S. haematobium prevalence in 90 study schools and shehias in Pemba and Unguja

from 2012 till 2018 was approved by the Zanzibar Medical Research Ethics Committee in Zan-

zibar, United Republic of Tanzania (ZAMREC, reference no. ZAMREC 0003/Sept/011), the
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Ethikkommission beider Basel (EKBB) in Basel, Switzerland (reference no. 236/22) and the

Institutional Review Board of the University of Georgia in Athens, Georgia, United States of

America (project no. 2012-10138-0). The trial is registered in the International Standard Ran-

domized Controlled Trial Number register (ISRCTN; ISRCTN48837681). The cross-sectional

surveys conducted in 2019 and 2020 obtained ethical approval from the Zanzibar Health

Research Institute in Zanzibar (ZAHRI), United Republic of Tanzania (reference no. NO.

ZAHREC/02/June/2019/36) and the Ethics Committee Northwest and Central Switzerland

(EKNZ) in Basel, Switzerland (Project ID: Req-2019-00524). The surveys are registered in

ISRCTN (ISRCTN17656730). All individuals participating in the cross-sectional surveys from

2011/12 until 2020 were informed in detail about the objectives and procedures of the studies

and provided written informed consent for their participation. In the case of children below

the age of 18, written consent was obtained from their parents or guardians.

Study site

The Zanzibar islands (Pemba and Unguja) are a semi-autonomous part of the United Republic

of Tanzania. Both islands are located in the Indian Ocean, about 30 km off the coast from the

east African mainland [20]. The islands are divided into 11 districts, which are again subdi-

vided into 388 small administrative areas, called shehias [21]. The estimated population of

Zanzibar for 2019 was 1.6 million with a population density of 669 person/km2 in Unguja and

503 person/km2 in Pemba. The proportion of the population aged 0–17 years was 49.0% [21].

Public primary schools in Zanzibar contain the grades 1–6 and some schools additionally

include a nursery school. The net enrolment rate in primary schools was 83.2% in 2014/15 and

the percentage of people being employed or full-time student was 67.8% [22]. Among the total

population of Zanzibar, 28.9% had access to an improved water supply source in 2014/15 and

59.0% had access to an own improved toilet facility in 2015/16 [22,23].

Interventions for schistosomiasis elimination in Zanzibar

From 2012 to 2016, MDA was conducted biannually in Pemba and Unguja by the NTD Pro-

gram of the Zanzibar Ministry of Health within the ZEST project [17]. The inhabitants of all

shehias, excluding those located in the South district and in parts of the Urban district in

Unguja, were offered praziquantel via community-wide treatment (CWT) or school-based

treatment (SBT) approaches. During CWT, trained community drug distributors offered pra-

ziquantel (40 mg/kg) in a door-to-door approach to all community members aged>3 years

that did not receive praziquantel in the same treatment round via SBT, or were not pregnant

or severely sick, using a dose pole [24,25]. CWT was conducted biannually (twice a year) from

April 2012 to November 2016 on both islands [6]. In SBT, trained teachers provided directly-

observed praziquantel treatment to the children attending school on the day of treatment

using a dose pole [24,25]. SBT was implemented biannually, from November 2013 until

November 2016, with exception of 2014 where SBT was conducted only once a year in Pemba,

but not at all in Unguja.

In addition to biannual MDA, 15 randomized shehias in Pemba and Unguja, respectively,

received snail control interventions and 15 randomized shehias on each island received behav-

iour change interventions as part of the SCORE cluster randomized trial from 2012 till 2016.

These interventions are described elsewhere in detail [6,17,19].

Once the SCORE trial and respective interventions were concluded in early 2017, the Zan-

zibar NTD Program continued the implementation of MDA. In 2017 and 2018, both CWT

and SBT were conducted once a year. In 2019, no MDA was implemented, due to difficulties

in procurement.
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Study design and participants

The SCORE study implemented from 2011/12 until 2017 was designed as a 5-year cluster ran-

domized trial. The impact of biannual MDA alone or in combination with snail control or

behavior change interventions was monitored annually with cross-sectional surveys in a total

of 90 shehias and 90 schools in Pemba and Unguja, respectively [17]. Details of the design of

the SCORE study, including the justification of the number of participants, are described else-

where [17,19]. In brief, the SCORE study population included annually ~50 adults aged 20- to

55 years in each of the 90 shehias that were enrolled in parasitological community-based sur-

veys (CBS) that also included a questionnaire component. Moreover, ~100 schoolchildren

aged 9- to 12-years from grade 3 and 4 in each of the 90 study schools were enrolled annually

in parasitological school-based surveys (SBS) that also included a questioning component.

Additionally, in the years 2012 and 2017, ~100 schoolchildren from grade 1 in each of the 90

study schools were enrolled in the SBS [19].

After the SCORE study was concluded in early 2017, the annual cross-sectional surveys con-

tinued with the same design and sample sizes for children aged 9- to 12-years in the SBS and for

adults aged 20- to 55-years in the CBS in 2018, 2019, and 2020 to monitor the impact of annual

MDA in 2017 and 2018 and the treatment gap in 2019 on S. haematobium infections.

In 2018, only a SBS including schoolchildren aged 9- to 12-years from grade 3 and 4 as well

as children from grade 1 was conducted, but no CBS.

In 2019 and 2020, we were interested not only in the age groups targeted by SCORE, but

aimed to investigate the extent of S. haematobium infections in a broader age group. Hence, in

the CBSs in the years 2019 and 2020, not only 50 individuals aged 20–55 years as in SCORE,

but 70 individuals aged 15–100 years were sampled per shehia. Moreover, in the SBS, the origi-

nal sample size of ~100 children from grades 3 and 4 in each study school was kept as in

SCORE, and additionally 20 children each from nursery, grade 1, 2, 5, and 6 were added.

The baseline CBS was conducted in November and December 2011. The baseline SBS was

conducted from February till April 2012. All other CBS and SBS were conducted between Jan-

uary and May every year. Unfortunately, in 2020, the CBS and SBS were not completed due to

the Covid-19 pandemic. Therefore, in 2020, the surveys were limited to 68 shehias and 67 cor-

responding schools (Fig 1).

Field procedures

Each year before the surveys commenced, the community leader (sheha) and head teacher of

each study shehia and school, respectively, were invited to a meeting, where the procedures

and aims of the forthcoming survey were explained and results from the previous survey were

presented. The meeting participants were requested to inform their shehia population and

school, respectively, about the purpose of the survey.

In the CBS, the survey teams visited each shehia for one day. In the years 2011–2017, data

of ~50 adults per shehia were collected. In the years 2019 and 2020, data of ~70 adolescents

and adults (aged 15–100 years) per shehia were collected. The randomization and selection of

households and participants is described elsewhere in detail [17]. In all years, the study proce-

dure was explained in Kiswahili to the members of the selected households by a trained field-

worker and the selected participants were asked to provide written consent by signing the

informed consent form with their signature or thumbprint. Subsequently, they were invited to

produce and submit a fresh urine sample and to answer questions from a pre-tested question-

naire. Besides the collection of demographic data, participants were asked about behaviors that

might put them at risk of S. haematobium infection, for example their participation in the last

MDA round, contact with natural freshwater, access to clean water, and travel history.
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In the SBSs, each school was visited by the study team for two subsequent working days.

The randomization of schoolchildren for participation is explained elsewhere in detail [17]. In

brief, in each grade eligible for participation, girls and boys lined up stratified by sex, and every

third child was selected until the requested number was reached. In 2012–2020, ~120 children

from grades 3 and 4 were selected. In addition, in 2012, 2017 and 2018, ~120 children from

grade 1 were selected. Finally, in 2019 and 2020, ~25 children each from grades 1, 2, 5 and 6 as

well as from nursery were selected. The additional grades were included in 2019 and 2020 to

obtain a better picture on the age profile of S. haematobium infections. The study procedure

was explained in lay terms in Kiswahili to the enrolled children. Upon registration, the chil-

dren were asked about their demographic data, their travel history, and in years with preceding

MDA also about their participation in the last SBT round. All enrolled children received an

information- and a consent-sheet for their parents or legal guardians to read and sign. On the

next day, all children that submitted an informed consent form signed by their parents or legal

guardians were given a plastic container (100 ml) to provide their fresh own urine sample.

All urine samples collected in CBS and SBS were produced between 10:00 and 14:00. The

samples from Unguja were transferred to the laboratory of the NTD Program and all urine

samples collected in Pemba were taken to the Public Health Laboratory–Ivo de Carneri

(PHL-IdC).

Laboratory procedures

The urine samples were examined in the laboratories on the day of collection. First, the sam-

ples were investigated for visible macrohematuria using a color chart and for microhematuria

Fig 1. Flowchart of study design.

https://doi.org/10.1371/journal.pntd.0009127.g001
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using reagent strips (Siemens Health Care AG, Zürich, Switzerland). Subsequently, each urine

sample with a volume of at least 10 ml was vigorously shaken and filtered through a polycar-

bonate filter (Sefar Ltd., Bury, United Kingdom), which was then examined under a micro-

scope for the presence of S. haematobium eggs by a well-experienced laboratory technician.

The grade of macrohematuria and microhematuria, respectively, as well as the number of

S. haematobium eggs for each participant was recorded on a laboratory form.

Outcomes

The primary outcome variable was the S. haematobium infection status in study participants

from Pemba and Unguja in each cross-sectional survey.

The secondary analyses covered the annual S. haematobium prevalence and infection inten-

sity as well as microhematuria levels among 20-to 55-year old adults and 9- to 12-year old chil-

dren in the years 2011/12 to 2020 at aggregated and shehia/school level. Moreover, we assessed

the age-prevalence distribution of S. haematobium infections in the years 2019 and 2020, strat-

ified by sex, and including study participants of all ages. Finally, we determined the odds of

infection in relation to demographic and behavioral factors in 2020.

Data management and statistical analyses

In all cross-sectional surveys from 2011/12 till 2020, data collected during registration in the

SBS and laboratory examinations of the CBS and SBS were recorded on paper forms by the

field enumerators and laboratory technicians, respectively, and subsequently double entered in

electronic spreadsheets (Excel 2010, Microsoft) by data entry clerks in Zanzibar. In the years

2011/12 till 2019, paper questionnaire data collected in the CBS were entered into EpiInfo ver-

sion 3.5.4 (Centers for Disease Control and Prevention, Atlanta, United States of America) by

local staff in Zanzibar. In 2020, CBS questionnaire data were collected with the software Open

Data Kit (https://opendatakit.org/) installed on Samsung Galaxy 4 tablets (Samsung Electron-

ics, Seoul, South Korea). All data were cleaned and analyzed with StataIC 16 (StataCorp.,

Texas, United States of America) and R version 4.0.3 (www.rpoject.org).The data that support

the findings of this study from 2011/12-2017 are openly available in ClinEpiDB. The dataset

“Study: SCORE Zanzibar S. haematobium Cluster Randomized Trial” can be found at https://

clinepidb.org/ce/app/record/dataset/DS_eddb4757ba. The data that support the findings of

this study from 2018–2020 are within the manuscript and its supporting information (S1 Data

and S1 Dictionary).

All study participants with a written informed consent and results of the urine filtration

and/or reagent strip examination were included in the statistical analyses. A participant was

considered S. haematobium positive if at least one egg per 10 ml urine was detected by the

urine filtration method. Infections were stratified into light intensity (1–49 eggs per 10 ml

urine) and heavy intensity (�50 eggs per 10 ml urine) infections, according to WHO

guidelines [26]. In the absence of a urine filtration result, a participant was considered

S. haematobium-positive if the urine was microhematuria-positive, as detected by reagent

strips. The intensity of microhematuria was graded into negative, trace, 1, 2 or 3, in line with

the color code provided by the reagent strip‘s manufacturer.

For the determination of the annual S. haematobium prevalence and infection intensity at

aggregated and cluster level, only data from the 20-to 55-year old adults and from the 9-to

12-year old schoolchildren collected in the years 2011/12 to 2020 were included in the analyses.

These restrictions were applied across the years, since during the SCORE study from 2011/12-

2017, only data from these age groups were collected and we aimed to keep the annual data

comparable.
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For the differentiation of hotspot versus low prevalence areas, we defined a hotspot area as a

shehia or school, which had a point prevalence of�10% in at least one of the study years and a

low prevalence area as a shehia or school with point prevalences <10% throughout all study

years from 2011/12 till 2020. Maps containing information about the spatial distribution of

prevalence were created with R version 4.0.3. Coordinates of schools were collected with a

handheld Garmin GPSMAP 62sc device (Garmin, Kansas City, USA). Shape files of shehias

were provided by the Zanzibar Health Management Information System to the NTD Program

of the Zanzibar Ministry of Health.

For the determination of the age profile of S. haematobium infections, participants of all

ages of the 2019 and 2020 surveys were included in the analyses. Generalized estimating equation

(GEE) models with exchangeable correlation structure were applied to estimate the odds ratios

(OR) for S. haematobium infection. Separate models were run for the CBS and SBS, respectively,

in 2020. The following “risk factors” were investigated as explanatory variables: sex (binary vari-

able), age (categorical variable), travel history (binary variable), place of birth (categorical vari-

able), living close to a natural freshwater body (binary variable; in CBS only), using water from

natural freshwater bodies (binary variable; in CBS only), having a tap in or near the house (binary

variable; in CBS only), having a well in or near the house (binary variable; in CBS only), and

school grade (categorical variable; in SBS only). Besides the variables “place of birth” (excluded in

both surveys due to collinearity), “use of water from natural freshwater bodies” (excluded in CBS

due to collinearity), and “age” (excluded in SBS due to collinearity), all listed variables were

included in the multivariable GEE models. In the models, 95% confidence intervals (CI) were

used, and GEE with robust standard errors to account for clustering. Stratified by CBS and SBS,

either the shehias (CBS) or the schools (SBS) were included in the model as clusters.

Results

Study flow and participant characteristics

The baseline CBS in 2011 was conducted in 89 among 90 allocated shehias in Pemba and Unguja;

one allocated shehia was mistakenly not surveyed. In the CBSs implemented from 2013 to 2017

and in 2019, all 90 allocated shehias were surveyed. In 2020, the CBS was interrupted due to the

Covid-19 pandemic, and only 68 among 90 allocated shehias were surveyed (Fig 1). In each of the

CBS implemented from 2011 to 2017, around 4,400 adults aged 20–55 years participated. In the

CBSs in 2019 and 2020, 6,300 and 4,749 individuals aged 15 years and older were enrolled.

The baseline SBS in 2012 was carried out in 88 among 90 allocated schools in Pemba and

Unguja; two allocated schools were mistakenly not surveyed. In the SBSs implemented from

2013 to 2015, all 90 allocated schools were surveyed. Due to a school closing in 2016, the SBSs

in 2016 till 2019 were conducted in 89 schools. Due to the Covid-19 pandemic and the associ-

ated interruption of survey activities in Zanzibar in March 2020, the SBS in 2020 was limited

to 67 schools (Fig 1). In the SBSs conducted from 2012 to 2018, around 9,700 schoolchildren

aged 9–12 years participated each year. In 2019 and 2020, a total of 19,559 and 14,544 children,

respectively, were enrolled. Characteristics of the study participants from each CBS and SBS,

respectively, are presented in Table 1.

Change in annual S. haematobium prevalence and intensity and

microhematuria levels

Fig 2 shows that in the CBSs implemented from 2011 till 2020, the overall S. haematobium
prevalence decreased constantly among the 20–55 year old adults from 3.9% in 2011 to 0.4%

in 2020. An exception was 2014, when the prevalence increased by 0.5%-points (from 3.0% to
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3.5%) compared with the previous year. The relative difference in the prevalence from 2011 to

2020 was -91%. Heavy intensity infections were found in 0.3% of participants at baseline in

2011, reached a maximum of 0.5% in 2014, and declined to zero in 2020.

Microhematuria levels in 20–55 year old adults were higher than the S. haematobium preva-

lence in all study years. From 2011 till 2020, the overall microhematuria among the 20–55 year

old adults decreased from 12.2% in 2011 to 6.3% in 2020. A higher overall microhematuria

level than in 2011 was observed in 2014 (15.3%). The highest grading of microhematuria (3)

ranged between 1.0% and 3.7% and no decreasing trend in heavy microhematuria was

observed over the study period.

In the SBS, a decreasing trend of the overall S. haematobium prevalence among the 9–12

year old children was observed from 2012 (6.6%) to 2019 (1.2%), with some inconsistent

upturns in certain years (Fig 2). The relative difference in the prevalence from 2012 to 2019

was -82%. At baseline in 2012, heavy intensity infections were detected in 1.8% of participants

and decreased to 0.3% in 2019 (-83%). A prominent rebound in the overall S. haematobium
infections and intensity was observed after the 16-month treatment gap in 2020, when the

prevalence of infections rose back from 1.2% to 3.4% (relative difference +183%) and heavy

intensity infections rebounded from 0.3% to 0.8% (relative difference +167%).

Microhematuria levels in 9–12 year old schoolchildren were higher than the S. haematobium
prevalence in all study years, except in 2013. In line with the S. haematobium prevalence, a

decreasing trend of the overall microhematuria levels was observed from 2012 (9.5%) till 2019

(4.0%). The relative difference in the percentage of the overall microhematuria from 2012 to

2019 was -58%. At baseline in 2012, heavy microhematuria levels (3) were detected in 2.6% of

participants and decreased to 1.2% in 2019 (-54%). A rebound in the overall microhematuria

level was observed after the 16-month treatment gap in 2020, when the overall levels rose back

from 4.0% to 5.2% (relative difference +30%) and heavy microhematuria rebounded from 1.2%

to 2.5% (relative difference +108%).

Spatial heterogeneity of S. haematobium prevalence

The geographical distribution of the shehias and schools, and the S. haematobium prevalence

in 20–55 year-old adults and 9–12 year-old children from 2011/12 to 2020 is indicated in Fig 3.

Table 1. Characteristics of the study participants from community-based survey (CBS) and school-based survey (SBS) by year.

Survey Characteristic Stratification 2011/12 2013 2014 2015 2016 2017 2018 2019 2020

CBS Shehias - n 89 90 90 90 90 90 0 90 68

Participants with

outcome data - n

3974 4378 4462 4469 4474 4487 0 6300 4749

Sex - n (%) Female 2835 (71) 2671 (61) 2821 (63) 2478 (55) 2395 (54) 2133 (48) 0 3327 (53) 3010 (63)

Male 1136 (29) 1707 (39) 1641 (37) 1991 (45) 2079 (46) 2354 (52) 0 2973 (47) 1739 (37)

Age group - n �19 year old adults 0 0 0 0 0 0 0 1205 627

20-55 year old adults 3974 4378 4462 4469 4474 4487 0 4742 3717

�56 year old adults 0 0 0 0 0 0 0 344 372

SBS Schools - n 88 90 90 90 89 89 89 89 67

Participants with

outcome data - n

8931 9379 9595 9803 9725 10632 9662 19559 14544

Sex - n (%) Female 4664 (52) 5041 (54) 5098 (53) 5093 (52) 5122 (53) 5308 (50) 4903 (51) 9814 (50) 7407 (51)

Male 4267 (48) 4338 (46) 4497 (47) 4710 (48) 4603 (47) 5324 (50) 4759 (49) 9745 (50) 7137 (49)

Age group - n �8 year old children 0 0 0 0 0 0 0 4622 3606

9-12 year old children 8931 9379 9595 9803 9725 10632 9662 12017 9081

�13 year old children 0 0 0 0 0 0 0 2906 1856

https://doi.org/10.1371/journal.pntd.0009127.t001
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A total of 71 shehias and 61 schools showed a prevalence <10% throughout all study years and

were therefore defined as low prevalence areas, whereas 19 shehias and 29 schools crossed the

10% line in one or several years and were therefore considered hotspot areas. Fig 4 shows that

the hotspot areas were more prone to recrudescence of S. haematobium infections and heavy

intensity infections in one year or the other, and mainly responsible for the strong rebound

observed after the 16-month treatment gap in 2020. While the rebound of the overall

S. haematobium prevalence in schools from 2019 to 2020 was +183% (from 1.2% to 3.4%), the

Fig 2. Prevalence and intensity of S. haematobium infections, microhematuria levels, and implementation of MDAs in Zanzibar from 2011/12 until 2020. The data

show the S. haematobium prevalence and infection intensity, the levels of microhematuria, and implementation of MDA per annual quartile (Q). A: 20- to 55-year old

adults; B: 9- to 12-year old schoolchildren. Blue: light intensity infection prevalence; red: heavy intensity infection prevalence. Very light brown: microhematuria graded

trace; light brown: microhematuria graded 1; brown: microhematuria graded 2; dark brown: microhematuria graded 3. Dark green: community-wide treatment (CWT)

only; dark and light green: community-wide (CWT) and school-based treatment (SBT).

https://doi.org/10.1371/journal.pntd.0009127.g002
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Fig 3. Maps indicating prevalence of S. haematobium infections from 2011/12 till 2020 in spatial clusters in Pemba (A) and Unguja

(B). Data are S. haematobium prevalence in 45 schools/shehias (clusters) per island, stratified by population group and island. A: Pemba; B:

Unguja. Data are presented per year starting from 2011/12 (12 o‘clock position) to 2020. Inner circle: 20- to 55-year old adults; outer circle:

9- to 12-year old schoolchildren. The colors show the prevalence from dark green as lowest prevalence to dark red as highest prevalence, and

grey indicates missing. The � represents a hotspot school and/or community. Maps containing information about the spatial distribution of

prevalence were created with R version 4.0.3. Coordinates of schools were collected with a handheld Garmin GPSMAP 62sc device (Garmin,

Kansas City, USA). Shape files of shehias were provided by the Zanzibar Health Management Information System to the Neglected Diseases

Program of the Zanzibar Ministry of Health.

https://doi.org/10.1371/journal.pntd.0009127.g003
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Fig 4. Prevalence of S. haematobium infections stratified by infection intensity levels in Zanzibar from 2011/12

until 2020 per spatial cluster in Pemba (A) and Unguja (B). Data are proportion of S. haematobium infection

intensity in schoolchildren and adults in each surveyed cluster on each island. A: Shehias and schools in Pemba; B:

Shehias and schools in Unguja. X-axis: year of survey (2011/12 to 2020); y-axis: proportion infection intensity. Dark

blue: heavy intensity infection among 20- to 55-year old adults; light blue: light intensity infection among 20- to 55-year

old adults. Dark red: heavy intensity infection among 9- to 12-year old schoolchildren; light red: light intensity infection

among 9- to 12-year old schoolchildren.

https://doi.org/10.1371/journal.pntd.0009127.g004

PLOS NEGLECTED TROPICAL DISEASES Rebound of urogenital schistosomiasis in hotspots in Zanzibar

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0009127 February 12, 2021 12 / 21

26

https://doi.org/10.1371/journal.pntd.0009127.g004
https://doi.org/10.1371/journal.pntd.0009127


rebound in hotspot areas was +225% (from 2.8% to 9.1%) and the rebound in the low preva-

lence areas was +75% (from 0.4% to 0.7%).

Age prevalence distribution

Fig 5 shows the age prevalence distribution of S. haematobium infections stratified by sex

and in relation to the sampling effort in 2019 (Fig 5A) and 2020 (Fig 5B). In 2019, the

S. haematobium infection levels were below 2.0% in both, male and female students, and

community members. The prevalence was significantly higher in boys aged 8 to 16 years, com-

pared with female students of the same age. No participant older than 42 years was tested

S. haematobium-positive. In 2020, after the 16-month treatment gap, a prominent increase in

prevalence was observed in 9–16 year-old schoolchildren of both sexes. Among the whole

study population and all ages younger than 60 years, male participants had higher levels of

infections than female participants did.

Risk factors for S. haematobium infection in 2020

In the CBS conducted in 2020, men had significantly higher chances of harboring a

S. haematobium infection compared with women (OR: 6.24, 95% CI: 1.96–19.60, p = 0.002) (Fig

6A). Adults aged 20–55 years had significantly lower odds of having a S. haematobium infection

than community members aged below 20 years (OR: 0.30, 95% CI: 0.13–0.69, p = 0.004). A

S. haematobium infection was significantly associated with living in close proximity to a natural

freshwater body (OR: 2.90, 95% CI: 1.12–7.54, p = 0.029). Having a tap in or near the house,

travel outside the home island over the past 6 months, and praziquantel treatment within the

last two years resulted in non-significant lower odds of S. haematobium infection.

In the SBS, boys had significantly higher chances of having a S. haematobium infection

compared with girls (OR: 2.06, 95% CI: 1.52–2.78, p< 0.001) (Fig 6B). In each of the school

grades 1 to 6, children had a higher chance of harboring a S. haematobium infection compared

with children who attended nursery school, with children from grade 1 showing the lowest

odds ratio (OR: 8.49, 95% CI: 1.89–38.16, p = 0.005) and children from grade 4 showing the

highest odds ratio (OR: 15.70, 95% CI: 4.30–57.35, p< 0.001). A recent travel history outside

the home island resulted in non-significantly lower odds of S. haematobium infection.

Discussion

Considerable progress towards the elimination of urogenital schistosomiasis was made by the

ZEST project from 2012 till 2017, when biannual praziquantel MDA alone or with additional

snail control or behaviour change interventions were applied. Annual MDA was continued

across Zanzibar in 2017 and 2018, but not in 2019. We monitored the S. haematobium preva-

lence and microhematuria levels from 2012 until 2020 and assessed recrudescence patterns

and risk factors for infection across all age groups with a particular focus on the year 2020,

after the 16-month treatment gap.

We found that the apparent overall S. haematobium prevalence among adults decreased

from 3.9% at baseline in 2011 to 0.35% in 2020. Overall microhematuria levels in adults

decreased from 12.2% in 2011 to 6.3% in 2020. Microhematuria levels in adults were remark-

ably higher than the S. haematobium prevalence measured by egg output by urine filtration

microscopy and also than the microhematuria levels in children. This observation might indi-

cate that either many adults suffer from chronic morbidity due to urogenital schistosomiasis

that is not reflected by the number of eggs excreted in urine, or, microhematuria in adults

might be caused by reasons unrelated to schistosomiasis such as urinary tract infections, blad-

der stones, sickle cell anemia, or pregnancy or menstrual bleeding in females [27–29].
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The apparent overall S. haematobium prevalence among schoolchildren decreased from

6.6% at baseline in 2012 to 3.4% in 2020 and microhematuria levels from 9.5% to 5.2%, respec-

tively. However, an even lower S. haematobium prevalence of 1.2% and microhematuria levels

Fig 5. S. haematobium prevalence across all ages, stratified by sex, after 11 rounds of MDA in 2019 (A) and a 16-month treatment gap in 2020

(B). The blue (male) and red (female) dots in the upper part (pos) of each figure, each represent a S. haematobium-positive urine sample from an

individual of a certain age (x-axis). The blue (male) and red (female) dots in the lower part (neg) of each figure, each represent a S. haematobium-

negative urine sample prom an individual of a certain age (x-axis). The blue (male) and red (female) lines in the middle part of each figure represent the

predicted S. haematobium age-prevalence. The shading around the lines represent 95% confidence bands.

https://doi.org/10.1371/journal.pntd.0009127.g005
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of 4.0% were observed in schoolchildren in 2019. In 2020, the considerable rebound in the

overall prevalence and also infection intensity was caused by certain hotspot areas, while most

areas had very low prevalences throughout the study period and also after the 16-month treat-

ment gap. The hotspot areas showed an unstable and undulating S. haematobium prevalence

Fig 6. Multivariable analysis of risk factors for S. haematobium infections in adults (A) and schoolchildren (B) in

Zanzibar in 2020. The figure shows the odds ratios for a S. haematobium infection adjusted for different risk factors. Grey

dots indicate the reference categories. N: total number of participants analyzed per group; Prev [%]: S. haematobium
prevalence per group.

https://doi.org/10.1371/journal.pntd.0009127.g006
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pattern over the years from 2011/12 to 2020. Rapid reinfection after praziquantel treatment

and the persistence of hotspots are well-known challenges for the sustainable control and elim-

ination of schistosomiasis [4,30–33].

Most of the hotspot areas in Pemba and Unguja were not geographically isolated but neigh-

bored with other hotspot areas. Clustering of S. haematobium infections in specific areas has

also been observed in other studies, for example in Kenya [30,34]. The likelihood of reinfection

is strongly dependent on the environment of regions and the force of transmission [9,35,36].

For example, an earlier study in some of the hotspot areas in Unguja conducted in 2014

showed that there were considerably more natural freshwater bodies in total and also more

natural fresh water bodies containing the intermediate host snail transmitting S. haematobium
compared with investigated low-prevalence areas [37].

In our study, the rebound in S. haematobium (re)infections from 2019 to 2020 was most

prominent in children aged 8–16 year-old, and in boys. The latter observation is in line with

another study from Senegal, which reports a higher S. haematobium reinfection rate in boys

compared with girls after treatment with praziquantel [38]. However, the full age-profile of

Schistosoma infections remains poorly researched, particularly in populations that received

several rounds of MDA. We showed that in 2019, after 11 rounds of MDA in Zanzibar, infec-

tion levels across all age groups from four to 80 years were extremely low and a “real” age-prev-

alence distribution was inexistent. The “typical” age-prevalence curve, reported in reviews

with a peak of S. haematobium infections occurring in children aged 8–15 years and a subse-

quent decrease and stabilization of a low prevalence in adult age [39,40], reformed quickly in

the 16-month treatment gap in Zanzibar until early 2020.

Our risk factor analyses in 2020 indicated that men and boys had significantly higher odds

of a S. haematobium infection than women and girls (OR: 6.24 and OR: 2.06, respectively). The

observations that male individuals are more likely to harbor schistosomiasis is in line with pre-

vious surveys in Zanzibar and elsewhere [18,41–44]. Male individuals may be more engaged in

behaviors that expose them to S. haematobium contaminated freshwater, such as swimming,

playing and fishing [41,45,46]. In Pemba and Unguja, where Islam is the predominant religion,

men also often use the rivers and ponds for ablution before their prayers. School aged children

might get in frequent contact with contaminated freshwater when doing household chores such

as washing dishes or clothes at the rivers and ponds near their home, or while engaging in lei-

sure activities such as swimming and playing [47,48]. While boys might expose themselves

more frequently to water than girls and thus acquire infections more often and quickly, we also

observed that in line with their religious beliefs, girls frequently keep their clothes on while bath-

ing or swimming, which might impose a certain barrier for cercarial penetration.

The risk factor analysis of adults in the CBS showed significantly elevated odds of

S. haematobium infection for individuals who reported to live in close proximity to natural

freshwater bodies (OR: 2.90). This observation confirms earlier reports from Zanzibar, where

the proximity of households or schools to freshwater bodies containing the intermediate host

snails was associated with S. haematobium infections [37,45]. Travel outside the home island,

for example to the sister island, or mainland Tanzania, or other African countries, was not

a significant risk factor in our study. Hence, at least to date, importation of urogenital schisto-

somiasis to Zanzibar does not seem to be a challenge and threat for elimination efforts. This

finding is in contrast to reports from the neighboring island Mafia, where urogenital schistoso-

miasis is considered as an imported disease [49]. Also, access to clean water by having a tap or

well near or at the home was not significantly associated with a S. haematobium infection in

our study. This is in contrast to assumptions that access to clean water can improve the situa-

tion in endemic countries and reduce exposure to schistosomes [42,50]. However, one has to
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keep in mind that many drivers for infection are complex, interconnected and multidirectional

and that a systems epidemiology approach is necessary to put them into context [51].

A limitation of our large-scale community- and school-based study that involved more than

10,000 people annually is the yet small number of individuals and particularly adults that were

diagnosed S. haematobium-positive. While this is an expected impediment when working in an

elimination setting, the low infection numbers rendered the risk factor assessment difficult and

resulted in huge relative differences in the S. haematobium prevalence between some years. More-

over, we used basic parasitological methods (reagent strips and urine filtration microscopy) to

detect S. haematobium infections, which are not very sensitively detecting very light intensity

infections [52]. Hence, many more people than identified might have carried a very light intensity

infection, thereby biasing associations and resulting in an underestimation of the true prevalence.

Zanzibar has made great achievements towards schistosomiasis elimination over the past

years applying population-based interventions. The current evidence that the S. haematobium
prevalence and morbidity rebound quickly over the period of a 16-month treatment gap in hot-

spot areas but remain low in areas with a weaker force of transmission, emphasizes the need to

rethink carefully future elimination strategy approaches. Clearly, due to the spatial heterogene-

ity of S. haematobium infections in Zanzibar and the varying risk of reinfection, future interven-

tions aiming for interruption of S. haematobium transmission need to consider the micro-

epidemiology of the islands and be adapted to it [19]. We hence suggest that interventions tar-

geting hotspot areas in Zanzibar should be re-intensified and ideally include biannual MDA,

snail control, behavior change and, in a multi-sectoral approach, improved access to safe water

and sanitation. In low prevalence areas, future efforts might shift from MDA towards surveil-

lance-response, including risk-based test-and-treat approaches using new and sensitive point-

of-care diagnostic tools, xenomonitoring, focal snail control and health communication to

ensure the identification and treatment of those infected but to avoid overtreatment and treat-

ment fatigue of the healthy population. Setting up an effective surveillance-response system in

areas that are or become low prevalence areas, will also help to sustain the gains made by react-

ing to any outbreak and sign of recrudescence in time and thus to ultimately progress towards a

sustained interruption of S. haematobium transmission across Zanzibar. Our results also indi-

cate that interruption of MDA and potentially other interventions, for example caused by a lack

of donor funding, procurement issues, or the current Covid-19 pandemic, can result in a rapid

resurgence of transmission and disease that needs to be reacted to in time. Finally, our study

highlights the need for more research on the sustainability of the gains of control and on the cri-

teria and conditions required for stopping schistosomiasis MDA.
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Abstract 

Background: Global elimination of schistosomiasis as a public health problem is set as target in the new World 
Health Organization’s Neglected Tropical Diseases Roadmap for 2030. Due to a long history of interventions, the Zan-
zibar islands of Tanzania have reached this goal since 2017. However, challenges occur on the last mile towards inter-
ruption of transmission. Our study will investigate new tools and strategies for breaking schistosomiasis transmission.

Methods: The study is designed as an intervention study, documented through repeated cross-sectional surveys 
(2020–2024). The primary endpoint will be the sensitivity of a surveillance-response approach to detect and react 
to outbreaks of urogenital schistosomiasis over three years of implementation. The surveys and multi-disciplinary 
interventions will be implemented in 20 communities in the north of Pemba island. In low-prevalence areas, surveil-
lance-response will consist of active, passive and reactive case detection, treatment of positive individuals, and focal 
snail control. In hotspot areas, mass drug administration, snail control and behaviour change interventions will be 
implemented. Parasitological cross-sectional surveys in 20 communities and their main primary schools will serve to 
adapt the intervention approach annually and to monitor the performance of the surveillance-response approach 
and impact of interventions. Schistosoma haematobium infections will be diagnosed using reagent strips and urine 
filtration microscopy, and by exploring novel point-of-care diagnostic tests.

Discussion: Our study will shed light on the field applicability and performance of novel adaptive intervention 
strategies, and standard and new diagnostic tools for schistosomiasis elimination. The evidence and experiences 
generated by micro-mapping of S. haematobium infections at community level, micro-targeting of new adaptive 
intervention approaches, and application of novel diagnostic tools can guide future strategic plans for schistosomiasis 
elimination in Zanzibar and inform other countries aiming for interruption of transmission.

Trial registration ISRCTN, ISCRCTN91431493. Registered 11 February 2020, https:// www. isrctn. com/ ISRCT N9143 1493

Keywords: Adaptive interventions, Behaviour change, Bulinus, Case finding, Diagnostics, Elimination, Hotspot, 
Interruption of transmission, Schistosomiasis, Schistosoma haematobium, Snail control, Surveillance-response, 
Zanzibar
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Background
Schistosomiasis is a neglected tropical disease (NTD) 
with a considerable impact on global health [1, 2]. Since 
the mid-1980s, efforts in endemic countries mainly 
focused on the control of morbidity using preventive 
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chemotherapy with praziquantel [3]. A paradigm shift 
occurred in recent years: in 2012, the World Health 
Organization (WHO) declared as goal to eliminate schis-
tosomiasis as a public health problem and to interrupt 
transmission in selected areas by 2025 [4]. In the new 
WHO Roadmap on NTDs published in 2021, the global 
elimination of schistosomiasis as a public health problem 
and the validated absence of infections in humans in 25 
among 78 endemic countries are set as targets for 2030 
[5].

There are several countries and areas that have made 
great progress in the fight against schistosomiasis in 
the past and may aim to achieve full interruption of 
transmission in the next few years [6–10]. These coun-
tries will need clear guidance on which intervention 
strategies to apply, which population groups to tar-
get, which diagnostics to use, and at what thresholds 
to change and adapt their strategies [11–13]. Moving 
from morbidity control towards elimination as pub-
lic health problem and interruption of transmission, 
WHO recommends in their schistosomiasis progress 
report 2001–2011 and strategic plan 2012–2020, the 
intensification of mass drug administration (MDA) and 
the implementation of complementary public-health 
interventions in addition to preventive chemotherapy 
(Fig. 1) [4]. In World Health Assembly resolution 65.21 
(05/12) these complementary interventions are indi-
cated as “strengthened health systems, […] provision 
of water and sanitation, as well as hygiene education 
and snail control” [14]. In the new WHO NTD Road-
map 2021–2030, besides MDA, the following core stra-
tegic interventions against schistosomiasis are listed: 
Water, Sanitation and Hygiene (WASH), vector control, 
veterinary public health, case management and other 
interventions such as behaviour change, self-care and 
environmental management [5]. Finally, according to 
WHO, once interruption of transmission is close or has 
been achieved, affected countries will need to imple-
ment a surveillance system “to detect and respond to 
resurgence of transmission and to prevent reintroduc-
tion from regions where the disease is still endemic” 
[4]. Despite these recommendations, specific guid-
ance and thresholds on when, where and how to adapt 

intervention strategies in near-to-elimination settings 
is yet to be developed [11, 12, 15]. More evidence on 
the feasibility, impact, effectiveness and sustainability 
of multi-pronged intervention approaches needs to be 
generated.

A wealth of experience and insights regarding multi-
disciplinary interventions and research for urogenital 
schistosomiasis elimination was gained over the past 
decade from 2011 to 2020 within the Zanzibar Elimina-
tion of Schistosomiasis Transmission (ZEST) project [6, 
16–19]. The islands Pemba and Unguja, belonging to the 
Zanzibar archipelago of the United Republic of Tanza-
nia, used to be highly endemic for urogenital schistoso-
miasis in the past century [20–22]. To combat urogenital 
schistosomiasis, caused by Schistosoma haematobium, 
on the islands, regular MDA campaigns with praziquan-
tel administration to schoolchildren and the whole com-
munity were implemented since the 1980s [23–26]. In 
2010, Zanzibar had managed to reach low prevalences of 
S. haematobium infections and subsequently committed 
to eliminate urogenital schistosomiasis from the islands 
[17, 18]. From 2012 till 2017, in addition to biannual 
MDA, some randomised areas received interventions 
with chemical mollusciciding to target Bulinus globosus, 
the intermediate host snail for S.  haematobium in Zan-
zibar [27, 28] and behaviour change measures to reduce 
people`s freshwater contact [17, 19]. In 2017, most areas 
on the Zanzibar islands had eliminated urogenital schis-
tosomiasis as a public health problem (defined as < 1% 
heavy intensity infections) [5, 17, 18]. However, trans-
mission of S. haematobium infections was not yet inter-
rupted and several challenges were identified on the way 
towards schistosomiasis elimination.

These challenges included a marked temporal and spa-
tial heterogeneity of S. haematobium prevalence across 
the islands, as well as the application of standard diag-
nostic tests with insufficient sensitivity to detect light 
intensity infections [6, 17, 18, 29–32]. While most of the 
study sites showed continuously low prevalences from 
2011/12 to 2020, some “hotspot” areas with consistent 
or recurring moderate or high prevalences existed [6, 
17, 18]. To address this heterogeneity and to sustain and 
accelerate the gains made towards elimination, there is 

Fig. 1 Programmatic steps to control and eliminate schistosomiasis. In green and gray text boxes: recommendations according to WHO [4]; in blue 
fonts and yellow text box: additional components of the SchistoBreak study. PC: preventive chemotherapy; IU: implementation unit
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a need to target and regularly adapt interventions to the 
local micro-epidemiology [12, 17, 18].

In low-prevalence areas, it will be important to pro-
gress towards complete interruption of transmission by 
applying an intervention approach that enables the relia-
ble identification and treatment of all cases and thus pre-
vents outbreaks and recrudescence, without overtreating 
a mostly healthy population [18] and thereby risking 
treatment fatigue and/or the development of resistance 
against praziquantel [33]. The participation of countries 
in the development and use of surveillance-response 
approaches to ensure that the progress made is sustained 
and advanced has been stressed in several publications 
[15, 34–39].

In hotspot areas that are often characterized by a large 
number of water bodies containing the intermediate host 
snails and proximity of households and schools to trans-
mission sites [40, 41] there is a need to tackle the persis-
tent transmission to progress towards elimination using 
a comprehensive package of interventions, including 
MDA, but also other interventions such as snail control 
and behaviour change communication and WASH meas-
ures [11, 17, 18, 32].

Accurate, reliable and affordable diagnostic tools 
are an essential requirement for NTD programmes 
and have been identified as a priority area for critical 
action in the WHO NTD Roadmap 2021–2030 [5, 13, 
15, 42, 43]. Moving towards schistosomiasis elimina-
tion, there is an enhanced need for sensitive and spe-
cific diagnostic tests that are high-throughput, and 
affordable and applicable at the point of care to assess 
reliably S. haematobium infections, prevalences and 
incidence [13, 43]. An accurate picture of the endemic 
situation is important for programmatic decision mak-
ing, to tailor specific intervention packages in line with 
(yet to be developed) target thresholds to those in need, 
to determine correctly the performance and impact of 
interventions in elimination settings, and to document 
sustained elimination [13, 29–31, 44].

In our protocol, we describe an implementation 
research study that will address the focality and het-
erogeneity of S. haematobium transmission, using novel 
adaptive intervention strategies as well as standard and 
new diagnostic tools for schistosomiasis elimination in 
Zanzibar.

Methods/design
Study aim
The overall objective of the study is to investigate 
new tools and strategies for breaking schistosomiasis 
transmission.

Primary and secondary objectives
The primary objective of this study is to quantify the sen-
sitivity of an adaptive surveillance-response approach for 
its ability to detect S. haematobium infected individuals 
in low-prevalence areas to trigger an appropriate inter-
vention response. The primary outcome variable will 
be the number of S. haematobium infected individuals 
detected and reported through the surveillance approach 
divided by the number of positive individuals in the 
population as extrapolated from the cross-sectional sur-
veys, i.e. the mean sensitivity of the surveillance-response 
approach determined over 3 years.

Secondary outcome analyses will cover additional 
performance parameters of the surveillance approach, 
as defined by WHO [45]. Moreover, we will assess the 
impact of multi-disciplinary interventions in hotspot 
areas, as well as the coverage of test-and-treat activities 
in low-prevalence areas and of MDA in hotspot areas. 
Other secondary outcomes will include the accuracy of 
several diagnostic approaches and micro-mapping of 
characteristics of the study shehias, including the num-
ber and location of schools, madrassas (Islamic schools), 
and health facilities, the number and location of water 
bodies and the abundance of intermediate host snails of 
the genus Bulinus.

Study design
The study is designed as intervention study, documented 
through repeated cross-sectional surveys to assess the 
performance of the surveillance-response approach.

Study setting
The implementation research study with the acronym 
“SchistoBreak” is a joint project with partners from the 
Swiss Tropical and Public Health Institute (Swiss TPH), 
Basel, Switzerland the Public Health Laboratory-Ivo de 
Carneri (PHL-IdC), Pemba, United Republic of Tanzania 
and the Neglected Diseases Programme of the Ministry 
of Health, Social Welfare, Elderly, Gender, and Children 
(MoHSWEGC) Zanzibar, United Republic of Tanzania. 
The fieldwork for the SchistoBreak study will be con-
ducted in Pemba, an island that forms part of the Zan-
zibar archipelago, from March 2020 to June 2024. The 
population density of Pemba was 530 people/km2 in 
2012 and the projected population for 2019 was around 
500,000 people [46]. The study area will consist of 20 
shehias (small administrative areas) located in the rural 
districts Micheweni and Wete in the north of Pemba 
(Fig.  2). The average population size in the study she-
hias is ~ 3,900 individuals per shehia [47]. To address the 
small-scale heterogeneity in the study area and to micro-
target implementation, not the districts but each shehia 
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will serve as one implementation unit (IU). The 20 study 
shehias were selected based on their isolated but contigu-
ous location in the north of Pemba and very good docu-
mentation of S. haematobium prevalences in 10 among 
the 20 shehias from 2012 to 2020 [6, 17, 18].

The study will take place in communities, schools and 
health facilities. In Zanzibar, public primary schools con-
tain the grades 1–6 and some schools include a nursery 
school. In addition, most of the children in Zanzibar 
visit a madrassa [48]. The net enrolment rate in primary 
schools was 68.4% in Micheweni and 81.9% in Wete in 
2014/15 [49].

Participant eligibility
All individuals who meet the following inclusion criteria 
are eligible to participate in the study:

1. All persons aged ≥ 4 years, living in the study shehias.
2. Submitted informed consent form (ICF) signed by 

parent or legal guardian in case of participating chil-
dren and adolescents, or signed by the participant 
in case of participating adults, and submitted assent 
form in case of children aged 12  years and older 
signed by the participating children.

3. Urine sample with sufficient volume to perform diag-
nostic tests provided.

All individuals who do not meet the following exclu-
sion criteria are not eligible to participate in the study:

1. Children < 4 years.
2. Children, adolescents and adults not living in the 

study area.

Fig. 2 Twenty study shehias (implementation unit) of the SchistoBreak project in Wete and Micheweni districts in Pemba, Tanzania. The image 
base map (United Republic of Tanzania – Subnational administrative boundaries) was downloaded from OCHA services (https:// data. humda ta. org/ 
datas et/ tanza nia- admin istra tive- bound aries- level-1- to-3- regio ns- distr icts- and- wards- with- 2012- popul ation). The data source is: Tanzania National 
Bureau of Statistics/UN OCHA ROSA. The data are published under the following license: Creative Commons Attribution for Intergovernmental 
Organisations (CC BY-IGO; (https:// creat iveco mmons. org/ licen ses/ by/3. 0/ igo/ legal code)). Additionally, we received written permission to use and 
adapt the data from the UN Office for the Coordination of Humanitarian Affairs (OCHA). Additional shape files for the map (shehia boundaries) were 
provided by the Zanzibar Commission of Lands to the Zanzibar Neglected Diseases Programme
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3. ICF not submitted or not signed by parent or legal 
guardian in case of participating children or adoles-
cents or not signed by the participant in case of par-
ticipating adults. Assent form not submitted or not 
signed by the child in case of participating children 
aged 12 years or older.

4. No urine sample of sufficient volume to perform 
diagnostic tests provided.

Shehia characteristics survey
Upon start of the SchistoBreak project, we will conduct 
a survey to gain an aggregate picture of the characteris-
tics of the 20 study shehias. In a first step, in each shehia, 
we will meet with the sheha (head of shehia) and invite 
him to participate in a questionnaire interview to collect 
data about the population size, the number and type of 
schools, natural open freshwater bodies, health facilities 
and public clean water sources available in each shehia. 
Subsequently, with the sheha’s permission and the sup-
port of an assistant sheha, we will visit all nursery, pri-
mary and secondary schools and all madrassas in the 
shehia and assess the geolocation, type of school, and the 
number of children enrolled in the school. Moreover, we 
will visit all known human water contact sites (HWCSs) 
at the natural open freshwater bodies in the shehias and 
collect data of locality, type and characteristics of the 
water body, regular behavioural activities at the water 
bodies and the abundance of freshwater snail species and 
specifically the intermediate host snail Bulinus. Finally, 
we will visit all health facilities in the shehias and deter-
mine the location and type of facility, i. e. whether they 
are of public or private status and offer mother and child 
health care services. For all processes of data collection 
during the shehia characteristics survey, we will use 
Open Data Kit (ODK) software (www. opend atakit. org), 
installed on a computer tablet (Samsung Galaxy Tab A 
2019).

Annual cross‑sectional parasitological surveys
The annual cross-sectional surveys will be imple-
mented in all 20 communities and their main pub-
lic primary schools at sub-district shehia level. This 
micro-mapping approach will allow us to determine S. 
haematobium prevalences in the school-aged popula-
tion, which is at highest risk of schistosomiasis, as well 
as in the whole community to get an accurate picture 
of infection levels in preschool-aged children, school-
aged children, adolescents and adults. The cross-sec-
tional surveys will serve to stratify the study area into 
low-prevalence and hotspot IUs and hence to micro-
target the interventions according to pre-set preva-
lence thresholds. Moreover, the cross-sectional surveys 

will allow to determine and monitor the performance 
of the surveillance-response approach and impact of 
interventions over the study period. Participants of the 
annual cross-sectional parasitological surveys identi-
fied as infected with S. haematobium will be offered 
treatment with praziquantel (40  mg/kg using a dose 
pole) [50].

Annual community‑based parasitological surveys
Selection of houses and participants
For the annual community-based surveys, 70 housing 
structures per shehia will be selected by a computer-
based randomisation procedure from Geographical 
Information System (GIS) shape files provided by the 
Zanzibar Mapping Initiative (http:// www. zanzi barma 
pping. com) of the Commission of Lands Zanzibar. Ran-
domly selected housing structures will be located by 
field enumerators by using the navigation app Maps.me 
(https:// www. maps. me/) combined with ODK installed 
on a computer tablet (Samsung Galaxy Tab A 2019). 
Accounting for a 30% dropout of housing structures 
that may not be inhabited (i.e. shops, sheds, mosques, 
houses under construction or abandoned houses) and 
households without any member willing to participate, 
we estimate that we will have a final sample size of 50 
houses per shehia included in the survey. People shar-
ing the same kitchen or pot will define a household. 
All household members meeting the inclusion criteria 
will be invited to participate in the survey and to pro-
vide one own urine sample, which will be examined for 
S. haematobium infection markers. With an average of 
five people per household, we estimate to collect urine 
samples from a total of 250 participants per shehia. 
Additionally, one adult household member present at 
the first visit to the house will be invited to participate 
in a questionnaire survey to assess household character-
istics. If more than one adult is present and eligible to 
participate at first visit, we will randomly select the par-
ticipant of the questionnaire survey by using a playing-
cards approach.

Data collection
A field enumerator using ODK and the wayfinding 
app Maps.me will visit each selected housing struc-
ture. The geolocation of each housing structure will be 
recorded in ODK. If the house is inhabited, the study 
will be explained in lay terms to the present household 
members and they will be invited to participate in the 
survey. Information and consent forms (ICF) for all eli-
gible household members and assent forms for children 
aged 12 to 18 years will be distributed. Once adult par-
ticipants and in the case of children aged below 18 years 
their parents provided written informed consent by 
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signing the form and, additionally, once children aged 
12 to 18 years agreed to participate by signing the child 
assent form, plastic containers (100 ml) for urine collec-
tion will be distributed for each participant. The plastic 
containers will be labelled with a unique identifier code 
and an individual sticker picture, which both match the 
same identifier code and sticker picture on a provided 
paper form containing the household member names 
to support their correct identification. Additionally, one 
adult household member will be invited to answer several 
questions related to participation in the last MDA, water 
contact behaviour, access to safe water sources, opinion 
regarding intervention approaches against schistosomia-
sis, and the number of individuals living in the household 
and their main demographic information, such as sex 
and age. On the following day, the study team will revisit 
the households and collect the (remaining) signed ICFs, 
signed assent forms and filled urine containers. Each 
shehia will be visited for three days, to cover all selected 
houses and ensure maximal participation and compli-
ance with urine collection.

School‑based parasitological surveys
Selection of participants
The annual school-based cross sectional survey will be 
conducted in the main public primary school of each 
shehia. If a shehia has several public primary schools, 
the school with most students will be surveyed. If a she-
hia has no public primary school, no school will be sur-
veyed. In each of the schools, a total of 175 students 
aged 4–17 years will be randomly selected for urine col-
lection. For this purpose, one class of each nursery and 
standard 1–6 grades, will be selected based on computer-
randomised lists. In the selected classes, all children will 
line up, stratified by sex. Subsequently, we will system-
atically select each third child in the lines to be included 
in the study until 25 children per class are reached. This 
procedure will be continued until we reach a total of 175 
selected children from the 7 selected grades. Account-
ing for a 20% drop-out due to non-consenting parents, 
absenteeism of children or inability to produce a urine 
sample of sufficient volume, we aim for a final sample size 
of 20 children per standard (i.e. a total of 140 students 
per school).

Data collection
Each selected child will be provided with an ICF for 
their parents to read and sign. Each selected child 
aged 12  years or older will additionally be invited to 
sign an assent form on its own behalf. On the follow-
ing day, once signed ICFs and assent forms are submit-
ted, children will be registered, including information 
about their age, sex, travel history and participation 

in the last round of MDA. Subsequently, children 
will be handed over a plastic container labelled with 
a unique identifier code and invited to produce their 
own urine sample, which will be collected by the study 
team on the same morning. In addition, participants 
from grade 3, 4, and 5 will be invited to participate in 
a questionnaire interview about the knowledge, atti-
tudes and practices regarding schistosomiasis trans-
mission and prevention (KAP). The children will be 
asked about their knowledge of the animals that are 
part of the S. haematobium lifecycle, their own water 
contact behaviour, access to safe water sources, and 
their knowledge about opportunities to prevent both 
getting and spreading schistosomiasis.

Interventions and data collection
In the study, specific intervention packages will be tai-
lored and adapted to the local micro-epidemiology of 
urogenital schistosomiasis in the shehias. Low-prev-
alence IUs will receive tailored surveillance-response 
measures, consisting of active, passive and reactive case 
finding, treatment of S. haematobium-positive individu-
als and focal snail control. Hotspot IUs will receive a 
multi-disciplinary intervention package including MDA, 
snail control and behaviour change communication. The 
classification of the study shehias into low-prevalence 
or hotspot IUs will be based on the results of annual 
cross-section surveys. Initially, a shehia will be consid-
ered a low-prevalence IU if it shows an apparent S. hae-
matobium prevalence < 2% in the community-based 
survey and an apparent S. haematobium prevalence < 3% 
in the school-based survey, based on single urine filtra-
tion microscopy. Otherwise, the shehia will be consid-
ered a “hotspot” IU (Fig. 3). Results gained over the study 
period will show whether these thresholds and respective 
intervention packages successfully sustain and accelerate 
the gains and prevent recrudescence of S. haematobium 
transmission in low-prevalence IUs. The thresholds will 
be evaluated annually in light of the results of the cross-
sectional surveys and adapted if needed.

Surveillance‑response activities in low‑prevalence 
implementation units
In a surveillance-response system, disease-related data 
are continuously and systematic collected and analysed. 
With constant monitoring, resurgence of transmission 
can be detected immediately and interventions can be 
implemented as a response to prevent reintroduction of 
the disease [4, 45].

In our low-prevalence IUs, where large parts of the 
population are not infected with S. haematobium, 
the intervention approach is shifted from large-scale 
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measures with high coverage towards targeted micro-
interventions, i.e. from MDA in communities and 
schools to risk-based surveillance-response, including 
active, passive and reactive case finding, treatment of 

haematuria-positive and/or S. haematobium-infected 
individuals, and reactive snail control (Fig. 4).

As starting point for risk-based surveillance activities, 
we will select the largest public primary school in each 

Fig. 3 Classification of the SchistoBreak study shehias in Pemba, Tanzania, into low-prevalence and hotspot implementation units (IUs) based on 
adaptive S. haematobium prevalence thresholds

Fig. 4 Interventions and components of surveillance-response activities implemented in low-prevalence shehias of the SchistoBreak study in 
Pemba, Tanzania
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shehia, and a madrassa with a minimum of 50 children 
that is located at maximum 500  m away from a water 
body and the farthest away from the primary school to 
gain a differentiated picture about the S. haematobium 
micro-epidemiology at school level in each shehia [12].

For active case finding, we will visit the selected 
schools at least once per year, register all children of the 
grades 3–5 present at the first day of the visit, and pro-
vide them with an ICF for their parents to sign. Addi-
tionally, every child aged 12 years or older will be invited 
to sign an assent form on their own behalf. The next day, 
upon submission of the signed ICF and assent forms, 
each child will receive a plastic container and be invited 
to produce its own urine sample. The submitted urine 
samples will be examined at the point-of-care (PoC) in 
the school using reagent strips (Haemastix; Siemens 
Healthcare Diagnostics AG; Zürich, Switzerland) and 
additional PoC tests if available. Haematuria-positive 
and/or S. haematobium infected children will be treated 
with praziquantel (40  mg/kg using a dose pole) on the 
day of or day after examination.

For reactive case detection in the days following the 
active case detection in schools, children tested posi-
tive in the schools will be asked to show a member of the 
study team their house of residence and the water bod-
ies they are using for household chores or leisure activi-
ties. Household members of the infected child who are 
present at the time of the visit will be offered PoC testing 
with reagent strips (and additional PoC tests if available) 
and praziquantel treatment if diagnosed positive.

Moreover, the study team will visit the HWCSs indi-
cated by the positive children, where infected individu-
als might have acquired the S. haematobium infection 
or introduced transmission, and implement mobile test-
and-treat stalls where testing-and-treatment with reagent 
strips (and additional PoC tests if available) and praziqu-
antel, respectively, will be offered to all eligible individu-
als using these water bodies. In addition to praziquantel 
treatment (40 mg/kg using a dose pole) of positive indi-
viduals at the HWCSs, response measures will include 
a thorough survey for the presence of intermediate 
host snails and mollusciciding of the water bodies with 
niclosamide as described below.

All participants included in active and reactive surveil-
lance will have at least the following data recorded: Sex, 
age, travel history, time of last praziquantel treatment, 
and water contact behaviour.

For passive case detection, individuals presenting with 
signs and symptoms of urogenital schistosomiasis in the 
health facilities located in the study shehias, will be tested 
for haematuria as a proxy for S. haematobium infec-
tion using reagent strips and treated with praziquantel 
(40 mg/kg using a dose pole) if positive. The study team 

and staff of the NTD programme of the MoHSWEGC 
will train staff of the health facilities about schistosomia-
sis transmission, prevention, diagnosis and treatment. 
Staff of the health facilities will record haematuria-pos-
itive individuals, their names and location of residency, 
and report them at least monthly to staff of the study 
team.

Intervention packages and data collection in hotspot 
implementation units
In the hotspot IUs, where a considerable part of the 
population is still infected with S. haematobium, we 
will implement a multi-disciplinary intervention pack-
age including MDA, snail control and behaviour change 
communication activities.

Large-scale MDA with praziquantel is the corner stone 
for the control and prevention of morbidity due to schis-
tosomiasis [3, 5]. Praziquantel treatment is administered 
without prior diagnosis to large parts of the popula-
tion living in endemic areas. In our hotspot IUs, MDA 
will be conducted at least annually in communities and 
schools by the Zanzibar NTD Programme. In com-
munities, community drug distributors trained by the 
MoHSWEGC will visit all households in a door-to-door 
approach and offer to treat children aged 4 years or older 
with praziquantel (40 mg/kg) if they do not receive treat-
ment in schools. Moreover, they will offer praziquantel 
to all adults that are eligible for treatment according to 
national treatment guidelines. In schools, praziquan-
tel (40 mg/kg) will be provided to all children present at 
the day of treatment by teachers and staff of the Zanzi-
bar NTD Programme using a dose pole [50]. The intake 
of tablets will be directly observed. Treatment coverage 
will be reported by the Zanzibar MoHSWEGC based 
on reports from their staff, community drug distribu-
tors, and teachers. Moreover, we will conduct our own 
post-treatment coverage surveys in line with the annual 
cross-sectional parasitology surveys in the hotspot com-
munities and schools. When invited to submit a urine 
sample for annual monitoring, individuals enrolled in the 
survey will also be invited to respond to an ODK ques-
tionnaire, asking if they have received and swallowed the 
drugs provided in the MDA treatment round preceding 
the survey.

Snail control with the molluscicide niclsoamide is 
suggested by WHO as supplementary intervention to 
MDA in schistosomiasis-affected areas [5, 51–53]. At 
each identified HWCS in the hotspot IUs, a trained 
team will conduct regular snail surveys. While wearing 
wellington boots, waiders and rubber gloves to protect 
them from water that potentially contains infective S. 
haematobium cercariae, the team will search for snails 
of all species for 10 min in 20 m of the shoreline [41]. 
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The number of snails from each collected species and 
data of locality, characteristics and type of water body, 
and observed behavioural activities will be recorded 
in ODK. All Bulinus will be taken to the laboratory 
for examination for S. haematobium infection. At all 
HWCSs in water bodies where Bulinus spp. is found, 
the team will apply the molluscicide niclosamide (in a 
concentration of 8–10 g/litre) to clear the HWCSs from 
infected snails and to prevent reinfection in the human 
population that is treated with praziquantel against 
schistosomiasis. Niclosamide will be sprayed to the 
shorelines using backpack sprayers or a petrol sprayer 
and the team will wear protective gear and clothing 
to avoid potential inhalation and eye and skin irrita-
tion [17, 54]. The amount of niclosamide used and the 
time and place of application will be recorded in ODK. 
To reduce the impact of niclosamide on other aquatic 
organisms, we will only focally apply the molluscicide 
in areas known for human water contact behaviour but 
not across the whole water bodies.

Behaviour change communication and community 
engagement is key for the success and sustainability 
of interventions for schistosomiasis elimination [11]. 
To achieve a change in behaviour, health communica-
tion, which takes local knowledge, attitudes and prac-
tices into account and integrates the communities in 
priority settings for decision making and planning of 
schistosomiasis interventions, is essential [55]. In the 
hotspot IUs, we will implement behavioural interven-
tions, which were created in a human centred design 
approach and successfully applied in previous stud-
ies in Zanzibar [48, 56–58]. The following interven-
tion components will be implemented: i) installation 
of washing platforms at a place identified together 
with the community in close proximity to a clean water 
source (i.e. pump, tap or well) to provide access and 
safe alternatives to washing clothes at natural water 
bodies; ii) training of school and madrassa teachers in 
classroom-based participatory teaching methods to 
educate children about schistosomiasis transmission 
and prevention using flip-charts, snail boards, blood 
fluke pictures, life cycle drawing, and alternative safe 
play methods; and iii) school-based health communica-
tion days for schistosomiasis prevention, introducing 
safe play methods with health education components 
in schools in collaboration with health teachers and 
classes. Within the annual cross-sectional community- 
and school-based surveys, we will collect KAP data 
including information about the perception of schisto-
somiasis, use of washing platforms and alternative play 
options, and a potential change in behaviour to assess 
the impact of the behaviour change and communica-
tion measures.

Laboratory procedures and data collection
The urine samples that are collected in the study will be 
examined with the following techniques for S. haemato-
bium infections at the PoC, or in the laboratories of PHL-
IdC, located in Chake Chake, Pemba.

In the annual cross-sectional parasitological surveys 
and for active, reactive and passive surveillance, urine 
samples will be screened for microhaematuria using rea-
gent strips (Haemastix; Siemens Healthcare Diagnostics 
AG; Zürich, Switzerland). The colorimetric test results 
will be recorded semi-quantitatively (0 = negative, 1 =  + , 
2 =  +  + , 3 =  +  +  + , 4 = trace).

Additionally, in the cross-sectional parasitological sur-
veys and from a subset of samples collected during active 
and reactive surveillance, urine samples will be exam-
ined for the presence and number of S. haematobium 
eggs using the urine filtration method. For this purpose, 
urine samples will be shaken vigorously and 10 ml of each 
sample will be filtered through a filter-holder containing 
a 13 mm polycarbonate filter (Sefar, Bury, United King-
dom), using a plastic syringe [59]. All S.  haematobium 
eggs present on the filter will be counted under a micro-
scope by experienced laboratory technicians and exact 
egg counts will be recorded for each participant.

For external quality control, all microscope slides with 
the filter containing potential S. haematobium eggs col-
lected during the annual cross-sectional surveys will be 
covered with cellophane soaked in glycerol and stored 
in slide storing boxes at PHL-IdC in Pemba until the 
end of the survey period. After each survey period, 10% 
of the slides will be selected based on the original elec-
tronic results by a Swiss TPH epidemiologist, sorted 
out locally and re-read by an external senior laboratory 
technician who is blinded to the results. The number of 
S. haematobium eggs counted in quality control will be 
recorded and compared with the original results as part 
of the statistical analysis done at Swiss TPH. In the case 
of significant discrepancies (false negatives, false posi-
tives, egg counts resulting in a different infection inten-
sity category) in more than 20% of the re-read slides, all 
stored slides of the last survey will be re-read.

Both, reagent strip and urine filtration methods are not 
very sensitively detecting light intensity infections, as 
they might occur frequently in people living in elimina-
tion settings such as Pemba [29]. Hence, 10 ml from each 
urine samples collected at the baseline and endline sur-
vey will be stored at -20  °C and examined with a highly 
sensitive and specific test at the end of the study. This 
might be a DNA-based PCR approach [31] or an antigen-
based test such as the up-converting phosphor-lateral 
flow circulating anodic antigen (UCP-LF) CAA assay [30] 
or any other test with excellent parameters developed 
until 2024.
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To increase the performance of our surveillance-
response approach, ideally a PoC test with a higher sen-
sitivity and specificity than the reagent strips will be 
used. No such tests are yet (in 2021) commercially avail-
able, but several are under development. In the Schis-
toBreak project, we will investigate the performance 
of new rapid diagnostic tests, such as the Recombinase 
Polymerase Amplification (RPA) assay [44, 60], or other 
DNA-based, antigen-based or egg-based diagnostic tests 
for S. haematobium diagnosis at the PoC during our 
cross-sectional and surveillance activities. Once vali-
dated, applicable at the PoC, and available and afford-
able in sufficient numbers to screen our participants, 
promising candidates might be applied throughout the 
cross-sectional surveys and surveillance activities of the 
SchistoBreak project.

Participant timeline
The study will be implemented from March 2020 to 
June 2024, allowing for three years of interventions. Par-
ticipants will be met on one or two subsequent days, 
for consenting, questionnaires and urine collection and 
examination. Figure 5 shows the timeline of surveillance-
response activities in low-prevalence IUs and of the 
multi-pronged interventions in hotspot IUs.

Sample size
We run a series of simulations to assess how precisely the 
sensitivity of the surveillance system can be estimated. 

We modelled different scenarios with varying prevalences 
in schoolchildren as well as in the general population, dif-
ferent values for clustering and different assumptions for 
diagnostic test accuracy and surveillance system perfor-
mance. The results revealed that sampling an average of 
140 schoolchildren and 250 community members in each 
of 15 low-prevalence shehias in the cross-sectional sur-
veys enables us to estimate the prevalence with a median 
precision (defined as one half length of the confidence 
interval) of 10 to 15 percentage-points in schoolchildren 
and of 5 to 7 percentage-points in the general population. 
The bias (defined as difference between the sensitivity 
calculated using the apparent prevalence observed dur-
ing cross-sectional surveys and the sensitivity calculated 
using the "true" apparent prevalence observed during the 
surveillance activities) had a median of zero and an inter-
quartile range from − 0.05 to 0.05.

Hence, conducting the cross-sectional surveys in the 
schools and communities of all 20 study shehias, the 
yearly total sample is 7800 individuals (ca. 10% of the 
population, based on an average of 4000 inhabitants per 
shehia).

In addition, during the surveillance activities in 15 low-
prevalence shehias, we roughly estimate to test annu-
ally about 12,150 individuals (ca. 20% of the population). 
Among them, around 7500 will be subjected to active sur-
veillance in high-risk schools (estimated n = 15 shehias*1 
school*450 children + estimated n = 15 shehias*1 school*50 
children = 7500 samples per year), 750 to reactive 

Fig. 5 Timeline of interventions against urogenital schistosomiasis in the 20 SchistoBreak study shehias in Pemba, Tanzania. IU: implementation unit
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surveillance in households (estimated n = 15 shehias*10 
households*5 inhabitants = 750 samples per year) and 1500 
at mobile test-and-treat stalls (estimated n = 15 shehias*10 
water bodies *10 people = 1500 per year), and 2400 to pas-
sive surveillance in health facilities (estimated n = 20 health 
facilities*12 months*10 patients = 2400 samples per year).

Data management
All data collected from individuals will include a specific 
personal identifier code for the individual. Laboratory data 
will be paper-captured before they are double entered into 
electronic databases by trained local data entry clerks at 
PHL-IdC. Double entered data will be cleaned by an epi-
demiologist at Swiss TPH. All discrepant electronic data 
will be returned to the local data entry clerks, who will 
trace back the personal identifier code in the original paper 
forms, re-enter the discrepant results and return the cor-
rected data so that the final datasets can be generated. Reg-
istration, questionnaire and additional diagnostic data will 
be entered directly into the questionnaire software ODK 
using a tablet computer (Samsung Galaxy Tab A 2019) and 
subsequently uploaded on a secure server. The personal 
identifier code will be used to merge registration, question-
naire and laboratory examination data from each individ-
ual. Only coded data will be statistically analysed. To report 
the laboratory results back to the individuals, coded data 
can be linked with the participant names.

Data entered into electronic databases will only be acces-
sible to authorized personnel directly involved with the 
study by use of a protected password. Hard copies of the 
source data such as student registries, laboratory record 
sheets, ICFs and assent forms will remain at the PHL-IdC 
in Pemba, respectively, for at least 10 years and stored at a 
safe place. The electronic versions of the data entries as well 
as electronic-captured data will be uploaded to and stored 
on a secure server from Swiss TPH.

Statistical methods
To analyse the primary outcome, we define the sensitiv-
ity of the surveillance system as the proportion of cases 
detected:

The total number of infected persons is unknown but will 
be estimated from the cross-sectional surveys as:

whereby prevalences (P) and corresponding confidence 
intervals are estimated via generalized estimating equa-
tions for binary data with independent correlation struc-
ture to account for correlation within clusters.

SE = Ninf detected by surveillance/Ninf

Ninf = Pschool ∗ Nschool + Pnon−school ∗ Nnon−school

The prevalence and intensity of S. haematobium 
infections will be calculated by different diagnostic 
approaches used in the annual cross-sectional surveys. 
Intensity of infection will be classified into light (< 50 
eggs/10  ml urine) and heavy (≥ 50 eggs/10  ml urine) 
according to thresholds provided by the WHO for urine 
filtration results [3].

The timeliness of case notification and reactive inter-
vention will be assessed by recording the time needed 
from diagnosis to treatment, from diagnosis to follow-
up of S. haematobium positive individuals and test-and-
treat of their household members, and from diagnosis 
to reactive snail control.

The acceptability of the surveillance-response 
approach will be assessed by a mixed methods approach 
based on the results of questionnaires run in parallel to 
test-and-treat approaches in low-prevalence shehias.

The coverage of test-and-treat activities will be calcu-
lated by assessing the number of people who were tar-
geted by test-and-treat activities in relation to the total 
population.

MDA coverage will be calculated by assessing the 
number of people reporting in the cross-sectional sur-
veys that they received praziquantel during the last 
MDA in relation to the total number of participants in 
the cross-sectional surveys.

MDA compliance in hotspot areas will be calculated 
by assessing the number of people reporting in the 
cross-sectional surveys that they have taken praziquan-
tel as recommended, in relation to the total number of 
participants in the cross-sectional surveys.

The impact of snail control will be determined by 
assessing the snail abundance and number of interme-
diate host snails at each HWCS identified over time 
during regular snail surveys.

The impact of behaviour change interventions in 
schools will be evaluated by assessing knowledge, atti-
tude and practices of schoolchildren over time based 
on questionnaires.

The impact of the intervention approaches on 
the S. haematobium prevalence will be analysed 
descriptively.

The diagnostic accuracy of new PoC tests will be cal-
culated by determining the proportion of individuals 
that have been correctly identified as S. haematobium-
infected (sensitivity) and the proportion of individuals 
that have been correctly identified as negative (specific-
ity) in comparison with the reference test.

The number and location of schools, madrassas, health 
facilities, and water bodies and the abundance of inter-
mediate host snails of the genus Bulinus identified by 
micro-mapping of the IUs, will be analysed descriptively.
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Statistical analyses will be carried out with the statisti-
cal software STATA and R.

Discussion
In the new WHO Roadmap on NTDs published in 2021, 
the global elimination of schistosomiasis as a public 
health problem and the validated absence of infections 
in humans in 25 among 78 endemic countries is set as 
target for 2030 [5]. To achieve these goals, countries 
and their schistosomiasis programme managers will 
need clear guidance on which intervention strategies to 
apply, which population groups to target, which diag-
nostics to use, and at what thresholds to change and 
adapt their strategies [11–13]. In Zanzibar, which is 
committed to eliminate urogenital schistosomiasis in 
the next years, a long-term study conducted from 2012 
to 2020, revealed considerable temporal and spatial het-
erogeneity of S. haematobium infections that will need 
to be considered in future intervention planning [6, 
17, 18]. Within the SchistoBreak study we will address 
the focality and heterogeneity of S. haematobium  
transmission in Pemba and aim to investigate novel 
adaptive intervention strategies as well as standard and 
new diagnostic tools for schistosomiasis elimination in 
Zanzibar.

Working in an elimination setting, however, there are 
foreseeable challenges for analyses and implementation:

First, most of the population in our study area is 
free of schistosomiasis and there will only be very few  
S. haematobium infected individuals. Hence, even with 
a very large sample size involving several thousand par-
ticipants, the study is underpowered and we will most 
likely not be able to determine the impact of our inter-
ventions in terms of statistically significant differences 
in the S. haematobium prevalence assessed in annual 
cross-sectional surveys. Therefore, as a computable 
and meaningful primary outcome, we will assess the 
sensitivity of the surveillance approach, based on the 
number of S. haematobium cases detected by active, 
reactive and passive surveillance in schools and com-
munities divided by the total number of infected per-
sons estimated from the cross-sectional surveys.

Second, the urine filtration and reagent strip meth-
ods that we will apply for the standard diagnosis of  
S. haematobium infection markers are not very sensi-
tively and specifically detecting light intensity infec-
tions as primarily found in Zanzibar [29–31, 61]. 
Hence, in cross-sectional surveys, as well as in the 
surveillance-response approach, we will likely miss 
a considerable number of S. haematobium-positive 
individuals and underestimate the “true” prevalence. 
Clearly, our surveillance system will only be as good 
as the diagnostic methods employed. The undetected 

false-negative cases missed due to low test sensitivity 
might act as a reservoir for infections and contrib-
ute to continuous transmission. The false-positive 
individuals indicated by low test specificity will be 
chased for nothing and valuable resources and time 
will be wasted [13]. To improve the surveillance and 
get a more realistic picture of the “true” prevalence in 
cross-sectional surveys, in addition to the standard 
methods, we will apply DNA-based or antigen-based 
diagnostic tests, at least for the examination of urine 
samples at baseline and endline and, once readily 
available and validated, at the PoC during surveillance.

Third, to control the morbidity due to schistosomiasis, 
WHO provides several thresholds based on the baseline 
prevalence among school-aged children to decide upon 
the treatment strategy and frequency of MDA [3, 4]. 
However, to our knowledge, with regard to the schisto-
somiasis elimination goals, official thresholds indicating 
when to increase the frequency of MDA, or stop large-
scale MDA and change tactics to surveillance strategies 
for detecting elimination or resurgence of transmission 
are not yet published, but urgently needed. These inter-
vention thresholds for elimination settings should ide-
ally be available for or transferable to a set of different 
diagnostic methods, which, depending on their sensitiv-
ity and specificity, will reveal different prevalences in the 
same population. Cross-diagnostic threshold adaptation 
has been evaluated for several standard tests used for 
the identification of both S. haematobium and S. man-
soni, but only for thresholds at 10% prevalence, with 
samples from school-aged children, and in settings with 
higher intensity of infections than in Zanzibar [62, 63]. 
In our study, the thresholds to stratify low-prevalence 
IUs and hotspot IUs and the implementation of respec-
tive intervention approaches are predicated on single 
urine filtration results in our cross-sectional surveys 
and an analytical picture of the micro-epidemiology 
of urogenital schistosomiasis in Zanzibar established 
over the past 10 years. Due to age-dependent exposure 
rates [6, 64], we have initially selected thresholds deter-
mining hotspot IUs at ≥ 3% prevalence in individuals 
aged ≥ 4  years sampled in community-based surveys 
and at ≥ 2% S. haematobium prevalence in schoolchil-
dren sampled in school-based surveys. The suggested 
thresholds will be subject to change and adaptation over 
the course of the project, i.e. in case we observe a con-
siderable increase of prevalence in the low-prevalence 
IUs targeted with surveillance response.

Finally, good coverage will be key for the success 
of our intervention approaches. In the low-preva-
lence IUs, surveillance-response activities will start 
in schools and be extended in a snowball system to 
households of S. haematobium-infected individuals 
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and the water bodies they use. In hotspot IUs, MDA 
will be conducted in communities and target all eligi-
ble household members in a shehia. Schools, including 
not only primary schools, but also nurseries, second-
ary schools and madrassas, will be used as additional 
venues for MDA to reach as many children as possible. 
Snail surveys will be conducted repeatedly and multiple 
times per year at the HWCSs of all known water bod-
ies in hotspot shehias. If Bulinus is detected in a water 
body, the HWCSs will be sprayed with niclosamide. 
Behaviour change communication including trainings 
in interactive teaching methods about schistosomia-
sis for teachers and their equipment with schistoso-
miasis teaching material will target all public, private 
and religious schools in the hotspot shehias. Public 
outreach days (Kichocho days) will be conducted in 
at least two schools per shehia and reach not only the 
majority of teachers and children attending the school 
but additional visitors from the communities. Striking 
health education messages and knowledge about the 
transmission and prevention of schistosomiasis will be 
transferred. Two laundry platforms per shehia will be 
constructed in close collaboration with the commu-
nity near clean water sources to provide the commu-
nities with safe options for washing clothes. However, 
the implementation and coverage of the surveillance-
response activities in low-prevalence IUs and the inter-
vention package in hotspot IUs will be limited by time, 
costs and logistical feasibility and require careful and 
adaptive planning and implementation throughout the 
study period.

Despite the highlighted challenges, the SchistoBreak 
study will fill a critical health knowledge gap and pro-
duce important and much needed results. The study will 
show whether the performance of surveillance-response 
as intervention in low-prevalence IUs is sufficiently 
high to detect successfully all urogenital schistosomiasis 
cases and to respond with adequate interventions so that 
recrudescence of transmission can be prevented. It will 
also reveal if the S. haematobium prevalence in hotspot 
IUs can be reduced to very low levels when a comprehen-
sive, multi-disciplinary intervention package is applied. 
Finally, the study will show whether new diagnostic tests 
are suitable for application at the PoC and outperforming 
current standard tests in their sensitivity and specificity 
to detect S. haematobium infections. Hence, our study 
will shed light on the field applicability and performance 
of novel adaptive intervention strategies and new diag-
nostic tools for schistosomiasis elimination and reveal 
whether progress towards interruption of transmission 
can indeed be achieved and sustained in the suggested 
way. The evidence and experiences generated by micro-
mapping of S. haematobium infections at sub-district 

community level, micro-targeting of different interven-
tion approaches, and application of novel diagnostic tools 
can guide future strategic plans for schistosomiasis elimi-
nation in Zanzibar and inform other countries aiming for 
interruption of transmission.
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Abstract 

Background: Fine-scale mapping of schistosomiasis to guide micro-targeting of interventions will gain importance 
in elimination settings, where the heterogeneity of transmission is often pronounced. Novel mobile applications offer 
new opportunities for disease mapping. We provide a practical introduction and documentation of the strengths and 
shortcomings of GPS-based household identification and participant recruitment using tablet-based applications for 
fine-scale schistosomiasis mapping at sub-district level in a remote area in Pemba, Tanzania.

Methods: A community-based household survey for urogenital schistosomiasis assessment was conducted from 
November 2020 until February 2021 in 20 small administrative areas in Pemba. For the survey, 1400 housing struc-
tures were prospectively and randomly selected from shapefile data. To identify pre-selected structures and collect 
survey-related data, field enumerators searched for the houses’ geolocation using the mobile applications Open Data 
Kit (ODK) and MAPS.ME. The number of inhabited and uninhabited structures, the median distance between the pre-
selected and recorded locations, and the dropout rates due to non-participation or non-submission of urine samples 
of sufficient volume for schistosomiasis testing was assessed.

Results: Among the 1400 randomly selected housing structures, 1396 (99.7%) were identified by the enumerators. 
The median distance between the pre-selected and recorded structures was 5.4 m. A total of 1098 (78.7%) were resi-
dential houses. Among them, 99 (9.0%) were dropped due to continuous absence of residents and 40 (3.6%) house-
holds refused to participate. In 797 (83.1%) among the 959 participating households, all eligible household members 
or all but one provided a urine sample of sufficient volume.

Conclusions: The fine-scale mapping approach using a combination of ODK and an offline navigation application 
installed on tablet computers allows a very precise identification of housing structures. Dropouts due to non-resi-
dential housing structures, absence, non-participation and lack of urine need to be considered in survey designs. Our 
findings can guide the planning and implementation of future household-based mapping or longitudinal surveys 
and thus support micro-targeting and follow-up of interventions for schistosomiasis control and elimination in 
remote areas.
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Background
Schistosomiasis is among the 20 neglected tropical dis-
eases (NTDs) defined by the World Health Organiza-
tion (WHO) and is endemic in 78 countries worldwide 
[1–3]. The causative agent of schistosomiasis is a blood 
fluke of the genus Schistosoma that infects more than 
200 million people worldwide [4]. The parasite is trans-
mitted through skin contact with freshwater contain-
ing the infectious larval stages, which are released by 
an aquatic intermediate host snail vector [5]. Over the 
past decades, great progress was made in schistosomia-
sis control [6, 7]. In their new roadmap for neglected 
tropical diseases 2021–2030, the WHO set the global 
elimination of schistosomiasis as a public health prob-
lem and the validated absence of infection in humans in 
25 among the 78 endemic countries as targets for 2030 
[1].

The sustained implementation of control interven-
tions, including mass drug administration (MDA) as 
the cornerstone, often supplemented with snail con-
trol, educational measures, or improvements in the 
socio-economic standard and access to clean water and 
sanitation, has resulted in decreasing schistosomiasis 
prevalences in many countries [8–11]. In areas where 
prevalences decline, the focality and heterogeneity of 
schistosomiasis becomes more pronounced [8, 12–14]. 
Typically, within a few years of annual or biannual 
MDA across districts and countries, many communi-
ties reach low schistosomiasis prevalence and infection 
intensity [10, 15, 16]. Some areas, however, remain as 
pockets of high transmission with persistent or reoc-
curring high prevalence levels despite intense interven-
tions [8, 12–14, 17–20].

To achieve the WHO elimination goals, the pro-
nounced spatial and temporal heterogeneity in schisto-
somiasis elimination settings will need to be considered 
in future intervention planning [8, 14, 20–23].

Fine-scale mapping of schistosomiasis is considered 
an essential requirement to move from morbidity con-
trol towards interruption of transmission in endemic 
areas [23]. Detailed fine-scale mapping of infection 
and disease patterns can help to identify low-risk and 
high-risk areas of transmission at sub-district level 
and to micro-target interventions in line with infec-
tion levels for optimal treatment and resource alloca-
tion [10, 14, 24, 25]. Android tablet-based applications 
containing or being able to connect to high-resolution 

maps to geolocate individuals’ residences in remote 
resource poor areas have been suggested as attractive 
approaches for fine-scale disease mapping [26, 27].

Here, we provide a practical introduction and docu-
mentation of the strengths and shortcomings of Global 
Position System (GPS)-based household identification 
and participant recruitment using Android tablet-based 
applications for fine-scale schistosomiasis mapping in a 
remote area in Pemba, United Republic of Tanzania.

Methods
Study area
The fine-scale mapping approach described here 
is part of the cross-sectional baseline survey of the 
“SchistoBreak” study, a multi-year project that aims to 
investigate new tools and strategies for breaking schis-
tosomiasis transmission [28]. Pemba and Unguja are 
the main islands of the Zanzibar Archipelago, a semi-
autonomous part of the United Republic of Tanzania. 
Pemba, where our study is implemented, is divided 
into four districts: Micheweni, Wete, Chake Chake and 
Mkoani [29]. In total, the districts in Pemba contain 
129 small administrative areas, which are called shehias 
[30]. The study area of the SchistoBreak project, where 
the here reported fine-scale mapping survey is part 
of, covers a total of 20 shehias in the north of Pemba. 
Among them, 12 shehias are located in Micheweni and 
eight in Wete district, respectively. The average popu-
lation size in our study shehias was ~ 3900 individu-
als per shehia in 2012, with a minimum of ~ 2200 and 
a maximum of ~ 8600 inhabitants [31]. As indicated in 
Fig.  1, shehias in Pemba are mostly connected by tar-
macked main roads. However, some rough road con-
nections exist. Housing structures within the shehias 
are grouped in clusters, which are usually aligned along 
the main roads or located near unpaved streets or foot-
paths. Housing structures are mostly not character-
ized or identifiable by street names or house numbers. 
Urogenital schistosomiasis is endemic in the north of 
Pemba [32, 33]. Due to intense control and elimination 
efforts implemented across the Zanzibar islands over 
the past decades, the overall S. haematobium preva-
lence had reached a very low level of 3.4% in schoolchil-
dren in 2020, constituted by many low-prevalence areas 
and a few remaining hotspot areas of transmission [8].

Trial registration ISRCTN, ISCRCTN91431493. Registered 11 February 2020, https:// www. isrctn. com/ ISRCT N9143 1493

Keywords: Urogenital schistosomiasis, Control, Elimination, Intervention, Fine-scale mapping, Interruption of 
transmission, Micro-mapping, Precision mapping, Wayfinding, Zanzibar
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Design of cross‑sectional household survey
In the baseline survey of the SchistoBreak study, we 
aimed to assess the apparent prevalence of S. haema-
tobium infections in the 20 study shehias in the north 
of Pemba. To gain a clear picture of the schistoso-
miasis distribution we conducted a cross-sectional 
community-based household survey from Novem-
ber 2020 until February 2021, based on randomly 
selected housing structures. For fine-scale mapping, 
we aimed to include 50 households with an average of 
five household members per shehia, and hence a total 
of 250 individuals per shehia. Details of the sample 
size calculations are provided in our published study 
protocol [28]. Eligible to participate in the household 
survey were all individuals aged 4 years or older living 
in the study shehias. Accounting for an estimated 30% 

dropout due to housing structures not being residential 
houses or refusal of household members to participate 
in the study, we randomized 70 housing structures per 
shehia. Our survey team consisted of seven field-enu-
merators. Each of them visited 10 housing structures 
per shehia. Shehias were visited for 3 subsequent days 
to allow enough time for revisiting houses in case the 
inhabitants were absent on Day 1 and/or for delayed 
urine submission on Day 2 or Day 3. Each enumerator 
was equipped with a tablet computer for navigation to 
their pre-selected housing structures using the offline 
navigation map application © 2020 MAPS.ME (https:// 
www. maps. me/) and for electronic capturing of par-
ticipant data using the data collection software © 2020 
Open Data Kit (ODK; https:// www. opend atakit. org/).

Fig. 1 Study area of the SchistoBreak project in Pemba, Tanzania. The exemplary section shows the distribution of housing structures and main 
roads. The image base map (United Republic of Tanzania—Subnational administrative boundaries) was downloaded from OCHA services (https:// 
data. humda ta. org/ datas et/ tanza nia- admin istra tive- bound aries- level-1- to-3- regio ns- distr icts- and- wards- with- 2012- popul ation). The data source 
is: Tanzania National Bureau of Statistics/UN OCHA ROSA. The data are published under the following license: Creative Commons Attribution for 
Intergovernmental Organisations [CC BY-IGO; (https:// creat iveco mmons. org/ licen ses/ by/3. 0/ igo/ legal code)]. Additionally, we received written 
permission to use and adapt the data from the UN Office for the Coordination of Humanitarian Affairs (OCHA). Additional shapefiles for the map 
(shehia boundaries  and housing structures) were provided by the Zanzibar Commission for Lands to the Zanzibar Neglected Diseases Program
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Randomization of housing structures
For the randomization of houses, we used shape-
file data of housing structures that were provided by 
the Zanzibar Commission for Lands to the Zanzibar 
Neglected Diseases Program. Shape file data could 
have also been obtained from © OpenStreetMap con-
tributors (OSM). The OSM house shapefile data are 
published under the Open Database License (https:// 
www. opens treet map. org/ copyr ight). Housing struc-
tures are indicated as polygons in shapefiles. For ran-
domization of housing structures, for navigating to the 
randomized structures, and for conducting the ques-
tionnaire, we used the statistical software R version 
3.5.1 (https:// www.r- proje ct. org/), the geospatial anal-
ysis software Esri ArcMap version 10.6.1, the offline 
map application MAPS.ME, and the data collection 
software ODK, respectively.

For randomization of the 70 housing structures, we 
first imported the shapefile polygon data into ArcMap 
and used its feature-to-point tool to calculate the cen-
troid points of all housing polygons. As the informa-
tion about the location of the centroids was provided 
in meters, we converted the meters into latitude and 
longitude coordinates as this is required by MAPS.ME.  
Subsequently, we exported the centroids given as 
shapefile data from ArcMap into R and randomly 
selected 70 houses per shehia.

Stratification of housing structures per shehia 
and enumerator
After randomly selecting 70 houses per shehia in R, we 
imported the centroids of randomized housing struc-
tures back into ArcMap. With the selection-by-lasso 
tool of ArcMap, we stratified the centroids in equal-
sized groups of 10 per each of the seven enumerators. 
Hereby, we took care that the 10 housing structures for 
each enumerator were as close in distance as possible 
to avoid the need for far-distance walking. We saved 
each group of housing structures per enumerator as a 
separate layer and shapefile and subsequently exported 
all single shapefiles to R. In R, we added a new vari-
able “interviewer” and assigned a unique value to each 
group of housing structures per enumerator. With 
the new interviewer variable, we ensured to keep the 
group of housing structures in the next step, in which 
we combined all single shapefiles of housing groups 
into one large dataset. Subsequently, we saved the 
merged data containing the shehia name, the geoloca-
tion of all 70 randomized housing structures per she-
hia, and the group variable for seven groups with 10 
housing structures each per shehia as csv-files and as 
shapefiles for display.

Import of grouped housing structures per enumerator 
into ODK
Once the randomization process was completed, each 
housing structure was given a unique identifier code 
(with the variable name: "houseID"), which together with 
the shehia name, and latitude and longitude coordinates, 
was exported from the csv-files into an ODK excel sheet. 
In order to limit the choices displayed in ODK Collect 
to only those that belonged to the selected enumerator’s 
group of housing structures, we used the “choice_filter” 
option of ODK. An example for using the choice_filter 
option with regards to the shehia and the enumerator is 
presented in Table 1, line 1–3 and Table 2, line 1–12. The 
example in Tables 1 and 2 shows a model for two shehias 
and two enumerators, each taking care of one group of 
housing structures per shehia.

Combination of MAPS.ME and ODK for wayfinding 
to selected housing structures
The enumerators used the navigator app MAPS.ME 
to identify and find the way to each randomized hous-
ing structure in each shehia. We selected this app as 
it works offline and downloadable maps contain the 
housing structures and street data published on OSM. 
ODK and MAPS.ME apps were installed on the mobile 
devices (Samsung Galaxy Tab A tablets; Samsung Elec-
tronics, Seoul, South Korea) that were used by the enu-
merators. To connect ODK with MAPS.ME, we inserted 
into the ODK excel sheet the information presented in 
Table  1, line 3–8, and Table  2, line 5–15. As indicated 
in Table 1, line 3–5, the calculation of the geolocation is 
based on the houseID that is selected by the enumerator 
and presented in Table  2, line 5–12. Table  1, line 6 and 
the corresponding lines 13–15 in Table 2 serve to select 
different transport modes, e.g. walking, going by vehicle 
or by bicycle so that transport ways and transport time 
can be calculated by MAPS.ME. By opening the ODK 
questionnaire, choosing a houseID and selecting the 
transport mode on the terminal mobile device, a button 
saying “Click to open maps.me” appears as indicated in 
Table 1, line 7. By clicking the appearing button, the prior 
installed navigator app MAPS.ME opens and the geolo-
cation of the selected houseID is automatically set as des-
tination point and displays the way to go from the point 
of being to the housing structure of interest.

Community‑based data collection
To allow enough time for household identification, par-
ticipant recruitment, questionnaire interview and urine 
collection, a shehia was visited by the field-enumerators 
for three subsequent days. On Day 1, most or all of the 
10 pre-selected housing structures per enumerator were 
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identified in the shehia community, and the geoloca-
tion and type of housing structure was recorded. In 
case the house was inhabited, household members were 
invited to participate in the study. Once a present adult 
household member agreed to participate, a question-
naire interview was conducted and instructions for urine 

collection from all household members aged ≥ 4  years 
were provided. One urine collection container per eli-
gible household member was distributed and labelled 
with a unique picture (e.g. with a boat, star, cat or smi-
ley) linked to the name of the participant recorded on a 
paper sheet to avoid confusion of urine samples. On Day 

Table 1 Customizing the ODK excel sheet for data collection and combined use with MAPS.ME: the survey sheet

line type name label::english (en) appearance calculation choice_filter

1 select_one inter-
viewer

interviewer Interviewer:

2 select_one shehia shehia Shehia:

3 select_one houseID houseID To which household 
are you going?

shehia = ${shehia} and 
interviewer = ${inter-
viewer}

4 calculate latitude instance(’houseID’)/
root/
item[name = ${hou-
seID}]/latitude

5 calculate longitude instance(’houseID’)/
root/
item[name = ${hou-
seID}]/longitude

6 select_one modes mode How will you get 
there?

7 integer mapsme-wayfinding Click to open maps.
me

ex:com.mapswithme.maps.
pro.action
BUILD_ROUTE(lat_
to = number(${latitude}), 
lon_
to = number(${longitude}), 
router = ${mode})

8 select_one modes goodbye Thanks! latitude = 1 and longi-
tude = 1

Table 2 Customizing the ODK excel sheet for data collection and combined use with MAPS.ME: the choices sheet

a  Geolocations are not shown to preserve confidentiality

line list_name name label::english (en) shehia interviewer latitude longitude

1 interviewer interviewer 1 interviewer 1

2 interviewer interviewer 2 interviewer 2

3 shehia shehia 1 Shehia 1

4 shehia shehia 2 Shehia 2

5 houseID houseID-01 HouseID-01 shehia 1 interviewer 1 *.***** a **.*****

6 houseID houseID-02 HouseID-02 shehia 1 interviewer 1 *.***** **.*****

7 houseID houseID-03 HouseID-03 shehia 1 interviewer 2 *.***** **.*****

8 houseID houseID-04 HouseID-04 shehia 1 interviewer 2 *.***** **.*****

9 houseID houseID-05 HouseID-05 shehia 2 interviewer 1 *.***** **.*****

10 houseID houseID-06 HouseID-06 shehia 2 interviewer 1 *.***** **.*****

11 houseID houseID-07 HouseID-07 shehia 2 interviewer 2 *.***** **.*****

12 houseID houseID-08 HouseID-08 shehia 2 interviewer 2 *.***** **.*****

13 modes pedestrian Walking

14 modes vehicle By bus or car

15 modes bicycle By bicycle
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2, written informed consent forms for each participant, 
either signed by the participant or, in case of children, by 
their parent or legal guardian, were collected by the enu-
merator together with the urine samples from the par-
ticipants. For all children 12–17 years old, an additional 
assent form signed by the adolescents themselves was 
also collected. Day 3 served as a mop-up day, when urine 
samples that were not submitted on Day 1 or Day 2 were 
collected.

Data management and statistical analysis
All data were collected with ODK and transferred to the 
ODK Central Server hosted at Swiss Tropical and Public 
Health Institute (Swiss TPH). All data were cleaned and 
analyzed with R version 3.5.1. Anonymized data are avail-
able as Additional files 1, 2. To document the strengths 
and shortcomings of GPS-based household identification 
and participant recruitment for fine-scale schistosomia-
sis mapping in a remote area in Africa (and in our case 
Pemba island), we evaluated the results of the commu-
nity-based household survey once the data collection was 
completed.

First, we calculated the number of identified hous-
ing structures that were no residential houses but other 
structures such as buildings under construction, schools 
or shops.

Second, to assess the concordance of the location of the 
pre-selected housing structure with the location of the 
housing structures identified in the shehia communities 
by the enumerator, we determined the median, minimum 
and maximum distance between the initially randomized 
centroids and the recorded geolocations across all she-
hias and per shehia.

Third, we determined the number of residential houses 
where inhabitants were not at home at any day of the vis-
its or where all inhabitants refused to participate in the 
study. The dropout rate of housing structures was cal-
culated by dividing the number of not included housing 
structures by the total number of initially selected hous-
ing structures.

Fourth, for households that agreed to participate in the 
study, we assessed the total number of household mem-
bers per inhabited house and the number of individuals 
eligible to participate in the study. The dropout rate of 
individuals who were eligible but did not provide a urine 
sample of sufficient volume for schistosomiasis testing 
was calculated by dividing the number of participants 
who submitted a urine sample by the total number of eli-
gible individuals, stratified by sex and age category (i.e. 
adults versus children, defined as individuals below the 
age of 18 years).

Finally, we determined the number of urine sam-
ples received from each household and calculated the 

percentage of households where all participants provided 
a urine sample of sufficient volume for testing.

Results
Housing structures and participating households
Among the 1400 housing structures that were initially 
randomly selected to be surveyed in the 20 shehias, 
the enumerators were able to locate and identify 1396 
housing structures (99.7%) (Fig. 2). Four housing struc-
tures were not identified due to inaccessibility. Among 
the 1396 housing structures correctly identified, 298 
(21.3%) were no residential houses: 99 were buildings 
under constructions, 57 were broken housing struc-
tures, 22 were Islamic schools, 21 were mosques, 18 
were shops, 15 were animal stalls and 66 were other 
buildings, such as public schools and offices. Among 
the 1098 residential houses, in 99 (9.0%) houses, inhab-
itants were absent during any of the visits of the enu-
merator and in 40 (3.6%) houses, inhabitants did not 
agree to participate in the household survey. Hence, the 
overall dropout rate of housing structures was 31.5% 
(441/1400).

Distance between centroids and recorded geolocation 
of housing structures
As indicated in Fig.  3, the median distance between 
the randomized centroids of the housing structures 
and the geolocation recorded by the enumerator when 
arriving at the housing structure was 5.4  m (range: 
0.2–940.3 m). While in the six shehias surveyed in the 
early study period (weeks 1–4) the median distance was 
7.4 m (range: 0.3–940.3 m), in the 14 shehias surveyed 
in the later study period (week 4–12) the median dis-
tance was 4.8 m (range: 0.2–54.4 m).

Among the 1396 identified housing structures, four 
recorded geolocations were more than 100  m away 
from the pre-selected geopoints, taken by four differ-
ent enumerators. In general, for all seven enumerators 
there was no major difference in the distribution of dis-
tances between the preselected and recorded geopoints 
(Fig. 4).

Study participants
In total, 5340 individuals aged 0–99  years lived in 
the 959 participating households. In average, one 
household consisted of six individuals (range: 1–16 
inhabitants).

Among the 5340 individuals, 4599 (86.1%) were eli-
gible to participate in the study since their age was 
≥ 4 years. Among them, 2324 (50.5%) were female and 
2275 (49.5%) were male, and 2364 (51.4%) individu-
als were adults aged ≥ 18 years and 2233 (48.6%) were 
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children aged 4–17  years. Two participants did not 
report their age. A total of 713 participants did not 
provide a urine sample, resulting in a dropout rate of 
15.5% (713/4599). The dropout rate was higher in males 
(19.8%,  450/2275) than females (11.3%,  263/2323) and 
in adults (18.6%,  440/2364) compared with children 
(12.2%, 272/2233).

The number of participating households per shehia 
ranged from 40 to 56. In six among the 20 study she-
hias, the number of 50 households we aimed to include 
was achieved or exceeded (Fig. 5A). The number of par-
ticipating individuals per shehia ranged from 171 to 
319. In five shehias, the number of 250 participants we 
aimed for was achieved or exceeded (Fig. 5B).

Among the 959 participating households, in 598 
(62.4%) households all eligible members provided a 
urine sample of sufficient volume (≥ 10  ml) for labo-
ratory examinations, in 199 (20.8%) households all 
inhabitants but one individual provided a sufficiently 
large urine sample, in 81 (8.4%) households all inhabit-
ants but two provided a sufficiently large urine sample, 

and in 81 (8.4%) households all inhabitants but three 
or more individuals provided a sufficiently large urine 
sample (Fig. 6).

Discussion
In areas where schistosomiasis control progresses 
towards elimination, heterogeneity of transmission 
becomes more pronounced and fine-scale mapping of 
infection patterns is needed for effective micro-target-
ing of interventions at sub-district level [14, 23, 24, 28]. 
Novel tablet-based tools containing offline high-resolu-
tion maps offer new opportunities for disease mapping 
and household identification, particularly in remote areas 
where the distribution of housing structures do not fol-
low an order such as street names or house numbers and 
where internet connectivity is poor [26].

Here, we aimed to provide a practical introduction and 
documentation of the strengths and shortcomings of tab-
let application-based household identification and partic-
ipant recruitment for fine-scale schistosomiasis mapping 
in a rural area in Pemba, United Republic of Tanzania.

Fig. 2 Housing structures and households participating in the fine-scale mapping survey in Pemba, Tanzania
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In our baseline mapping survey, almost all (99.7%) pre-
selected housing structures were identified at the spot, 
in the communities, and located with a median distance 
of 5.4 m between the randomized centroids of the hous-
ing structures and the geolocation recorded by the enu-
merator. The computer-based randomization and offline 
navigation app-based geolocation of housing structures 
worked hence very well, even in remote villages in Pemba 
where “houses” may be small in size and located closely 
to each other and where internet connectivity is often 
limited or completely absent. The correct and exact iden-
tification of prospectively randomized housing structures 
is important for the accurate implementation of a com-
munity-based cross-sectional survey and also enables 
an easy follow-up of individuals or households for treat-
ment or in longitudinal studies. Moreover, highly accu-
rate small-scale spatial data can help to link household 
participant infection data with possible transmission 

sites of schistosomiasis, and hence to directly identify or 
model high-risk zones for infection and transmission that 
require special attention and targeted interventions. The 
location data can also be used to assess the distance to 
the next primary health care unit. A study conducted in 
rural Zambia showed that the preciseness of geographi-
cal cluster locations is crucial to link individuals to the 
correct health provider, such as primary health care units 
[34].

The dropout rate due to non-residential housing struc-
tures in our survey was 21.3%, absence of inhabitants 
was 9.0%, refused participation of households was 3.6%, 
and inability to provide a sufficiently large urine sample 
among all study participants was 15.5%. A very similar 
dropout rate of 24.1% due to uninhabited houses was 
observed in a household study based on spatial randomi-
zation from rural and urban regions of Cameroon [35]. 
The absence of inhabitants in our study was, however, 

Fig. 3 Distance between pre-selected and recorded geolocations of housing structures in the mapping survey in Pemba, Tanzania, per shehia. The 
horizontal middle lines in each boxplot indicate the median distance per shehia, the boxes indicate the lower and upper quartile, the vertical lines 
indicate the minimum and maximum excluding outliers, and the dots indicate outliers (more than 1.5 times the interquartile range below the first 
or above the 3rd quartile). For shehia 1, 2 and 6 the maximum outliers are indicated separately. The red dashed line indicates the median distance 
between pre-selected and recorded geolocations across all 20 shehias
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Fig. 4 Distance between pre-selected and recorded geolocations of housing structures in the mapping survey in Pemba, Tanzania, per enumerator

Fig. 5 Number of households (A) and individuals (B) participating in the mapping survey in Pemba, Tanzania, per shehia
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considerably lower than in a comparable GPS-based 
household survey conducted in Haiti where the absence 
of inhabitants was 16.4% [36]. This lower rate in our study 
might be explained by the fact that our enumerators vis-
ited the residential houses in a shehia for a second day 
if no individuals were at home the first day. The refusal 
dropout rate of 3.6% was, however, the same in our study 
as in the GPS-based household study conducted in Haiti 
[36]. A considerably higher dropout rate of 29.0% due to 
absence and/or inability to provide a urine and stool sam-
ple was observed in a household survey in Yemen, which 
was conducted to assess the local schistosomiasis preva-
lence [37]. A reason for the higher dropout in this study 
might be that not only urine but also stool samples were 
collected, which is more embarrassing to produce, col-
lect and submit. In summary, our results show that our 
originally estimated overall dropout rate of 30% due to 
housing structures not being residential houses or refusal 
of household members to participate in the study (versus 
the actually observed dropout rate of 31.5%) was realistic 
and can serve as a guiding value for future survey design 
planning and sample size calculations, provided that 2 or 
3 days are planned for participant recruitment and sam-
ple collection. In case households are only visited on a 
single day, higher dropout rates need to be considered 
in schistosomiasis mapping surveys, due to the poten-
tial absence of household members, or their inability or 
unwillingness to provide a urine or stool sample straight 
away. This being said, for S. haematobium diagnosis, 
urine samples are ideally collected in the late morning 
or early afternoon, when egg excretion is highest [38]. 

If urine samples can be produced and kept for the enu-
merator at any time of the day or night, this might impact 
on the diagnostic results and hamper accurate disease 
mapping.

With our practical introduction to and documenta-
tion of geolocation-based household identification and 
participant recruitment, we provide a rigorous basis for 
future survey planning. Particular strengths of our sug-
gested approach are that it is low-cost, precise and easy 
to implement in the field as the final ODK questionnaire 
on the mobile device includes an automated link to the 
offline navigation system MAPS.ME. Due to the fully 
offline procedure it can also be used in remote areas 
without access to stable internet connections. Second, 
if data of housing structures are available on OSM, the 
fine-scale mapping approach is easy to replicate in other 
countries and for other purposes, particularly with the 
hands-on explanation provided in this article.

However, there are also important limitations. First, the 
approach relies on the availability of up-to-date (housing) 
data uploaded on OSM. In Pemba, new housing struc-
tures appear and disappear within a short time, or might 
be “under construction” for several years as has also been 
observed in other environments [36]. Without current 
data that include all new housing structures, individu-
als living in these housing structures will not be included 
in the randomization and missed for disease mapping. 
Without current data that mark or deleted demolished 
housing structures, the dropout rate will increase. To 
complement a higher dropout of housing structures if 
such invalid housing structures still appear in the data, 

Fig. 6 Provision of urine samples. Percentage of households with study participants providing a urine sample of sufficient volume (≥ 10 ml) for 
schistosomiasis testing in the fine-scale mapping survey of the SchistoBreak study in Pemba, Tanzania
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the sample size could be increased or replacement-hous-
ing structures could be included in the survey, as done 
in other studies [35, 39]. Second, our approach relies on 
the accessibility of the housing structures. For example, 
four housing structures could not be included in our sur-
vey due to inaccessibility, mainly as they were located in 
a military area. The data that provided the basis for the 
randomization of housing structures did not show the 
military area and therefore the area was not excluded 
prior to randomization. Hence, the success of our map-
ping approach is very much depending on the availabil-
ity of up-to-date high-resolution data, clearly indicating 
zones with restricted access.

Conclusions
We show that the fine-scale mapping approach with the 
combination of ODK and an offline navigation applica-
tion installed on tablet computers allows a very precise 
identification of pre-randomized housing structures. 
Dropouts due to non-residential houses, absence, non-
participation and lack of urine need to be considered in 
sample size calculations. Our results can guide the plan-
ning and implementation of future household-based 
mapping or longitudinal surveys and thus support micro-
targeting and follow-up of interventions for schistosomi-
asis control and elimination in remote areas.
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Abstract 

Background: Schistosomiasis elimination has gained renewed priority in the WHO guidance documents published 
in 2020 and 2022. The SchistoBreak project, implemented in Pemba, Tanzania between 2020 and 2024, aims to assess 
new tools and strategies for shifting from elimination as a public health problem towards interruption of transmission. 
Here we report our baseline findings and discuss implications for future interventions.

Methods: In 2020, human water contact sites (HWCSs) in the study area were geolocated and snail surveys were 
conducted. A parasitological and questionnaire cross-sectional baseline survey was implemented in 20 communi-
ties and their 16 primary schools between November 2020 and February 2021. Urine samples were collected at the 
school and household levels from individuals aged ≥ 4 years. Schistosoma haematobium infection was detected by 
urine filtration microscopy. Snail, parasitological and questionnaire-derived data were analyzed descriptively, spatially 
and with generalized estimated equation models.

Results: The intermediate host snail Bulinus globosus was detected in 19.8% (33/167) of HWCSs. The overall  
S. haematobium prevalence was 1.2% (26/2196) in school-aged children and 0.8% (31/3893) in community members, 
with 0.2% (4/2196) and 0.1% (3/3893) heavy-intensity infections, respectively. Children who studied < 1 km away 
from HWCSs with B. globosus had significantly higher odds for a S. haematobium infection than those attending a 
school located > 2 km away (odds ratio [OR]: 5.0; 95% confidence interval [CI]: 2.3–11.1). Individuals living in a house 
located < 1 km away from HWCSs with B. globosus had higher odds than those residing in > 2 km distance (OR: 18.0; 
95% CI: 2.9–111.0). Self-reported praziquantel treatment coverage was 83.2% (2015/2423) in schoolchildren in the 
mass drug administration (MDA) conducted in August 2020. Coverage among adult community members was 59.9% 
(574/958), but only 34.8% (333/958) took praziquantel correctly.
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Introduction
Schistosomiasis is a highly debilitating disease endemic 
in 78 countries worldwide [1]. Its highest burden is con-
centrated in sub-Saharan Africa, where 91% (42/46) of 
the countries are affected [2]. Recent model-based esti-
mates indicate, however, that the schistosomiasis preva-
lence in sub-Saharan Africa has decreased considerably 
over the past few decades, likely due to the scale-up of 
preventive chemotherapy programs [3].

With the “Roadmap for neglected tropical diseases 
2021–2030” and the “Guideline on control and elimina-
tion of human schistosomiasis” published by the WHO 
in 2020 and 2022, respectively, the global elimination of 
schistosomiasis as a public health problem by 2030 and 
the interruption of transmission in selected countries by 
2030 gained renewed priority and important guidance [1, 
4].

Pemba Island, part of the Zanzibar archipelago in the 
United Republic of Tanzania, has achieved elimination 
of urogenital schistosomiasis as a public health problem 
since 2017 [5–7]. Continued actions are required to sus-
tain and even advance these gains made towards inter-
ruption of transmission [4]. The SchistoBreak project, 
implemented in 20 communities in  the north of Pemba 
Island in 2020 and ongoing until 2024, aims to assess 
new tools and strategies for exactly this purpose [8]. 
Largely in accordance with the new WHO recommenda-
tions 2, 4 and 5 [4], three strategies are implemented in 
the smallest administrative areas (shehias) of the study 
area dependent on prevalence: (i) shehias with a Schis-
tosoma haematobium prevalence ≥ 3.0% in the annual 
school-based survey and/or ≥ 2.0% in the annual commu-
nity-based survey will receive regular preventive chemo-
therapy plus snail control and behavior change measures 
to further reduce transmission and infection prevalence; 
ii) shehias with a S. haematobium prevalence < 3.0% in 
the annual school-based survey and < 2.0% in the annual 
community-based survey will receive targeted test-treat-
track interventions of at-risk populations plus focal snail 
control to prevent recrudescence; and (iii) all shehias 
implement passive surveillance and treatment of cases in 
their health facilities [8].

The results of the SchistoBreak study will generate 
important evidence to support and potentially reshape 
existing guidelines and provide new insights into inter-
rupting S. haematobium transmission in Pemba and 
other low-prevalence settings in the future. Here, we 
report the baseline findings from 2020/2021 and discuss 
implications for present and future risk assessments and 
intervention approaches.

Methods
Study setting
The SchistoBreak study is being conducted on Pemba Island, 
which is part of the Zanzibar archipelago in the Indian 
Ocean, located around 30 km east of the Tanzanian main-
land. Pemba is divided into four main districts, which are 
further split at the sub-district level into 129 small adminis-
trative areas, called shehias [9]. Our study area covers 20 she-
hias, which in this paper are referred to as “implementation 
units” (IUs), across the two districts of Micheweni and Wete 
in the north of Pemba. Urogenital schistosomiasis, caused 
by S. haematobium, used to be highly endemic in Pemba in 
the 1980s [10, 11]. No other Schistosoma species infecting 
humans are known to be endemic on the Zanzibar islands 
[12]. Interventions to control morbidity of urogenital schis-
tosomiasis in Pemba started with test-and-treat activities 
in the 1980s [13] and later expanded to regular island-wide 
mass drug administration (MDA) campaigns in the early 
2000s [14]. More intense elimination efforts were carried out 
as part of a cluster-randomized trial on islands of the archi-
pelago, Unguja and Pemba, between 2011/2012 and 2017 
[5, 7]. The most recent results published from Pemba indi-
cate a low overall S. haematobium prevalence of 3.4% among 
schoolchildren aged 9–12 years and 0.4% among adults aged 
20–55 years in 2020 [6]. A considerable temporal and spa-
tial heterogeneity exists, however, with many low-prevalence 
areas and a few remaining hotspots [5–7].

Characteristics  of IUs included in the survey
To gain a comprehensive picture of the educational and 
environmental characteristics of the study area, a survey 
was conducted in the 20 study IUs between February and 
July 2020, with a 3-month interruption due to COVID-19 

Conclusions: While the S. haematobium prevalence is very low in Pemba, there are many HWCSs with B. globosus 
situated close to schools or houses that pose a considerable risk of recrudescence. To maintain and accelerate the 
progress towards interruption of transmission, targeted and cost-effective interventions that are accepted by the 
community are needed; for example, snail control plus focal MDA, or test-and-treat in schools and households near 
infested waterbodies.

Keywords: Bulinus globosus, Distance, Elimination, Fine-scale mapping, Freshwater bodies, Interruption of 
transmission, Mass drug administration, Schistosoma haematobium, Surveillance response, Test-and-treat
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that resulted in a lockdown by the Tanzanian government 
from March to June 2020. Details on the IU characteris-
tics survey have been published elsewhere [8]. In brief, 
initial interviews were held with the leader (sheha) of 
each IU who provided information on the respective IU. 
Data were collected on the population size and number 
of housing structures, the number and type of schools 
and the number and locations of natural open freshwa-
ter bodies and public clean water sources. Subsequently, 
each nursery, primary and secondary school and all 
Madrassas (Islamic schools) in the IUs were visited and 
data were collected on each school’s geolocation and the 
number of children enrolled in 2020. Finally, all known 
human water contact sites (HWCSs) were located in the 
IUs, their geolocation recorded and data collected on 
the type and characteristics of the water bodies and the 
abundance of freshwater snail species—specifically the 
intermediate-host snail Bulinus globosus. Individuals who 
were present at the HWCSs at the time of the visit were 
invited to share their opinion on their community’s needs 
for better protection against S. haematobium infections.

Additionally, in September 2021, all health facilities 
used by individuals living in the IUs were visited, their 
geolocation recorded and data collected about the type 
of the health facility (primary health care unit [PHCU] 
vs hospital, and public vs private). All data were captured 
with Open Data Kit (ODK) software (www. opend atakit. 
org) installed on Samsung Galaxy Tab A tablets (Sam-
sung Electronics, Seoul, South Korea).

Cross‑sectional parasitological surveys
To assess the prevalence of S. haematobium infections in 
Pemba at baseline, a cross-sectional parasitological sur-
vey was conducted in the 20 study IUs from November 
2020 until March 2021. Based on the survey results, the 
IUs were stratified into hotspot IUs or low-prevalence 
IUs to assign respective measures for the intervention 
period following the baseline survey. The survey included 
a school-based and a community-based component to 
obtain an accurate picture of S. haematobium infections 
in: (i) the school-aged population, which is considered to 
be at the highest risk of infection [15], and (ii) the whole 
population, including all individuals aged ≥ 4 years, in the 
study areas.

School‑based survey
The school-based cross-sectional survey was conducted 
in the largest public primary school of each IU [8]. All 
children aged ≥ 4  years enrolled in the school were eli-
gible to participate in the study. Each school was visited 
on 2 consecutive days. On day 1, one class (A, B, C, D…) 
in each of seven grades (nursery school, and grade 1 to 
grade 6) was selected based on a computer-generated 

randomized list. In each selected class, the students were 
asked to line up, with girls and boys lining up separately, 
and each third child in the lines was selected until a 
total of 25 children per class, half girls, half boys, were 
included in the study. Demographic information, such 
as names, age and sex, was collected from all selected 
students. The selected children were also asked about 
any travel in the previous 6 months and about their par-
ticipation in the school-based MDA with praziquantel 
conducted in August 2020. Each selected child received 
a consent and information form to be signed by their 
parent or legal guardian and to be returned the follow-
ing day. Children aged ≥ 12 years were additionally asked 
to provide their own written assent for participation. On 
day 2, between 9 AM and 2 PM, a urine collection cup 
was provided to all children who had returned a signed 
consent form. Each cup was labeled with a unique identi-
fier code. The children were advised to fill their cup with 
their own fresh urine sample and subsequently submit it 
to the field enumerators.

Community‑based survey
The community-based cross-sectional survey was con-
ducted in each of the 20 study IUs [8]. In preparation 
for the survey, 70 housing structures per IU were ran-
domly selected from available shape file data provided 
by the Zanzibar Commission for Lands to the Zanzi-
bar Neglected Diseases Program [16]. Field enumera-
tors identified the geolocation of each selected housing 
structure with ODK, combined with the offline naviga-
tion application “MAPS.ME” (www. maps. me). Details of 
the randomization process of housing structures and the 
GPS-based fine-scale mapping approach are described 
elsewhere [16]. Each IU was visited for 3 consecutive 
days. On day 1, the enumerators visited all selected hous-
ing structures in the IU, explained the aims of the study 
in Kiswahili to all household members present at the 
time and invited them, as well as those family members 
who were absent at the time but who were returning to 
the residence later in the day, to participate. Once writ-
ten informed consent was obtained, an interview with 
one adult household member who was present was con-
ducted. The questionnaire covered sociodemographic 
details (age, name, sex) of all household members, as 
well as information on  participation of the interviewed 
person in the last community-based MDA, their opin-
ion on MDA as a measure against schistosomiasis and 
their travels in the previous 6 months. All household 
members aged ≥ 4 years were eligible to submit a urine 
sample for S. haematobium testing. For this purpose, 
an information and consent form was provided to each 
eligible household member to be signed by themselves 
if they were ≥ 18 years of age or else by their parent or 
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legal guardian. Children aged ≥ 12  years were addition-
ally asked to provide their own written assent for partici-
pation. Moreover, each eligible household member was 
given a plastic cup for urine collection that was labeled 
with a unique identifier code and a sticker with a spe-
cific drawing (for example of a boat, cat, or cow). The 
stickers were linked to the same stickers on a paper list, 
where the names of the household members were indi-
cated in addition to the stickers to allow a clear associa-
tion of drawing and name and hence to avoid confusion 
of the urine cups between the household members. All 
consenting participants were asked to fill the container 
with one sample of their own urine until the next morn-
ing. On day 2, the enumerators revisited the households 
from day 1 for urine container collection and for collec-
tion of signed consent and assent forms. All residential 
houses where nobody was present on day 1 were revis-
ited. On day 3, all signed consent and assent forms and 
urine cups that had not been submitted on day 1 or 2 
were collected.

Laboratory examinations
All urine samples were transferred to the Public Health 
Laboratory—Ivo de Carneri (PHL-IdC) in Wawi, 
ChakeChake for analysis on the same day. Each sam-
ple was examined for microhematuria using reagent 
strips (Hemastix; Siemens Healthcare Diagnostics AG; 
Zurich, Switzerland). Additionally, each sample was fil-
tered through a 13-mm fabric filter (Sefar Ltd., Bury, 
UK) placed in a Swinnex plastic filter holder (Millipore-
Merck KgaA, Darmstadt, Germany) using a 10-ml plas-
tic syringe and examined for the presence and number of  
S. haematobium eggs under a light microscope.

Data management
All laboratory results for both the school- and commu-
nity-based surveys were captured on paper and dou-
ble entered onto electronic spreadsheets (Excel 2010; 
Microsoft Corp., Redmond, WA, USA). Double entered 
data were compared and cleaned with R version 4.0.3 
(www. rproj ect. org) and Stata/IC 16.1 (StataCorp LLC, 
College Station, TX, USA). Discrepant results were veri-
fied against data on the corresponding original paper 
forms and re-entered correctly. All registration and 
questionnaire data captured in ODK were sent to the 
ODK central server hosted at the Swiss Tropical and 
Public Health Institute in Basel, Switzerland. For sta-
tistical analyses, coded laboratory results were merged 
with the registration and/or questionnaire information 
using R and Stata/IC. Participant names were kept in a 
separate file and only relinked with the coded results to 
inform all participants about their infection status with 
S. haematobium.

Statistical methods
Statistical analyses were performed using R version 4.0.3. 
The median number of public water taps reported by 
the sheha was determined per 1000  IU inhabitants and 
rounded to whole number.

The geolocations of nursery, primary and secondary 
schools and Madrassas identified in the IU characteristics 
survey, the number of children enrolled in the schools 
and all identified HWCSs in the study area together with 
the number of B. globosus found were mapped with Arc-
Map version 10.6.1 (ESRI, Redlands, CA, USA).

All eligible individuals who provided a urine sam-
ple were included in the parasitological analysis. A par-
ticipant was considered to be S. haematobium-positive 
if ≥ 1 egg was detected by urine filtration. Schistosoma 
haematobium infection was classified into two inten-
sity categories: (i) light intensity (1–49 S. haematobium 
eggs/10 ml), and (2) and heavy intensity (≥ 50 S. haema-
tobium eggs/10 ml) [17].

A participant was considered to be microhema-
turia-positive if blood in urine was detected by rea-
gent strips, with the microhematuria graded as 
trace, + , ++ or +++ based on the color chart provided by 
the manufacturer of the strips. Schistosoma haematobium  
prevalence was calculated overall as well as at both the 
individual school and community levels. An IU was strat-
ified as a hotspot IU if the S. haematobium prevalence in 
the school was ≥ 3.0% and/or ≥ 2.0% in the correspond-
ing community. An IU was considered as a low-preva-
lence IU if the S. haematobium prevalence in the school 
was < 3.0% and < 2.0% in the corresponding community.

To predict the spatial S. haematobium prevalence, 
the study area was divided into 5350 equally sized grid 
points, and the prevalence per 1  km radius around the 
center of each grid point was determined by dividing 
the number of S. haematobium-positive individuals by 
the total number of community members surveyed in 
the 1-km radius around the center of the grid point. All 
HWCSs, both those with and without detected B. glo-
bosus, were plotted on a map indicating the predicted 
S. haematobium prevalence per 1-km radius around the 
center of each grid point.

To estimate the odds ratios (ORs) for a S. haematobium 
infection, generalized estimating equation (GEE) models 
with exchangeable correlation structure were run. Sepa-
rate models were applied for the school-based survey 
and the community-based survey. Independent variables 
included in the models for both surveys were sex, age  
groups and distance from the school or residential house,  
respectively, to the next HWCS with B. globosus. In addi-
tion, in the model for the school-based survey, travel and  
reported treatment in the past 6 months were included as 
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independent variables. In the model for the community-
based survey, distance from the residential house to the 
next health facility was included as an additional inde-
pendent variable. In the models, 95% confidence intervals 
(CI), and GEE with robust standard errors to account for 
clustering were used. Stratified by the school-based sur-
vey and community-based survey, either the schools or 
the communities were included in the models as clusters.

To determine the treatment coverage of the MDA 
conducted in August 2020 and participants’ intake of 
praziquantel, assessments were made of how many par-
ticipants reported to have received and taken treatment 
in the school-based or community-based MDA, respec-
tively. Moreover, the survey also assessed how many par-
ticipants had received praziquantel at least once in their 
lifetime and if they considered MDA with praziquantel as 
a good or “not-good” intervention to fight schistosomia-
sis. The narrative responses were translated into English 
and grouped into thematic categories.

Results
Implementation Unit characteristics survey
The she has of the 20 study IUs reported population sizes 
ranging from 1030 to 7000 inhabitants, with a median of 
4393. The number of housing structures reported ranged 
from 513 to 1400, with a median of 782. The number of 
public water taps per 1000 IU inhabitants reported by the 
she has was between zero and 74, with a median of six.

A total of 367 schools were visited in the 20 IUs, of 
which 23 (6.3%) were primary schools, with 21 (91.3%) 
being public schools and two(8.7%) being private 
schools; 16 (4.4%) were secondary schools, with 14 
(88.0%) being public schools and two (12.5%) being pri-
vate schools; 89 (24.3%) were nursery schools, with 86 
(96.6%) being public schools and three (3.4%) being pri-
vate schools; and 239 (64.9%) were Madrassas. The loca-
tion and number of enrolled students at each school  is 
indicated in Fig. 1A.

A total of 167 HWCSs were identified in the 20 study 
IUs, including 112 (67.1%) located at water bodies char-
acterized as rivers or streams and 55 (32.9%) located at 
lakes or ponds. Bulinus globosus was found in 33 (19.8%) 
of the 167 HWCSs. The location of HWCSs and the 
number of B. globosus collected is indicated in Fig. 1B.

At 47 (28.1%) of the 167 identified HWCSs, people 
were present and willing to share their opinion on the 
needs of the community for better protection against S. 
haematobium infections. The most highlighted need was 
to “apply medicine to the water” for reducing the amount 
of snails or simply to “kill the snails”, mentioned by peo-
ple at 29 (61.7%) of the 47 HWCSs.

In the 20 study IUs, there were 21 health facilities, 
including 14 (66.7%) and five (23.8%) public and private 
PHCUs, respectively, and two (9.5%) public hospitals 
(Fig. 1B).

Fig. 1 Schools, human water contact sites (HWCSs) and health facilities in the study area in Pemba, Tanzania. A The type and geolocations of 
schools with the number of children enrolled, B the geolocations of HWCSs with the number of Bulinus globosus detected and the geolocations of 
health facilities within the SchistoBreak study area in the north of Pemba, Tanzania.  The image base map (United Republic of Tanzania—subnational 
administrative boundaries) was downloaded from the United Nations (UN) Office for the Coordination of Humanitarian Affairs (OCHA) services 
(https:// data. humda ta. org/ datas et/ tanza nia- admin istra tive- bound aries- level-1- to-3- regio ns- distr icts- and- wards- with- 2012- popul ation). The data 
source of the image base map is Tanzania National Bureau of Statistics/UN OCHA ROSA. The data of the image base map are published under the 
following license: Creative Commons Attribution for Intergovernmental Organisations (CC BY-IGO; (https:// creat iveco mmons. org/ licen ses/ by/3. 0/ 
igo/ legal code)). Written permission was obtained to use and adapt the data from OCHA. Additional shape files for the map (shehia boundaries) 
were provided by the Zanzibar Commission for Lands to the Zanzibar Neglected Diseases Program
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Cross‑sectional parasitological survey
Study participation
In the school-based survey, a total of 2465 children from 
16 schools were randomly selected and invited to par-
ticipate (Fig.  2). Among these, 227 (9.4%) were absent 
on the day of urine collection, and 42 (1.7%) refused to 
participate or did not provide a signed consent form. In 
total, urine samples were collected and analyzed from 
2196 children, of whom 1167 (53.1%) were female and 
1029 (46.9%) were male (median age: 10  years, range 
4–17 years).

In the community-based survey, 1400 housing struc-
tures were randomly selected (Fig.  2). Of these, 441 
(31.5%) were not sampled because the structures were 
located in protected military areas with prohibited 
access, were not residential houses, had no household 
members at home during the time of survey or all house-
hold members refused to participate. Ultimately, 959 res-
idential houses with a total of 4599 household members 
were included in the study. Among the 4599 household 
members, 705 (15.3%) were excluded from the analyses 
because of ineligibility due to their age (< 4  years old) 
or missing urine samples. Hence, 3893 individuals were 
included in the final community-based analysis, of whom 
2067 (53.0%) were female and 1826 (47.0%) were male 
(median age: 18 years, (range: 4–87 years)) .

Schistosoma haematobium infection and microhematuria 
in schools
Among the 2196 children included in the analyses 
of the school-based survey, 26 (1.2%) children tested 

positive for S. haematobium by urine filtration, with 
heavy-intensity infections in four (0.2%) students 
(median egg count: 15, range 2–94). The median age 
of S. haematobium-positive children was 11 (range: 
4–15) years. Among the 1167 female and 1029 male 
participants, 12 (1.0%) and 14 (1.4%), respectively, 
tested positive for S. haematobium. In three of the 
16 surveyed schools, the S. haematobium prevalence 
was higher than the pre-set 3.0% threshold for clas-
sifying IUs as hotspots (Fig.  3A). Among the 2196 
children participating in the school-based survey, 78 
(3.6%) were microhematuria-positive with a median 
age of 11 (range: 4–15) years. Among the 1167 girls 
and 1029 boys, 43 (3.7%) and 35 (3.4%) tested posi-
tive for microhematuria, respectively.

Schistosoma haematobium infection and microhematuria 
in communities
Among the 3893 individuals participating in the 
community-based survey, 31 (0.8%) individuals 
tested positive for S. haematobium, with a heavy-
intensity infection occurring in three (0.1%) indi-
viduals (median egg count of six, range 1–168). The 
median age of S. haematobium-positive participants 
was 10  years (range 6–52). Among the 2067 female 
participants, 15 (0.7%) tested S. haematobium-
positive and among the 1826 male participants, 16 
(0.9%) tested S. haematobium-positive. In three of 
the 20  IU communities, the S. haematobium preva-
lence was higher than the pre-set 2.0% threshold for 
classifying IUs as hotspots (Fig. 3B). Among the 3893 

Fig. 2 Flow diagram of individuals participating in the cross-sectional baseline survey of the SchistoBreak study in Pemba, Tanzania
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individuals participating in the community-based 
survey, 225  (5.8%) were microhematuria-positive 
with a median age of 20  years (rage 4–85). Among 
the 2067 female and 1826 male participants, 154 
(7.5%) and 71 (3.9%) were microhematuria-positive, 
respectively.

Stratification in hotspot and low‑prevalence implementation 
units
As indicated in Fig.  3A, B and Fig.  4A, three schools 
and three communities, in a total of five IUs, crossed 
the ≥ 3.0% and/or ≥ 2.0% prevalence threshold for  

Fig. 3 Baseline Schistosoma haematobium and microhematuria prevalence in the implementation units (IUs) of the SchistoBreak study in Pemba, 
Tanzania. A, B Schistosoma haematobium and microhematuria prevalence stratified by schools (A) and communities (B) in the 20 IUs of the study 
area in the north of Pemba, Tanzania. The ID numbers of the schools and communities correspond to the same IU. Asterisks denote those IUs (ID 
numbers 17, 18, 19, 20) with no main primary school to be included in the survey. Microhematuria was graded as trace, + , ++ or +++ based on 
the color chart provided by the manufacturer of the haemastix test strips. The red line indicates the threshold for the stratification of the IUs into 
hotspot or low-prevalence IUs based on urine filtration results
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S. haematobium infections, respectively. Our baseline 
survey therefore defined a total of five hotspot IUs and 
15 low-prevalence IUs, respectively, for the intervention 
period following the survey in 2021 (Fig. 4B).

Geo‑spatial distribution of S. haematobium infection and B. 
globosus in the study area
A geo-spatial analysis of the S. haematobium prevalence 
in the community-based survey per 1-km radius around 
the center of equally distributed grid points revealed 
that 64.8% of the geographical study area had a predicted  
S. haematobium  prevalence of 0.0% (Fig. 5). In another 
24.4% of the geographical study area, the predicted  
S. haematobium prevalence was  > 0.0% and  < 10.0%. 
In 0.5% of the geographical study area, the predicted  
S. haematobium prevalence was  ≥ 10.0%.  No S. haematobium  
data were available for the remaining 10.3% of the study 
area as it was uninhabited land.

The highest S. haematobium prevalence observed 
within a 1-km radius around one of the grid points was 
18.2%. The median distance between a grid point plus a 
1-km radius with a S. haematobium prevalence ≥ 1.0% 
and a HWCSs with B. globosus was 877 m. The median 
distance between a grid point plus a 1-km radius with a  
S. haematobium prevalence < 1.0% and HWCSs with B. 
globosus was 1616 m.

Risk factors for S. haematobium infection in schools
In the school-based survey, a total of 2194 participants 
were included in the GEE model analyses. No statis-
tically significant association was revealed between 
Schistosoma haematobium infection and sex (Fig. 6A). 
Children aged 13–17  years had a significantly higher 
chance (OR: 2.9; CI: 1.1–7.6; prevalence: 2.5% versus 
1.1%) of acquiring a S. haematobium infection than 
children aged 4–8  years. Children aged 9–12  years 
did not have a higher chance of being infected with S. 
haematobium than children aged 4–8 years. Moreover, 
children enrolled in a school located < 1 km away from 
the closest HWCS where B. globosus was detected 
had significantly higher odds (OR: 5.0; 95% CI: 2.3–
11.1; prevalence: 2.4% vs 0.5%) of being infected with 
S. haematobium than children enrolled in a school 
that was located > 2  km away from the closest HWCS 
with B. globosus. The OR for children enrolled in a 
school 1–2  km away from the closest HWCS where  
B. globosus was detected was 1.0 (95% CI: 0.3–3.2; 
prevalence: 0.5%) compared with children enrolled 
in a school > 2  km away from the closest HWCS with  
B. globosus. No statistically significant association 
was determined for travel in the last 6 months. Chil-
dren who had not received praziquantel during the 
previous 6 months had  2.4-fold higher odds (95% CI: 

Fig. 4 Schistosoma haematobium prevalence in the study sites and their classification into hotspot and low-prevalence implementation units 
(IUs). A  Schistosoma haematobium prevalence in study schools and communities as identified during the cross-sectional parasitological survey 
from November 2020 to March 2021 below or above pre-defined thresholds. B Classification of the IUs into hotspot and low-prevalence IUs 
based on data shown in A. The image base map (United Republic of Tanzania—subnational administrative boundaries) was downloaded from 
the UN Office for the Coordination of Humanitarian Affairs (OCHA) services (https:// data. humda ta. org/ datas et/ tanza nia- admin istra tive- bound 
aries- level-1- to-3- regio ns- distr icts- and- wards- with- 2012- popul ation). The data source is: Tanzania National Bureau of Statistics/UN OCHA ROSA. The 
data are published under the following license: Creative Commons Attribution for Intergovernmental Organisations (CC BY-IGO; https:// creat iveco 
mmons. org/ licen ses/ by/3. 0/ igo/ legal code). Written permission was received to use and adapt the data from OCHA. Additional shape files for the 
map (shehia boundaries) were provided by the Zanzibar Commission for Lands to the Zanzibar Neglected Diseases Program
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Fig. 5 Geo-spatial distribution of Schistosoma. haematobium prevalence in the community-based survey and Human water contact sites (HWCSs) 
with and without Bulinus globosus. The figure shows the S. haematobium prevalence per 1-km radius around the center of equally sized grid 
points observed during the community-based survey and the spatial distribution of HWCSs with and without B. globosus detected during the 
implementation unit (IU) characteristics survey of the SchistoBreak study in the north of Pemba, Tanzania. The shape files for the map (shehia 
boundaries) were provided by the Zanzibar Commission of Lands to the Zanzibar Neglected Diseases Program

Fig. 6 Multivariable analysis of risk factors for Schistosoma haematobium infection in participants of the SchistoBreak baseline survey.A,B The odds 
ratios (ORs) for a Schistosoma haematobium infection adjusted for various risk factors observed within the cross-sectional school-based (A) and 
community-based (B) surveys conducted from November 2020 to March 2021 in the north of Pemba, Tanzania. 

a1) indicates the distance from the school to the nearest human watercontact site(HWCS) where Bulinus globosus was detected during the 
implementation unit (IU) characteristics survey. 

a2) indicates the distance from the residential house of the individual to the nearest human water contact sites (HWCS)  HWCS where B. globosus 
was detected during the IU characteristics survey. 

 b) indicates the distance from the residential house of the individual to the health facility. Abbreviations:

Prev., prevalence

(See figure on next page.)

74



Page 10 of 15Trippler et al. Parasites & Vectors          (2022) 15:292 

Fig. 6 (See legend on previous page.)

75



Page 11 of 15Trippler et al. Parasites & Vectors          (2022) 15:292  

1.1–5.3; prevalence: 2.0% vs 1.0%) of being infected with  
S. haematobium than children who had received treat-
ment in the previous 6 months.

Risk factors for S. haematobium infection in communities
In the community-based survey, a total of 3893 indi-
viduals were included in the GEE model analyses. No 
statistically significant association was determined 
between S. haematobium infection and sex (Fig.  6B). 
Children (4–17 years) had significantly higher odds of 
a S. haematobium infection (OR: 2.9; 95% CI: 1.3–6.2; 
prevalence: 1.2% vs 0.4%) than adults (aged ≥ 18 years). 
Individuals residing 1–2  km from a HWCS with  
B. globosus had a significantly higher chance of a S. 
haematobium infection (OR: 10.9; 95% CI: 1.8–64.4; 
prevalence: 1.0% vs 0.1%) than individuals living > 2 km 
away from the next HWCS with B. globosus. The odds 
for a S. haematobium infection were highest in indi-
viduals who resided < 1  km away from a HWCS with 
B. globosus (OR: 18.0; 95% CI: 2.9–111.0; prevalence: 
1.2% vs 0.1%) compared with individuals living > 2 km 
away from a HWCS with B. globosus. No statisti-
cally significant association was observed between a  
S. haematobium infection and the distance of residen-
tial houses to the next health facility.

MDA coverage and perception of MDA as a good or not‑good 
intervention
In the school-based survey, 2015/2423 (83.2%) children 
reported that they were treated with praziquantel during 
the last school-based MDA in August 2020.

In the community-based survey, 574/958 (59.9%) indi-
viduals reported that they had received praziquantel 
during the last community-based MDA in August 2020 
(Fig.  7). Among those 574 individuals who reported to 
have received the drug, 510 (88.9%) claimed to have swal-
lowed the received tablets, with 333 (65.3%) individu-
als reporting that they took all of the tablets at the same 
time, 104 (20.4%) reporting that they took the tablets 
over multiple days, 62 (12.2%) reporting that they split 
the tablet intake to the morning and evening of the same 
day and 11 (2.2%) not answering the question. Among 
the 64 individuals who did not swallow the tablets, the 
two most common reasons reported for not swallow-
ing praziquantel were being pregnant (13/64; 20.3%) and 
feeling healthy (5/64; 7.8%). Among all 958 adult partici-
pants interviewed, 333 (34.8%) received praziquantel and 
took all tablets at the same time, in line with WHO rec-
ommendations [4].

Moreover, 786/958 (82.0%) interviewed participants 
reported that they had received praziquantel at some 
time in their life. Among those who had ever received 

Fig. 7 Coverage and praziquantel intake among adults during the community-based mass drug administration (MDA) in August 2020
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praziquantel in their life, 548 (69.7%) perceived MDA as 
a good intervention, 87 (11.1%) perceived MDA as not a 
good intervention, 143 (18.2%) were indecisive and eight 
(1.0%) did not answer. The most common thematic rea-
sons for considering MDA a good intervention were “It 
is good for the health” (327/501; 65.3%) and ”One saves 
time/money/stress of going to the hospital to get the drugs 
as the drugs are delivered at home” (74/501; 14.8%). The 
major reasons why MDA was not perceived as good were 
“One is not tested for schistosomiasis before receiving the 
treatment” (56/78; 71.8%) and “The drug distributors are 
no medical personnel” (6/78; 7.7%).

Discussion
Schistosomiasis elimination has been given a high prior-
ity in the WHO guidance documents published in 2020 
and 2022 [1, 4]. Schistosomiasis as a public health prob-
lem has been eliminated on Pemba Island since 2017 [5, 
6]. As is part of the Zanzibar archipelago, United Repub-
lic of Tanzania, Pemba is  included on the WHO list of 
countries that have been targeted for interruption of 
schistosomiasis transmission by 2030. The SchistoBreak 
project implemented in the north of Pemba between 
2020 and 2024 aims to assess new tools and strategies 
for moving from elimination as a public health problem 
towards interruption of transmission [8, 16].

The results of the baseline survey confirmed a low 
overall S. haematobium prevalence and percentage of 
heavy infection intensities, respectively, in both schools 
(1.2% and 0.2%) and communities (0.8% and 0.1%) of the 
SchistoBreak study area. The community-based survey 
revealed that in most (89.2%) of the geographical study 
area, the prevalence was <10.0% and that, according to 
the new WHO guidelines, the area can be considered to 
be a low-prevalence setting [4].

There is a large number of freshwater bodies in the 
study area, and many of these are infested with the inter-
mediate host snail B. globosus. As such, these freshwa-
ter bodies are a risk for transmission and a challenge for 
elimination [18, 19]. The GEE model confirmed that chil-
dren attending a school or community members living in 
a house within a 1-km radius of a HWCS with B. globosus 
had a 5- or 18-fold higher chance of being infected with 
S. haematobium, respectively. Our results are in line with  
those of other studies conducted in Zanzibar and Nige-
ria that also observed a positive relationship between 
S. haematobium infection and decreasing distance to 
HWCSs with B. globosus or freshwater bodies in general 
[3, 20–22].

These findings can have considerable implications 
for cost-effective schistosomiasis risk assessment and 
micro-targeting  interventions in close-to-elimination 

settings: to identify potential high-transmission of  
S. haematobium sites, rigorous and repeated snail sur-
veys at HWCSs should be conducted. Then, if B. globosus 
is detected, focal snail control measures could be applied 
coupled with focal MDA or test-and-treat targeting  indi-
viduals living or attending schools within a 2-km radius 
around these HWCSs. Snail control measures involving 
niclosamide is recommended by WHO as a cost-effective 
intervention tool that has a large impact on S. haema-
tobium infections [4, 23–25]. Many individuals (61.7%) 
interviewed at the HWCSs during our IU characteristics 
survey proposed applying “medicine,” i.e. niclosamide, to 
the HWCSs to target the intermediate host snails, which 
indicates a high level of community acceptance for snail 
control in the study area. Focal snail control has been 
implemented successfully in other settings, such as Egypt 
and Mali [26, 27]. In similar low-prevalence settings 
for malaria, focal MDA plus vector control have been 
applied to reduce transmission [28, 29] and reactive case 
detection, and focal MDA against malaria were shown to 
have a high community acceptance in Namibia [28, 29].

There is a long history of large-scale MDA in Pemba 
and in other countries as preventive chemotherapy is 
recommended by WHO as an intervention to control 
morbidity of schistosomiasis and to advance towards the 
elimination of this disease as a public health problem in 
communities with a Schistosoma prevalence ≥ 10% [4, 
10, 30]. The continuation of regular preventive chemo-
therapy is also recommended among existing control 
programs as they move towards interruption of trans-
mission, such as in Pemba [4]. While the self-reported 
coverage and compliance with directly observed praziqu-
antel intake in the school-based MDA in 2020 was 83.8% 
among schoolchildren in our study in Pemba, treatment 
coverage among adults in the community-based door-to-
door approach was only 59.9%. Ultimately, only 34.8% of 
the targeted adult population received and swallowed all 
of the tablets at the same time—and hence as a single oral 
dose—in line with WHO recommendations [4], which is 
worryingly low and might point to treatment fatigue. The 
main reasons for not swallowing any of the received praz-
iquantel tablets were pregnancy and feeling healthy at the 
time. All adult participants who ever participated in an 
MDA in the past were asked about their opinion about 
MDA. Among those who considered MDA not as a good 
intervention, their qualitative response was “MDA is not 
a good intervention because one is not tested for schisto-
somiasis before receiving the treatment.” Hence, offer-
ing praziquantel in health facilities, including mother 
and child health care units, by medical personnel [31] 
and using a test-and-treat strategy instead of preventive 
chemotherapy without prior diagnosis might increase 
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compliance among adults. However, to date, no sensi-
tive and specific test for S. haematobium detection at the 
point-of-care exists, presenting a considerable challenge 
for low-prevalence settings where most people are only 
slightly infected [32–36]. The development of a highly 
sensitive and specific test that is affordable and simple 
and can also be used in health facilities in low-prevalence 
areas is an urgent need when moving towards interrup-
tion of transmission and post-elimination surveillance 
[37–40].

In the SchistoBreak study, we will explore some of 
the intervention approaches recommended by WHO 
in their new guidelines and/or those suggested above. 
We are confident that our study will reveal impor-
tant insights into and provide evidence for their fea-
sibility and contribution to the goal of interrupting 
transmission. While the baseline survey already has 
produced valuable results, there are a number of limi-
tations worth highlighting. First, the snail surveys dur-
ing the IU characteristics survey were conducted only 
once per HWCS. Hence, there may be HWCSs where  
B. globosus was not detected during the time of visit but 
which are a transient habitat for the snails, possibly dis-
torting our results. Second, S. haematobium prevalence 
was determined by a single urine filtration per person. 
The low sensitivity of the test to detect  light-intensity 
infections could result in an underestimation of the 
true prevalence [36]. Third, in the school-based sur-
vey, the GEE model was based on the distance of the 
children’s school to HWCSs with B. globosus and not 
the children’s homes, which might have provided more 
accurate results than the distance from the school.

Conclusions
We found that the overall prevalence of S. haematobium 
in the north of Pemba is low, but the many HWCSs with 
B. globosus situated close to schools or houses represent 
a high risk for rebounding transmission and recrudes-
cence of infection. Furthermore, while treatment coverage 
among schoolchildren was high, the correct intake of prazi-
quantel during MDA was low among adults. To maintain 
the gains made and accelerate towards interruption of  
S. haematobium transmission in Pemba and elsewhere, there 
is a need for new processes and integrated intervention strat-
egies that are cost-effective and accepted in the community, 
such as intensified   snail surveys, focal snail control, focal 
MDA and/or targeted test-and-treat approaches.

Abbreviations
CI: Confidence interval; GEE: Generalized estimating equation; HWCS: Human 
water contact site; IU: Implementation unit; MDA: Mass drug administration; 
ODK: Open data kit; OR: Odds ratio; PHCU: Primary health care unit.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s13071- 022- 05404-6.

Additional file 1: Additional data that support the findings of schools 
within the IU characteristics survey from February 2020 until July 2020 
(CSV).

Additional file 2: Additional data dictionary that explains the data of 
schools collected during the IU characteristics survey from February 2020 
until July 2020 (TXT).

Additional file 3: Additional data that support the findings of water 
bodies within the IU characteristics survey from February 2020 until July 
2020 (CSV).

Additional file 4: Additional data dictionary that explains the data of 
water bodies collected during the IU characteristics survey from February 
2020 until July 2020 (TXT).

Additional file 5: Additional data that support the findings of implemen-
tation units within the IU characteristics survey from February 2020 until 
July 2020 (CSV).

Additional file 6: Additional data dictionary that explains the data of 
implementation units collected during the IU characteristics survey from 
February 2020 until July 2020 (TXT).

Additional file 7: Additional data that support the findings of health 
facilities within the IU characteristics survey in September 2021 (CSV).

Additional file 8:  Additional data that explains the data of health facilities 
collected during the IU characteristics survey in September 2021 (TXT).

Additional file 9: Additional data that support the findings of the base-
line survey from November 2020 until February 2021 (CSV).

Additional file 10: Additional data dictionary that explains the data 
collected during the baseline survey from November 2020 until February 
2021 (TXT).

Acknowledgements
We thank all shehas and teachers for welcoming us into their communities 
and for agreeing to collaborate with us during the SchistoBreak study period, 
for sharing information about their shehias and schools and for their support 
during the cross-sectional parasitological surveys. Moreover, we are happy 
that a collaboration between SchistoBreak and the local health facilities has 
started in 2020 and thank all employees of the health facilities for their coop-
eration. We feel special gratitude to every child and community member who 
participated in the baseline survey of SchistoBreak. Furthermore, we thank 
two independent reviewers and Rory Doolan for their comments and edits 
that helped to improve the content and English language of the manuscript.

Author contributions
LT, SaMA, JH and SK conceptualized the SchistoBreak study. SaMA and SK initi-
ated the SchistoBreak study. LT, MNA and SK performed the data curation. LT 
and JH conducted the formal analysis and data visualization for the research 
article. SK acquired the funding for the SchistoBreak study. KRS and MNA 
contributed significantly to the data collection and implementation of the IU 
characteristics survey and the baseline survey. LT, JH and SK conceptualized 
the statistical methods of the study. LT, SaMA, ShMA, FK and SK were responsi-
ble for the management of the research activity planning. LT, SaMA, ShMA and 
SK mentored the core team and KRS, MNA, SaMA, ShMA, SJ and FK advised for 
local conditions. LT and SK have drafted the first version of the research article. 
All authors have made substantial contributions to the study. All authors read 
and approved the final manuscript.

Funding
Funding for the study has been obtained from the Swiss National Science 
Foundation (SNSF) via the PRIMA grant (PR00P3_179753/1) of Stefanie Knopp. 
This funding source had no role in the design of this study and will not have 
any role during its execution, analyses, interpretation of the data or decision to 
submit results.

78

https://doi.org/10.1186/s13071-022-05404-6
https://doi.org/10.1186/s13071-022-05404-6


Page 14 of 15Trippler et al. Parasites & Vectors          (2022) 15:292 

Availability of data and materials
All data generated or analysed during this study are included in this published 
article and its Additional information files (Additional file 1, 2, 3, 4, 5, 6, 7, 8, 9, 
10).

Declarations

Ethics approval and consent to participate
The protocol of the study was waived by the ethics committee of Switzer-
land (Ethikkommission Nordwest- und Zentralschweiz; EKNZ) on 23 October 
2019 (Req-2019–00951) and approved by the ethics committee of Zanzibar 
(Zanzibar Health Research Institute; ZAHRI) on 13 December 2019 (ZAH-
REC/03/PR/December/2019/12). The protocol renewal and its amendment 
were approved by ZAHRI on 2 December 2020 (ZAHREC/01/RN/Decem-
ber/2020/10) and 23 February (ZAHREC/04/AMEND/FEB/2021/01), respec-
tively. The study was prospectively registered at ISRCTN (ISCRCTN91431493). 
All individuals participating in the cross-sectional survey between November 
2020 and March 2021 were informed in detail about the objectives and 
procedures of the survey and provided written informed consent for their 
participation. In case of participating children aged ≤ 18 years, written consent 
was obtained from their parents or legal guardians. Children aged 12–17 years 
additionally signed an assent form themselves.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Epidemiology and Public Health, Swiss Tropical and Public 
Health Institute, Allschwil, Switzerland. 2 University of Basel, Basel, Switzerland. 
3 Public Health Laboratory—Ivo de Carneri, Wawi Pemba, United Republic 
of Tanzania. 4 Neglected Diseases Program, Zanzibar Ministry of Health, Mkoro-
shoni,  Pemba, United Republic of Tanzania. 5 Neglected Tropical Diseases 
Program Ministry of Health , Lumumba, Unguja, United Republic of Tanzania. 

Received: 9 May 2022   Accepted: 21 July 2022

References
 1. WHO. Ending the neglect to attain the sustainable development 

goals—a road map for neglected tropical diseases 2021–2030. 2021. 
https:// www. who. int/ publi catio ns/i/ item/ 97892 40010 352. Accessed  on 
02.08.2022

 2. WHO. Schistosomiasis progress report 2001–2011, strategic plan 2012–
2020. 2013. https:// apps. who. int/ iris/ handle/ 10665/ 78074. Accessed  on 
02.08.2022

 3. Kokaliaris C, Garba A, Matuska M, Bronzan RN, Colley DG, Dorkenoo AM, 
et al. Effect of preventive chemotherapy with praziquantel on schistoso-
miasis among school-aged children in sub-Saharan Africa: a spatiotem-
poral modelling study. Lancet Infect Dis. 2022;22:136–49. https:// doi. org/ 
10. 1016/ S1473- 3099(21) 00090-6.

 4. WHO. WHO guideline on control and elimination of human schistoso-
miasis. 2022. https:// www. who. int/ publi catio ns/i/ item/ 97892 40041 608. 
Accessed.

 5. Knopp S, Ame SM, Person B, Hattendorf J, Rabone M, Juma S, et al. A 
5-year intervention study on elimination of urogenital schistosomiasis in 
Zanzibar: parasitological results of annual cross-sectional surveys. PLoS 
Negl Trop Dis. 2019;13:e0007268. https:// doi. org/ 10. 1371/ journ al. pntd. 
00072 68.

 6. Trippler L, Ame SM, Hattendorf J, Juma S, Abubakar S, Ali SM, et al. 
Impact of seven years of mass drug administration and recrudescence 
of Schistosoma haematobium infections after one year of treatment 
gap in Zanzibar: repeated cross-sectional studies. PLoS Negl Trop Dis. 
2021;15:e0009127. https:// doi. org/ 10. 1371/ journ al. pntd. 00091 27.

 7. Knopp S, Person B, Ame SM, Ali SM, Hattendorf J, Juma S, et al. Evaluation 
of integrated interventions layered on mass drug administration for 

urogenital schistosomiasis elimination: a cluster-randomised trial. Lancet 
Glob Health. 2019;7:e1118–29. https:// doi. org/ 10. 1016/ s2214- 109x(19) 
30189-5.

 8. Trippler L, Hattendorf J, Ali SM, Ame SM, Juma S, Kabole F, et al. Novel 
tools and strategies for breaking schistosomiasis transmission: Study 
protocol for an intervention study. BMC Infect Dis. 2021;21:1024. https:// 
doi. org/ 10. 1186/ s12879- 021- 06620-8.

 9. Office of Chief Government Statistician Zanzibar. Zanzibar in figures 2019. 
2020. http:// www. ocgs. go. tz/ php/ Repor tOCGS/ ZIF,% 202019% 20% 20% 
20FIN AL% 20(14..8. 2020% 20for% 20pri nting). pdf. Accessed  on 02.08.2022

 10. Savioli L, Dixon H, Kisumku UM, Mott KE. Control of morbidity due to 
Schistosoma haematobium on Pemba Island: programme organization 
and management. Trop Med Parasitol. 1989;40:189–94.

 11. Savioli L, Mott KE. Urinary schistosomiasis on Pemba Island: low-cost 
diagnosis for control in a primary health care setting. Parasitol Today. 
1989;5:333–7. https:// doi. org/ 10. 1016/ 0169- 4758(89) 90129-4.

 12. Stothard JR, Mgeni AF, Khamis S, Seto E, Ramsan M, Rollinson D. Urinary 
schistosomiasis in schoolchildren on Zanzibar Island (Unguja), Tanzania: 
a parasitological survey supplemented with questionnaires. Trans R Soc 
Trop Med Hyg. 2002;96:507–14. https:// doi. org/ 10. 1016/ S0035- 9203(02) 
90421-9.

 13. Savioli L, Dixon H, Kisumku UM, Mott KE. Control of morbidity due 
to Schistosoma haematobium on Pemba island; selective population 
chemotherapy of schoolchildren with haematuria to identify high-risk 
localities. Trans R Soc Trop Med Hyg. 1989;83:805–10. https:// doi. org/ 10. 
1016/ 0035- 9203(89) 90336-2.

 14. Guidi A, Andolina C, Makame Ame S, Albonico M, Cioli D, Juma HH. 
Praziquantel efficacy and long-term appraisal of schistosomiasis control 
in Pemba Island. Trop Med Int Health. 2010;15:614–8. https:// doi. org/ 10. 
1111/j. 1365- 3156. 2010. 02488.x.

 15. Hotez PJ, Kamath A. Neglected tropical diseases in sub-saharan Africa: 
review of their prevalence, distribution, and disease burden. PLoS Negl 
Trop Dis. 2009;3:e412. https:// doi. org/ 10. 1371/ journ al. pntd. 00004 12.

 16. Trippler L, Ali MN, Ame SM, Ali SM, Kabole F, Hattendorf J, et al. GPS-based 
fine-scale mapping surveys for schistosomiasis assessment: a practical 
introduction and documentation of field implementation. Infect Dis 
Poverty. 2022;11:8. https:// doi. org/ 10. 1186/ s40249- 021- 00928-y.

 17. Montresor A, Crompton D, Hall A, Bundy D, Savioli L, et al. Guidelines for 
the evaluation of soil-transmitted helminthiasis and schistosomiasis at 
community level. 1998. https:// apps. who. int/ iris/ handle/ 10665/ 63821. 
Accessed  on 02.08.2022

 18. Bergquist R, Gray DJ. Schistosomiasis elimination: beginning of the end or 
a continued march on a trodden path. Trop Med Infect Dis. 2019;4(2):76. 
https:// doi. org/ 10. 3390/ tropi calme d4020 076.

 19. Tchuem Tchuenté L-A, Momo SC, Stothard JR, Rollinson D. Efficacy of 
praziquantel and reinfection patterns in single and mixed infection foci 
for intestinal and urogenital schistosomiasis in cameroon. Acta Trop. 
2013;128:275–83. https:// doi. org/ 10. 1016/j. actat ropica. 2013. 06. 007.

 20. Ndukwe YE, Obiezue RNN, Aguzie ION, Anunobi JT, Okafor FC. Mapping 
of urinary schistosomiasis in Anambra State Nigeria. Ann Glob Health. 
2019;85(1):52. https:// doi. org/ 10. 5334/ aogh. 2393.

 21. Pennance T, Person B, Muhsin MA, Khamis AN, Muhsin J, Khamis IS, et al. 
Urogenital schistosomiasis transmission on Unguja Island, Zanzibar: char-
acterisation of persistent hot-spots. Parasit Vectors. 2016;9:646. https:// 
doi. org/ 10. 1186/ s13071- 016- 1847-0.

 22. Rudge JW, Stothard JR, Basanez MG, Mgeni AF, Khamis IS, Khamis AN, 
et al. Micro-epidemiology of urinary schistosomiasis in Zanzibar: local risk 
factors associated with distribution of infections among schoolchildren 
and relevance for control. Acta Trop. 2008;105:45–54. https:// doi. org/ 10. 
1016/j. actat ropica. 2007. 09. 006.

 23. Lo NC, Gurarie D, Yoon N, Coulibaly JT, Bendavid E, Andrews JR, et al. 
Impact and cost-effectiveness of snail control to achieve disease control 
targets for schistosomiasis. Proc Natl Acad Sci USA. 2018;115:E584–91. 
https:// doi. org/ 10. 1073/ pnas. 17087 29114.

 24. King CH, Sutherland LJ, Bertsch D. Systematic review and meta-analysis 
of the impact of chemical-based mollusciciding for control of Schisto-
soma mansoni and S. haematobium transmission. PLoS Negl Trop Dis. 
2015;9:e0004290. https:// doi. org/ 10. 1371/ journ al. pntd. 00042 90.

 25. Li EY, Gurarie D, Lo NC, Zhu X, King CH. Improving public health control 
of schistosomiasis with a modified WHO strategy: a model-based 

79

https://www.who.int/publications/i/item/9789240010352
https://apps.who.int/iris/handle/10665/78074
https://doi.org/10.1016/S1473-3099(21)00090-6
https://doi.org/10.1016/S1473-3099(21)00090-6
https://www.who.int/publications/i/item/9789240041608
https://doi.org/10.1371/journal.pntd.0007268
https://doi.org/10.1371/journal.pntd.0007268
https://doi.org/10.1371/journal.pntd.0009127
https://doi.org/10.1016/s2214-109x(19)30189-5
https://doi.org/10.1016/s2214-109x(19)30189-5
https://doi.org/10.1186/s12879-021-06620-8
https://doi.org/10.1186/s12879-021-06620-8
http://www.ocgs.go.tz/php/ReportOCGS/ZIF,%202019%20%20%20FINAL%20(14..8.2020%20for%20printing).pdf
http://www.ocgs.go.tz/php/ReportOCGS/ZIF,%202019%20%20%20FINAL%20(14..8.2020%20for%20printing).pdf
https://doi.org/10.1016/0169-4758(89)90129-4
https://doi.org/10.1016/S0035-9203(02)90421-9
https://doi.org/10.1016/S0035-9203(02)90421-9
https://doi.org/10.1016/0035-9203(89)90336-2
https://doi.org/10.1016/0035-9203(89)90336-2
https://doi.org/10.1111/j.1365-3156.2010.02488.x
https://doi.org/10.1111/j.1365-3156.2010.02488.x
https://doi.org/10.1371/journal.pntd.0000412
https://doi.org/10.1186/s40249-021-00928-y
https://apps.who.int/iris/handle/10665/63821
https://doi.org/10.3390/tropicalmed4020076
https://doi.org/10.1016/j.actatropica.2013.06.007
https://doi.org/10.5334/aogh.2393
https://doi.org/10.1186/s13071-016-1847-0
https://doi.org/10.1186/s13071-016-1847-0
https://doi.org/10.1016/j.actatropica.2007.09.006
https://doi.org/10.1016/j.actatropica.2007.09.006
https://doi.org/10.1073/pnas.1708729114
https://doi.org/10.1371/journal.pntd.0004290


Page 15 of 15Trippler et al. Parasites & Vectors          (2022) 15:292  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

comparison study. Lancet Glob Health. 2019;7:e1414–22. https:// doi. org/ 
10. 1016/ S2214- 109X(19) 30346-8.

 26. WHO Regional Office for the Eastern Mediterranean. Report on the 
intercountry meeting on strategies to eliminate schistosomiasis from the 
Eastern Mediterranean Region, Muscat, Oman, 6-8 November 2007. 2009. 
https:// apps. who. int/ iris/ handle/ 10665/ 115981. Accessed.on 02.08.2022

 27. Madsen H, Rohde R, Maiga AS. Trials on focal molluscicide application in 
larger irrigation canals and lakes in Mali. Trop Med Parasitol. 1986;37:22–4.

 28. Roberts KW, Smith Gueye C, Baltzell K, Ntuku H, McCreesh P, Maglior A, 
et al. Community acceptance of reactive focal mass drug administration 
and reactive focal vector control using indoor residual spraying, a mixed-
methods study in Zambezi region, Namibia. Malar J. 2021;20:162. https:// 
doi. org/ 10. 1186/ s12936- 021- 03679-1.

 29. Hsiang MS, Ntuku H, Roberts KW, Dufour MK, Whittemore B, Tambo M, 
et al. Effectiveness of reactive focal mass drug administration and reactive 
focal vector control to reduce malaria transmission in the low malaria-
endemic setting of Namibia: a cluster-randomised controlled, open-label, 
two-by-two factorial design trial. Lancet. 2020;395:1361–73. https:// doi. 
org/ 10. 1016/ s0140- 6736(20) 30470-0.

 30. Burnim M, Ivy JA, King CH. Systematic review of community-based, 
school-based, and combined delivery modes for reaching school-aged 
children in mass drug administration programs for schistosomiasis. PLoS 
Negl Trop Dis. 2017;11:e0006043. https:// doi. org/ 10. 1371/ journ al. pntd. 
00060 43.

 31. De Rosa E, Person B, Knopp S, Muhsin J, Lyimo JH, Kabole F, et al. A 
descriptive qualitative case study of the experiences, perceptions and 
attitudes of pregnant women on Unguja island, Zanzibar, towards 
antischistosomal treatment. Acta Trop. 2022;225:106143. https:// doi. org/ 
10. 1016/j. actat ropica. 2021. 106143.

 32. Ajibola O, Gulumbe BH, Eze AA, Obishakin E. Tools for detection of schis-
tosomiasis in resource limited settings. Med Sci. 2018;6:39. https:// doi. 
org/ 10. 3390/ medsc i6020 039.

 33. Osei E, Nkambule SJ, Vezi PN, Mashamba-Thompson TP. Systematic 
review and meta-analysis of the diagnostic accuracy of mobile-
linked point-of-care diagnostics in sub-Saharan Africa. Diagnostics. 
2021;11:1081. https:// doi. org/ 10. 3390/ diagn ostic s1106 1081.

 34. Amoah AS, Hoekstra PT, Casacuberta-Partal M, Coffeng LE, Corstjens P, 
Greco B, et al. Sensitive diagnostic tools and targeted drug administra-
tion strategies are needed to eliminate schistosomiasis. Lancet Infect Dis. 
2020;20:e165–72. https:// doi. org/ 10. 1016/ s1473- 3099(20) 30254-1.

 35. Krauth SJ, Greter H, Stete K, Coulibaly JT, Traoré SI, Ngandolo BN, et al. All 
that is blood is not schistosomiasis: experiences with reagent strip testing 
for urogenital schistosomiasis with special consideration to very-low 
prevalence settings. Parasit Vectors. 2015;8:584. https:// doi. org/ 10. 1186/ 
s13071- 015- 1165-y.

 36. Knopp S, Ame SM, Hattendorf J, Ali SM, Khamis IS, Bakar F, et al. Urogeni-
tal schistosomiasis elimination in Zanzibar: accuracy of urine filtration 
and haematuria reagent strips for diagnosing light intensity Schistosoma 
haematobium infections. Parasit Vectors. 2018;11:552. https:// doi. org/ 10. 
1186/ s13071- 018- 3136-6.

 37. Toor J, Coffeng LE, Hamley JID, Fronterre C, Prada JM, Castaño MS, et al. 
When, who, and how to sample: designing practical surveillance for 
7 neglected tropical diseases as we approach elimination. J Infect Dis. 
2020;221:S499-s502. https:// doi. org/ 10. 1093/ infdis/ jiaa1 98.

 38. Rostron P, Pennance T, Bakar F, Rollinson D, Knopp S, Allan F, et al. Devel-
opment of a recombinase polymerase amplification (RPA) fluorescence 
assay for the detection of Schistosoma haematobium. Parasit Vectors. 
2019;12:514. https:// doi. org/ 10. 1186/ s13071- 019- 3755-6.

 39. McCarthy JS, Lustigman S, Yang GJ, Barakat RM, García HH, Sripa B, et al. A 
research agenda for helminth diseases of humans: diagnostics for control 
and elimination programmes. PLoS Negl Trop Dis. 2012;6:1601. https:// 
doi. org/ 10. 1371/ journ al. pntd. 00016 01.

 40. Gass K. Time for a diagnostic sea-change: Rethinking neglected tropi-
cal disease diagnostics to achieve elimination. PLoS Negl Trop Dis. 
2020;14:e0008933-e. https:// doi. org/ 10. 1371/ journ al. pntd. 00089 33.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

80

https://doi.org/10.1016/S2214-109X(19)30346-8
https://doi.org/10.1016/S2214-109X(19)30346-8
https://apps.who.int/iris/handle/10665/115981
https://doi.org/10.1186/s12936-021-03679-1
https://doi.org/10.1186/s12936-021-03679-1
https://doi.org/10.1016/s0140-6736(20)30470-0
https://doi.org/10.1016/s0140-6736(20)30470-0
https://doi.org/10.1371/journal.pntd.0006043
https://doi.org/10.1371/journal.pntd.0006043
https://doi.org/10.1016/j.actatropica.2021.106143
https://doi.org/10.1016/j.actatropica.2021.106143
https://doi.org/10.3390/medsci6020039
https://doi.org/10.3390/medsci6020039
https://doi.org/10.3390/diagnostics11061081
https://doi.org/10.1016/s1473-3099(20)30254-1
https://doi.org/10.1186/s13071-015-1165-y
https://doi.org/10.1186/s13071-015-1165-y
https://doi.org/10.1186/s13071-018-3136-6
https://doi.org/10.1186/s13071-018-3136-6
https://doi.org/10.1093/infdis/jiaa198
https://doi.org/10.1186/s13071-019-3755-6
https://doi.org/10.1371/journal.pntd.0001601
https://doi.org/10.1371/journal.pntd.0001601
https://doi.org/10.1371/journal.pntd.0008933


 
 

3.6. Test-Treat-Track-Test-Treat (5T) approach for 

Schistosoma haematobium elimination on Pemba Island, 

Tanzania  

 

Lydia Trippler1,2, Lyndsay Taylor1,2, Mohammed Nassor Ali3, Sarah 

Omar Najim3, Khamis Seif Khamis3, Jan Hattendorf1,2, Saleh Juma4, 

Shaali Makame Ame5, Fatma Kabole5, Said Mohammed Ali3, Stefanie 

Knopp1,2 

 

1 Swiss Tropical and Public Health Institute, Allschwil, Switzerland 

2 University of Basel, Basel, Switzerland 

3 Public Health Laboratory – Ivo de Carneri, Wawi, Chake Chake, Pemba, United Republic of 

Tanzania 

4 Neglected Diseases Program, Zanzibar Ministry of Health, Mkoroshoni, Pemba, United 

Republic of Tanzania 

5 Neglected Diseases Program, Zanzibar Ministry of Health, Lumumba, Unguja, United 

Republic of Tanzania 

 

 

 

 

 

 

 

This article was published in:  

BMC Infectious Diseases (2024), Jul 02; 24(1):661  

doi: 10.1186/s12879-024-09549-w

81



R E S E A R C H Open Access

© The Author(s) 2024. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, 
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included 
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The 
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available 
in this article, unless otherwise stated in a credit line to the data.

Trippler et al. BMC Infectious Diseases          (2024) 24:661 
https://doi.org/10.1186/s12879-024-09549-w

BMC Infectious Diseases

*Correspondence:
Stefanie Knopp
s.knopp@swisstph.ch

Full list of author information is available at the end of the article

Abstract
Background After decades of praziquantel mass drug administration (MDA), several countries approach 
schistosomiasis elimination. Continuing MDA in largely uninfected populations no longer seems justified. Alternative 
interventions to maintain the gains or accelerate interruption of transmission are needed. We report results, strengths, 
and shortcomings of novel test-treat-track-test-treat (5T) interventions in low Schistosoma haematobium prevalence 
areas on Pemba, Tanzania.

Methods School- and household-based surveys were conducted in 2021 and 2022 to monitor the S. haematobium 
and microhematuria prevalence and assess the impact of interventions. In 2021, 5T interventions were implemented 
in 15 low-prevalence areas and included: (i) testing schoolchildren in primary and Islamic schools for microhematuria 
as a proxy for S. haematobium, (ii) treating positive children, (iii) tracking them to their households and to water 
bodies they frequented, (iv) testing individuals at households and water bodies, and (v) treating positive individuals. 
Additionally, test-and-treat interventions were implemented in the 22 health facilities of the study area.

Results The S. haematobium prevalence in the school-based survey in 15 low-prevalence implementation units was 
0.5% (7/1560) in 2021 and 0.4% (6/1645) in 2022. In the household-based survey, 0.5% (14/2975) and 0.7% (19/2920) 
of participants were infected with S. haematobium in 2021 and 2022, respectively. The microhematuria prevalence, 
excluding trace results, in the school-based survey was 1.4% (21/1560) in 2021 and 1.5% (24/1645) in 2022. In the 
household-based survey, it was 3.3% (98/2975) in 2021 and 5.4% (159/2920) in 2022. During the 5T interventions, 
the microhaematuria prevalence was 3.8% (140/3700) and 5.8% (34/594) in children in primary and Islamic schools, 
respectively, 17.1% (44/258) in household members, and 16.7% (10/60) in people at water bodies. In health facilities, 
19.8% (70/354) of patients tested microhematuria-positive.

Conclusions The targeted 5T interventions maintained the very low S. haematobium prevalence and proved 
straightforward and feasible to identify and treat many of the few S. haematobium-infected individuals. Future 
research will show whether 5T interventions can maintain gains in the longer-term and expedite elimination.

Test-treat-track-test-treat (5T) approach 
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on Pemba Island, Tanzania
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Background
Human schistosomiasis is a neglected tropical disease 
(NTD) that can cause serious health consequences. Cur-
rently, people from 78 countries are at risk of an infec-
tion with Schistosoma spp., primarily in sub-Saharan 
Africa [1, 2]. The primary intervention against schistoso-
miasis in endemic countries is preventive chemotherapy 
through mass drug administration (MDA) of praziqu-
antel, implemented by national schistosomiasis control 
programs [1, 3]. Regular MDA is likely the main driver 
for the significant reduction in prevalence in sub-Saharan 
Africa over the past 20 years [4].

Several countries, including Egypt and Morocco [5–8], 
and certain regions in sub-Saharan Africa, for example in 
Cameroon [9] and Côte d’Ivoire [10] have now reached 
very low levels of schistosomiasis and are approach-
ing elimination. Large-scale MDA no longer seems jus-
tified in these areas as the majority of the population is 
not infected with Schistosoma spp [11, 12]. Providing 
praziquantel to uninfected people would be a misuse of 
resources that are urgently needed elsewhere, specifi-
cally in regions where children and adults still suffer from 
high morbidity. Yet, there is a lack of clear guidelines and 
evidence at what prevalence levels it is safe to stop pra-
ziquantel MDA and what interventions can be used as 
alternatives. Such alternative interventions should ide-
ally not only sustain the gains made by multiple rounds 
of MDA and prevent resurgence, but support countries 
to progress towards the ultimate goal: interruption of 
transmission.

To reach interruption of transmission, current WHO 
guidelines recommend that in communities where the 
prevalence of schistosomiasis is < 10%, programs either 
continue with MDA at the same or reduced frequency 
or use a clinical approach of test-and-treat if there had 
not been a program of regular preventive chemotherapy 
before [3]. However, these recommendations are condi-
tional since the certainty of evidence is still very low [3]. 
More studies need to be conducted to show if MDA at 
reduced frequency or test-and-treat approaches indeed 
can support the elimination goals.

On the Zanzibar islands, Unguja and Pemba, urogeni-
tal schistosomiasis caused by infection with Schistosoma 
haematobium used to be a considerable public health 
problem [11]. However, small and large-scale interven-
tions against schistosomiasis have been implemented 
for almost 100 years and contributed to a substantial 
decrease in the prevalence and morbidity [11]. Since 

2012, the overall S. haematobium prevalence in Zanzibar 
is below 10% [13–15]. To reach elimination, annual or 
biannual MDA with praziquantel for children and adults 
is implemented in schools and communities across the 
islands since 2013 [13–15]. Additionally, snail control and 
behavior change communication, are applied in large-
scale operational research projects, such as the Zanzi-
bar Elimination of Schistosomiasis project (2012–2017) 
and the SchistoBreak study (2020–2024) [16, 17]. Since 
2017, the islands have reached ‘elimination as a public 
health problem’ and aim to proceed towards ‘interrup-
tion of Schistosoma transmission’ [11, 13, 18]. In 2020, 
the overall S. haematobium prevalence in Zanzibar was 
3.4% in schoolchildren and 0.4% in adults [15]. However, 
despite the very low overall prevalence, there is a marked 
heterogeneity of transmission and infection across each 
island, with many low-prevalence and a few moderate to 
high prevalence administrative areas [15]. The Zanzibar 
islands are now facing the challenges of how to address 
this heterogeneity, of whether, when, and where to stop 
MDA and of what interventions to use as alternatives to 
large-scale MDA to maintain the gains or to reach inter-
ruption of transmission.

The SchistoBreak study, implemented from 2020 to 
2024 in the north of Pemba, aims to address this spa-
tial heterogeneity by targeting different sets of elimi-
nation interventions to the local micro-epidemiology 
of S. haematobium [17]. In low-prevalence areas, a 
surveillance-response approach is implemented as an 
alternative intervention to MDA. Part of this surveil-
lance-response approach are targeted test-treat-track-
test-treat (5T) interventions, where students are tested 
for urogenital schistosomiasis, treated if positive, and 
tracked to their homes and water bodies, where house-
hold members and people at water bodies, respectively, 
are also offered testing and treatment if positive. Here, 
we aimed to assess whether 5T interventions can main-
tain or further reduce the S. haematobium prevalence 
in low-prevalence areas and report strengths and short-
comings from the first period of targeted 5T interven-
tions implemented in 15 low-prevalence areas in 2021.

Methods
Study setting
The SchistoBreak study is conducted on Pemba, one of 
the two main islands of the Zanzibar archipelago, United 
Republic of Tanzania. Pemba is located 30 km off the east 
coast of the country’s mainland. The island is divided 

Trial registration ISRCTN, ISCRCTN91431493. Registered 11 February 2020, https://www.isrctn.com/
ISRCTN91431493.

Keywords Interventions, Case finding, Elimination, Interruption of transmission, Mass drug administration, 
Schistosomiasis, S. haematobium, Surveillance-response, Test-and-treat, Test-treat-track-test-treat, Zanzibar
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into four districts, “Mkoani”, “Chake Chake”, “Wete”, and 
“Micheweni”, which are subdivided into 129 small admin-
istrative areas known as “shehias” [19]. The SchistoBreak 
study area consists of 20 shehias, which are referred to in 
this publication as “implementation units” (IUs). The 20 
IUs are located in the two northern districts of Pemba, 
Wete and Micheweni, which are characterized by their 
mostly rural environment and the presence of numer-
ous water bodies [18]. Recent data from a national cen-
sus conducted in 2022 indicate a total population of 
543,441 for Pemba, with 272,091 people living in the 
districts Wete and Micheweni [20]. The vast majority of 
Pemba’s population is of the Islamic faith, and it is com-
mon for children to attend madrassas (Islamic schools) in 
the afternoons or on weekends, in addition to attending 
primary or secondary school. There are 47 health facili-
ties located in the districts Wete and Micheweni, includ-
ing primary health care units (PHCUs) and hospitals. Of 
these, 22 are located within the SchistoBreak study area 
[20]. On Pemba, only urogenital schistosomiasis caused 
by Schistosoma haematobium is endemic, while autoch-
thonously acquired intestinal schistosomiasis is absent 
[11].

Study design and participants
The SchistoBreak study follows a longitudinal design 
with three annual intervention periods and four annual 
school-based and household-based surveys that employ 
a cross-sectional sampling approach to monitor the 
S.  haematobium prevalence in the IUs and to measure the 
impact of the interventions [17]. The study runs over four 
years, from February 2020 to March 2024. Annual sur-
veys are conducted from November to February/March 
each year, before and after the intervention periods from 
May to October [17]. Different sets of interventions tar-
geted to the local micro-epidemiology are employed. In 
IUs with a S. haematobium prevalence of ≥ 3% in school-
children and ≥ 2% in communities, a combination of 
annual MDA, snail control, and behavior change inter-
ventions is implemented to accelerate the interruption of 
S. haematobium transmission in “hotspots”. In IUs with a 
S. haematobium prevalence of < 3% in schoolchildren and 
< 2% in communities, no MDA is provided. Instead, sur-
veillance-response interventions, including the 5T inter-
ventions described here, are implemented in schools, 
households, and at water bodies as described below. Fur-
thermore, in health facilities within all IUs in the study 
area a simple test-and-treat approach is conducted.

Any person aged ≥ 4 years old enrolled in one of the 
study schools/madrassas or living in the study area is eli-
gible to participate in the annual surveys and the inter-
ventions. Children < 4 years old are excluded from the 
study as it is challenging to collect urine samples from 
babies and toddlers and as the safety of praziquantel 

(BILTRICIDE®) has been established only for individuals 
aged ≥ 4 years [21].

School-based and household-based surveys
From November 2020 to February 2021 and from 
November 2021 to March 2022, school-based and house-
hold-based surveys were implemented in the 20 IUs of 
the study site. The school-based surveys were conducted 
in each largest public primary school within the 20 IUs, 
and the household-based surveys were conducted in each 
community within the 20 IUs. No school-based survey 
was conducted if an IU did not have a public primary 
school.

In each study school, 175 children from nursery school 
through grade six were randomly selected to partici-
pate. The random sampling is described in detail else-
where [18]. Briefly, a total of 25 children were randomly 
selected from each grade (nursery school to grade six), 
balanced by sex. Subsequently, the selected children were 
registered with demographic details and given consent 
and assent forms. On the following day, upon return of 
the signed consent and assent forms, the present chil-
dren were given a transparent plastic container (100 ml) 
labeled with a unique identifier code and asked to pro-
vide a fresh urine sample.

In each study community, 70 housing structures (in 
2021) or 80 housing structures (in 2022), respectively, 
were randomly preselected. The process used to random-
ize and locate the housing structures within the commu-
nities is described elsewhere in detail [18, 22]. Briefly, a 
navigation system installed on mobile devices was used 
to locate each housing structure in the community. If a 
housing structure was inhabited, after consenting, an 
adult person living in the house was invited to participate 
in a questionnaire interview and to disclose sociodemo-
graphic details of all household members. Furthermore, 
all eligible household members were invited to partici-
pate in the study by signing an informed consent form 
and providing a urine sample for examination. Urine 
samples were provided either immediately at the first 
visit, or in case of absent household members, until the 
second visit on the following morning or, if still absent, 
until the third visit on the third day.

Test-treat-track-test-treat interventions
The first period of 5T interventions was implemented 
from June 2021 to October 2021 in 15 IUs that had met 
the criteria of a S. haematobium prevalence of ≤ 3% in the 
school-based survey and of ≤ 2% in the household-based 
survey in the baseline survey in 2021 [17, 18]. The 5T 
interventions consist of five (5) parts (testing, treating, 
tracking, testing, and treating). The first and second parts 
(test, treat) were implemented in schools and madras-
sas. Since children enrolled in grades 3–5 in Zanzibar are 
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at the highest risk of infection [15], the initial testing to 
identify as many positives as possible involved all chil-
dren in grades 3–5 in one primary school and all children 
in one madrassa, respectively, per low-prevalence IU. No 
primary school was located in four of the 15 IUs. Here, 
only children from madrassas were tested. Before testing, 
all children were registered with demographic details. In 
madrassas, children were additionally asked which pri-
mary/secondary school they attended, in which grade 
they were enrolled, and whether they had already been 
tested (and treated) within the same 5T intervention 
period to avoid double testing and treating. The follow-
ing day, once children had submitted the signed con-
sent and assent forms and produced their urine sample 
between 9 am and 4 pm (depending on school times), the 
samples were tested for microhematuria as a proxy for 
S. haematobium infection at the point-of-care directly 
in the schools by the trained field enumerators, using 
Hemastix reagent strips (Hemastix; Siemens Healthcare 
Diagnostics AG; Zurich, Switzerland). In the second part 
(treat), all children who tested microhematuria-positive 
were treated with a single dose of praziquantel (40  mg/
kg body weight) by a member of the Zanzibar Neglected 
Diseases Program, who was part of our research team, 
using a dose-pole [23]. Next, in the third part (track), 
all positive-tested children were accompanied to their 
homes and to water bodies they frequently used. Water 
bodies located outside the study area were not visited. 
Our assumption was that household members of posi-
tive children may use the same water bodies where trans-
mission occurs and, as other people that use these water 
bodies, be at high risk of infection. In the fourth and fifth 
parts (test, treat), all individuals present at the time of the 
visit at the homes and the water bodies were invited to 
respond to demographic questions and to provide a fresh 
urine sample after written consent. Both households and 
water bodies were visited once. The study team spend 
up to two hours at each water body to invite present or 
arriving individuals to test and treat activities. Each urine 
sample was tested for microhematuria on site by the 
trained field enumerators and subsequently taken to the 
Public Health Laboratory – Ivo de Carneri (PHL-IdC) in 
Chake Chake, Pemba, for S. haematobium egg detection 
(see below). If a household member or individual pres-
ent at a water body tested positive for microhematuria 
and/or S. haematobium eggs, the individual was offered 
immediate treatment with praziquantel (40  mg/kg body 
weight) on site (if positive for microhematuria) or called 
by phone and encouraged to seek treatment at the near-
est health facility (if positive for S. haematobium eggs by 
urine filtration).

Test-and-treat in health facilities
In June 2021, staff from each of the 22 health facilities (20 
PHCUs and two hospitals) in the study area were invited 
to the PHL-IdC for a meeting, including a presentation 
about the life cycle, symptoms, and health consequences 
of urogenital schistosomiasis, discussion, and training 
on the use of Hemastix reagent strips to test for micro-
hematuria in urine samples. Subsequently, the staff were 
equipped with Hemastix reagent strips to test for micro-
hematuria in patients presenting with symptoms con-
sistent with urogenital schistosomiasis, such as visible 
hematuria, painful and/or frequent urination, abdomi-
nal pain, or infertility within the routine services of their 
health facility. They were also equipped with praziquantel 
to treat individuals who tested microhematuria-positive. 
In addition, the staff were requested to keep a record of 
patients presenting with schistosomiasis-related symp-
toms, were tested for microhematuria and treated with 
praziquantel (40  mg/kg body weight) if positive. These 
records were collected every two weeks from July 2021 
onwards by a member of the SchistoBreak study team.

Laboratory examinations
All urine samples collected during the surveys and at the 
households and water bodies during the 5T intervention 
period were transported to the PHL-IdC. Here, 10 ml of 
each urine sample were filtered through a 13  mm fab-
ric filter (Sefar Ltd., Bury, UK), which was placed in a 
Swinnex plastic filter holder (Millipore-Merck KGaA, 
Darmstadt, Germany) attached to a plastic syringe. The 
filters were placed on a microscope slide labeled with 
the participant’s unique identifier code and examined 
under a light microscope for the presence and number of 
S.   haematobium eggs. In addition, all urine samples col-
lected during the surveys were examined for microhema-
turia on the same day using Hemastix reagent strips. All 
examinations in the laboratory were conducted by three 
experienced laboratory technicians who recorded the 
results for each identifier code on case report forms. As 
the urine samples collected during the 5T interventions 
were already tested for microhematuria at the point-of-
care in the field by trained field enumerators, the testing 
was not repeated in the laboratory.

Data management
All demographic data collected in the school-based sur-
vey and all data collected during the questionnaire inter-
views in the household-based survey were captured by 
inserting responses into the preprogrammed question-
naire application Open Data Kit (ODK, www.opendat-
akit.org), installed on Samsung Galaxy Tab A tablets. All 
data containing results of Hemastix reagent strip exami-
nations conducted at the point-of-care in schools, house-
holds, or at water bodies during the 5T intervention 

85

http://www.opendatakit.org
http://www.opendatakit.org


Page 5 of 16Trippler et al. BMC Infectious Diseases          (2024) 24:661 

period were also captured through ODK. These elec-
tronic data were subsequently sent to the ODK server, 
hosted by the Swiss Tropical and Public Health Insti-
tute (Swiss TPH) in Allschwil, Switzerland. All results of 
laboratory examinations of urine samples, including the 
results of urine filtrations and Hemastix reagent strips 
collected during the surveys, were recorded on paper and 
then double-entered into a Microsoft Excel spreadsheet 
(2016, version 16.0.5395.1000) by two experienced data 
entry clerks from PHL-IdC. These spreadsheets were 
sent to the Swiss TPH via a secure server and cleaned 
using R version 4.0.3 (www.r-project.org) and Stata/
IC 16 (StataCorp LLC, College Station, TX, USA). Mis-
matching double-entry results were checked against the 
original paper forms and reentered correctly. For statisti-
cal analysis, the laboratory results were merged with the 
questionnaire and registration data based on the unique 
identifier codes. To inform participants about their 
S. haematobium infection status, participant names were 
merged once with laboratory analysis data. Otherwise, 
names were kept in a separate file, and only coded data 
were used for statistical analyses.

Statistical methods
Statistical analyses for this publication were conducted 
using R version 4.1.3.

Only data collected in IUs classified as low-prevalence 
IUs during the baseline survey of the SchistoBreak study 
[18] were included in the analysis of this publication. One 
exception are the data collected in the 22 health facili-
ties that were spread across the study area. All data from 
patients in health facilities were included in the analysis 
when patients were tested for microhematuria between 
July 2021 (the start of the collaboration with health facili-
ties) and November 2021 (the end of the first interven-
tion period).

All eligible individuals who provided a urine sample 
were included in the parasitological analyses of the 
surveys, the 5T interventions, and the test-and-treat 
interventions in health facilities. A participant was con-
sidered microhematuria-positive if the result of Hemas-
tix reagent strips was trace, small (+), moderate (++), or 
large (+++) according to the color chart provided by the 
manufacturer. A participant was considered positive for 
S. haematobium if one or more eggs were detected by 
urine filtration.

Prevalence of microhematuria and S. haematobium in 
the surveys, 5T interventions, and test-and-treat inter-
ventions in health facilities was calculated overall and 
per IU for each survey or intervention period, respec-
tively. The statistical significant difference of prevalence 
between the survey years was calculated for each survey 
using a two-sample proportion test.

For children tested in madrassas, the children’s poten-
tial additional enrolment in a primary or secondary 
school and their grade level were assessed to determine 
how many children were captured in madrassas but were 
not part of the 5T interventions in primary schools. 
Moreover, the microhaematuria prevalence of madrassa 
students that also attended a public school versus non-
school attendees was determined.

The sites of data collection during the 5T interventions, 
including screened schools and madrassas and tracked 
households and water bodies, were mapped with ArcMap 
version 10.6.1 (ESRI, Redlands, CA, USA). The locations 
of households were geographically masked in order to 
preserve confidentiality.

Results
Participation in school-based and household-based 
surveys 2021 and 2022
The number of children and household members 
enrolled and the overall results of the baseline school-
based and household-based survey, respectively, in all 
20 IUs carried out from November 2020 to February 
2021 are presented elsewhere [18]. This baseline survey 
revealed a total of five hotspot IUs according to the pre-
set prevalence threshold criteria. Additional 15 IUs were 
identified as low-prevalence, including 11 low-prevalence 
primary schools (no primary school was located in four 
IUs) and 15 low-prevalence communities. Subsequent 
results focus on these 11 low-prevalence primary schools 
and 15 low-prevalence communities, since the 5T inter-
ventions that are the primary focus of this publication 
were only implemented in the low-prevalence IUs.

In the school-based survey conducted in 2021, a total 
of 1924 children were registered across the 11 low-
prevalence schools. Of these 1924 children, 332 (17.3%) 
were absent on the day of urine collection, and 32 (1.7%) 
refused to participate or did not provide a signed con-
sent form, resulting in 1560 (81.1%) children providing a 
fresh urine sample for examination (Supplementary File 
1: Fig. 1A).

In the household-based survey in 2021, 3539 house-
hold members were registered across the 15 low-preva-
lence communities. Of these 3539 household members, 
564 (15.9%) were absent on the day of urine collection, 
refused to participate, or did not provide a signed con-
sent form. Hence, a total of 2975 (84.1%) household 
members provided a fresh urine sample for examination 
(Supplementary File 1: Fig. 1A).

In the school-based survey in 2022, a total of 1898 
children were registered across the 11 low-prevalence 
schools. Of these 1898 children, 238 (12.5%) were absent 
on the day of urine collection, and 15 (0.8%) refused to 
participate or did not provide a signed consent form. 
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Hence, 1645 (86.7%) children provided a fresh urine sam-
ple for examination (Supplementary File 1: Fig. 1B).

In the household-based survey in 2022, 3683 household 
members were registered across the 15 low-prevalence 
communities. Of these 3683 household members, one 
(0.03%) person was excluded due to ineligibility (age < 4 
years), 755 (20.5%) household members were absent 
on the day of urine collection, and 7 (0.2%) individuals 
refused to participate or did not provide a signed con-
sent form, resulting in 2920 (79.3%) household members 
providing a fresh urine sample (Supplementary File 1: 
Fig. 1B).

Demographic information from participants of all sur-
veys and interventions is shown in Table 1.

Participation in the 5T intervention period in 2021
Between May and October 2021, a total of 4283 and 777 
children were registered in 11 schools and 15 madrassas, 
respectively, across the 15 low-prevalence IUs (Fig.  1). 
Of the 4283 children registered in the primary schools, 
540 (12.6%) were absent on the day of urine collection 
and 39 (0.9%) refused to participate or did not provide a 
signed consent form. Hence, 3704 (86.5%) children were 
tested for microhematuria and included in the analysis. 
Of the 777 children registered in the madrassas, 164 
(21.1%) were absent on the day of urine collection, and 
19 (2.4%) refused to participate or did not provide a 
signed consent form. Hence, a total of 594 (76.4%) chil-
dren were tested for microhematuria and included in 
the analysis.

Of the 3704 children tested in primary schools and 594 
children tested in madrassas, 190 (5.1%) and 47 (7.9%), 
respectively, were microhematuria-positive.

Of the 237 microhematuria-positive children, 215 
(90.7%) were tracked to 200 households. In 89 (44.5%) 
of the 200 households, nobody was present at the time 
of visit or all present members refused to participate. 
In the remaining 111 households, of the 280 house-
hold members present at the time of the visit, 22 (7.9%) 
refused to participate or did not provide a signed con-
sent form. A total of 258 (92.1%) household members 
provided a fresh urine sample and had demographic 
data recorded.

Of the 237 microhematuria-positive children, 189 
(79.7%) were tracked to 61 water bodies. At 15 water 
bodies, a total of 61 individuals were present at the time 
of the visit. Of the 61 individuals, one (1.6%) person 
refused to participate or did not provide a signed consent 
form. A total of 60 (98.4%) individuals provided a fresh 
urine sample and had demographic data recorded.

Information about sex and median age of the study par-
ticipants, stratified per survey and intervention period, is 
indicated in Table 1.
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Microhematuria and Schistosoma haematobium prevalence 
in surveys, test-treat-track-test-treat intervention period, 
and health facilities
The overall prevalence of microhematuria among chil-
dren who participated in the school-based surveys in the 
15 low-prevalence IUs was 3.1% (47/1533; 95% CI: 2.3–
4.1) in 2021 and 6.3% (104/1644; 95% CI: 5.2–7.6) in 2022 
(Fig. 2A and Supplementary File 2: Table 1). The results 
of the two-sample proportion test showed that the prev-
alence between the two years was significantly different 
(p < 0.0001). The prevalence of microhematuria among 
participants of the household-based survey was 5.5% 
(162/2970; 95% CI: 4.7–6.4) in 2021 and 13.2% (386/2920; 
95% CI: 12.0–14.5) in 2022. The results of the two-sample 
proportion test showed that the prevalence between the 
two years was significantly different (p < 0.0001).

The prevalence of microhematuria excluding trace 
results among children who participated in the school-
based surveys in the 15 low-prevalence IUs was 1.4% 
(21/1533; 95% CI: 0.9–2.1) in 2021 and 1.5% (24/1644; 
95% CI: 1.0–2.2) in 2022. The results of the two-sample 
proportion test showed that the prevalence between the 

two years was not significantly different (p = 0.93). The 
prevalence of microhematuria among participants of 
the household-based survey was 3.3% (98/2975; 95% CI: 
2.7–4.0) in 2021 and 5.4% (159/2920; 95% CI: 4.6–6.3) 
in 2022. The results of the two-sample proportion test 
showed that the prevalence between the two years was 
significantly different (p < 0.0001).

Figure 2B shows that the overall S. haematobium prev-
alence, as assessed in the school-based surveys, was 0.5% 
(7/1560; 95% CI: 0.2–1.0) in 2021 and 0.4% (6/1645; 95% 
CI: 0.2–0.9) in 2022 in schoolchildren attending the 11 
primary schools of the 15 low-prevalence IUs. The results 
of the two-sample proportion test showed that the preva-
lence between the two years was not significantly differ-
ent (p = 0.87). The S. haematobium prevalence, assessed 
in the household-based survey in the communities of the 
15 low-prevalence IUs, was 0.5% (14/2975; 95% CI: 0.3–
0.8) in 2021 and 0.7% (19/2920; 95% CI: 0.4–1.1) in 2022. 
The results of the two-sample proportion test showed 
that the prevalence between the two years was not sig-
nificantly different (p = 0.41).

Fig. 1 Participation in test-treat-track-test-treat interventions. Flow diagram of individuals participating in test-treat-track-test-treat interventions in 15 
low Schistosoma haematobium prevalence implementation units in the North of Pemba, Tanzania, in 2021
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Fig. 2 Microhematuria (A) and Schistosoma haematobium (B) prevalence in 15 low-prevalence implementation units in Pemba, Tanzania, in 2021–2022. 
The y-axis represents the percentage of positive-tested individuals for microhematuria (A) or S. haematobium infection (B). Colors indicate the grading of 
microhematuria or intensity of S. haematobium infections. N indicates the overall number of tested individuals per bar
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During the 5T intervention period in 2021, 5.1% 
(190/3704) of the children tested in primary schools and 
8.0% (47/594) of the children tested in madrassas were 
microhematuria-positive (Fig.  2A). Of the 190 and 47 
children tested positive for microhematuria in schools 
and madrassas, 180 (95.0%) and 42 (89.4%), respec-
tively, were treated with praziquantel after testing. In the 
households and at the water bodies identified by tracking 
these microhematuria-positive children, 23.3% (60/258) 
and 31.7% (19/60), respectively, of the tested individuals 
were microhematuria-positive. Of the 60 and 19 individ-
uals who tested positive in households and at water bod-
ies, 98.3% (59/60) and 94.7% (18/19), respectively, were 
treated at the point-of-care.

The risk-based tracking of microhematuria-posi-
tive children from primary schools or madrassas to 
their homes identified 12.8% (31/243) of household 
members present at home at the time of the visit as 
S.  haematobium egg-positive (Fig. 2B). At the water bod-
ies that were identified by tracking microhematuria-pos-
itive children, 8.5% (5/60) of individuals present at the 
water bodies at the time of the visit were tested S. hae-
matobium egg-positive.

Between August and November 2021, 354 patients pre-
sented with symptoms aligning with urogenital schisto-
somiasis in 13 of the 22 health facilities in the study area. 
All 354 individuals were tested with Hemastix reagent 
strips at the point-of-care. Among them, 20.9% (74/354) 
were microhematuria-positive (Fig. 2A). Of these 74 indi-
viduals, 90.5% (67/74) were treated with praziquantel in 
the health facilities.

Information on microhematuria and S. haematobium 
prevalence for each of the surveyed, tested and tracked 
populations, stratified by sex, are presented in Supple-
mentary File 2: Table 1.

Heterogeneity of microhematuria and S. haematobium 
prevalence during the test-treat-track-test-treat 
intervention period
The testing during the 5T intervention period showed a 
varying microhematuria prevalence between 0.0% and 
15.6% in schools and between 0.0% and 30.0% in madras-
sas (Fig. 3A). The school and madrassa with the highest 
microhematuria prevalence were located in the same IU. 
During the risk-based tracking of children who tested 
positive for microhematuria in schools and madrassas, 
the microhematuria prevalence per IU varied between 
0.0% and 47.6% in households and between 0.0% and 
56.2% at water bodies, respectively.

In the 5T intervention period, the S. haematobium 
prevalence per IU ranged from 0.0 to 40.0% in house-
holds and from 0.0 to 25.0% at the water bodies, respec-
tively (Fig. 3B).

In the test-and-treat intervention in the health facili-
ties, the microhematuria prevalence ranged from 0.0 to 
100% in health facilities (Fig.  3A). However, it should 
be noted that all health facilities with a microhematuria 
prevalence of 100% had tested < 5 patients with urogeni-
tal schistosomiasis-related symptoms.

Children tested in madrassas during the test-treat-track-
test-treat activities
Of the 594 madrassa students who were tested for micro-
hematuria, 219 (36.9%) attended a primary school that 
was part of our 5T interventions, but were enrolled in 
grades where screening for microhematuria was not 
operated, i.e., in nursery school, grades 1, 2, or grade 6. 
Another 79 (31.3%) of the 594 tested madrassa students 
reported that they would not visit a school. For 132 
(22.2%) children, no information was available on their 
primary/secondary school enrolment and attendance 
because the assessment of primary school enrolment was 
only started from the third madrassa onwards. Another 
97 (16.3%) of the 594 madrassa students were enrolled in 
primary schools that were not part of the SchistoBreak 
study schools. A total of 51 (8.6%) children were enrolled 
in grades 3–5 in one of the SchistoBreak study schools 
but were not present on the testing days, and 16 (2.7%) 
children were enrolled in secondary schools, which were 
not part of our 5T interventions. Of the 79 non-school 
attendees, 5 (6.3%) children were tested microhaematu-
ria-positive. The microhaematuria prevalence in school 
attendees tested in madrassas was 9.1% (35/383).

Households and water bodies identified during the test-
treat-track-test-treat interventions
The households of microhematuria-positive children 
were located between 8 and 4794 m (mean: 958 m) from 
the school or madrassa where the children were tested. 
Of the 215 children who were tracked to their homes, 
71 (32.0%) children lived in households not located in 
the same IU as the school the children were attending 
(Fig. 4).

The water bodies indicated by microhematuria-pos-
itive children were located between 62  m and 10.1  km 
(mean: 1210 m) away from the school or madrassa where 
the children were tested. For 27.2% (43/158) of the pos-
itive-tested children, the water bodies they frequented 
were not located in the same IU as the screened school. 
Moreover, several water bodies were located at borders 
between two IUs and borders to shehias outside of the 
study area.

In two schools and five madrassas, respectively, no 
child tested positive for microhematuria, and therefore, 
no child was tracked to household or water bodies.
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Fig. 3 Microhematuria (A) and Schistosoma haematobium (B) prevalence in 15 low-prevalence implementation units in Pemba, Tanzania, in 2021. The 
y-axis represents the prevalence of microhematuria (A) or S. haematobium infection (B); each point represents one school/community. Colors indicate 
the grading of microhematuria or S. haematobium intensity infections, respectively, per school/community. The asterisk (*) denotes points where the 
prevalence was calculated with < 5 participants per school/community
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Fig. 4 Spatial distribution of tracked households and water bodies. Spatial distribution of households of microhematuria-positive children and water 
bodies used and indicated by microhematuria-positive children emanating from the school/madrassa where the children were tested in the 15 low 
Schistosoma haematobium prevalence implementation units in the North of Pemba, Tanzania, in 2021. The locations of households are geographically 
masked in order to preserve confidentiality
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Individuals treated and praziquantel tablets used during 
the mass drugs administration in 2020 and the 5T 
interventions in 2021
During the MDA in August 2020, 39,312 individuals 
were treated with praziquantel in the communities and 
schools of the 15 IUs that were identified as low-prev-
alence IUs in 2021 (Table  2). To treat these individuals, 
78,853 praziquantel tablets were used, with an average of 
2 tablets per treated person. During the 5T interventions 
in 2021, 336 individuals were treated in primary schools, 
madrassas, at households and at water bodies in the 15 
low-prevalence IUs. For the 336 individuals, 1123 pra-
ziquantel tablets were used, with an average of 3 tablets 
per treated person. Hence, during the MDA in August 
2020 around 70 times as many praziquantel tablets were 
used as during the targeted 5T interventions in 2021 in 
the same IUs. An additional 85 praziquantel tablets were 
used to treat 31 hematuria-positive individuals in the 
health facilities across the study area.

Discussion
The Zanzibar islands have achieved the elimination of 
urogenital schistosomiasis as a public health problem in 
2017 and have aimed for interruption of transmission 
ever since [11, 13]. Considering that in many communi-
ties on the islands the majority of people are not infected 
with S. haematobium, large-scale praziquantel MDA 
seems no longer justified. Alternative intervention strate-
gies that maintain the gains made by MDA over the past 
decades and ideally allow Zanzibar to accelerate elimina-
tion need to be explored.

Over the first year of the SchistoBreak study, we 
assessed whether targeted 5T interventions were able 

to maintain or even reduce the prevalence of urogenital 
schistosomiasis in 15 low-prevalence shehias in the north 
of Pemba. Our results showed no considerable change 
in the prevalence of microhematuria (excluding trace 
results) and of S. haematobium infections after one year 
of 5T interventions from 2021 to 2022. Hence, aligned 
with targeted snail control measures that were also part 
of the surveillance-response activities [17], the 5T inter-
ventions were able to maintain the very low overall preva-
lence, and no outbreaks or major recrudescence were 
observed. However, the prevalence of microhematuria 
including trace increased significantly from 2021 to 2022 
in the school-based and community-based surveys. While 
this observation warrants close monitoring in the follow-
ing study years, since increasing (trace) microhematuria 
might be a first sign of infections and recurrent morbidity 
in individuals missed by the 5T interventions, our current 
assumption is that the increase in trace microhematuria 
was caused by different and newer batches of Hemastix 
that were started to be used after the baseline survey in 
2021. Other studies from Pemba and Tanzania mainland 
confirm that older/expired strips have a less intense color 
reaction [24] and recommend that trace results should be 
considered negative for S.  haematobium infections when 
a high specificity is aimed for in settings with low egg 
counts in urine filtration [25].

With certainty, however, we can say that the 5T inter-
ventions did not contribute to further reducing the over-
all microhematuria or S. haematobium prevalence in our 
study within one year. Whether the 5T approach is an 
appropriate intervention to accelerate elimination and 
progress towards interruption of transmission remains 
in question, and more evidence needs to be generated in 

Table 2 Praziquantel tablets administered during mass drug administration (MDA) in August 2020 and during targeted test-and-treat 
interventions in 2021. Number of praziquantel tablets administered during the MDA in August 2020 and the test-treat-track-test-
treat (5T) intervention period from May to October 2021 and number of praziquantel tablets used during test-and-treat activities in 
health facilities from July to November 2021 in 15 low Schistosoma haematobium prevalence implementation units in the north of 
Pemba, Tanzania. NA = not applicable because the information is missing. “-“ indicates target points where MDA was not planned and 
conducted
District(s) Location of treat-

ment interventions
Number of praziquantel 
tablets used in MDA in 
August 2020

Number of individu-
als treated in MDA in 
August 2020

Number of praziquantel 
tablets used in 5T and test-
and-treat interventions in 
2021

Number of individu-
als treated in 5T and 
test-and-treat inter-
ventions in 2021

Wete Primary schools 6316 3378 239.5 110
Madrassas NA NA 103 53
Households 11,290 3924 22.5 8
Water bodies - - 10 12

Micheweni Primary schools 18,718 10,765 544 53
Madrassas NA NA 70.5 43
Households 42,529 21,245 120.5 51
Water bodies - - 13 6
Total 78,853 39,312 1123 336

Wete and 
Micheweni

Health facilities - - 85 31
Total 78,853 39,312 1208 367
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long-term studies. Close monitoring and regular evalua-
tion is crucial once MDA is stopped and alternative tar-
geted interventions are applied, to allow a timely reaction 
in case of any sign of recrudescence [26].

In our study, the 5T interventions were an excellent 
and straightforward approach to identifying many of the 
few S. haematobium-infected individuals in schools, in 
households of microhematuria-positive children, and at 
water bodies used by these children. Compared with the 
very low overall prevalence in schools and communities, 
a percentage of 12.8% of household members that were 
infected with S. haematobium confirmed the assump-
tion that household members of positive children are 
also likely to be infected since they may use the same 
water bodies where transmission occurs. Moreover, the 
freshwater bodies that microhematuria-positive chil-
dren reported to use were ideal places to identify and 
treat additional infected individuals: a percentage of 8.5% 
of people using these water bodies tested positive for 
S. haematobium. Our results are in line with a study that 
assessed similar 5T interventions for S. mansoni control 
in two villages in mainland Tanzania, which revealed an 
even higher percentage (46.8%) of S. mansoni infections 
among household members of positive-tested children 
[27]. Since this study used a prevalence threshold of 
< 10% to define a low-prevalence IU, the research team 
was likely working in a setting with a considerably higher 
prevalence than that in Pemba, and the higher percent-
age of infected household members is not surprising. The 
study team from mainland Tanzania also tracked friends 
of S. mansoni-positive children and their household 
members and identified 37.5% of the friends and 47.1% of 
the friends’ household members as infected, showing that 
testing friends and their close contacts can be another 
important supplement when recommending 5T inter-
ventions for implementation.

In addition to public primary schools, madrassas 
proved to be useful venues for the initial testing of chil-
dren. While more than one third of the children who 
attended our study madrassas were also enrolled in our 
study primary schools, they attended grades that were 
not included in our testing. These students could have 
also been reached through extended testing in pri-
mary schools, which we did not have the capacity and 
resources to do. However, another third of the tested 
madrassa students did not attend a primary school, either 
because they were too young or for other unknown rea-
sons. Thus, as suggested for behavior change commu-
nication about schistosomiasis [28], madrassas offer a 
fantastic opportunity to include non-school attendees 
into 5T interventions who otherwise would not have 
been reached but who may have a strong exposure to the 
parasite during their daily activities. The microhematuria 
prevalence in non-school attendees and school attendees 

tested in madrassas was 6.3% and 9.1%, respectively. 
Hence, while non-school attendees seemed not at higher 
risk for obtaining a S. haematobium infection than school 
attendees in our study, they are yet an important group 
for inclusion in 5T interventions.

In our study, with a team of four enumerators, more 
than 4000 children were tested in five months, and 200 
microhematuria-positive children were tracked to their 
households and the water bodies they had used. Since 
the mean distance between the schools/madrassas and 
households or frequented water bodies was only about 
1000 m, tracking children to these points was mostly eas-
ily conducted. A challenge during the 5T interventions, 
however, was the considerably low number of individu-
als who were present at the water bodies at times when 
the study teams visited, in addition to only few individu-
als who agreed to participate in test-and-treat activities 
at households and at water bodies. To reach more people 
with 5T interventions, good outreach, and awareness 
campaigns to increase health literacy about urogenital 
schistosomiasis are needed in target areas. Moreover, it 
may be worth returning to the same water body several 
times and staying there for an extended period, as was 
done in a study in Egypt where the enumerators spent 11 
consecutive hours at tracked water bodies to offer test-
and-treat to present or arriving individuals [12]. Work-
ing with a larger team or multiple teams in our study 
would undoubtedly have allowed us to test an even larger 
number of children and schools, to visit households and 
water bodies at more ideal times and for longer hours, 
to conduct multiple rounds of testing per school, and to 
follow-up treated individuals in a similar time frame. This 
would have increased the overall coverage of test-and-
treat and improved treatment outcomes and would hence 
potentially have resulted in better progress towards inter-
ruption of transmission. However, more staff and diag-
nostic material have cost implications and our financial 
resources were limited.

Test-and-treat interventions were also offered by health 
facilities in the study area to patients with symptoms 
consistent with a S. haematobium infection. In health 
facilities, patients were tested exclusively with Hemastix 
reagent strips, and the very high percentage of microhe-
maturia in the patients (20.9%) compared with microhe-
maturia levels we found in community surveys indicates 
that health facilities may offer another important loca-
tion for reaching and treating infected individuals. For 
this purpose, however, it needs to be ensured that health 
facilities have testing equipment and can provide access 
to praziquantel as recommended by WHO [3, 29]. Micro-
hematuria-positive patients from our study health facili-
ties were not tracked, in contrast to another study from 
Egypt, where health facility patients with S. mansoni 
infection were tracked, and their household members 
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were tested for schistosomiasis and treated if positive 
[12]. Also in malaria surveillance research and practice, 
tracking malaria patients identified in health facilities to 
their homes and testing and treating household members 
and surrounding households is a renowned approach 
[30, 31]. In future schistosomiasis elimination activities, 
if resources allow, it may be worthwhile to incorporate 
the tracking, testing, and treating of household members 
of individuals who tested positive at health facilities to 
increase the coverage further.

As with MDA and any other intervention, good cover-
age is key to success. But resources are limited, and care-
ful decisions have to be made about where to save and 
where to spend to ensure a cost-effective approach. What 
our study clearly showed, in addition to the other results, 
was that the number of praziquantel tablets required 
during the 5T interventions to treat infected individuals 
in schools, households, water bodies, and health facilities 
was much lower than the number of praziquantel tablets 
required during an MDA. These findings suggest that, by 
avoiding recrudescence and preventing an overtreatment 
of a mostly healthy population, 5T interventions may 
be considered a cost-effective and feasible alternative to 
MDA to maintain current gains in very low-prevalence 
settings. However, solid evidence on cost-effectiveness 
yet remains to be generated.

The inexistence of a sensitive and specific point-of-care 
test for S. haematobium diagnosis was a considerable 
challenge for our 5T approach. We used a combination 
of reagent strip and urine filtration tests conducted on 
a single urine sample to allow a maximum sensitivity 
to ensure that infected individuals were detected and 
treated. However, since the sensitivity of both tests to 
detect light intensity infections is low [32–34], several 
infected individuals may have been missed. Conversely, 
since the specificity of reagent strips to diagnose urogeni-
tal schistosomiasis is also low, especially in low-preva-
lence settings [33, 35], uninfected individuals may have 
been treated and tracked. Hence, the timely development 
of highly sensitive and specific point-of-care tests for the 
diagnosis of schistosomiasis (and other NTDs) in elimi-
nation settings is crucial to focus all efforts on true posi-
tives and thus further enhance the cost-effectiveness of 
the 5T interventions [36, 37].

Conclusions
The 5T interventions described here were able to main-
tain the very low S. haematobium prevalence in our 
study IUs in the north of Pemba, and no outbreaks or 
major recrudescence were observed over the first year of 
implementation. While it remains in question whether 
it will expedite the interruption of transmission, the 5T 
interventions proved to be a straightforward and fea-
sible approach to identifying and treating many of the 

few S.  haematobium-infected individuals in an elimina-
tion setting. In addition to schools, madrassas were an 
excellent starting point for testing a high-risk popula-
tion, including non-school attendees, which would then 
lead us to additional individuals with a high likelihood of 
exposure and infection in households and at water bod-
ies. Health facilities were also an important venue for 
testing and treating patients with symptoms of urogenital 
schistosomiasis and confirmed microhematuria. Essen-
tial for a successful and cost-effective implementation 
of 5T interventions in elimination settings in the future 
will be the development of a highly sensitive and spe-
cific rapid diagnostic test that can be used at the point-
of-care and enables a timely and accurate treatment and 
tracking of infected individuals. Close monitoring of the 
endemic situation after MDA has been stopped will be 
key to allow a timely reaction to recrudescence. More 
long-term and large-scale studies assessing the feasibility, 
impact and cost-effectiveness of 5T interventions in dif-
ferent prevalence and environmental settings are needed 
before it can be recommended to schistosomiasis elimi-
nation programs as an alternative or successor to MDA. 
Most importantly, it remains to be clarified whether 5T 
interventions are indeed capable of maintaining the gains 
made by control programs over extended periods and 
whether or not they can support programs that have the 
ultimate aim to interrupt Schistosoma transmission.
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4. DISCUSSION 

Prevalence of S. haematobium on Zanzibar has decreased considerably over the last one 

hundred years [2]. The islands already achieved the elimination of schistosomiasis as a public 

health problem in 2017 and have been aiming for the interruption of S. haematobium 

transmission ever since [2, 57]. However, an observed spatial heterogeneity of S. haematobium 

infection down to a small administrative area level has raised the need for the improvement of 

strategies and intervention approaches that move the islands towards the complete elimination 

of schistosomiasis while addressing the micro-epidemiology of many low-prevalence and a 

few hotspot areas. This thesis discusses the results of schistosomiasis research in Zanzibar and 

its implications for future research and policy on the islands and elsewhere.  

 

4.1. The impact of large-scale interventions on 

schistosomiasis prevalence 

The drivers of the major success of eliminating schistosomiasis as a public health problem in 

Zanzibar were small-scale local pilot projects that were subsequently scaled up, primarily 

within the last 15 years. This thesis shows that the primary interventions implemented within 

the last one hundred years covered three central angles: i) treatment, ii) snail control, and iii) 

behavior change (see 3.1.). 

4.1.1. Treatment interventions 

During the ZEST study, large-scale preventive chemotherapy was distributed through 

praziquantel MDA on Unguja and Pemba in schools and communities annually or bi-annually 

from 2011 to 2017 and resulted in a S. haematobium prevalence reduction in 9-12 year old 

schoolchildren from 4.1% in 2011 to 1.4% in 2017 [58]. There are many more examples of 

school-based MDA, such as a study in Kenya which showed a S. mansoni prevalence reduction 

from 44.7% to 14.0% after four years [62]. However, just a few other countries and studies 

have included adults in the MDA. The inclusion of adults in the MDA has only been 

recommended since 2022 in areas where the prevalence is ≥10% [7]. 

The Zanzibar islands are among the few regions in the world where adults have already been 

treated during MDA in the form of community-wide treatment in the past and present [2]. The 

ZEST study showed that the prevalence in adults was reduced from 3.3% in 2011 to 1.5% in 
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2017 in the study arm, where MDA was the only intervention (unpublished ZEST study data). 

Modeling studies show that MDA in school-age children alone will not lead to interruption of 

S. haematobium and S. mansoni transmission in high-risk areas [63, 64]. A study in Kenya 

further supports the importance of MDA in adults as the S. mansoni prevalence in adults 

decreased from 46.9% to 11.9% after four years of community-wide MDA in a high-prevalence 

area [65]. 

Further research from the Zanzibar islands also underlines the importance of continuous 

treatment in areas with high S. haematobium prevalence. In 2019, a 16-month treatment gap in 

praziquantel MDA occurred on the Zanzibar islands resulting in a prevalence rebound in 

hotspot areas from 2.8% in 2019 to 9.1% in 2020 in school-aged children, while the prevalence 

in low-prevalence areas stayed considerably low [59]. Likewise, a transmission model based 

on data from Kenya predicted a likely rebound of Schistosoma prevalence after treatment gaps, 

especially in areas at higher risk [66]. Considering the fast rebound of Schistosoma infection 

after treatment gaps, regular MDA with praziquantel is needed in schoolchildren and adults in 

hotspot areas in Zanzibar and elsewhere. 

Based on the above results and in accordance with the new WHO guidelines, more countries 

may consider including adults in treatment programs and conducting community MDA in the 

future. One challenge, however, is the expense associated with drug distribution, which can be 

particularly high when targeting communities compared to schools where many children can 

be found and treated in one place [67, 68]. Therefore, funding needs to be secured for 

implementing MDA in communities to reach the new target group in endemic countries. The 

more significant challenge, however, may arise from the limited availability and funding for 

the drugs themselves. Merck KGgA, the manufacturer of praziquantel, has committed to 

donating the drugs for school-aged children for an unlimited time period, whereas for adults, 

funding is only secured for certain regions [35]. Countries that had previously targeted only 

children and may want to include adults in future MDAs will have an increased demand for 

praziquantel. To meet the demand, the distribution of praziquantel within endemic regions 

needs to be redesigned, prioritizing its distribution to areas with high prevalence, where MDA 

is needed the most. For regions with low prevalence, novel alternative treatment schemes, e.g., 

drug-saving targeted treatment, need to be considered as an alternative to drug-consuming 

MDA (see 4.3.). If treatment is adapted locally, the demand for praziquantel may be met 

globally. 
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Preschool-aged children are another age group that received increased research attention during 

the last decade. Indeed, in Zimbabwe, a S. haematobium prevalence of 45% in children aged 

1-5 years was reported in 2020 [69], and in Kenya, a S. mansoni prevalence of 11.8% in 

children aged 3-7 years was reported for 2018 [70]. Since 2022, the WHO has recommended 

including pre-school-aged children in MDA programs with a coverage of ≥75% [7]. However, 

the United States Food and Drug Administration does not recommend the treatment of children 

<4 years old with praziquantel [31]. As no pediatric praziquantel formulation is yet available 

[71], children <4 years of age remain untreated. However, the Pediatric Praziquantel 

Consortium has been developing a formulation suitable for young children (arpraziquantel) 

since 2012 [72]. In brief, the recent phase 3 study showed excellent results in children aged 

three months to 6 years, and the Consortium expects access to arpraziquantel in sub-Saharan 

African countries in 2024 [72]. Treating young children would be an important milestone in 

expanding the coverage of large-scale preventive chemotherapy in hotspot areas in Zanzibar 

and elsewhere.  

 

4.1.2. Snail control interventions 

As long as there have been attempts to treat schistosomiasis in Zanzibar, there have also been 

attempts to interrupt the human-snail-human life cycle with snail control [2]. As early as 1928, 

it was suggested to use chemical snail control or to clear swamps of plants to make water bodies 

less favorable for the intermediate host snails of schistosomiasis [73]. In 1966, the chemical 

molluscicide niclosamide was used for the first time in Zanzibar [74], which is still the 

recommended standard molluscicide for snail control [38].  

In the 2010s, niclosamide was used in a large-scale cluster-randomized trial on the Zanzibar 

islands as part of the ZEST study. In a trial arm where niclosamide was applied and MDA was 

provided, the prevalence in 9-12 year old children decreased from 7.8% in 2011 to 1.7% in 

2017 [58]. This result is in line with a study from 2016 evaluating the impact of biological or 

chemical snail control on Schistosoma prevalence in 83 countries/territories in the 20th Century, 

which found a 92% prevalence reduction in countries/territories where widespread snail control 

was implemented compared with a 37% reduction in countries/territories with little or no snail 

control [75]. The study concluded that other interventions, such as treatment and economic 

factors, may have also contributed to the reduction in prevalence. However, a study in St. Lucia, 

where snail control with niclosamide was the only intervention, showed a significant decrease 
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in S. mansoni prevalence from 22% in 1970 to 4.3% in 1974/1975 [76], indicating that the 

application of molluscicides had a tremendous impact on Schistosoma prevalence. 

Niclosamide has several side effects, including toxicity to fish, invertebrates, and amphibians 

[7], which is particularly concerning in areas where fishing is a crucial part of the economy. In 

these areas, a health-impact assessment should be conducted before implementing snail control 

with niclosamide [38]. Additionally, snail control with niclosamide is expensive [77] and 

hence, presents a challenge for low-income countries. Various studies have therefore attempted 

to find alternatives to niclosamide. As early as 1939, experiments with plant extracts were 

conducted in Zanzibar, and although some of them were successful, they were never tested in 

a field study in water bodies [2, 78]. Other studies experimented with plant extracts to assess 

their effectiveness in snail reduction with promising results, including the additional benefit of 

income to farmers when the plants are cultivated and sold [79]. However, more research needs 

to be done to explore their future applications fully [79]. Rather than adding a substance that is 

toxic for the snails to water bodies, a study in Senegal removed vegetation from water bodies 

that serve as habitats for the intermediate host snails [80]. The study engaged community 

members in the removal, who then used the vegetation for livestock feeding or as compost to 

generate income. The study showed a lower S. mansoni prevalence in schoolchildren in sites 

where vegetation was removed than in sites where the vegetation was not removed. The study 

is an excellent example of capacity development as the community members were encouraged 

to improve their health while generating income. For Zanzibar and other countries, biological 

or environmental snail control through the cultivation of plants that are toxic to snails or 

through the removal of vegetation that serves as snail habitats could be an alternative to the 

application of niclosamide. However, for each setting, field studies are required first to test the 

toxicity of native plants and their extracts in the water bodies against snails and other animals 

and/or to determine which vegetation to remove to yield the most effective snail reduction 

results.  

 

4.1.3. Behavior change interventions 

Interventions targeting behavior change in individuals on the Zanzibar islands have transitioned 

from a top-down health education approach in the early 20 th Century to a behavioral 

communication approach in the 21st Century, in which the community has been involved in 

needs assessments and focus group discussions [2, 81]. The latter underpinned the ZEST study 
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and was followed by large-scale behavioral interventions in 30 areas of Unguja and Pemba, 

including the construction of washing platforms and latrines and education in schools and 

communities [58, 82]. Due to low overall prevalence on the islands, the stand-alone impact of 

behavioral interventions in the ZEST study was never significantly shown but has likely 

contributed to the decrease of prevalence in school-aged children from 6.4% in 2011 to 1.6% 

in 2017 in the areas where the interventions were implemented together with MDA [58]. This 

is consistent with a review concluding that behavior change interventions, when adapted to the 

local settings and conditions, may support reducing Schistosoma prevalence [25].  

Behavior change interventions in Zanzibar have been traditionally conducted in schools and 

within centers of communities [2]. A study in Nigeria identified additional possible outreach 

grounds, including mechanic shops and football grounds [83]. Football and other sports are an 

important part of people’s lives in Zanzibar, although predominantly in men (own 

observations). However, since prevalence of schistosomiasis has almost always been higher in 

men/boys than in women/girls in Zanzibar [2], football grounds could be a future site for 

targeted behavior change interventions. This thesis also shows that the prevalence of 

microhematuria as a proxy for S. haematobium infection in Zanzibar is particularly high among 

patients in health facilities (see 3.6.). Hence, implementing behavior change interventions in 

health facilities could be another essential place to reach at-risk people. Here, primarily women 

could be reached, especially when targeting health facilities that include a mother and child 

care clinic. Preventing Schistosoma infection in pregnant women is crucial, as studies have 

shown that schistosomiasis may contribute to anemia, particularly in cases of heavy infection 

[84, 85]. Anemia in pregnant women is associated with low birth weight and maternal death 

[86, 87]. In addition, a study in Kenya showed that two-year-old children born to S. mansoni-

infected mothers had a significantly lower response to measles vaccination than children born 

to not infected mothers [88]. Including additional intervention sites in behavior change 

interventions, such as football grounds or health facilities, might be vital for future 

interventions. 

Community engagement and the involvement of community and religious leaders are essential 

for a change of behavior in the population. Therefore, focus group discussions and needs 

assessments were conducted to inform the behavior change interventions within the ZEST 

study and were also the basis for the behavior change interventions in the SchistoBreak study  

[58, 60, 89]. Much was learned from these assessments; however, they were conducted 12 years 

ago, and it is time for a new evaluation of the perceptions, needs, and wishes of communities 
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in Zanzibar to prevent Schistosoma infections. Nonetheless, sustainable behavior change can 

only be achieved if the infrastructure is in place to provide a good alternative for using safe 

water, such as for washing clothes or bathing. A study in Namibia showed that the risk of 

contracting schistosomiasis or soil-transmitted helminthiasis is significantly 1.5-fold higher in 

individuals without access to potable water and doubled if there is no access to sanitation 

infrastructure [90]. Significant investments in infrastructure by the government or donors are 

needed to enable real behavior change. In addition, the community could be involved in the 

time and financial investments for new infrastructure. A study in Uganda assessed the 

willingness of community members to invest money and time in the construction of WASH 

resources, such as clean water taps in the village [91]. The study indicated that the level of 

community engagement and willingness to contribute time to the construction of WASH 

infrastructure is higher when the knowledge about water-borne diseases, such as 

schistosomiasis, is high. The results of the study conducted in Uganda demonstrate the 

significance of implementing behavior change interventions in effectively transferring 

knowledge about the Schistosoma life cycle and how the interventions can strengthen 

community involvement and capacity development. In Zanzibar, continuous behavior change 

interventions are essential, especially in hotspot areas, and it is time for a new assessment of 

the perception and needs regarding schistosomiasis interventions. In addition, the evaluation 

could include questions about the community members’ willingness to contribute to 

constructing new WASH infrastructure.  

A combination of treatment, snail control, and behavior change is crucial for hotspot areas to 

reduce prevalence further, however all three interventions could be optimized for 

implementation for Zanzibar and other countries: i) once funding and drug procurement is 

secured, it is essential to also include adults and preschool-aged children in MDA through 

community-wide treatment. ii) new snail control measures need to be identified that are more 

environmentally friendly than niclosamide but equally effective, iii) regular needs assessments 

and inclusion of community members in decision-making processes need to be embedded in 

behavior change measures, for which new intervention grounds may be included to reach many 

people.  
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4.2. Micro-mapping of infection and environmental risk 

factors 

There has long been a paucity of georeferenced infection data for schistosomiasis [37, 92], but 

in recent decades, more studies have georeferenced their infection data, including the 

SchistoBreak study. In the SchistoBreak study, S. haematobium infection is assessed at the 

school and household level, and these sites are georeferenced, allowing to identify small-scale 

infection hotspots [93, 94]. All grades are included in schools, and an equal number of children 

is randomly selected per grade; in households, the entire household is invited to participate. 

Many other approaches to spatial sampling exist. Another study that focused on micro-mapping 

of S. mansoni and S. haematobium infection took place in Kenya and used a different approach 

by selecting villages and randomly selecting children aged 8-14 years in randomly selected 

households [95]. The selection of villages was risk-based as proximity to water bodies was a 

factor, and villages closer to water bodies were selected first. A study in Ethiopia chose to 

micro-map S. mansoni and S. haematobium infections by randomly selecting households based 

on so-called family folders at the post office and selecting one household member from one of 

five predefined age groups by sex [96]. These three studies illustrate the variety of parameters 

used to select study participants and different age groups for mapping Schistosoma infections. 

While there is much to be learned from the different methods, it is challenging to compare 

prevalence across regions if the approaches to assessing prevalence are different. 

Micro-mapping may be adapted to the local context and resources, e.g., while the remote roads 

in Pemba do not have names, other regions/countries may have street names based on which 

random household selection may be made. However, WHO guidance on how to subdivide age 

groups in children and adults and whether it is best to survey schools and/or whole households 

or selected individuals from households may help to make prevalence estimates more 

consistent and comparable across regions or countries. Data collected in a consistent manner 

enhances the global assessment of infected individuals and supports a framework for 

monitoring and evaluating progress that is needed to validate whether geographical areas have 

actually achieved the WHO goals of “elimination of schistosomiasis as a public health 

problem” or “interruption of Schistosoma transmission” [97]. Currently, the WHO only reports 

the number of people requiring preventive chemotherapy, and there is no up-to-date estimate 

of infections worldwide [28]. The lack of reported global infection numbers for Schistosoma 

may be because there has been no systematic analysis of the worldwide distribution of 

Schistosoma infection since 2006 [50]. An infection estimate for sub-Saharan Africa was 
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created in 2022, but a global assessment is still lacking [26]. Since all species of Schistosoma, 

including those primarily found in Asia and the Americas, are treated with praziquantel [1], an 

updated estimate of the number of people infected worldwide is urgently needed to enable 

policymakers to make informed decisions on, for example, the global distribution of 

praziquantel (see 4.1.1).  

Micro-mapping can be enhanced not only by georeferencing human infection data but also by 

assessing environmental factors that may impact the transmission of Schistosoma or other 

NTDs. As part of the SchistoBreak study, the locations of freshwater bodies (with and without 

detected B. globosus) in northern Pemba were georeferenced and provided invaluable 

information about possible transmission sites [93]. A study in 2016 assessed the association of 

environmental factors with the B. globosus abundance on Unguja but only found the presence 

of grass at water bodies as a significant factor for B. globosus abundance [98]. However, the 

study did not assess snail abundance over time and seasons or consider broader environmental 

factors such as rainfall or seasonal temperature. A study conducted in South Africa found that 

rainfall, pH, habitat type, abundance of other freshwater snails, and seasons influenced the 

distribution, abundance, and/or infection rates of B. globosus [99]. However, due to the specific 

habitat preferences of different Bulinus species across sub-Saharan Africa and the resulting 

genetic divergence [100], it is still unknown whether the results of studies conducted elsewhere 

can simply be applied to the Zanzibar islands. There remains a need to understand how 

environmental factors predict snail density and, thus, the risk of transmission. Since regular 

snail surveys have been conducted and environmental factors have been assessed within the 

SchistoBreak study, analyses of these data, integrated with external seasonal data and rainfall 

patterns, may yield results that indicate peak Schistosoma transmission seasons on the Zanzibar 

islands. 

Another approach to model environmental data was used in a study to micro-map 

onchocerciasis and loiasis in Central and West Africa, using geographical information system 

software to examine high-resolution satellite imagery [101]. The study identified low and high-

risk infection transmission areas by layering environmental and prevalence data [101]. This 

method dramatically reduced cost and time compared to field surveys, especially in remote and 

inaccessible areas where field surveys would be difficult to conduct. A study in Zambia that 

aimed to map water bodies for potential malaria vector breeding sites took remote sensing 

micro-mapping to a new level by adapting the mapping to the seasons and even predicting 

vegetated water bodies from satellite data [102]. The study was able to map open and vegetated 
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water bodies with up to 97% accuracy. Remote sensing and geographical information systems 

have existed since the 1970s, but high-resolution satellite imagery is a recent development 

[103, 104]. Strategies such as those employed in the studies in Cameroon and Zambia can 

potentially be used for micro-mapping and transmission risk assessment of any disease where 

the occurrence of the vector is linked to environmental factors, such as water bodies for 

schistosomiasis or onchocerciasis, as long as access to high-resolution imagery and analysis 

expertise are available.  

Considerable progress has been made in micro-mapping the prevalence of schistosomiasis and 

other NTDs, and new tools and technologies even allow the prediction of hotspot and low-

prevalence areas. While much can be learned from different mapping approaches for 

schistosomiasis, NTDs, and other diseases, guidance by the WHO on how to collect data in a 

consistent manner may help to make prevalence estimates more consistent and comparable 

across regions or countries. The guidelines could be embedded in a framework for monitoring 

and evaluating progress to validate whether geographical areas have actually achieved the 

WHO goals of “elimination of schistosomiasis as a public health problem” or “interruption of 

transmission” [97]. Furthermore, the creation of a new Schistosoma infection world map would 

be promoted, which is urgently needed to adjust interventions locally so there are enough 

resources globally. Finally, micro-mapping enables the implementation of interventions 

targeted to the local micro-epidemiology. 
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4.3. Targeted alternatives to large-scale interventions in 

low-prevalence settings 

The very low S. haematobium prevalence in Zanzibar has raised the question of overtreatment 

through MDA in a mostly healthy population [2]. The SchistoBreak study introduced mapping 

of S. haematobium infections as a strategy to implement interventions risk-based and focally 

[93, 94]. The proximity of schools and households to freshwater bodies with B. globosus has 

been found to have a tremendous impact on the chance of schoolchildren and community 

members being infected [93]. Due to the mapping, an alternative approach to MDA could be 

implemented in low-prevalence areas in the north of Pemba in 2021: test-treat-track-test-treat 

(5T) interventions with risk-based testing of children in primary and Islamic schools in close 

proximity to water bodies [60]. Since the study is ongoing, no final recommendation can be 

made about the feasibility of the interventions to keep prevalence low in the long term or even 

advance towards interruption of transmission. Nonetheless, tracking positive index cases 

identified many additional infected individuals, and after one year of 5T interventions instead 

of MDA, the S. haematobium prevalence did not increase significantly despite no MDA. These 

results show a promising outlook for the future, and if the final results of the SchistoBreak 

study support the positive results, the same or similarly adapted interventions could be 

implemented in other regions in Zanzibar and elsewhere where prevalence of schistosomiasis, 

other NTDs, or diseases like malaria, is very low.   

While there are only a few other instances of 5T interventions serving as an alternative to MDA 

in the field of schistosomiasis (see 3.6.), studies on other infectious diseases provide examples 

of alternative interventions. One example of alternative intervention implementation comes 

from a study conducted in mainland Tanzania that focused on taeniosis [105]. For the study, 

collection points in villages were set up, and individuals were invited to provide a stool sample 

for testing for taeniosis. Whoever tested positive for taeniosis was subsequently treated. 

Although the aim of the study was not to identify an alternative to MDA, it presents an example 

of a test-and-treat approach that could be potentially implemented for schistosomiasis test-and-

treat in Zanzibar and elsewhere. Various collection points set up for one day each in low-

prevalence areas provide an easily accessible possibility for community members to get tested 

at the point-of-care. Participants of the SchistoBreak study indicated concerns about the lack 

of medical personnel among the individuals delivering the drugs during the MDA [93]. To 

avoid testing hesitancy and to strengthen the collaboration with health facilities, a future study 

could investigate whether individuals are willing to get tested at these collection points, 
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especially when medical personnel are present. To attract many participants, this approach 

could be combined with a “schistosomiasis day” for the whole community based on the 

example of “kichocho-days” conducted in schools in the ZEST study and in the hotspot 

implementation units of the SchistoBreak study [60, 89]. Such an event would provide an 

opportunity for behavior change intervention and motivate individuals to provide their urine 

samples. Involving religious and village leaders may further enhance the motivation in the 

community [106].  

Another alternative to large-scale MDA comes from a study on malaria in Eswatini. In the 

study, individuals who tested positive at health facilities were tracked to their households and 

focal MDA was conducted by treating the whole household and surrounding households for 

malaria without prior testing [107]. Such an approach could be embedded in the health care 

system and into schistosomiasis interventions in Zanzibar and elsewhere. The testing material 

and drug procurement would need to be secured for all health facilities while ensuring 

correspondence between the health facilities and teams that track household members. 

However, in Zanzibar, this approach might be challenging due to the growing treating-without-

testing hesitancy in the population [93], making it difficult to treat the household members and 

surrounding households without testing beforehand. 

Focal MDA or focal test-and-treat interventions could also be based on geographical factors 

instead of identified index cases. The mapping within the SchistoBreak study revealed that the 

chance of getting infected is highest for those living close (<1 km) to water bodies where B. 

globosus was found. Hence, a viable alternative to MDA could be the treatment of all 

individuals living within <1 km distance to the water body where the presence of B. globosus 

is confirmed. This approach would require continuous malacological surveys since the 

presence of B. globosus cannot (yet) be predicted based on environmental factors (see 4.2.). 

However, in comparison to large-scale MDA, this approach would be drug-saving. Another 

less-drug-saving approach, but still more drug-saving than large-scale MDA, could be to use 

remote sensing and satellite imagery to map all water bodies (without confidently knowing 

whether or not the intermediate host snails are present) and treat all individuals living within 

<1 km distance to any water body. Given the expenses for continuous island-wide 

malacological surveys, this approach may be a viable alternative. Once a prediction of snail 

habitats using collected data and remote sensing is possible for Zanzibar (see 4.2.), the 

treatment could be concentrated on the 1 km radius around the water bodies with the highest 

likelihood of being an intermediate host snail habitat. To find the households within a 1 km 
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radius around the water bodies for conducting the focal MDA or focal test-and-treat 

interventions, a navigation tablet-based tool like the one used to identify the pre-randomized 

houses for the community-based household survey in the SchistoBreak study [94], could be 

used. All approaches that involve testing first could be considerably more efficient if a highly 

sensitive and specific diagnostic test would be available that could be used at the point-of-care. 

Interventions cannot only be targeted to the infected individuals but also to the intermediate 

host snail. Malacological surveys at water bodies suspected of being habitats of intermediate 

host snails can identify the water bodies as transmission sites. When intermediate host snail 

presence is confirmed, focal snail control with niclosamide, as opposed to its indiscriminate 

application, minimizes the impact on the ecosystem [2]. A study conducted in St. Lucia 

supports the focal application of niclosamide as it concludes that niclosamide is most effective 

if applied highly focally [76]. Furthermore, when applied in conjunction with the peak 

transmission season, the effect of mollusciciding can be maximized while minimizing 

frequency and adverse effects [108]. Currently, snail control is focally applied on Pemba as 

part of the SchistoBreak study [60], but is not linked to the peak transmission season due to the 

scarcity of evidence on the environmental factors that affect snail abundance in Zanzibar (see 

4.2.). Once the evidence is provided, this knowledge can guide niclosamide application to be 

timed to the peak Schistosoma transmission. Moreover, based on studies showing that the ideal 

time for MDA would be during the low-transmission season, near the minimum snail density 

[109, 110], MDA and targeted treatment interventions could be timed to seasonal transmission 

and snail control. Thus, by gaining broader in-depth knowledge of local transmission patterns, 

the timing of future interventions in Zanzibar, such as treatment and snail control, could be 

optimized. 

Questions have been raised about whether, and at what prevalence level, MDA becomes 

unethical and too expensive. Furthermore, continuing large-scale treatment in areas with low 

Schistosoma prevalence results in overtreatment of a mostly healthy population. Alternative 

interventions need to be explored that can be implemented in these areas and maintain the low 

prevalence. Alternatives can include focal treatment and focal snail control, implemented in 

locations with the highest risk of transmission to save resources. If focal treatment is paired 

with testing, the testing opportunity needs to be easily accessible to the population. 

Furthermore, test-and-treat interventions may be conducted in conjunction with medical 

personnel of health facilities to lower hesitance to participate and to strengthen collaboration 

with local health facilities. Focal snail control would be improved with knowledge about the 
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transmission peak and the variables influencing the abundance of intermediate host snails in 

water bodies. Therefore, focal treatment and focal snail control interventions can be effectively 

implemented in conjunction when focusing on the same locations with high transmission risk.   

 

5. CONCLUSION 

In the long history of schistosomiasis research and interventions on the Zanzibar islands, the 

primarily implemented interventions included treatment, snail control, and measures to change 

behavior, and research showed that future policy for hotspot areas needs to include a 

combination of all three interventions. Additionally, new WASH infrastructure that serves as 

an alternative to using freshwater bodies needs to be realized. While the Zanzibar islands 

already include the treatment of adults in the community-wide MDA, including adults and 

preschool-aged children is also crucial for hotspot areas in other countries once funding and 

drug procurement is secured. Snail control with niclosamide is an important intervention to 

reduce Schistosoma prevalence, but future research needs to identify new snail control 

measures that are more environmentally friendly. Behavior change interventions have proven 

to be important for future multi-disciplinary interventions in sharing knowledge about the life 

cycle and prevention measures. Here, new intervention grounds, such as football courts or 

health facilities, could be crucial to reach more people. Furthermore, an updated needs 

assessment in the community is vital to enable the community to participate in decision-making 

and intervention realization, such as the building and maintenance of new infrastructure.  

Considerable progress has been made in the strategies to micro-map the prevalence of 

schistosomiasis and other NTDs, and new tools and technologies even enable the prediction of 

hotspot and low-prevalence areas. Many studies have used different approaches for prevalence 

assessment, including diverse selections of study participants, but standard guidelines by the 

WHO on how to micro-map prevalence for NTDs is now needed to enable the comparison of 

prevalence across different countries and regions. These standard guidelines embedded in a 

framework for monitoring and evaluating progress would enhance the validation of whether 

geographical areas have actually achieved the WHO goals of “elimination of schistosomiasis 

as a public health problem” or “interruption of transmission”. Furthermore, an updated global 

map of schistosomiasis and/or NTD prevalence would allow an optimal global resource 

allocation. Finally, micro-mapping enables the implementation of interventions targeted to the 
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local micro-epidemiology of schistosomiasis and, if transmission patterns are known, targeted 

to the seasonal transmission of Schistosoma spp. 

Targeted interventions as an alternative to MDA for low-prevalence areas are required to avoid 

overtreatment of a primarily healthy population and to set resources free for regions where they 

are needed most, for countries and regions with high schistosomiasis prevalence. To optimize 

a resource allocation globally, interventions need to be tailored to the epidemiology locally. 

The 5T interventions of the SchistoBreak study are an excellent example of a novel approach 

of targeted interventions, including focal testing, treating, and focal snail control in low-

prevalence areas. Results of future study years of the SchistoBreak study and other studies will 

reveal the optimal targeted interventions needed in various elimination settings to maintain low 

prevalence levels and to further reduce prevalence towards the goal of interruption of 

transmission.  

Research at the Swiss TPH follows the value chain of innovation-validation-application and 

this thesis has demonstrated that schistosomiasis and snail-related research on the Zanzibar 

islands often already progressed from innovation to validation and finally to the application of 

interventions in Zanzibar and elsewhere. Several times innovative research conducted on the 

Main policy recommendations 

 Combination of MDA (for preschool-aged children, school-aged children and 

adults), snail control and behavior change interventions in hotspot areas 

 Governmental investments in water, sanitation and hygiene infrastructure in 

schistosomiasis-endemic settings  

 Creation of WHO guidelines for assessing prevalence of schistosomiasis and other 

NTDs in a consistent manner  

Main research needs 

 Identification of highly effective snail control that is environmentally friendly  

 Exploration of new intervention grounds for behavior change that fit local settings 

 Assessment of seasonal transmission patterns of S. haematobium in Zanzibar 

 Determination of whether 5T interventions maintain prevalence levels in low-

prevalence areas in Zanzibar in the long term and ultimately whether they support 

reaching the goal of interruption of S. haematobium transmission 
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islands has shaped the policy for intervention implementation on the islands and elsewhere and 

has highly contributed to the islands now aiming to interrupt S. haematobium transmission. 

With the SchistoBreak study and interruption of S. haematobium transmission in sight, a new 

era of innovation and improvement of strategies and intervention approaches for 

schistosomiasis elimination has started in Zanzibar. Multi-disciplinary interventions in hotspot 

areas, the novel and innovative micro-mapping strategies, and the targeted interventions in low-

prevalence areas within the SchistoBreak study may guide the road down to zero S. 

haematobium infections. First results of the study already validated the positive impact of the 

interventions on schistosomiasis prevalence. Future study years will show whether the 

interventions are feasible and impactful in the long term and whether the SchistoBreak study 

presents another example of Zanzibar research where innovation has led to application with 

policy recommendations across Zanzibar and outside the island’s borders.  
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Abstract

Zanzibar is among the few places in sub-Saharan Africa where interruption of
Schistosoma transmission seems an achievable goal. Our systematic review identifies
and discusses milestones in schistosomiasis research, control and elimination efforts
in Zanzibar over the past 100 years.

The search in online databases, libraries, and the World Health Organization
Archives revealed 153 records published between May 1928 and August 2022. The
content of records was summarised to highlight the pivotal work leading towards
urogenital schistosomiasis elimination and remaining research gaps.

The greatest achievement following 100 years of schistosomiasis interventions and
research is undoubtedly the improved health of Zanzibaris, exemplified by the
reduction in Schistosoma haematobium prevalence from > 50% historically down
to < 5% in 2020, and the absence of severe morbidities. Experiences from Zanzibar
have contributed to global schistosomiasis guidelines, whilst also revealing challenges
that impede progression towards elimination. Challenges include: transmission het-
erogeneity requiring micro-targeting of interventions, post-treatment recrudescence
of infections in transmission hotspots, biological complexity of intermediate host
snails, emergence of livestock Schistosoma species complicating surveillance whilst
creating the risk for interspecies hybridisation, insufficient diagnostics performance for
light intensity infections and female genital schistosomiasis, and a lack of acceptable
sanitary alternatives to freshwater bodies.
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Our analysis of the past revealed that much can be achieved in the future with
practical implementation of integrated interventions, alongside operational research. With
continuing national and international commitments, interruption of S. haematobium
transmission across both islands is within reach by 2030, signposting the future demise of
urogenital schistosomiasis across other parts of sub-Saharan Africa.

Abbreviations
CAA circulating anodic antigen.
CCA circulating cathodic antigen.
DBL Danish Bilharziasis Laboratory.
eDNA environmental DNA.
ELISA enzyme-linked immunosorbent assay.
FGS female genital schistosomiasis.
HWCS human water contact site.
IHA indirect haemagglutination.
ITS internal transcribed spacer.
cox1 cytochrome oxidase subunit 1.

nad1 NADH dehydrogenase subunit 1.

MDA mass drug administration.
MGS male genital schistosomiasis.
MoH Ministry of Health.
NHM Natural History Museum of London.
NTD neglected tropical disease.
PHL-IdC Public Health Laboratory-Ivo de Carneri.
RAPD random amplified polymorphic DNA.
RDT rapid diagnostic test.
RFLP restriction fragment length polymorphism.
RPA recombinase polymerase amplification.
SCI Schistosomiasis Control Initiative.
SCORE Schistosomiasis Consortium for Operational Research and Evaluation.
SEA soluble egg antigen.
Swiss TPH Swiss Tropical and Public Health Institute.
UACR urine albumin-to-creatinine ratio.
UCP-LF up-converting phosphor-lateral flow.
WHO World Health Organization.
ZEST Zanzibar elimination of schistosomiasis.

1. Introduction

Human schistosomiasis is a neglected tropical disease (NTD) that
poses a risk to over 700 million people worldwide (World Health
Organization, 2023a). At least 251.4 million people requiring preventive
chemotherapy when last estimated in 2021, of which only ∼30% likely
received treatment. Nearly 90% of Schistosoma spp. infected individuals in
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need of treatment for intestinal and urogenital schistosomiasis reside in sub-
Saharan Africa (World Health Organization, 2020). Urogenital schistoso-
miasis is caused by the parasitic flatworm S. haematobium, one of the nine
currently described species within the Schistosoma haematobium species
group that all utilise snails of the genus Bulinus as intermediate hosts in their
life cycle (Brown, 1994, Webster et al., 2006, Hanelt et al., 2009, Colley
et al., 2014). Schistosoma haematobium is widely distributed across Africa,
Madagascar, the Middle East and cases have also been reported from
Corsica (France) (Boissier et al., 2016). Pathogenesis and morbidity in the
definitive human host is induced by eggs which become trapped in sur-
rounding tissues, specifically the bladder, kidneys and reproductive organs
leading to granuloma formation and chronic inflammation that can lead to
organ failure, squamous cell carcinomas and death (Colley et al., 2014).
The morbidity associated with the reproductive organs [female genital
schistosomiasis (FGS) and male genital schistosomiasis (MGS)] also man-
ifests as stigmatising symptoms, including a heightened risk of transmission
of the human immunodeficiency virus and fertility issues (Kayuni et al.,
2019, Sturt et al., 2020, Bustinduy et al., 2022).
One region that used to be highly endemic for urogenital schistoso-

miasis in sub-Saharan Africa in the last century is the Zanzibar Archipelago,
United Republic of Tanzania. Over the past decades, however, infections
and morbidity were substantially reduced on the two main islands, Unguja
and Pemba. Today, urogenital schistosomiasis has been successfully
eliminated as a public health problem from most areas of Zanzibar. Current
goals are therefore targeted towards reducing the incidence of new
infections to zero, which could make Zanzibar one of the first regions in
sub-Saharan Africa to achieve interruption of Schistosoma transmission.
Situated off the east coast of Tanzania, separated from the African

mainland by a channel of the Indian Ocean, Unguja and Pemba have been
important ports for trade routes between the Arabian Peninsula and the
African continent, possibly as early as the late 5th to 8th century Common
Era (Crowther et al., 2015). During the past millennium, Zanzibar fell
under the control of Portuguese, Omani and then British colonisers, but
shortly after the revolution in early 1964 the islands were liberated from
British colonial rule, which led to the unification of Zanzibar with Tan-
ganyika (Tanzania mainland) forming the United Republic of Tanzania
(Office of Chief Government Statistician Zanzibar, 2020). However, the
islands, with their own unique Swahili-Arabic culture, acquired from a
blend of the islands’ rich history and the natural environment, remain a
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semi-autonomous region with a population of ∼1.9 million inhabitants in
2022 (Ministry of Finance and Planning - National Bureau of Statistics
Tanzania and President’s Office - Finance and Planning - Office of the
Chief Government Statistician Zanzibar, 2022).
The geographical separation of Unguja and Pemba from mainland

Africa, coupled with the islands’ degree of self-government, has made the
islands a microcosm with its own public health policies. This microcosm
has led to the identification of Unguja and Pemba as ‘model islands’ for the
implementation and evaluation of the effectiveness of several programmes
for the control and elimination of infectious diseases in sub-Saharan Africa,
including malaria, trypanosomiasis and lymphatic filariasis (Vreysen et al.,
2000, Mohammed et al., 2006, Bhattarai et al., 2007, Aregawi et al., 2011,
Rebollo et al., 2015). Infectious disease control programmes have benefited
from Unguja and Pemba being divided into 5 regions, 11 districts and 388
small administrative areas, called shehias (Office of Chief Government
Statistician Zanzibar, 2020, Ministry of Health (MoH) [Tanzania
Mainland], 2023), which allows control programmes to be implementable
at different population and geographic levels. Just as with malaria, trypa-
nosomiasis and lymphatic filariasis, collective control efforts spanning
almost a century (which are summarised in this review) have alleviated
much of the severe morbidity and mortality associated with S. haematobium
infections on Unguja and Pemba through preventive chemotherapy, and
other interventions targeted at reducing parasite transmission. In terms of
achieving the goals set by the World Health Organization (WHO) for the
interruption of Schistosoma transmission in humans in selected countries by
2030, the islands of Zanzibar are perhaps the closest in sub-Saharan Africa
at being able to do so (World Health Organization, 2013, 2023b). How-
ever, interruption of Schistosoma transmission has not yet been achieved and
transmission persists in some regions. This highlights the challenges for the
interruption of Schistosoma transmission in environments where snail
intermediate hosts thrive and no adequate infrastructure exists to offer an
alternative to direct human water contact with freshwater transmission
sites. Additionally, the risk of resurgence of transmission remains real if
sustained efforts cannot be maintained, even after years of control and
interventions that have kept infections levels low.
The following systematic review aims to identify and discuss the

milestones in schistosomiasis research, control and elimination efforts over
the past 100 years on Unguja and Pemba. The work conducted, and
achievements made, are discussed across key themes encompassing
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Schistosoma transmission and control, namely: disease epidemiology,
biology and control of the intermediate host snails, molecular epide-
miology of Schistosoma populations, diagnostics, morbidity assessments and
treatment, behaviour change and surveillance-response interventions. This
review highlights the importance that work on these islands has had in
shaping current WHO schistosomiasis control and elimination policies and
guidelines. Now, the focus of future interventions on Unguja and Pemba
will be on the complete interruption of Schistosoma transmission (zero
incidence) and on how to quickly detect and counteract resurgence
through appropriate surveillance (WHO, 2022). With this in mind, the
following systematic review highlights the challenges of schistosomiasis
control and elimination and concludes with recommendations for future
research and interventions that may be required for achieving interruption
of Schistosoma transmission in humans by 2030, in Zanzibar and also other
settings nearing elimination.

2. Methods
2.1 Search strategy

This systematic review has been conducted following the Preferred
Reporting Items for Systematic reviews and Meta-Analyses (PRISMA)
statement (Page et al., 2021). A comprehensive search for literature within
four different online databases (PubMed, Embase, SCOPUS, and Web of
Science) was initiated to retrieve records published until and including the
17th August 2022. The online search strategy was designed based on two
key concepts: (1) ‘Unguja’, ‘Pemba’, ‘Zanzibar’, and (2) ‘Bilharz⁎’,
‘Bulinus’, ‘Praziquantel’, ‘Schistosom⁎’, ‘Snail’. All keywords were connected
by Boolean operators.
In addition to the online database search, the WHO Archives were

contacted by email to identify additional records on schistosomiasis and
associated snail research in Zanzibar. Once access to the WHO Archives
was granted, records were retrieved electronically (13th September 2022)
or viewed on site at the WHO Archives in Geneva, Switzerland
(3rd November 2022).
Furthermore, a literature search about schistosomiasis and related snail

research was conducted on the Swiss Library Service Platform (www.
swisscovery.slsp.ch) with a subsequent visit at the library of the Swiss
Tropical and Public Health Institute (Swiss TPH) in Allschwil, Switzerland
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(17th August 2023). Known British protectorate reports for Zanzibar were
received from the Wellcome Collection (9th November 2022) and the
London School of Economics (10th December 2019), United Kingdom.
Finally, additional records identified in the bibliography of identified
records, were retrieved through a targeted online search.

2.2 Inclusion and exclusion criteria
All records published in the respective sources up to the date of the search
were retrieved for full-text screening if the topic of schistosomiasis or
related snail research on the Zanzibar islands was covered by the title or
abstract. Records that were not related to schistosomiasis research con-
ducted on the Zanzibar islands, or schistosomiasis research conducted
outside the Zanzibar islands in the full text, were excluded from the
review. In addition, records were excluded from the review if they fell into
one of the following groups: (1) not related to the topic of the review after
full-text screening, (2) conference abstracts where the same results were
later published in a scientific paper, or (3) originals of Corrigenda.

2.3 Process of including and excluding records
Titles and abstracts of all records retrieved from the online database search and
all records retrieved electronically from the WHO Archives were screened for
schistosomiasis and related snail research in Zanzibar by two independent
authors (LT and TP). As only one author (LT) was able to visit the WHO
Archives and the library of the Swiss TPH in person, LT performed the initial
reference screening for onsite retrieval alone. All records that were only
available on site and that LT considered important were scanned by LT and
made available electronically to TP. As only one person (TP) was able to visit
the Wellcome Collection and the London School of Economics in person, TP
performed the initial record screening for onsite retrieval alone. All records that
were only available on site and that TP considered important were scanned by
TP and made available electronically to LT. For all the collected records, LT
and TP subsequently screened the records independently and decided on their
inclusion or exclusion. In case of disagreement about including the records into
the review, LT and TP reread the records and discussed whether the inclusion
criteria were met until a consensus was reached.
Finally, two authors (LT and TP) classified all records that were selected

for inclusion in the review into at least one of the following topics:
(1) International stakeholders in schistosomiasis control and research, (2)
Epidemiology of schistosomiasis in Zanzibar, (3) Biology of the intermediate

78 Lydia Trippler et al.

134



host snail, (4) Molecular epidemiology, (5) Diagnostics, (6) Morbidity, (7)
Treatment interventions, (8) Snail control interventions, (9) Behaviour change
interventions, (10) Surveillance-response interventions.

2.4 Writing the sections
Each topic led to a separate section of the review and was written by at least
two authors according to the following scheme: (1) reading all studies and
reports assigned to the main topic of the section, (2) summarising the
approaches, interventions, research, and results described in the respective
studies and reports, (3) discussing the implications derived for Zanzibar and
elsewhere, and (4) discussing open research questions that need to be
addressed in the future to achieve interruption of S. haematobium trans-
mission. In addition, each author provided key findings and research needs,
based on which the introduction and conclusion of the review was written.

3. Results of records search

As a result of the online database search, 392 records were retrieved,
of which 261 (66.6%) were removed as duplicates and 131 (33.4%) were
included in the initial database screening (Fig. 1). During the records

Fig. 1 Flow diagram of the results of the systematic search of the literature for
schistosomiasis and related snail research in Zanzibar. Adapted from Page et al. (2021).

Schistosomiasis in Zanzibar: The long road to elimination 79

135



screening, 25 (18.3%) records were excluded as they were either: (1) not
related to the topic of the review after full-text screening, (2) conference
abstracts where the same results were later published in a scientific paper, or
(3) originals of Corrigenda. Finally, 106 studies were included in the review.
Two records were identified through the Swiss Library Service

Platform and four through the Wellcome Collection, and London School
of Economics (Fig. 1). An additional 86 and 229 records were retrieved
from the WHO Archives electronically and onsite, respectively. Finally,
12 records were identified through citations provided in records originally
retrieved from the online database search or from the WHO Archives. In
total, 333 records were identified via these ‘other methods’, of which
11 records were removed as duplicates. During the records screening,
286 records were excluded because they were not relevant to the topic of
the review.
In total, 106 studies [as defined in the PRISMA 2020 statement (Page

et al., 2021)] from the online database search and 47 reports from ‘other
methods’ were included in the review. These 153 studies and reports covered
a period from 1927 to 2022 (Supplementary File 1: Table 1, and Fig. 2).

4. Overview of the schistosomiasis control, research
and involvement of international stakeholders
across the past century

The review will provide a very detailed account of the schistoso-
miasis activities undertaken during the last century. To better understand
the timeline of research, project implementation and international part-
nerships with the Zanzibar Ministry of Health (MoH) over the past
100 years, an overview is provided here of the governmental bodies,
research institutes, charitable organisations and companies involved.
The first record of urogenital schistosomiasis infection on Unguja and

Pemba dates back to 1925, when 138 individuals were treated in the British
Colonial Government hospital (Semple, 1927). It should be noted that
although the British reports about the Zanzibar Protectorate that are
detailed in this review (Semple, 1927, Mansfield-Aders, 1928, Zanzibar
Protectorate, 1930–1934) contain useful information regarding urogenital
schistosomiasis on Unguja and Pemba, they reflect colonialistic views and
contain descriptions that go against today’s ethical standards. During the
early time points of the 1920s, few individuals were treated, however, it is
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broadly stated that the parasite ‘has been proved to be far commoner than pre-
viously thought’ (Mansfield-Aders, 1928). When the British colonialists
realised that schistosomiasis was indeed highly prevalent and causing
morbidity in the Zanzibari population, it became necessary to initiate
island-specific research into the disease, and into the biology of the parasite
and the snail host. Early research on Unguja by Mansfield-Aders (in his
role as Economic Biologist for the Zanzibar Protectorate) and Cawston
(an English physician and zoologist working in South Africa), identified
transmission sites and the intermediate snail host species of the Bulinus
africanus species group. In addition, a successful attempt was made to
eliminate snail populations using environmental modification (Table 1).
Following the end of the Second World War, in- and out-patients for

schistosomiasis were recorded in the Zanzibar Government hospitals
between 1949 and 1951, although no further interventions to control the
disease took place (Austin, 1955). During the 1960s, however, researchers
from the East African Institute for Medical Research, the Ross Institute of
Tropical Medicine and the London School of Hygiene and Tropical
Medicine conducted multiple research studies investigating the associated
morbidities for urogenital schistosomiasis in Zanzibar, and importantly
testing diagnostics and measuring the efficacy of chemotherapeutic treat-
ments, especially those delivered for the first time in mass-treatment
programmes (Table 1). A decade after these pilot studies investigating mass-
treatment programmes were performed, plans started to be drawn up
between the Zanzibar government and WHO for a national control

Fig. 2 Number of references included per section of the review and their year of
publication based on literature search until 17th August 2022.
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programme for schistosomiasis. McCullough and Krafft, a WHO con-
sultant and WHO Sanitary Engineer, respectively, spearheaded these plans,
which saw the description of the first multifaceted control programme
targeting the most endemic regions of Zanzibar (Table 1). This programme
was designed to include simultaneous chemotherapy, snail control through
molluscicide and health education (Table 1).
Although the plans were drawn up for national schistosomiasis control

in the 1970s, it was not until 1986 that the first island-wide control pro-
gramme was initiated on Pemba (Table 1). This island-wide test-and-treat
campaign, which led to a reduction in S. haematobium prevalence and
morbidity, was also the first to be conducted under international colla-
borative efforts. This test-and-treat programme was supported by the
WHO and the Zanzibar MoH, and additionally by the Italian Agency for
Development Cooperation and German Pharma Health (Savioli, 1991a).
This engagement with Italian stakeholders was mediated by Savioli, an
Italian physician residing on Pemba during this time who took on the role
of Schistosomiasis Control Programme manager for Pemba (Table 1).
Italian engagement led to a major development on Pemba through the
construction of the Public Health Laboratory-Ivo de Carneri (PHL-IdC),
first envisaged by Ivo de Carneri during a trip to Pemba in 1988, and then
realised and completed posthumously in 2000 (Table 1). Unfortunately, Ivo
de Carneri passed away before the total funds and approval to construct the
laboratory were finalised (Shauri, 1994). Savioli and Albonico oversaw
the building of the laboratory in their roles with the WHO, with a hope that
the lab would serve as a ‘Zanzibar Ministry of Health ‘Station’ for evaluating and
developing strategies for control of major endemic diseases’ (Savioli, 1995).
In 1994, the pioneering National Helminth Control Programme on

both Unguja and Pemba was initiated by the Zanzibar MoH, which
marked the beginning of regular treatment for schistosomiasis using
praziquantel (Table 1) (Mohammed et al., 2008). During this year, a
long lasting collaboration was formed between the National Helminth
Control Programme, Zanzibar and researchers from the Natural History
Museum, London (NHM) whose priority was to identify the inter-
mediate host snail species of the B. africanus species group responsible for
transmitting S. haematobium on Unguja and Pemba (Table 1) (Stothard
et al., 1997, Stothard and Rollinson, 1997a). The collaboration of the
Zanzibar MoH with the NHM then led to MoH backing of the Piga
Vita Kichocho campaign, which gained additional support from a part-
nership of donors including The Health Foundation (United Kingdom),
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the African Development Bank and the recently founded Schistoso-
miasis Control Initiative (SCI, now Unlimit Health: www.
unlimithealth.org).
From years of predominantly chemotherapy-based control efforts in

Zanzibar, it became evident that MDA alone would not result in elim-
ination. This led to the international Zanzibar Elimination of
Schistosomiasis Transmission (ZEST) alliance in 2011 that had the primary
objective to assist the Zanzibar government in its efforts to achieve elim-
ination (Table 1) (Knopp et al., 2012). The alliance consisted of the
Zanzibar MoH’s NTD Programme, the PHL-IdC, the WHO, the SCI,
the NHM, the Swiss TPH, and the Schistosomiasis Consortium for
Operational Research and Evaluation (SCORE), University of Georgia,
Athens, United States of America. SCORE funded operational research
studies with the goal to provide pragmatic answers and to serve as proof-of-
concept to inform control programmes committed to moving from
morbidity control towards interruption of Schistosoma transmission. In
Zanzibar, between 2011 and 2017, SCORE funded a large-scale cluster-
randomised trial conducted in 90 randomly selected shehias to assess the
impact of two intervention arms: biannual MDA + snail control (admin-
istering the molluscicide niclosamide to snail host infested freshwater) and
biannual MDA + behaviour change interventions, on the prevalence and
infection intensity of schistosomiasis in comparison to a third intervention
arm of biannual MDA alone.
During the ZEST trial, and respective interventions, schistosomiasis was

eliminated as a public health problem from most areas in Zanzibar, how-
ever, transmission of S. haematobium was not completely interrupted
(Knopp et al., 2019b, Knopp et al., 2019c). Considerable spatial hetero-
geneity of S. haematobium infection was observed, including many low
transmission shehias and a few shehias with persistent schistosomiasis
transmission hotspots (Pennance et al., 2016). The challenge of spatial
heterogeneity is being addressed as part of the ongoing SchistoBreak study
led by researchers from the PHL-IdC and the Swiss TPH (Trippler et al.,
2021b). In the SchistoBreak study, a multidisciplinary intervention
approach is being implemented in high transmission shehias (>2% and/or >3%
S. haematobium prevalence in community-based or school-based surveys,
respectively), consisting of MDA, snail control and behaviour change inter-
ventions. In shehias with a low prevalence of S. haematobium, a
surveillance-response approach with active (school-based test-and-treat),
reactive (test-and-treat in households of positive-tested schoolchildren, and
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test-and-treat and focal snail control at identified transmission sites) and passive
(test-and-treat in health facilities for patients presenting with
S. haematobium infection symptoms) surveillance is being implemented instead
of MDA (see section Implementation of surveillance-response interventions in
Zanzibar). The study interventions aim to trigger an appropriate response in
the high transmission shehias, and to prevent resurgence in the low trans-
mission areas, without over-treating a mostly healthy population. A China-
Zanzibar schistosomiasis control project conducted in four shehias in Pemba
(Tangani, Wingwi, Kiyuyu and Uwandani), with three additional shehias
monitored as control groups (Wambaa, Vitongoji and Shengejuu) (Yang et al.,
2021), coincided with the end of ZEST interventions, also with an over-
arching goal to help reach schistosomiasis elimination in Zanzibar, while
testing the efficacy of China-made praziquantel and molluscicides, respectively
(Table 1).

5. Epidemiology of schistosomiasis in Zanzibar
5.1 Schistosoma spp. on Unguja and Pemba

Unlike urogenital schistosome transmission, autochthonous transmission of
intestinal schistosomes does not occur in Zanzibar, mainly because
Biomphalaria, a genus containing keystone intermediate snail host species for
Schistosoma mansoni, is absent from the islands. However, two studies, one
in 1964 and one in 1965, have noted, that three children, who had not
travelled off the islands, passed apparent S. mansoni eggs in their faeces
(Forsyth and Macdonald, 1966, Forsyth, 1969). No other inference of
locally transmitted S. mansoni infections on Unguja and Pemba have ever
been reported. Subsequent parasitological surveys suggest that the only
other occurrences of S. mansoni infections reported from Zanzibari’s were
imported infections, acquired elsewhere (Mccullough & Krafft, 1976,
WHO Archives, n.d.). In addition, malacological surveys across Unguja
and Pemba have not found any snails of the genus Biomphalaria (see section
Biology of the intermediate host snails). Therefore, it is possible that these
earlier reports of S. mansoni infections were due to incorrect recollections
(or recordings) of travel histories and/or misidentification of parasite eggs in
the faeces (see section Diagnostics). As detailed in the following sections,
S. haematobium and S. bovis are currently the only endemic Schistosoma
species on the islands and prior to 2016 S. haematobium was the only
endemic species recorded.
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5.2 Schistosoma haematobium prevalence changes over 100
years

As shown in Fig. 3, the earliest prevalence of S. haematobium infection was
recorded as 11.9% on Unguja in 1927 and as 58.6% on Pemba (males only)
in 1962 (Mansfield-Aders, 1928, Goatly and Jordan, 1965). The majority of
early studies that tested for S. haematobium infections on the Zanzibar
islands used urine analysis and egg-detection, and were conducted on
Unguja, particularly during the 1960s and 1970s. Across these two decades,
the aim for many studies was to determine efficacious treatment approaches
to reduce morbidity in individuals attending specific schools or residing in
particular communities (see sections Morbidity, and Treatment interven-
tions) (Macdonald et al., 1968b, Mgeni et al., 1990).
These surveys showed the heterogeneous nature of S. haematobium

transmission; prevalence varied at different locations at the same time point.
For example, on Unguja in 1966, the S. haematobium prevalence reported at
Kinyasini school was 87.6% yet 22.4% was reported at Donge school
(Fig. 3) (Macdonald et al., 1968a, Macdonald et al., 1968b). Over a decade
later in 1979, the overall prevalence in Donge schoolchildren was recorded
at 27.0%, showing that transmission in this region had remained consistent
over this time period (Muhammed, 1980). During the 20th century,
the majority of parasitological surveys measuring the prevalence of
S. haematobium on Unguja and Pemba were from small-scale surveys in
selected schools or shehias. One survey that is detailed in a WHO
report serves as an exception to this, where a prevalence of 14.5% was
recorded based on a survey conducted with 9,473 participants from
61 different schools on Unguja in 1976, and thus, represents the pioneer of
large-scale studies concerning S. haematobium prevalence on the Zanzibar
islands (WHO Archives, n.d.).
The 1980s began with parasitological surveys done in Kinyasini,

Unguja, which showed a focal prevalence of 49.3% in 1981, 39.8% in 1982
and 28.92% in 1983 (Mott et al., 1983, Mgeni et al., 1990). These surveys
were also the first to measure heavy-intensity infection (defined as ≥50 eggs
in 10 mL of filtered urine) in Zanzibar, with the highest heavy-intensity
infections in children aged 10–14 years (30.2%) and no significant differ-
ence between girls and boys (Mgeni et al., 1990). In general, however, in
the 1980s and 1990s, the research focus, and therefore records of
S. haematobium prevalence, switched from Unguja to Pemba, with no
studies of S. haematobium prevalence between the years of 1984–2001 on
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Fig. 3 Schistosoma haematobium prevalence in children and adult populations
detected by egg counts (*by urine sedimentation until 1979, by urine filtration since
1980) or reagent strips on Unguja and Pemba between the years 1960–2020 reported
in 38 records (Goatly and Jordan, 1965, Forsyth and Macdonald, 1966, Macdonald
et al., 1968a, Macdonald et al., 1968b, Forsyth, 1969, Forsyth, 1971, Manning, 1976,
Mccullough & Krafft, 1976, Haji and Mgeni, 1980, Savioli et al., 1989a, Savioli et al.,
1989b, Savioli and Mott, 1989, Mgeni et al., 1990, Savioli et al., 1990b, Savioli, 1991a,
Alawy, 1993, Albonico et al., 1997, Lwambo et al., 1997b, Stoltzfus et al., 1997b, Mgeni,
2002, Stothard et al., 2002d, Rollinson et al., 2005, Rudge et al., 2008, Sousa-Figueiredo
et al., 2008, Sousa-Figueiredo et al., 2009, Stothard et al., 2009a, Stothard et al., 2009b,
Stothard et al., 2009c, Guidi et al., 2010, Knopp et al., 2010, Knopp et al., 2013a, Knopp
et al., 2013b, Knopp et al., 2015b, Knopp et al., 2019b, Kim et al., 2020, Trippler et al.,
2021a, Trippler et al., 2022b, Mgeni, n. d.). One point represents the S. haematobium or
microhaematuria mean prevalence per publication even if prevalence in publications

(Continued)

Schistosomiasis in Zanzibar: The long road to elimination 93

149



Unguja (Fig. 3). The main diagnostic method during these decades on
Pemba was reagent strips to test for microhaematuria (blood in urine) (the
highest reported microhaematuria prevalence was 86.8% in one school in
1988) (Fig. 3) (Savioli et al., 1990b).
During the 2000s, there was a recommenced focus on Unguja, as

evidenced by several studies (Fig. 3). The first study in the decade was
conducted in 10 schools in Unguja and aimed to investigate the correlation
between S. haematobium and the distribution of B. globosus and B. nasutus
and showed a mean S. haematobium prevalence of 12% (Fig. 3) (Stothard
et al., 2002d). The 2000s also saw the highest ever recorded prevalence of
S. haematobium in school-aged children (boys and girls) on both Unguja and
Pemba. Diagnosis was based on urine filtration implemented in multiple
schools. On Unguja in 2008, this prevalence was 30.7% in children from
five different schools (Stothard et al., 2009c). For Pemba in 2007, the
highest comparable prevalence was reported as 18.9% in children from
eight different schools (Guidi et al., 2010). A few years later, in 2011,
annual large-scale surveys started for the first time in schools and com-
munities on both islands and with urine filtration and reagent strips used to
determine prevalence. The surveys showed a prevalence based on urine
filtration of 4.3% and 2.7% in Unguja and of 8.9% and 5.5% in Pemba in
schoolchildren and adults, respectively (Knopp et al., 2012, Knopp et al.,
2013a). Microhaematuria was detected in 7.3% and 10.4% in Unguja and
in 11.1% and 14.3% in Pemba schoolchildren and adults, respectively
(Knopp et al., 2013a). This was the beginning of the ZEST project, a
cluster-randomised trial that was implemented from 2012 to 2017 in
communities and schools within 90 shehias on Unguja and Pemba. The
ZEST project included multidisciplinary interventions (see sections
Treatment interventions, Snail control interventions and Behaviour change
interventions) and annual parasitological surveys (Knopp et al., 2019b).
These annual monitoring surveys continued beyond ZEST and until 2020

Fig. 3—Cont'd is reported separately per schools/shehias. The green solid line indi-
cates the year where the islands reached elimination as a public health problem
according to the WHO definition provided in the Neglected Tropical Diseases roadmap
2020–2030 (World Health Organization, 2020). The green dashed line represents the
year Unguja rebounded to above 1% prevalence. A prevalence of 11.9% in boys on
Unguja in 1927, reported by Mansfield-Aders (1928) and a prevalence of 38% and
31.2% based on urine sedimentation in participants aged 5–15 years and aged 16–55
years, respectively, reported by Mccarthy (1930), was excluded from the figure to
improve the visualisation of the majority of data points.
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(Trippler et al., 2021a). Towards the end of this decade of intense efforts
for reaching elimination, Unguja and Pemba reached their all-time lows of
island-wide S. haematobium prevalence in school-aged children: Unguja
with 0.8% in 2019 and Pemba with 1.2% in 2020 (Trippler et al., 2021a,
Trippler et al., 2022b). This lowest prevalence of 1.2% for Pemba is also the
most recent prevalence data published, while the most recent prevalence
reported for Unguja is 3.4% in 2020 (Trippler et al., 2021a). Heavy-
intensity infections occurred in 0.6% and 2.9% of school-aged children on
Unguja and Pemba, respectively, at the start of ZEST in 2012, and had
decreased to 0.1% and 0.6%, respectively, in 2019 (Knopp et al., 2019b,
Trippler et al., 2021a). However, heavy-intensity infection then increased
again to 1.0% and 0.7%, respectively, in 2020 (Trippler et al., 2021a).

5.3 Spatial heterogeneity of Schistosoma haematobium infections
in Zanzibar

As alluded to above, a detailed examination of the results reveals that a
spatial heterogeneity of S. haematobium prevalence exists across Unguja and
Pemba, a pattern already striking in 1962 when on Unguja 89.0% of the
population of the village Mtende were infected with S. haematobium while
0% of the surveyed populations of Ungujaukuu and Ndijani were found to
be positive (Goatly and Jordan, 1965). The heterogeneity on Pemba was
similarly pronounced within this same study: in Kengeja, 96.0% of the
surveyed individuals tested positive for S. haematobium while only 20.0% of
the participants in Konde were infected (Goatly and Jordan, 1965). Spatial
heterogeneity of S. haematobium within the Zanzibar islands has been a
theme in many other studies throughout the history of epidemiological
research in Zanzibar, which have provided several important findings
(Chopra, 1968, Stothard et al., 2002d, Rollinson et al., 2005, Rudge et al.,
2008, Sousa-Figueiredo et al., 2009, Stothard et al., 2009a, Stothard et al.,
2009c, Knopp et al., 2010, Ali et al., 2015, Pennance et al., 2016, Knopp
et al., 2019b, Trippler et al., 2021a, Trippler et al., 2022b). A study con-
ducted around the school of Donge on Unguja from 1966 to 1968,
revealed that the spatial heterogeneity of S. haematobium infections even
occurs on a very small-scale level within shehias (Forsyth and Macdonald,
1966, Macdonald and Forsyth, 1968, Macdonald et al., 1968a). Many years
later, in 2005, 2013 and 2020/2021, the proximity of homes, schools and
shehias to water bodies (with B. globosus) was reported as a risk factor for
S. haematobium infection on Unguja and Pemba (Rudge et al., 2008,
Pennance et al., 2016, Trippler et al., 2021a, Trippler et al., 2022b). These
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results were key to understanding the mode of S. haematobium transmission
on the islands and provided crucial information on how to determine, and
subsequently where to implement, targeted interventions in Zanzibar on
the last mile towards schistosomiasis elimination.
Due to the spatial heterogeneity of S. haematobium transmission, shehias

with a persisting high prevalence of S. haematobium prevented the islands
from reaching the aim ‘elimination as a public health problem’ according to
the definition provided in the WHO progress report 2001–2011 and
strategic plan 2012–2020, which stated that each sentinel site (which in the
case of Zanzibar we define as each shehia) should have a S. haematobium
prevalence <1% (World Health Organization, 2013). Since throughout the
years there was at minimum one sentinel site with a S. haematobium pre-
valence ≥1% on each island (Knopp et al., 2019b), none of the islands
would yet technically aim for interruption of transmission by definition.
However, the definition for ‘elimination as a public health problem’ was
refined in the roadmap for NTDs 2021–2030 ‘as <1% proportion of heavy
intensity schistosomiasis infections’, i.e. removing ‘in all sentinel sites’ from
the goal (World Health Organization, 2020). According to this new
definition and the S. haematobium prevalence calculated in Knopp et al.
(2019b) and Trippler et al. (2021a), Unguja reached ‘elimination as a public
health problem’ by 2018, although rebounding to slightly above 1% in
2020, whilst Pemba reached the same goal in 2017, and has been aiming for
interruption of transmission ever since (Fig. 3).

5.4 Sex-related difference in Schistosoma haematobium
prevalence

Typically, higher S. haematobium prevalence is observed in boys than in
girls in Zanzibar, mentioned first in a study conducted in 1966 (Forsyth and
Macdonald, 1966). Many publications followed that reported this (statis-
tically significant) sex-related difference (reported Odds Ratios are shown
in Fig. 4) (Forsyth and Macdonald, 1966, Forsyth, 1969, Savioli et al.,
1989b, Albonico et al., 1997, Stoltzfus et al., 1997a, Rudge et al., 2008,
Sousa-Figueiredo et al., 2009, Stothard et al., 2009a, Knopp et al., 2013a,
Kim et al., 2020, Trippler et al., 2021a). A sex disparity was also reported in
many S. haematobium studies completed in other sub-Saharan African
countries, such as Nigeria or Zambia (Agnew-Blais et al., 2009, Atalabi
et al., 2016, Tembo et al., 2022). The shared explanation is that boys have a
higher exposure to open freshwater bodies (Albonico et al., 1997, Rudge
et al., 2008, Agnew-Blais et al., 2009, Atalabi et al., 2016, Tembo et al., 2022)
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because of, for example, pastimes including fishing and swimming, which in
these countries are activities more commonly done by males (Knopp et al.,
2013a, Atalabi et al., 2016, Tembo et al., 2022). Furthermore, in Zanzibar,
girls often take part in separate activities than boys from the age of 6 or 7
onwards due to their Muslim culture, and young adolescent girls are more self-
conscious about bathing in local water bodies (Person et al., 2016a). Some
studies also reported a (statistically significant) higher prevalence in male adults
compared with female adults in Zanzibar (Forsyth, 1969, Rudge et al., 2008,
Knopp et al., 2013a, Trippler et al., 2021a, Trippler et al., 2022b), although
one publication also reported a higher prevalence in female than in male study

Fig. 4 Sex-related (Female:Male) Odds Ratios (ORs) and 95% confidence intervals for
Schistosoma haematobium infections on Unguja and Pemba in the years 2004–2020,
reported by nine publications, and sorted by the year when the data were collected
(Rudge et al., 2008, Sousa-Figueiredo et al., 2009, Stothard et al., 2009a, Knopp et al.,
2013a, Knopp et al., 2013b, Knopp et al., 2019a, Kim et al., 2020, Trippler et al., 2021a,
Trippler et al., 2022b). Points to the right of the dashed line indicate that the chance of
being infected with S. haematobium is higher in males than in females.

Schistosomiasis in Zanzibar: The long road to elimination 97

153



participants (Savioli, 1991a). The most recent publication, which included
results from both islands showed that in 2019, even with a very low overall
prevalence of 1.2%, male study participants <40 years of age showed a higher
prevalence than female study participants <40 years of age, particularly in the
age group of 8–16 years (Trippler et al., 2021a). A treatment gap of 16 months,
followed by a resurgence of the overall prevalence, made the sex difference
even more apparent since a higher proportion of males aged <60 years was
infected than females aged <60 years, which was particularly evident in the age
group of 8–20 years (Trippler et al., 2021a).

5.5 Age-related difference in Schistosoma haematobium
prevalence

Besides the difference in S. haematobium infection between males and
females, many studies have also tested for variances of S. haematobium
prevalence between age groups in Zanzibar. However, most of these
studies differ in the grouping of ages and while some of the results are based
on data that were collected before treatment, others are based on data after
several rounds of treatment, which might make a significant difference as
shown in Trippler et al. (2021a). Therefore, it is not possible to clearly
compare the results of the different studies with each other. Despite these
limitations for comparison, there are interesting patterns in findings such as
from Macdonald et al. (1968a), who reported a statistically significant
difference between age groups in one of the first studies in Zanzibar with a
higher S. haematobium prevalence in children aged ≤13 (40.2%) than in
children aged ≥14 (26.5%) in specific regions around Donge school on
Unguja. In contrast, many other studies conducted in Zanzibar showed
that the prevalence was highest in other age groups such as children
aged >12 years (Stothard et al., 2009a), 12–14 years (Knopp et al., 2010),
13–17 years (Trippler et al., 2022b), or 15–19 years (Savioli et al., 1990b).
In general, studies have shown that children and adolescents tend to have
the highest prevalence and are therefore most in need of interventions
against schistosomiasis and associated morbidity. While many studies have
been focussing on school-aged children, the ZEST study also specifically
assessed prevalence data for first year students in 2011/2012 prior to the
onset of the study (5.2% in Unguja and 12.2% in Pemba) and again in 2017
(2.3% in Unguja and 2.8% in Pemba), finding that a higher S. haematobium
prevalence was recorded at both time points in this age group on both
islands than in other age groups (9–12 years: 4.1% in Unguja and 8.2% in
Pemba in 2011, 1.7% in Unguja and 1.7% in Pemba in 2017; adults
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>55 years: 2.5% in Unguja and 5.5% in Pemba in 2011, 1.3% in Unguja
and 1.7% in Pemba in 2017), and a higher proportion with heavy intensity
infections (Knopp et al., 2019b).

5.6 Outlook
The tremendous decrease of S. haematobium infections over the past 100
years on Unguja and Pemba, exemplified by the reduction in S. haematobium
prevalence from>50% historically down to <5% in 2020, is undoubtedly
and unequivocally evident. However, a closer look reveals a striking geos-
patial heterogeneity of S. haematobium transmission on both islands of
Zanzibar and a disparity in infection incidence between sexes, boys more
often infected than girls in most of the studies reported. It is hoped that if the
islands remain on the declining trajectory of S. haematobium prevalence and
continue to target interventions appropriately, elimination as public health
problem in all sentinel sites as well as interruption of transmission, with zero
incidences of schistosomiasis cases, could be a realistic outcome within the
near future.

6. Biology of the intermediate host snails
6.1 Endemic Bulinus species of Unguja and Pemba

Using the currently accepted taxonomic organisation of the Bulinus genus
given by Brown (1994) with the addition of one currently unidentified species
(discriminated by molecular DNA markers), five endemic Bulinus species are
known across Unguja and Pemba. These five species include B. globosus and
B. nasutus of the Bulinus africanus species group, in addition to B. forskalii and
two other cryptic taxa of the Bulinus forskalii species group that are con-
chologically indistinguishable from B. forskalii, namely B. barthi and an
undetermined species provisionally referred to as B. forskalii sp. (Stothard et al.,
2002b, Kane et al., 2008, Stothard et al., 2013). As discussed in detail below,
B. globosus is recognised as the primary intermediate host for S. haematobium on
both islands (Stothard and Rollinson, 1997b) and, more recently, for the cattle
parasite S. bovis on Pemba (Pennance et al., 2018). However, B. nasutus may
also act as an intermediate host for S. haematobium in specific foci under certain
circumstances (Pennance et al., 2022a). The primary focus of the following
section is to provide an overview of the involvement, identification, dis-
tribution and genetic diversity of B. globosus and B. nasutus on Unguja and
Pemba. Despite years of malacological surveillance, the absence of Biomphalaria
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species on both Unguja and Pemba, perhaps due to the higher surface tem-
peratures on the islands as in coastal plains of Tanzania and Kenya that inhibit
colonisation of this genus (Sturrock, 1965, Sturrock, 1966), diminishes any
concerns for the introduction and transmission of S. mansoni here.
Historically, the endemic species of the B. forskalii species group have

been less studied than the B. africanus species group, since none have been
of concern for local transmission of Schistosoma on Unguja and Pemba or
neighbouring Mafia Island (Tanzania), and experimental infections have
shown a refractory nature to schistosome infection (Stothard et al., 2002b,
Stothard et al., 2013). Datasets from three recent studies recorded
B. forskalii species group occurrence across the islands, with the exception
of the southern region of Unguja (Fig. 5) (Pennance et al., 2016, Allan
et al., 2020, Pennance, 2020). Cohabitation of B. forskalii species group
with B. africanus species group is commonly observed in water bodies on
both Unguja and Pemba (Mozley, 1939, Stothard et al., 1997, Pennance
et al., 2016). Although the presence of B. forskalii group snails was established
on the Zanzibar islands in the 1930s (Mozley, 1939), the two morpholo-
gically cryptic taxa were delimited nearly 70 years later upon starch gel
electrophoresis of isoenzymes in the case of B. barthi, and DNA sequencing
of the nuclear internal transcribed spacer (ITS) of the ribosomal gene
complex and mitochondrial cytochrome oxidase subunit 1 (cox1) gene in the
case of B. forskalii sp. (Stothard et al., 2002b, Kane et al., 2008, Stothard et al.,
2013). From the sparse data available, B. barthi and B. forskalii sp. appear to
have a limited distribution across Unguja and Pemba, being identified from
only one and three locations, respectively (Fig. 5). Perhaps further locations for
these cryptic species, as well as the distribution of B. forskalii relative to these
cryptic taxa, might be discovered with increased sampling combined with
molecular species identifications. The genetic divergence of Zanzibari B. barthi
and the B. forskalii sp. relative to other endemic Indian Ocean island species
such as B. cernicus and B. bavayi, has been shown in a number of studies
(Stothard et al., 2002b, Kane et al., 2008, Jørgensen et al., 2011). Whether the
islands’ B. forskalii group snails are naturally penetrated by S. haematobium
group miracidia is yet to be established, however this could be an interesting
tool to include in transmission surveillance using molecular xenomonitoring.

6.2 Taxonomic history and identification of Bulinus globosus
and Bulinus nasutus

In 1926, Cawston along with Mansfield-Aders collected snails from an
ornamental lily pond, constructed of cement, within the walls of the
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Fig. 5 Distribution of Bulinus forskalii species group snails on Unguja and Pemba,
United Republic of Tanzania, determined morphologically as the Bulinus forskalii
species group according to Brown (1994) (green), or by molecular markers to species
level for isolates identified as the currently undescribed Bulinus forskalii sp. (red) and
Bulinus barthi (orange) identified in Stothard et al. (2002b) and Kane et al. (2008).
Distribution data for species of the B. forskalii species group presented here were
taken from presence/absence reported from malacological surveys (Supplementary
File 2: Table 2) conducted on Unguja and Pemba from 2011 to 2018 (Pennance et al.,
2016, Allan et al., 2020, Pennance, 2020). The base map represents known geological
features of Unguja and Pemba (United Nations, 1987, Hardy et al., 2015).
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Maruhubi Palace ruins (approximately 4 km north of Stone Town,
Unguja) and identified them as Isidora (Physopsis) ovoidea based on
Bourguignat’s (1879) description of Physopsis ovoidea from Bagamoyo,
coastal Tanzania (Cawston, 1927b, Mansfield-Aders, 1928). Thirty years
after Cawston’s and Mansfield-Aders’ collections, the species I. ovoidea was
collapsed into the species Bulinus africanus (Mandahl-Barth, 1957, Brown,
1994). Being familiar with identifying I. africana (B. africanus) in South
Africa (Cawston, 1924), Cawston (1927b) noted that these I. ovoidea from
Maruhubi were ‘distinct from Isidora (Physopsis) africana (Krauss) and not a
variety of the same species’. However, snails from a second locality, a
highly endemic region neighbouring the Mwera river (∼7 km east of
Maruhubi), were notably much harder to distinguish morphologically from
South African Physopsis africana, with an intuitive comment that it ‘is at
times a similar difficulty in distinguishing the shells of Isidora (globose)’
(Cawston, 1927b). It has been established that snails from the Maruhubi
ponds and the Mwera river region are B. globosus (Rollinson, unpublished
observations). Observations by Cawston therefore highlight the morpho-
logical plasticity of the B. africanus species group on Unguja (Fig. 6).
Further attention was given to the freshwater snail fauna of Unguja and

Pemba between 1937 and 1938, including notes on habitat preferences and
photographing snails, showing the considerable morphological poly-
morphism that existed (Mozley, 1939). Despite the morphological plasti-
city of the Bulinus collected, Mozley (1939) determined that only one
species, which he referred to as Physopsis globose (Morelet), was present
across the Zanzibar islands.
Although, the next malacological surveys were not conducted until

1962, it is of note that great efforts were made between the years 1955 and
1965 to describe and organise species of the genus Bulinus by Mandahl-
Barth (WHO Archives, 1955). The work supported by the WHO first
resulted in a revised snail taxonomy published with refinements in 1958
(Mandahl-Barth, 1958). Following this, Mandahl-Barth requested, and
received funding from donors and the WHO to expand his work in setting
up a self-governing institution for intermediate host snail identification, the
Danish Bilharziasis Laboratory (DBL), in Copenhagen, Denmark
(Mandahl-Barth, 1963). Following malacological surveys in September
1962, just prior to the formal establishment of the DBL in July 1964
(Candau, 1964), 41 snails from different locations in Zanzibar were sent to
Mandahl-Barth for identification (Mandahl-Barth, 1963, Goatly and
Jordan, 1965). All the snails were identified by Mandahl-Barth as
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B. nasutus, except for snails collected from two sites in northern Unguja
(neighbouring Donge and Chaani) that were considered B. globosus (Goatly
and Jordan, 1965), thus creating a malacological map at clear odds with
Mozley’s (Mozley, 1939).
Throughout the 1970s and 1980s, enzyme data on Bulinus species were

collected, including enzymatic markers for B. nasutus and B. globosus from
the coastal region of Tanzania (Rollinson and Southgate, 1979). Such

Fig. 6 Distribution of Bulinus globosus and B. nasutus on Unguja, Pemba, and coastal
Tanzania, as summarised by available presence/absence data with geocoordinates
from previous studies (Stothard et al., 1997, Kane et al., 2008, Pennance et al., 2016,
Knopp et al., 2019c, Allan et al., 2020, Pennance, 2020, Pennance et al., 2022a, Trippler
et al., 2022b) (Supplementary File 2: Table 2). Where DNA sequence data was avail-
able, this was used to distinguish B. globosus and B. nasutus. Selected photographs of
identified species shells are shown to demonstrate the morphological plasticity of
both B. globosus and B. nasutus across Unguja, Pemba and coastal Tanzania
(Pennance, 2020). The base map represents known geological features of Unguja and
Pemba (United Nations, 1987, Hardy et al., 2015). *Represent snails identified mor-
phologically, and therefore only to B. africanus species group level. ^Represents
specific freshwater sites on Unguja and Pemba where B. africanus species group snails
have not been found (absent).
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enzymatic profiling, by isoelectric focusing in polyacrylamide gels, con-
tributed significantly towards a revised, and currently mostly agreed upon,
taxonomy for the genus Bulinus (Brown, 1994). Taxonomic boundaries
between the 12 nominal species placed within the B. africanus species
group, including those from Zanzibar, still remained unclear (Brown,
1995). Work on enzymatic markers for Bulinus proved regionally specific
(Stothard et al., 1997, Stothard and Rollinson, 1997a). Therefore, after the
development of specific B. globosus/nasutus enzymatic markers for Unguja
and Pemba, an updated malacological map created by molecular identifi-
cations was produced, showing the allopatric distribution of B. globosus and
B. nasutus (Stothard et al., 1997). Analysis of multiple shell measurements
relative to the species inferences made by enzymatic markers, revealed that
B. globosus and B. nasutus were impossible to differentiate by conchological
features (Stothard et al., 1997). It was recommended thereafter to refer only
to B. globosus and B. nasutus to the species level when molecular identifi-
cation had been employed on the specimens in hand, or samples from the
same locality have had prior identification to allow for some inferences of
species based on the locality.
From 1990 onwards, with increasing access to PCR and DNA

sequencing technologies, several rapid diagnostic assays to differentiate
B. globosus and B. nasutus on the Zanzibar islands were developed,
including a random amplified polymorphic DNA (RAPD) assay (Stothard
et al., 1997), two diagnostic restriction fragment length polymorphism
(RFLP) (Stothard and Rollinson, 1997b, Stothard and Rollinson, 1997a)
and a multiplex SNaPshot™ assay (Stothard et al., 2002a). Although
RAPD, RFLP and the SNaPshot™ assay still have their importance for
cheap and quick distinction between B. globosus and B. nasutus, all have
become somewhat redundant owing to the affordability of DNA
sequencing. Producing DNA barcodes for collected Bulinus, usually the
cox1 and nuclear ITS regions, and inferring species based on comparisons to
reference sequences for Bulinus through phylogenetic analysis is an excel-
lent method for molecular identification and characterisation for these taxa
(Rollinson et al., 2009a). Thanks to the work of Kane et al. (2008), a
comprehensive range of primers are available to perform PCR and
sequencing on all major groups of Bulinus to target barcoding regions,
including those from Zanzibar (Kane et al., 2008). Using cox1 barcoding,
recent identification of Bulinus snails collected across Unguja and Pemba,
complemented the distribution data that was reported from the last major
mapping exercise (Stothard et al., 1997), with the minor exception of a few
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localities where B. globosus and B. nasutus cohabit (Fig. 6) or are close
neighbours (Pennance et al., 2022a). Although the snails on Unguja and
Pemba are referred to throughout this review as B. globosus, it is clear from
the comparative mitogenomic data currently available that multiple dis-
parate lineages from Unguja, Pemba and mainland Africa represent a
B. globosus species-complex (Pennance, 2020, Zhang et al., 2022). Classi-
fication of B. globosus as either a widely distributed highly variable species
or split into formally named species/sub-species is to be established with
wider sampling and analysis on the species boundaries.

6.3 Incrimination of Bulinus as intermediate host(s) of
Schistosoma haematobium

Bulinus sp. was first incriminated as an intermediate host on Unguja by
Mansfield-Aders who observed Schistosoma cercariae from nine (3.6%)
dissections of 249 B. africanus species group snails found in ‘ponds and
swamps from various parts of Unguja [sic]’ (Mansfield-Aders, 1928,
Mccarthy, 1930) subsequently identified schistosome cercariae from seven
(1.8%) dissections of 390 B. africanus species group snails from Wete [sic],
Pemba. Further work was proposed to continue during the early 1930s for
identifying the vector snails in Zanzibar (Zanzibar Protectorate, 1930–1934),
possibly because of the uncertainty in the snail species identification and the
absence of patent (i.e. shedding) schistosome infections from collected snails
during these early collections.
From the late 1990s, with the capacity to accurately identify Bulinus

specimens to the species level, it became possible to explore the compat-
ibility of B. globosus and B. nasutus to different isolates of S. haematobium.
During experimental infection studies, B. globosus from Unguja were
shown to be susceptible to isolates of S. haematobium originating from both
Unguja and Pemba, whereas B. globosus from Pemba were only susceptible
to the S. haematobium isolated from Unguja (Table 2), even when repeated
attempts to infect the same Pemba B. globosus individuals with Pemba
S. haematobium were performed (Stothard and Rollinson, 1997b). Despite
the results from this small experimental study (Table 2), it is certain that
transmission of S. haematobium on Pemba is mostly autochthonous, and not
only imported S. haematobium from Unguja as these results may suggest. It
is hence suspected that another factor was the cause of the unexpected
resistance of Pemba B. globosus to Pemba S. haematobium in the experi-
mental study. Bulinus nasutus from Unguja and Pemba were refractory to
both Unguja and Pemba S. haematobium isolates (Table 2). This difference
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in B. globosus and B. nasutus susceptibility on the Zanzibar islands was
shown not to be due to discrimination of the snails by the parasite (Allan
et al., 2009, Allan et al., 2013). Although not tested on neonates or young-
juveniles of B. nasutus, which could show a higher susceptibility to schis-
tosome infections and perhaps offer a subject for future research, it was
concluded in the 2000s that B. nasutus was refractory to infection, not
simply as a function of exposure, but due to genetically modulated factors
of the B. nasutus innate immune system (Stothard et al., 2002c, Allan et al.,
2009). Although this has since been contradicted with the finding that wild
caught B. nasutus can be infected with S. haematobium (see below), the
results of these experimental infections meant that large-scale control and
research into schistosome transmission, which was again being considered at the
turn of the 21st Century, could be concentrated in regions of active transmis-
sion, i.e. where B. globosus occurs (Stothard et al., 2002d, Knopp et al., 2013a).
Under the premise that B. globosus was the sole intermediate host for

S. haematobium on the Zanzibar islands as detailed above, interest was given
to comparing the modern day distribution of B. nasutus in regions, parti-
cularly southern Unguja, that had historically a high prevalence (Goatly and
Jordan, 1965). Baseline S. haematobium epidemiological data collected from
schoolchildren from Mtende school, located in a B. nasutus endemic region
in southern Unguja, revealed a single heavy intensity infection in a student,
who reported travel to northern Unguja but reported not to have bathed in
any freshwater where B. globosus may have been present (Stothard et al.,
2002d). The role of B. nasutus as an intermediate host for S. haematobium
was questioned further when positive results from a diagnostic
S. haematobium molecular marker were observed in snails suspected to be
B. nasutus from Kangagani, Pemba (Ame, 2018) In follow-up surveys, a
single naturally infected (shedding S. haematobium cercariae) B. nasutus
(species determined using molecular markers) was recovered from Pemba
in 2019, it was found transmitting a ‘Mainland Africa’ group one (Webster
et al., 2012) strain of S. haematobium rather than the ‘Indian Ocean Islands’
group two (Webster et al., 2012) strain commonly observed on the Zan-
zibar islands (Pennance et al., 2022a). It seems plausible that variation in the
genetically determined host-parasite specificity, which occurs on Unguja
and Pemba between S. haematobium and B. nasutus, may partially account
for previous observations of schistosome infections being acquired in
B. nasutus habitats (Stothard et al., 2002d), although this does seem to be an
infrequent occurrence (Pennance et al., 2022a). For example, despite the
collection of Bulinus from B. nasutus habitats during ZEST, no infected
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B. nasutus were collected from these habitats, and the 44 naturally infected
among nearly 10,000 snails collected were all identified as B. globosus
(Knopp et al., 2019c, Allan et al., 2020, Pennance et al., 2022a). However,
a recent study by He et al. (2019) reported schistosome infected Bulinus
from regions that are known to be B. nasutus habitats, and areas that have a
historically high human infection prevalence (Vitongoji and Uwandani)
(Knopp et al., 2019b, Pennance et al., 2022a). Although neither snail nor
schistosome were identified to the species level using the necessary
molecular markers, they were infected with schistosomes, which could also
represent S. haematobium transmission through B. nasutus. It is apparent
that, for the avoidance of doubt, further sampling of B. nasutus from
endemic areas needs to be undertaken, and the species of both snail and
schistosome inferred through molecular markers. It should also be con-
sidered that low levels of infection may be sustained through imported
infections, and not local transmission, as is the case on Mafia Island
(Tanzania) (Stothard et al., 2013), demonstrating the importance of col-
lecting data on mobility of individuals during epidemiological surveys.
Within the ZEST project, the most recent and largest malacological col-

lection effort to date on the islands, it was found that <1% of B. africanus
species group snails were actively shedding S. haematobium cercariae (Knopp
et al., 2019b, Allan et al., 2020). However, this work was bound by study
design to only collect snails in specific shehias (snail control intervention arm)
and not in other regions with more freshwater habitats. During a study
investigating persisting transmission hotspots on Unguja, a higher infection
prevalence of Bulinus (2.3%) was recorded (Pennance et al., 2016).
The two cryptic species of the B. forskalii species group, B. barthi and

B. forskalii sp. present on Unguja and Pemba, are closely related to B. cernicus,
the sole intermediate host of S. haematobium on Mauritius (Rollinson and
Wright, 1984), and B. bavayi, an endemic species to Madagascar that has been
shown to be compatible with S. haematobium locally (Stothard et al., 2001). It
is possible that B. barthi and B. forskalii sp. may have some capacity to act as an
intermediate host for S. haematobium on Unguja and Pemba (Stothard et al.,
2002b). However, experimental infection of undelimited species of the
B. forskalii species group from Zanzibar with S. haematobium were later
determined refractory following observed exposure (Stothard et al., 2013).
The intermediate host status of these B. forskalii species group snails should be
revisited with snails identified to the species level to provide further reassurance
in directing snail control and other snail focussed efforts.
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6.4 Incrimination of Bulinus as intermediate host(s) of
Schistosoma bovis

In 2016, schistosomes shed from B. globosus collected in Kinyasini, Pemba,
were identified as being the cattle parasite S. bovis (Pennance et al., 2018).
Schistosoma bovis is known to have a broad intermediate host range utilising
several Bulinus species, including B. forskalii in mainland Africa (Mutani
et al., 1983). The distribution of B. forskalii species on Pemba (Fig. 5)
overlap with the regions in which S. bovis has been identified (Pennance
et al., 2018, Pennance et al., 2021). Studies are therefore necessary to
confirm the intermediate host snail vectoral capacity of S. bovis, including
the collection and shedding of B. forskalii and B. nasutus in malacological
surveys to determine the potential spread of this emerging species in
Zanzibar.

6.5 Monitoring of Schistosoma infections in Bulinus spp
Traditional monitoring of the S. haematobium infections of Bulinus spp. in
Zanzibar has been complicated by the identification of S. bovis on Pemba,
where B. globosus acts as the intermediate host species for both
S. haematobium and S. bovis transmission (Pennance et al., 2018, Pennance
et al., 2021). As morphological differentiation of S. haematobium species
group cercariae to the species level is not possible (Frandsen and
Christensen, 1984), there is a real need for molecular xenomonitoring and
more careful identification of schistosome cercariae (Pennance et al., 2018).
Rapid diagnostic assays that can accomplish accurate differentiation of
S. haematobium and S. bovis from collected and preserved cercariae (Webster
et al., 2010) or from snail tissue as part of a molecular snail xenomonitoring
assay (Pennance et al., 2020b), are both robust and reliable methods that
should be implemented in future surveillance. When the aforementioned
snail xenomonitoring assay (Pennance et al., 2020b) was used between
2017 and 2018 on >5,000 snails collected from across Pemba, 2.7% and
0.2% of snails were identified to have an S. haematobium and S. bovis pre-
patent infection, respectively, compared to 0.1% and <0.1% when only
patent infections were considered (Pennance, 2020). The xenomonitoring
assay was ∼24 times more sensitive than standard parasitological methods of
shedding snails, and demonstrates the feasibility, with a modest investment
in reagents, for using xenomonitoring assays in elimination surveillance on
Unguja and Pemba.
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6.6 Habitat preferences of Bulinus globosus and Bulinus
nasutus

Bulinus globosus and B. nasutus prefer either swampy pools or gently flowing
streams, but may also be found in rice paddies, and both also inhabit temporal
freshwater bodies (Forsyth and Macdonald, 1966, Mccullough & Krafft, 1976,
Stothard et al., 2002c, Allan et al., 2013, Pennance et al., 2022a). Both species
have a marked preference for the underside of common blue waterlily leaves
(Fig. 7) or Papyrus stems but may attach themselves to any convenient foliage
(Mansfield-Aders, 1928, Mccarthy, 1930).
Both Zanzibar islands provide an abundance of suitable habitats for

Bulinus species. The physical geography (relative north position), topo-
graphy (more hilly) and climate (increased rainfall) favour the presence of
habitats for Bulinus, and other freshwater snails, on Pemba to a greater
extent than on Unguja (Mozley, 1939, United Nations, 1987). In the north
of Unguja, however, there is a concentration of permanent streams,
swamps and ponds that are filled by both prolonged and heavier rains than
are observed in the south (Stothard et al., 2002c), where in addition to less
rain, more porous/dry and infertile coralline limestone is found (Hardy
et al., 2015).
Seasonal weather patterns in Zanzibar profoundly influence the popu-

lation structure of Bulinus, with extended periods of drought (June to
October) risking desiccation [although note the capacity of Bulinus snails to

Fig. 7 A typical habitat for species of the Bulinus africanus species group in Pemba
taken during a malacological survey in 2017, also demonstrating active use of a
freshwater site for washing clothes (A). Snails can be easily collected from the
underside of the waterlily leaves covering the ponds surface (B) (personal collection,
Bonnie L. Webster).

110 Lydia Trippler et al.

166



withstand considerable drought periods through aestivation (Cawston,
1927a, Allan et al., 2013, Kalinda and Chimbari, 2022)] and heavy bursts of
rainfall flushing snails from preferred habitats (Mccullough & Krafft, 1976).
Collecting Bulinus during the rainy season can be difficult due to their
displacement in the water column (that may also cause snail death) and the
increased size of water bodies, which may severely confound accurate
measures of true snail abundance.
Like the geological landscape of coastal East Africa to which Unguja

and Pemba have underlying shared features that predate their later isolation
from mainland due to the Indian Ocean channel (Kent et al., 1971,
Prendergast et al., 2016), the geology is dominated by limestone forming
karst landscapes (Hardy et al., 2015). Corrosion of calcium carbonate by
water creates sinkholes, cave systems, divergence of rivers and streams
underground that may resurface downstream to feed surface pools and
streams and dolines (Ford and Williams, 2007, Hardy et al., 2015). Dolines,
bowl shaped depressions that provide foci for local surface drainage, pro-
vide suitable habitats for Bulinus snails, as is evident along ponds on the east
coast of Pemba (Pennance et al., 2022a). Because of the karst landscapes on
Unguja and Pemba, surface topographic wetness, which is often used to
predict schistosomiasis transmission sites, is an unreliable predictor to use
for mapping surface freshwater.
Consideration of the faunal associations putatively linked with known

geological zones were first given by Mccullough & Krafft (1976) before
being explored further by Stothard et al. (2000). An interesting feature are
the limestone (M1) outcrops in the south and central regions of Unguja
(Figs. 5 and 6), which elevate the water table because of the makeup of
surrounding denser rock, thereby increasing the chance of surface water
(Hardy et al., 2015). Only B. nasutus are present in these limestone out-
crops in southern Unguja, and one limestone outcrop in central Unguja as
well as on the ‘bedrock’ (M3-Sandy, Clay Marl), whereas on Pemba the
same species is restricted to the sliver of Q2 coralline limestone in the
eastern part of the island (Fig. 6). In the case of B. globosus, this species
dominates the whole range of the M1 limestone on Pemba, but on Unguja
a less clear pattern is seen due to the mosaic of geological characteristics in
the north of the island, with this species presence recorded in three dif-
ferent geological zones (Fig. 6). Bulinus forskalii species group snails are
widespread across multiple geological zones on both islands, although do
not seem present in the south of Unguja (Fig. 5), perhaps due to these
habitats being unfavourable for their survival, or due to a lack of
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opportunity to colonise these regions through passive dispersal mechan-
isms, such as ectozoochory and endozoochory (i.e. the dispersal of snails
through external attachment to another animals body or passing through
another animal via internal consumption) (Simonová et al., 2016).
The mosaic of underlying geology on Unguja and Pemba has an impact

on the physiochemical parameters of the freshwater. The conditions in
relation to the survival of Bulinus on Unguja and Pemba were considered
on a small scale first (Goatly and Jordan, 1965), but multiple studies since
have investigated various physiochemical conditions, such as conductivity,
pH, temperature, total dissolved solids and dissolved oxygen (Allan et al.,
2013, Knopp et al., 2013a, Pennance et al., 2016), although none [except
perhaps temperature, see Knopp et al. (2013a)] were significantly associated
with predicting Bulinus spp. presence. Regarding specific preferences of
B. globosus and B. nasutus, it was found that water conductivity was sig-
nificantly lower in B. nasutus (albeit with one outlier) than B. globosus
habitats (Stothard et al., 2000). However, preliminary results also showed
that B. nasutus could survive in waters collected from B. globosus habitats
(Stothard et al., 2000), and therefore it is unclear as to whether these
parameters, or others, truly dictate Bulinus presence.

6.7 Interspecies and intraspecies genetic diversity of Bulinus
globosus and Bulinus nasutus

Considerable intraspecies genetic heterogeneities within and between
samples of B. globosus and B. nasutus from Zanzibar were observed first
from RAPD analysis, where no two RAPD products from specimens were
the same (Stothard et al., 1997), and nucleotide diversity of the partial cox1
showed multiple interspecies and intraspecies single nucleotide poly-
morphisms (Stothard and Rollinson, 1997a). Limited genetic variation
within populations of B. globosus from multiple populations across Unguja
and Pemba was observed from microsatellite loci analysis, however sub-
stantial genetic variation was observed between populations suggesting that
gene flow was restricted, likely as a result of isolation by distance (Emery
et al., 2003, Wilkinson et al., 2007). It was also observed that this genetic
variation, and inbreeding, fluctuated temporally, demonstrating population
expansion and contraction through bottlenecks caused by habitat desicca-
tion during dry seasons (Wilkinson et al., 2007).
Snail populations from Unguja have been noted both from micro-

satellite, cox1 and complete mitochondrial genome/nuclear rDNA phylo-
genetic analysis to be more genetically similar to Kenyan and mainland
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Tanzanian populations than those from Pemba (Wilkinson et al., 2007,
Kane et al., 2008, Pennance, 2020, Pennance et al., 2022a). This likely
reflects the earlier separation of Pemba from East Africa (∼6Ma) compared
to Unguja (maybe as little as 10,000–18,000 years), where Bulinus popu-
lation admixing would have continued for longer (Kent et al., 1971,
Prendergast et al., 2016, Pennance, 2020). Interestingly, this is in contrast
to the terrestrial molluscs of Pemba, where the difference in isolation times
from Unguja are not reflected in the snail fauna (Rowson et al., 2010).
Compared to B. globosus, it seems that B. nasutus has extremely low
diversity across the Zanzibar islands as well as coastal Tanzania, despite
potentially several millennia geographically separating these populations
(Pennance, 2020). The taxonomic boundaries between species of the
Bulinus genus in Zanzibar relative to those on other Indian Ocean islands
and mainland Africa should be investigated by future population genomic
studies.

6.8 Outlook
Many questions remain regarding the intermediate host snails of schisto-
somes on Unguja and Pemba. Snail surveys and genetic analyses of the
snails and any Schistosoma species they may be infected with, provide a
valuable resource to ongoing elimination efforts in Zanzibar. Perhaps the
most pertinent area for ongoing research surrounds the compatibility of
B. nasutus and B. forskalii species group to S. haematobium and S. bovis, since
their status as potential intermediate hosts could have a significant impact
on the surveillance of urogenital schistosomiasis and the potential spread of
bovine schistosomiasis transmission. It is recommended that molecular snail
xenomonitoring assays should involve all Bulinus species on the islands to
assess the contribution of B. nasutus and B. forskalii species group to the
current schistosome transmission dynamics. In addition, appropriate
molecular markers to delimit snail and schistosome species, including
hybrids, are required in future surveillance approaches. Further investiga-
tion is also needed to understand the ecological and geological factors that
contribute to the distribution of the endemic Bulinus in Zanzibar.
However, it is likely that developments in freshwater infrastructure to meet
growing agricultural demands, such as the recently constructed dam in
Kinyasini, Unguja and Pujini, Pemba (Fig. 8), will have the most dramatic
impacts on Bulinus distribution on the islands. New waters establish suitable
and larger habitats for freshwater snails thus increasing snail abundance and
potentially favouring the introduction of invasive species, as is the case with
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Fig. 8 Photographs from November 2021 of dam project in Kinyasini (Unguja,
−5.9834438, 39.3060592) (A–F) and from May 2023 in Pujini (Pemba, −5.3172761,
39.7775620) (G–H), constructed for the Zanzibar Irrigation Infrastructure Project aimed
at improving agricultural irrigation to boost local crop yield. Photographs show the
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Pomacea canaliculata in Kenya (Buddie et al., 2021), the implications of
which could affect S. haematobium transmission. The repercussions of
increased schistosome transmission due to expanded intermediate host
ranges jeopardise current targets for elimination of the parasite. Finally, the
amount of work that has been carried out on snail-schistosome biology on
Zanzibar offers an excellent foundation to build upon using next-genera-
tion technologies, geographic information systems and climate predictions.
One has the capacity and tools to explore compelling questions such as the
immunologic responses of snails to Schistosoma and the evolutionary history
of these taxa in sub-Saharan Africa.

7. Molecular epidemiology
7.1 Genetic epidemiology of Schistosoma haematobium

in Zanzibar
In the context of schistosomiasis control, the genetic diversity within and
between Schistosoma populations provides an additional proxy to assess how
control interventions may induce selection pressures, especially since the
genetic diversity of the Schistosoma population may influence the outcome
of control measures if variation is directly correlated to drug susceptibility/
tolerance or with reduced/increased human host morbidity (Rollinson
et al., 2009b).
Due to the geographical isolation of Unguja and Pemba from mainland

Africa and their relatively small size, the Zanzibar archipelago provides a
particularly suitable environment for assessing the impact of disease control
strategies. The geographical features together with the long history of
intensive schistosomiasis control interventions in Zanzibar, provide a
unique opportunity to observe how S. haematobium populations respond
genetically as they are pushed towards elimination.
A major evolution in molecular epidemiological methodologies for

investigating Schistosoma populations, utilising DNA capture on Whatman

Kinyasini main dam wall (A), part of the Kinyasini reservoir viewed form the top of the
dam wall (B), the irrigation canals leading from the Kinyasini reservoir to rice fields (C),
the irrigated rice fields downstream (D), the suitable habitats for Bulinus spp. in the
Kinyasini reservoir (E), collections of Bulinus globosus from the Kinyasini reservoir (F),
Pujini dam reservoir showing irrigation channel (G) and the Pujini dam wall (H).
(A, C, G, H: personal collection, Lydia Trippler; B, D, E, F: personal collection, Stefanie Knopp).
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FTA cards (Gower et al., 2007) coupled with an alkaline elution protocol
(Webster et al., 2013a) was demonstrated using larval forms of
S. haematobium populations from Zanzibar. Prior to this technique,
schistosome DNA could only be consistently captured from adult worms,
therefore larval parasites had to be passaged through laboratory rodents
and snails before assessing their genetics, introducing selection biases and
population bottlenecks. By being able to directly sample natural
Schistosoma populations via larval miracidia and cercariae from their
human or snail hosts, respectively, it was now possible to analyse truly
representative population genetics and genomics (Webster et al., 2012,
Webster et al., 2013a). Without the development of this method, several
important findings regarding Schistosoma populations such as detecting
interspecies introgression/hybridisation and selection may not have been
uncovered (Webster et al., 2013b, Léger et al., 2016, Platt et al., 2019,
Pennance et al., 2020a, Rey et al., 2021).
Zanzibari S. haematobium populations have been analysed at several time

points along the evolution of molecular tools and methodologies, starting
from the analysis of small DNA regions including mitochondrial genes and
nuclear rRNA regions (Webster et al., 2013a, Pennance et al., 2018) and
genome wide microsatellite markers (Webster et al., 2015, Pennance et al.,
2022a), to whole genome analyses (Platt et al., 2019). It is important to
highlight that the studies investigating the genetics of Schistosoma popula-
tions in Zanzibar would not have been possible without the collection of
both Schistosoma and intermediate host snails within multidisciplinary
research programmes in Zanzibar. Sample collections, combined with the
appropriate downstream collection maintenance and data documentation
(including the appropriate collection and exporting permits) in repositories
have facilitated molecular investigations: the value of these archived col-
lections, in terms of capturing genetic material from specific times and
places for subsequent reference, should be emphasised (Emery et al., 2012).

7.2 Genetic diversity and population structure of Schistosoma
haematobium on Unguja and Pemba

The first genetic assessment of S. haematobium populations from four shehias
in Unguja (Kiboje, Kilombero, Kinyasini and Mwera) and one shehia in
Pemba (Wingwi) analysed two mitochondrial DNA regions, the cox1 and
the NADH dehydrogenase subunit 1 (nad1) (Webster et al., 2013a). Addi-
tionally, the first and second ITS (ITS1 and ITS2, respectively) were analysed
to determine any variation at the species level (Webster et al., 2012).
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A significant finding from the study was that Zanzibari S. haematobium split
into two very distinct groups. The net divergence between these groups was
considerably high given the geographical scale of Unguja and Pemba, with
similar levels usually seen between genetically diverse lineages of S. mansoni
spread thousands of miles across Africa (Webster et al., 2013a). The observed
groups were constant across the samples from the three time points
(2001/2008/2009), indicating that separation was influenced by some
level of evolutionary divergence. Interestingly, by comparisons with a
small selection of other geographical strains of S. haematobium, Zanzibari
S. haematobium together with other endemic Indian Ocean islands (Mada-
gascar and Mauritius) formed a unique group (named group two) that
contained no S. haematobium from the African mainland (Webster et al.,
2012). The other genetic group (named group one) contained a cluster
of S. haematobium from across mainland Africa together with some
S. haematobium isolates from Zanzibar. These two groups of S. haematobium
have also been identified as being transmitted by Bulinus snails on Unguja
and Pemba, showing that S. haematobium of both groups can be acquired in
Zanzibar and are not imported (Pennance et al., 2022a). This splitting of the
two groups and the higher diversity of S. haematobium group two was
further confirmed at the genomic level by Platt et al. (2019).
Contrary to the theory that island populations are less diverse because of

their relative isolation and interbreeding, the group two S. haematobium
cluster, and specifically Zanzibar isolates, show high levels of genetic
diversity and a complex genetic network compared with those from the
African mainland, which appeared monomorphic (Webster et al., 2013a).
This higher genetic diversity was also confirmed using nuclear molecular
markers in two pilot microsatellite studies (Glenn et al., 2013, Webster
et al., 2015). It was hypothesised that the high level of genetic diversity of
the S. haematobium populations was a result of importation of S. haemato-
bium into Zanzibar via the Indian Ocean trade routes mainly from the
Arabian Peninsula, which started possibly as early as the late 5th to 8th
century Common Era (Crowther et al., 2015), with further spread of
S. haematobium over to the African mainland. This came several thousand
years following the first known presence of urogenital schistosomes in the
region, with eggs being found in 6,200 year old human skeletal remains
from Tell Zeidan, Syria (Anastasiou et al., 2014). This theory also fits the
genetic diversity observed and the low-level mixing of S. haematobium
populations from Zanzibar and the mainland East African coastal regions,
namely Tanzania and Kenya. A study that analysed S. haematobium
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populations from Yemen supports the hypothesis that S. haematobium was
imported mainly from the Arabian Peninsula; with samples from Yemen
showing high levels of diversity within the population, as with Zanzibar,
but with observable relatedness in cox1 haplotype networks between these
two S. haematobium populations (Sady et al., 2015). Furthermore, the
clustering of S. haematobium collected from infected individuals from Mafia
Island (Tanzania) with the group two S. haematobium from Zanzibar helped
elucidate that those human S. haematobium infections on Mafia Island were
imported cases from Zanzibar (Stothard et al., 2013).

7.3 Do intense control interventions change the composition
of Schistosoma haematobium populations?

Through routine schistosome infection surveillance, it is quite possible to
observe, or estimate, changes in terms of the abundance of parasites in
human or snail populations when targeted with control interventions.
However, to determine if selection pressures are imposing themselves on
parasites differentially, perhaps due to advantageous genotypes/phenotypes,
requires other measures. The study by Webster et al. (2013a) used the
mitochondrial data, generated from S. haematobium populations collected
on Unguja and Pemba in 2001, 2008 and 2009, to investigate any popu-
lation level effects of the MDA programmes. Between 2001 and
2008/2009, MDA programmes had been intensified on both Unguja and
Pemba (see section Treatment interventions) increasing any praziquantel
selection pressures on the S. haematobium populations. Although from a
relatively small sample size, the similarity of S. haematobium mitochondrial
haplotypes from 2001 to 2008/2009 suggested that, despite large-scale
MDA, there had been no direct impact on the parasite populations or any
indication of selection of specific S. haematobium genotypes in Zanzibar.
The impact of intensified MDA (biannual treatment) and also other

interventions, such as snail control or behaviour change interventions
during ZEST, on S. haematobium populations was specifically investigated
as part of the parasite population genetic component of SCORE (Webster
et al., 2020). Analyses were conducted using optimised panels of genome
wide nuclear microsatellite markers, which were developed as a tool to
enable affordable and high throughput genotyping of S. haematobium
miracidia (Glenn et al., 2013, Webster et al., 2015). Just over 3000 mir-
acidia collected from infected individuals on Unguja and Pemba before the
onset of ZEST interventions in 2012 and again in 2016 were analysed
(Pennance et al., 2022b). These collections bookended three years of
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biannual MDA (2012–2015) and additional elimination targeted inter-
ventions (see Introduction). The microsatellite data were analysed to
(1) assess the population genetic composition of the S. haematobium
populations over space and time and (2) to investigate any differential
impact that the ZEST interventions may have had on the S. haematobium
populations. In areas where MDA and snail control had been implemented,
a greater reduction in both the S. haematobium populations genetic diversity
and inbreeding coefficient (increased outcrossing) was observed despite
there being no difference in infection epidemiology (prevalence and
intensity) in relation to the different interventions. Additionally, using a
statistical analysis developed to estimate adult worm fecundity (egg output)
(Neves et al., 2021), it was proposed that on Pemba, S. haematobium female
worms had greater egg output than those on Unguja. It was hypothesised
that this may indicate a strain dependent phenotype of the S. haematobium
populations possibly driving persistence of transmission on Pemba,
although further sampling would be required to elucidate this. Moreover,
no biological difference was observed in S. haematobium populations cir-
culating in persistent infection hotspots compared with those in areas
where infection prevalence was low and decreasing over time.

7.4 Emergence of Schistosoma bovis in Zanzibar
One of Zanzibar’s unique epidemiological traits was that it was originally
endemic for only S. haematobium, whereas for many other schistosomiasis
endemic countries, multiple Schistosoma species are transmitted. However,
in 2016, via a widespread and detailed xenomonitoring programme con-
ducted across Pemba (Pennance, 2020), five B. globosus were found to shed
S. bovis cercariae, at a single locality in the north of the island (Pennance
et al., 2018). In 2019, S. bovis infections were confirmed in cattle grazing at
the same site the infected snails were found by the molecular identification
of miracidia retrieved from stool samples (Pennance et al., 2021). Mito-
chondrial cox1 analysis of the S. bovis cercariae and miracidia suggested that
the origin of the S. bovis was the East African mainland, probably through
cattle importation, which increased considerably during the late 20th
Century (Pennance et al., 2021). Further analysis of the snail collections
made during the xenomonitoring programme, using a pre-patent xeno-
monitoring assay (Pennance et al., 2020b), indicated a wider distribution of
S. bovis on Pemba (Pennance, 2020). These studies confirmed that S. bovis
transmission is now established on Pemba, facilitated by susceptible Bulinus
host snails. The active transmission of S. bovis poses a risk to livestock
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health on Pemba, which also has an economic impact, with further sur-
veillance warranted (Pennance et al., 2021). Furthermore, hybridisation
between S. haematobium and S. bovis, as observed on the African mainland
could change the disease epidemiology in Zanzibar, increasing transmission
through other Bulinus species and potentially creating the risk of zoonoses.
However, recent genomic investigations of Zanzibar isolates have not
shown a genetic interspecies introgression with Zanzibari S. haematobium,
which is considered to be the purest form of the species (Platt et al., 2019).
The establishment of S. bovis complicates transmission monitoring of

S. haematobium via snail xenomonitoring approaches, since not only sen-
sitive but also species-specific markers are needed for accurate determi-
nation of human and/or animal schistosomiasis transmission. This will be
particularly important for surveillance for S. haematobium elimination
(World Health Organization, 2022).

7.5 Outlook
The use of bespoke larval (cercariae and miracidia) schistosome collection
methods, together with the associated genetic analyses, have enabled
insights into the epidemiology and genetic diversity of the natural
Schistosoma populations over space and time. Subtle genetic differences
undoubtedly exist in Zanzibari S. haematobium populations, whilst the
potential population level associated phenotypic differences observed,
certainly warrant further investigations.
It remains unknown if these unique genetic traits are related to dif-

ferences in transmission and disease epidemiology, however, it is certainly
clear that Zanzibari S. haematobium populations are not comparable to those
from the African mainland. Increased sample sets and population genomic
level analyses (Shortt et al., 2021) would provide further insights into these
genetic traits and if they impact control interventions.
The detection of S. bovis transmission on Pemba highlights the need for

detailed molecular identification of Schistosoma samples, particularly from
snails. This finding, although small, demonstrates the need for more in-
depth surveillance methodologies going forward, whilst highlighting the
fact that schistosomiasis is a complexed dynamic disease. The concern now
is that S. haematobium-bovis hybrids will soon be transmitted in Zanzibar,
although how this may affect ongoing control efforts remains unknown. As
on the African mainland, genomic surveillance of Schistosoma populations is
needed to fully understand the dynamics of these hybridisation events,
together with any impact on disease epidemiology and control.
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(Lund et al., 2022). Finally, with the identification of a mechanism of
action of praziquantel and the genetic mutations that can infer drug
resistance in schistosomes (Park et al., 2019, Le Clec’h et al., 2021),
population level genomic surveillance could support the monitoring of any
drug selection pressures on the Zanzibari S. haematobium populations, as
they are pushed towards elimination.

8. Diagnostics

Over the last ∼56 years, from 1966 to the present day, the literature
shows an evolution in the diagnostic methodologies used and/or tested in
Zanzibar (Table 1). Reports range from small-scale basic descriptive
diagnosis to large-scale diagnostic evaluation and implementation; from
application of simple point of care tests to assess morbidity and monitor the
impact of control interventions, to the development of innovative
advanced assays needed to certify and sustain elimination and implement
post-elimination surveillance. It is no surprise that the early publications
and reports focus on basic diagnostics such as haematuria detection and
microscopy, whereas the more recent publications and reports present
more advanced diagnostics such as antigen and molecular tests.

8.1 First diagnostic research in Zanzibar
The first diagnostic research study conducted in Zanzibar was published in
1966 and was performed to assess bladder morbidity associated with uro-
genital schistosomiasis (Forsyth and Macdonald, 1966). The study took
place in Donge school on Unguja where stool and urine samples were
collected from 517 children. Ten millilitres of each urine sample, collected
between 12 and 2 pm, were centrifuged and the deposit was examined for
the presence of S. haematobium eggs. If the sample was egg-positive, a
second 10 mL sample was taken from the participant, and the number of
eggs found was counted to provide an intensity score. Urine analysis was
conducted on three consecutive days and only children who had no eggs in
all three urine samples were recorded as negative for infection. A clinical
examination was also carried out, including height, weight, blood tests,
electrocardiograms to detect hypertension and urography (X-ray image of
the renal pelvis and urinary tract). A total of 45.3% of the children were
found to be egg-positive and the urography provided interesting insights
into the related urogenital pathology (see section Morbidity). Stool samples
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were mainly analysed to determine soil-transmitted helminth infections,
however eight individuals were also found to be passing S. haematobium
eggs in their stool. It was hypothesised that this observation was attributable
to high intensity S. haematobium infections with spill-over of eggs into the
intestinal tract (Cunin et al., 2003), although this can also be a result of
contamination of faecal samples by the patient’s urine during sample taking.
Additionally, two children were found to have intestinal schistosomiasis
(S. mansoni) despite reporting to have never visited the African mainland.
In the publication, this did not lead to any speculation that there was any
transmission of S. mansoni in Zanzibar. A S. mansoni infection was also
identified in a later study, via stool examination in a study on Pemba in
1984 (Pampiglione et al., 1987), but the adult male had a history of travel
to the African mainland and so this was recorded as an imported case.
Following on from earlier investigations by Forsyth and Macdonald

(1966), a longitudinal study of 1,074 participants from four villages on
Unguja was conducted over two years in an attempt to document urolo-
gical abnormalities caused by S. haematobium, how they progress and how
they affect the patient’s health and well-being (Forsyth, 1969). Schistosoma
haematobium infection was determined by examination of urine sediments,
as described in the earlier study (Forsyth and Macdonald, 1966), with a
65.1% prevalence recorded. This diagnostic procedure allowed for a good
assessment of the general health and urological abnormalities of infected
individuals of varying ages with different intensities of infection.

8.2 Immuno-diagnosis-antibody detection
Forsyth (1971) also led the first investigation of two novel immunological
diagnostic approaches in Zanzibar: the intradermal and the plasma card test.
These tests were compared with egg detection in urine sediments to
ascertain their reliability in a setting such as Zanzibar (Forsyth and
Macdonald, 1966). The intradermal test (Pellegrino, 1958) involved the
injection of Schistosoma antigen (prepared from cercariae, eggs, adult worms
or miracidia) under the skin of participants’ forearms. A positive diagnosis
was observed by the development of an immune reaction seen as a hive
(raised rash), referred to now as a wheal, of >1 cm2, with the size of the
wheal related to the intensity of infection. However, wheals were not often
uniform in their shape. The plasma card test (Sadun et al., 1963), involved
obtaining serum from three drops of blood from the patient, which was
then mixed with Schistosoma antigen on test cards originally developed for
the diagnosis of syphilis and treponematoses (Portnoy et al., 1962).
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Clumping of the plasma sample on the card provided a positive diagnosis of
schistosomiasis. A total of 290 patients were tested using the intradermal
skin test, 87 patients were tested using the plasma card test, and a subset of
57 patients were tested using both the intradermal test and the plasma test
(Forsyth, 1971). The data from this study showed a high prevalence
(83.4%) of infection by urinary egg microscopy, which was used as
the benchmark/gold standard for testing sensitivity of the new tests. The
intradermal skin test fell short of detecting all positive cases, with an overall
sensitivity of 76.4%, with the largest proportion of false negative test results
being from young children (0–5 years) where sensitivity dropped as low as
43.8%. The plasma card test, however, was reported to have a high sen-
sitivity of 100% in young children (0–5 years). This dropped considerably
in other age groups, resulting in an overall sensitivity of 76.3%. Whereas no
association was found between the positive skin test result and the intensity
of infection (as assessed by urine microscopy), a positive plasma test result
was usually associated with a higher intensity of infection, demonstrating
that sensitivity of the plasma test likely increased in higher intensity
infections. Of the 57 patients that were tested with all three diagnostics,
only 20 (35.1%) of the patients tested positive for both the skin and plasma
test, although 48 (84.2%) were egg-positive by urine microscopy. It was
concluded that the intradermal and plasma card tests were not sensitive
immunodiagnostic tests for use in Zanzibar.
Further immunodiagnostic research was carried out in 1990, as part of

the ‘test and treat’ strategy within the Schistosomiasis Control Programme
(Xue et al., 1993). This involved the use of haemocyanin, obtained from
the keyhole limpet (Megathura crenulata), which contains the same car-
bohydrate as that found on the surface of S. mansoni schistosomula (Grzych
et al., 1987). A total of 187 serum samples were collected from individuals
on Pemba and used to compare the keyhole limpet haemocyanin enzyme-
linked immunosorbent assay (ELISA) to the standard soluble egg antigen
(SEA) ELISA (Xue et al., 1993). Compared with haematuria and/or egg-
positivity, it was found that the sensitivity of the tests were high, but
specificities were low. Although useful, these immunological tests added
little value in highly endemic settings like Zanzibar (at that time) and the
new biomarkers did not perform to a high standard.
Other studies have tested alternative immunodiagnostic methods such

as indirect haemagglutination (IHA) and western blot assays, which showed
a high prevalence of exposure to S. haematobium within Zanzibar
(Bevilacqua et al., 2012). Western blot assays proved to be a useful tool for
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assessing seroprevalence for urogenital schistosomiasis but the IHA assay
showed high cross reactivity for other helminths.
In 2008, the standard SEA ELISA was tested on serum samples from

150 children on Unguja, showing that this immunological test was sensitive
(89.0%) and specific (70.0%) (Stothard et al., 2009c). Further work con-
firmed the high sensitivity of SEA ELISA in Zanzibar with seroprevalences
several-fold higher than indicated by egg detection diagnostics (Knopp
et al., 2010). However, the main reason for this result is likely due to
antibodies from past infections that remain for a prolonged time after
successful treatment.
The high sensitivity of these immuno-diagnostics for schistosomiasis has

little value in high endemicity settings, as they cannot discriminate between
current and past infections (Doenhoff et al., 2004, Weerakoon et al., 2015).
However, it is acknowledged that immuno-diagnostics will soon be
needed in settings like Zanzibar, once interruption of transmission is close.
These types of tests will be needed as a monitoring and post-elimination
surveillance tool in settings where a very low prevalence has been achieved,
transmission is reduced and where only low levels of the communities are
exposed to S. haematobium (Utzinger et al., 2015). In light of this, Pearson
et al. (2021) recently focused on the selection and screening of new anti-
gens for improved immuno-diagnosis. The study took advantage of the
unique repository of urine samples collected and preserved during the
ZEST project and stored on Pemba (Knopp et al., 2012, Knopp et al.,
2019c). The ZEST sample repository at PHL-IdC in Pemba contains
around 2,500 urine samples (10 mL) from adults, 6,500 urine samples
(10 mL) and 37,000 urine samples (1.5 mL) from schoolchildren. All
samples are frozen at −20 °C. In the study of Pearson et al. (2021), a total of
992 biomarkers were identified through analysis of an annotated
S. haematobium genome and through orthologue comparisons, and screened
with antibodies from the stored urine samples. Two potential biomarker
candidates were identified in two tetraspanin type proteins, Sh-TSP-2 and
MS3_01370, which were later incorporated into pilot point of care
immunochromatographic tests. Both candidates exceeded the sensitivity of
the routine SEA ELISA, with a 100% specificity, and presenting 75.0%
(Sh-TSP-2) and 89.0% (MS3_01370) sensitivities. These biomarker can-
didates, when incorporated into the portable rapid diagnostic test (RDT)
format, showed great potential for supporting schistosomiasis control and
elimination initiatives, particular focusing on post-elimination surveillance.
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8.3 Haematuria-based diagnosis
Urine haematuria used as a proxy marker for S. haematobium infection and
associated morbidity, has been utilised to assess the impact and success of
control programmes in Zanzibar from 1976 until this day (Table 1)
(Mccullough, 1978, Trippler et al., 2021b).
A travel report from 1983 describes the implementation of the third

parasitological survey of the Zanzibar Control Programme in the shehia of
Kinyasini, Pemba (Mott et al., 1983). The report clearly details the
assessment of the diagnostics used and provides recommendations for
improved data recording. The routine diagnostics used were the quanti-
tative urine filtration method (eggs/10 mL of urine) and macro- and
microhaematuria, with the latter being used to assess levels of morbidity. It
was recommended that a more detailed assessment of haematuria should be
made, including history of haematuria, presence of bright red or cloudy
urine and using a haematuria scoring system (negative, +, ++, +++), for
increasing amounts of blood relating to the colour change on the urine
reagent strip. This was the first suggestion for quantifying haematuria levels
to support more targeted control efforts. Interestingly, this report details the
need for the standardised use of urine reagent strips for haematuria
assessment as clear discrepancies in performance were observed between
different types of urine strips and manufacturers.
Following on from the travel report, a proposal for the evaluation and

extension of the schistosomiasis control programme in Zanzibar submitted
to the WHO in 1984 (Mgeni, 1984b), recommended that on Unguja, due
to the resources available, quantitative urine filtration could be used
throughout the programme. Surveys were to be conducted every six
months with a final evaluation performed, at the end of the final year, using
quantitative urine filtration to also assess intensity levels. In contrast, due to
the lower diagnostic resources available on Pemba, it was suggested that
haematuria should be used as the main assessment tool to monitor infection
prevalence for the whole population over the remaining two years of the
programme. The assessments were aimed at obtaining prevalence data for
both islands to investigate whether the implemented interventions would
be able to reduce infection prevalence and high intensity infections
(>50 eggs/10 mL of urine) by 50% and 90%, respectively, within two
years, and by 99% in five years. From these reports, it is clear that hae-
maturia assessment was considered an informative tool for monitoring
schistosomiasis infections as interventions start to have an impact.
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8.4 Using haematuria as a proxy for treatment and sign of
morbidity reduction

The first long-term schistosomiasis control programme in Zanzibar was
initiated in 1986, with an aim of eliminating urogenital morbidity (Savioli
et al., 1989b). Over the course of the programme, haematuria was further
assessed as a proxy diagnosis for urogenital schistosomiasis. In 1989 to 1990,
three papers were published that reported the first large-scale diagnostic
projects in Zanzibar centred around the use of Hemastix reagent strips
(Fig. 9) as a diagnostic tool to aid targeted treatment with an aim to reduce
urogenital schistosomiasis-associated morbidity and transmission (Savioli
et al., 1989b, Savioli and Mott, 1989, Savioli et al., 1990b).
A pilot study to assess the methodology was conducted in July 1988 in

the village of Pujini on Pemba (Savioli et al., 1990b). At this time, no
previous prevalence assessment or treatment had been done in this village.
Daily urine samples from 879 individuals were examined on six con-
secutive days and each sample was examined using multiple methods:
(1) visually for macrohaematuria and then (2) for microhaematuria using
the Hemastix reagent strips and (3) by quantitative urine filtration. The
Hemastix reagent strips results were measured in a scoring range from light
(+) to heavy (+++) for each sample and interpreted by the strength of the
reagent strips colour change from orange to green. The main findings from
this study showed that egg excretion from infected individuals was highly
variable from day to day, with some individuals excreting >50 eggs/10 mL
of urine on one day and then being egg-negative on another. Macro-
haematuria was shown to be 100% specific when compared with egg
excretion and was closely associated with egg counts >50/10 mL. Macro-
and microhaematuria were strongly correlated with egg excretion although
there were some cases where individuals were egg-positive but had no
trace of haematuria. This study provided strong evidence that at the pri-
mary health care level, single semi-quantitative measurers and obvious
haematuria were more useful indicators of infection compared to a single
egg count by microscopy. These methods were advocated as suitable
surveillance tools that should be used in high prevalence settings to support
treatment of individuals and to enable implementation of appropriate
treatment strategies.
Due to the pilot study success, the haematuria-based methodology was

implemented in a survey of >20,000 children from 52 schools across
Pemba (Savioli et al., 1989b). An initial survey of 24,462 children took
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Fig. 9 Diagnostic procedures being performed, barcoded urine samples are prepared
through urine filtration on barcoded glass slides (A), followed by egg microscopy (B).
Hemastix reagent strips are a useful tool for the detection of microhaematuria in
infected individuals (C) and are more sensitive than circulating cathodic antigen (CCA)
tests that can result in negative [single band on lateral flow test (D)] in many egg-
positive samples that were detected through microhaematuria as shown by a green
colour change on the Hemastix reagent strips of the same sample (D) (A: personal
collection, Sophie Welsche; B, C: personal collection, Lydia Trippler; D: personal col-
lection, Russell Stothard).
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place in November 1986 with urine samples from each child being
examined for macrohaematuria and microhaematuria. If macrohaematuria
was observed, treatment of that individual took place without any further
testing (test-and-treat) (see section Treatment interventions). If no mac-
rohaematuria was observed, urinalysis Hemastix reagent strips were used to
test for microhaematuria and treatment was provided if positive. The
whole cohort of children were followed up six months later with further
haematuria assessments. Compliance in this test-and-treat strategy was
99.0%, with an 84.9% reduction of haematuria observed. The results
indicated that treatment had dramatically reduced infection and intensity
levels, and also associated morbidity. The study truly demonstrated the
feasibility of using indirect techniques (namely haematuria assessment) at a
large scale to diagnose urogenital schistosomiasis, identifying children that
require treatment, whilst also monitoring the impact of the interventions
on clinical morbidity in a highly endemic area (Savioli et al., 1989b). The
intervention objectives were to reduce macrohaematuria prevalence by
90% and microhaematuria prevalence by 65% within two years (Savioli and
Mott, 1989). This objective was achieved, with macrohaematuria reduced
by 94.5% and microhaematuria reduced by 69%, after only one year.
Additionally, it was observed that the entire test-and-treat kit could be
easily transported in a basket on a bicycle, motorbike or on foot, with a
capability of the teams, which included five rural health assistants, to test-
and-treat 26,000 individuals in one month. It was pointed out that it would
take six months to screen this number by quantitative urine filtration.
Following the findings, these test-and-treat approaches were rolled out
across Pemba to reach all at-risk populations. However, it was noted that
despite the successes of this intervention strategy, sensitivity and specificity
of the methods needed continuous evaluation and as intensity and pre-
valence levels dropped, more sensitive and specific methods would need to
be employed to detect low level infections. Indeed, the success of this
methodology continued into 1991, where during a visit to Pemba by
Muchiri (Division of Vector-Borne Diseases, Kenya), it was clear that
haematuria had been kept to low levels, <25% (Muchiri, 1991). However,
Muchiri did state in his report to the WHO that a dedicated team was
needed to sustain morbidity at this low level and to further reduce the
burden of urogenital schistosomiasis.
Following on from the test-and-treat campaign implemented within

the Schistosomiasis Control Programme, further evaluation was done to
investigate the sensitivity and specificity of indirect haematuria diagnostic
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methods in relation to declining intensity and prevalence of infection
(Savioli et al., 1990b). Data from the large-scale surveys were evaluated
showing that microhaematuria, detected at the light positive (+) level
presented the highest diagnostic sensitivity but the lowest specificity,
whereas macrohaematuria had the highest specificity but the lowest sen-
sitivity. Moderate microhaematuria (++) detection had high sensitivity and
specificity levels, but these were still below the scores for quantitative urine
filtration. The analyses suggested that the quantitative indirect methods
tended to decrease in specificity during the course of the intervention
programme, but that sensitivity remained relatively stable. Overall, the
findings indicated that a history of haematuria could be used as preliminary
screening methods to identify those at risk of morbidity within a popula-
tion. Whereas, surveillance for light microhaematuria (+) is likely a more
appropriate method for supporting targeted interventions at the individual
level (Lwambo et al., 1997a).
Further data evaluation indicated that the prevalence of micro-

haematuria was linearly associated with the prevalence of infection, with
macrohaematuria being a marker of infection intensity and morbidity risk
in the community. These correlations appeared to stay consistent
throughout repeated community-based treatment, suggesting that haema-
turia quantification was useful for assessing interventions and as a tool for
long-term surveillance (Lwambo et al., 1997b).
The sensitivity of Hemastix reagent strips was also investigated to assess

the applicability of expired Hemastix reagent strips batches for programme
use (Savioli et al., 1993). When compared with an unexpired batch,
reagent strips that were expired for one year but had been stored in their
original sealed glass containers at room temperature (26–32 °C) on Pemba
showed a sensitivity of only 59.7%. There were no false positives and a
quarter (10/40) of samples that were haematuria-positive using unexpired
Hemastix reagent strips, had less intense colour reactions than the expired
Hemastix reagent strips, which resulted in a decreased microhaematuria
grading according to the manufacturers manual (i.e. from +++ to ++ and
from ++ to +). Only 39.5% (17/43) of the urine samples that were
indicated as trace or light positive with the unexpired Hemastix reagent
strips, were also haematuria-positive when the expired Hemastix reagent
strips were used. As a consequence of these results the authors recom-
mended that expired Hemastix reagent strips should not be considered for
diagnosis of patients and for selective population treatment in schistoso-
miasis control programmes.
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Almost 20 years later, in 2007, results of a longitudinal study were
published that evaluated the use of microhaematuria assessment within
ongoing control programmes, as a tool for tracking the dynamics of
infection in the population and also for assessing the impact of anthel-
minthic control (French et al., 2007). At a cost of £0.20 per test, the use of
reagent strips for the detection of microhaematuria enabling the mon-
itoring of infection prevalence during ongoing control programmes was
advocated as a rapid, cost-effective and informative surveillance tool.
Although used in several other small-scale studies for prevalence

mapping and morbidity assessment (Stothard et al., 2002d), the use of
haematuria as a diagnostic marker was not further evaluated in terms of its
sensitivity and specificity until 2018 (Knopp et al., 2019a). In the mean-
time, Zanzibar was considered an elimination setting and the use of
microhaematuria detection in relation to very low intensity infections was
investigated. With a very large sample set (39,207 samples from children
and 18,155 samples from adults), the study showed that there was a sig-
nificant decrease in the diagnostic sensitivity of urine haematuria, as egg
counts decrease. This was particularly evident for ultra-low infections
(<5 eggs/10 mL of urine) where a mean sensitivity of only 52.0% was
achieved. At the time of this study, after several intense rounds of MDA
and other interventions within the ZEST project, the largest proportion of
urinary egg counts were in the ultra-low category (34.7% and 46.7% of the
children and adults, respectively). These ultra-low infections impose a
major challenge for accurate diagnosis, with the use of haematuria detec-
tion not providing a sensitive measure. It was stated that next-generation
diagnostics were needed in these ultra-low endemicity settings where
interruption of transmission is the main objective, and where reliable
detection of infections with <5 eggs/10 mL of urine is necessary to treat
individuals that continue to contribute to transmission.

8.5 Urine analysis and urology as a diagnostic and morbidity
marker

In the early 2000s, there were several studies conducted mainly on Unguja
that focused on understanding the levels of urological morbidity associated
with S. haematobium infection. Some of these morbidity markers, facilitated
by various commercially available platforms and reagents, were also
investigated in terms of their ability to provide a diagnosis for active
urogenital schistosomiasis (Rollinson et al., 2005, Sousa-Figueiredo et al.,
2009, Stothard et al., 2009b). In all three of these studies, morbidity
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markers were assessed against the routine methods, macro- and micro-
haematuria, urine turbidity and quantitative urine filtration.
In 2004, a study explored the relationship between S. haematobium

infections and excreted urine-albumin and urine-haemoglobin, using two
existing rapid assays commonly used within healthcare systems for urine
analysis (Rollinson et al., 2005). For this purpose, urine samples from 305
children were analysed, yielding a S. haematobium infection prevalence of
53.9% by quantitative urine filtration. Urines were also analysed using the
HemoCue Urine Albumin assay for levels of microalbuminuria and the
HemoCue Plasma/Low Hb assay for levels of haemoglobin. The data from
the urine-haemoglobin assay clearly showed that quantification of excreted
haemoglobin was possible and potentially useful. However, the HemoCue
assay was much less sensitive than microhaematuria detection using
Hemastix reagent strips. Interestingly, within this study, it was found that
grading gross haematuria within urine samples, even using a standardised
colour chart, was highly subjective with quality control related to how
different individuals see/interpret colour. Turbidity was found to be a
more sensitive and robust method for grading urines compared to colour.
The HemoCue Urine Albumin assay, for determining levels of micro-
albuminuria as a proxy for S. haematobium infection, was considered useful
as a rapid operational field diagnostic tool. Microalbuminuria levels were
found to correlate with intensity of infection levels with a diagnostic
sensitivity of 90.0%. However, it is unknown how this sensitivity may
reduce with low intensity infections.
A study conducted in 2005 analysed multiple urine parameters,

including levels of albumin measured using simple Microalbustix reagent
strips, to identify morbidity, together with routine haematuria and urinary
egg microscopy (Sousa-Figueiredo et al., 2009). In addition, a portable
ultrasound machine was used to assess upper and lower urinary track
morbidity, scored according to the WHO standardised protocol (Scientific
Working Group On Schistosomiasis, 2006). Raised urine-albumin was
associated, but not significantly, with prevalence of infection within the
cohort, whereas microhaematuria was significantly associated with pre-
valence. Albuminuria was positively associated with S. haematobium
infection showing a sensitivity and specificity of 63.3% and 83.1%,
respectively.
A further study conducted in 2006 showed complimentary results

(Stothard et al., 2009b). Urine samples from 66 children were collected
over three consecutive days. Egg patent infections were at a prevalence of
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65.2%, haematuria was recorded for 77.3% of the participants and 66.1%
had urinary tract pathology. Abnormal albumin/creatinine ratios were
detected in 88.4% of the children, but no clear correlation with S. hae-
matobium infections was identified.
In summary, these studies showed that albuminuria assays, particularly

the use of urine dipsticks formats, are good and feasible diagnostic tools for
use in endemic settings and are less laborious compared to microscopic egg
detection. Additionally, they could be useful rapid morbidity assessment
tools for monitoring S. haematobium related urine pathology, as well as a
method for selecting individuals that have more chronic urinary lesions
without having to conduct an ultrasonography assessment. However, the
tests do not seem to have any diagnostic advantage over haematuria
detection and the assessment of urogenital tract pathology. Measures of
albumin, other urine parameters and urological pathology by ultrasound
were suggested to be better applied as pre-screening tools enabling selec-
tion of schoolchildren for further investigations, whilst excluding those not
needing any follow-up.

8.6 Immuno-diagnosis; antigen detection
In 2003, a novel lateral flow cathodic circulating antigen (CCA) dipstick
(‘schistosomiasis one step test’) became commercially available for research
diagnostic purposes. This test followed on from the original CCA devel-
opments by van Etten et al. (1994) and Van Dam et al. (2004), who aimed
at producing a RDT that was storable, portable, easy to use and compatible
with urine. The performance of the novel CCA RDT was evaluated on
Unguja in June 2003 (Stothard et al., 2006a) on urine samples collected
from children from two primary schools (Ghana and Mwera). The mean
prevalence of S. haematobium across the two schools, based on quantitative
urine egg microscopy, was 68.5%. Urines from 25 participants were
selected for the CCA RDT evaluation. These urines ranged from being
egg-negative, and from low to high egg counts. Urines were also graded
for macro- and microhaematuria. Given that only S. haematobium is present
on the Zanzibar islands, the study produced conclusive evidence that the
CCA-based diagnostics were not suitable for urogenital schistosomiasis
assessment and that CCA was not detectable for S. haematobium in Zanzibar
(Fig. 9). This result was further confirmed in 2008, where the CCA RDT
was again tested using urine from 150 children on Unguja (Stothard et al.,
2009c). Urine microscopy showed a mean prevalence of 30.7%, whereas
CCA-positivity was only 4.0%.
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Due to the lack of sensitivity of the CCA assays for S. haematobium
infections, compared to the other Schistosoma species, there has been sub-
stantial focus on developing an antigen test that can be used also for uro-
genital schistosomiasis. Circulating anodic antigen (CAA) proved to be a
suitable candidate as it was detectable for both S. haematobium and
S. mansoni at high sensitivities (Corstjens et al., 2020). The first laboratory-
based CAA assay was tested on 1,200 urine samples from children visiting
schools in low prevalence areas on Pemba in 2013 (Knopp et al., 2015a).
These urine samples, previously well-characterised by urine filtration and
Hemastix reagent strips assessments, had been frozen as part of the sample
repository associated with the ZEST project (Knopp et al., 2012). Two
types of the up-converting phosphor-lateral flow circulating anodic antigen
(UCP-LF CAA) assay (UCAA2000 and UCAA250) with the numbers
representing the different volumes of urine concentrated for the tests,
2000 µL and 250 µL respectively, were performed in the well-equipped
PHL-IdC on Pemba. The procedures for the test are detailed in Knopp
et al. (2015a). In brief, a urine concentration step was performed using a
centrifuge and custom-made CCA lateral flow strips were placed in
a UCP-conjugate/sample mix. Subsequently, the strips were read using a
portable strip reader. The procedure took about three hours but most strips
were left over night before being read. The study revealed a S. haematobium
prevalence of 13.9%, 4.7% and 4.1% for UCP-LF CAA, microscopy and
microhaematuria respectively. Latent class analysis revealed a sensitivity of
97.0%, 85.5% and 66.7% for UCP-LF CAA, microscopy and micro-
haematuria respectively. It was concluded that the UCP-LF-CAA assay had
a high diagnostic sensitivity for S. haematobium in low-endemic settings.
However, limitations exist with the resources needed to run the assay, how
long it takes, and the urine concentration steps needed. An RDT format
for the CAA test would certainly support further testing in low endemicity
settings such as Zanzibar (Corstjens et al., 2020).

8.7 Molecular (DNA) diagnostics
Molecular diagnostics show superiority in terms of their specificity and
sensitivity, however the need for skilled personal, laboratory infrastructure,
high costs and multiple steps often limits their use in endemic settings
(Weerakoon et al., 2015). Three studies have investigated the use of
molecular tests for diagnosing S. haematobium infections in Zanzibar,
confirming that molecular testing is highly sensitive and specific but that
major modifications are needed for implementation in endemic settings.
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The studies also took advantage of the repository of characterised frozen
ZEST urine samples on Pemba (Knopp et al., 2012).
The first study investigated a newly developed Dra1 qPCR assay in

2018 (Keller et al., 2020), which requires a fully functioning laboratory and
skilled personnel. It showed that, when 792 frozen urines were tested and
compared with urine filtration results a high sensitivity of 89.5% and a
specificity of 82.3% was achieved. Sensitivity was very high (96.4–100%)
when egg counts were reasonably high (10+ egg counts) but decreased
with lower egg counts and was only 80.6% for ultra-low egg count samples
(1–4 eggs/10 mL urine).
The second and third studies were based on an isothermal method

called Recombinase Polymerase Amplification (RPA) (Rostron et al.,
2019, Archer et al., 2020). This method was chosen due to its simplicity,
speed, portability, and potential for becoming a future point of care test.
Processing urine samples for molecular assays is simpler than processing
faecal or blood samples making urine a preferred sample type for diagnostic
developments. Additionally, with only urogenital schistosomiasis present in
Zanzibar, diagnostic assessments are more straightforward. In a pilot study,
20 frozen urine samples were tested with the newly developed Sh-RPA
assay giving positive results for urine samples with different eggs counts
ranging from 1- > 500/10 mL of urine (Rostron et al., 2019). The method
was robust and included a simple and low-resource sample preparation
method. Even though RPA presents many advantages in terms of per-
formance and feasibility for use in low resource settings, the current costs
($3.49–6.98 USD) of the assay and limited availability of the reagents are
currently a limiting factor for large-scale use for schistosomiasis (Mesquita
et al., 2022). However, the future use of a test such as RPA should not be
ruled out as when the demand for novel tests increase, the associated costs
tend to decrease. Also, despite increased cost, the highly accurate tests
usually outweigh the perhaps cheaper but less accurate tests due to the
economic cost of the disease (a consequence of missed infections) alongside
the cost savings made from reduced treatment needs, resulting in the highly
accurate tests being overall more cost-effective.
This encouraging pilot result led onto a larger study testing 200 urine

samples (Archer et al., 2020). Small aliquots (50 µL) of each urine sample were
processed using the rapid extraction method and tested using the Sh-RPA
assay. Specificity of the Sh-RPA was 100% throughout, and 100% sensitivity
was achieved for samples with very high egg counts (>400 eggs/10mL urine)
with 96.3% sensitivity achieved for samples with high egg counts
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(50–399 eggs/10 mL urine). However, as for the qPCR and most other
diagnostic assays, sensitivity of the Sh-RPA decreased with decreasing
egg counts but even for samples with egg counts categorised as low
(10–49 eggs/10 mL of urine) or ultra-low (1–9 eggs/10 mL of urine)
intensity, a sensitivity of 94.2% and 91.4%, respectively, was achieved. It
was concluded that with further development and optimisation, parti-
cularly for the sample preparation step, sensitivity could further increase.
Molecular (DNA) based diagnostics, although presenting logistical and

cost limitations, certainly present the sensitivity and specificity levels
needed for S. haematobium diagnosis in low endemic settings such as
Zanzibar. With further developments, modifications and testing they have
the potential to be used, in combination with other cheaper and low-cost
screening tools, to provide accurate prevalence data and enable more tar-
geted interventions, such as test-and-treat.

8.8 Outlook
Until recently, MDA with praziquantel without prior diagnosis of infection
has been accepted as the ‘go to method’ for schistosomiasis control with a
main aim of reducing associated morbidity. However, as prevalence and
intensity of infections dramatically decrease in some endemic countries that
are targeted by intense control and elimination efforts, such as Zanzibar,
with obvious morbidity not often observed, more emphasis has been based
on diagnostics. To move beyond control towards elimination and even
interruption of transmission, accurate diagnostics that can identify asymp-
tomatic infected individuals, who likely have low intensity infections, are
needed. This will enable targeted timely treatment to prevent them con-
tributing to transmission. Accurate diagnostics are also needed to aid
decision making about treatment regimens and other intervention strategies
as these rely on accurate infection data. There is also a need for diagnostics
that can inform on treatment outcomes at the individual level, allowing
follow-up treatment and also assessment of treatment efficacy (Hoekstra
et al., 2021). Both CAA and DNA based diagnostics are probably the most
promising platforms currently being used/developed for elimination set-
tings. However, both come with their own limitations preventing their use
as a true point of care test. Ongoing research will certainly move these
platforms forward so that elimination is reached and maintained. Beyond
prevalence and infection diagnosis, associated hidden morbidities, such as
FGS (Bustinduy et al., 2022), need to be identified and treated in a timely
manner before they become chronic and irreversible. It is clear that one
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type or form of diagnostic is not going to fulfil all these criteria, with
individual diagnostics having to fit each specific need. As with other dis-
eases multiple diagnostic platforms should continue to be explored and
evaluated.
Zanzibar presents a unique urogenital schistosomiasis endemic foci for

diagnostic research, from understanding what kind of diagnostics are
needed and feasible, to the evaluation of new diagnostic tests. Additionally,
due to focused interventions, Zanzibar has experienced a rapid evolution in
disease epidemiology (decline in prevalence and intensity of infections)
providing a platform to evaluate the type of diagnostics that are applicable
at the different stages of schistosomiasis control through to elimination.
This review has highlighted several diagnostics that have been tested and
deemed unsuitable, whilst others have provided valuable epidemiological
data helping guide interventions to reach urogenital schistosomiasis elim-
ination as a public health problem. Even the most basic diagnostics have
proven to be highly informative in Zanzibar and truly shown their utility of
guiding early interventions. As we move further forward in sustaining and
going beyond elimination it is clear that gaps exist in the tools we have
available to accurately determine infection prevalence. However, great
scientific advances in diagnostic technologies have been made across the
globe within the last decade and these are being capitalised to advance
surveillance in Zanzibar and beyond.

9. Morbidity

Morbidity due to urogenital schistosomiasis has long been recognised
in Zanzibar. Reports from the Medical, Sanitary and Biological Divisions
of the Zanzibar Protectorate for the years 1929 to 1933 indicated that
schistosomiasis was widely spread throughout Unguja and Pemba and was
most commonly found in children and young people. However, at that
time, it was reported that the disease appeared to be fairly mild and
apparently became asymptomatic without any specific treatment (Zanzibar
Protectorate, 1930–1934).

9.1 Radiological abnormalities discovered with urograms
The first scientific study that assessed the medical and public health
importance of schistosomiasis was conducted in the Donge area on Unguja
in 1964–1965 by Forsyth and Macdonald (1966). In this cross-sectional
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survey including 517 schoolchildren, the S. haematobium prevalence was
45.3% and the urograms produced by intravenous pyelography showed
pathology exclusively in children voiding S. haematobium eggs in their
urine. A deformed ureter was found in more than 25.0% of S. haematobium-
positive children, and a calcified bladder or hydronephrosis was detected in
more than 10.0%. Initial lesions were more common in the younger
children. Often, by the time of recruitment of children aged 6–13 years,
ureteral deformation and calcification of the bladder had occurred already,
hence, the beginnings of the pathological process could not be observed.
Calcified bladders and uretic deformities were directly associated with the
level of urinary egg excretion.
The S. haematobium-positive children from the study conducted in

1964–1965 were treated with monthly intramuscular injections of 10mg/kg
stibocaptate (Forsyth and Rashid, 1967b, Macdonald and Forsyth, 1968,
Macdonald et al., 1968a). Two years later, in 1966, 149 among the formerly
234 positive children were re-examined for infection and urogenital
pathology (Macdonald and Forsyth, 1968). While 43.3% of the children
were S. haematobium-positive on this follow-up, the intensity of infection
had decreased considerably and the mean egg output had dropped from
577.2 to 3.9 eggs. However, there was little difference in the prevalence of
urological lesions in 1964/1965–1966, and no regression of bladder calcifi-
cation was observed. Ureteric deformity and hydronephrosis had become less
marked or could no longer be detected in some children, while in others it
was seen for the first time. In general, in the longitudinal part of the study,
the change in anatomy was not related to parasitological cure. Schistosoma
haematobium infection and urogenital pathology were not associated with
height, weight, anaemia, or school absenteeism.
In addition to the schoolchildren, the population of four contiguous

hotspot villages (Fuasini, Karange, Mbiji and Mnyimbi) in the Donge area
were investigated for urogenital schistosomiasis and related urogenital
pathologies for two years, from 1964/1965–1966/1967 (Forsyth, 1969).
Almost the whole community (1,004/1,074 inhabitants), including all ages,
participated in the examinations for S. haematobium infection. Among
them, 654 (56.1%) were voiding S. haematobium eggs. In children aged
7–17 years, prevalence was 90–100%. Regarding clinical manifestations, it
was found that young children often had blood in urine but that this sign
was less common in older children and adults. Five types of radiological
abnormality were recorded, all of which were assumed to represent irre-
versible urological lesions: bladder calcification, ureteric deformity,
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hydronephrosis, non-functioning kidney and urinary calculus. Among 794
participants with urograms, 281 (35.4%) had an abnormality, 111 (14.0%)
had a calcified bladder, 189 (23.8%) had a deformed ureter, 119 (15.0%)
had hydronephrosis, and 36 (4.5%) had a non-functioning kidney. All types
of abnormalities were significantly more common in males than in females.
The prevalence of bladder calcification showed an increasing trend from
early childhood into later adult life, whence it decreased, potentially due to
selective mortality caused by the association of bladder calcification with
other pathologies, such as a non-functioning kidney. Ureteric deformity
increased with age in children, dropped in adolescence, and became rela-
tively static during adulthood. According to the authors, the reduction in
ureteric deformation, as well as of hydronephroses, in adolescence might be
explained by the spontaneous resolution of lesions due to reduced excre-
tion of eggs. With increasing age, hydronephrosis and non-functioning
kidneys became more common in adult men. Adults with hydronephrosis
were more prone to develop a radiologically non-functioning kidney than
those without hydronephrosis. Over the study period, 12.0% (3/25) of
individuals with a non-functioning kidney died, compared with 3.3%
(16/485) of adults that had a normal kidney, or only slight or moderate
renal dysfunction. It was concluded that patients with a radiological non-
functioning kidney due to a S. haematobium infection have a poor prognosis
(Forsyth et al., 1970). After a second examination of the participants
towards the end of the study period, the authors concluded that ureteric
deformity and hydronephrosis caused by urogenital schistosomiasis are not
always reversible, and were hence described as ‘irreversible’, with some
persisting lesions that may progress towards renal failure and cause pre-
mature death (Macdonald et al., 1968a).
Cohen (1974) conducted an analysis in 1974 focusing on the economic

benefits that would result from the elimination of mortality due to schis-
tosomiasis and indicated that the study described by Forsyth (1969) needs
to be interpreted with care. It neither offers a demonstration that a present
or prior S. haematobium infection was associated with kidney failure among
living participants, nor does it provide direct evidence that an infection
with S. haematobium was the only or partial cause of pathology in the three
deaths due to a non-functioning kidney (Cohen, 1974).
Based on the results of the studies reported above, a report from the

WHO experts Mccullough & Krafft (1976) concluded that the public
health importance of urogenital schistosomiasis in children in Zanzibar was
considerable and deserved high priority in health promotion planning.
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They estimated that 20% and 60% of the population on Unguja and
Pemba, respectively, had or had had an infection with S. haematobium and
that among those, 10% carried a ‘heavy paired-worm load’, which they
regarded as a risk factor for ‘serious vesical schistosomal disease’, which was
sometimes irreversible (Mccullough & Krafft, 1976).

9.2 Exceptional case report findings
Between the 1970s and the late 1980s, with the exception of several studies
that assessed macro- and microhaematuria as a proxy for S. haematobium
infection and related morbidity on Pemba (Savioli et al., 1989a, Savioli
et al., 1989b, Savioli and Mott, 1989, Savioli et al., 1990b, Lwambo et al.,
1997b), there was a paucity of larger studies focussing on the morbidity and
public health importance of schistosomiasis in Zanzibar. However, two
interesting case reports were published in 1984 and 1990, respectively. The
first one documented a case of acute intestinal obstruction associated with
S. haematobium infection in Pemba (Iozzi et al., 1984). The 18-year old
male was referred from Vitongoji dispensary to Chake hospital with a
history of abdominal pain and vomiting. At the hospital, the condition of
the case worsened and surgery of the abdomen was performed to examine
the abdominal organs (laparotomy). The appendix appeared to be long,
bent and with a large tumefaction and had strangulated the terminal ileum
resulting in intestinal obstruction. Once the appendix was removed and the
patient had received antischistosomal treatment and additional care, he
recovered to good health after 6 months. The histopathological exam-
ination of the removed appendix showed a thickened and fibrotic mucosa
in which many S. haematobium eggs were found. It was concluded that the
heavy ovideposition in the appendix had caused an intestinal strangulation
that required emergency surgery. In addition, it was pointed out that the
patient lived in a highly endemic area for S. haematobium on Pemba, and
since only S. haematobium eggs were found in the appendix, the pathology
and complication was with very high certainty attributable to S. haematobium
(and not S. mansoni) infection.
The second case report documented the healing of a vulvar lesion

caused by S. haematobium eggs with praziquantel treatment (Savioli et al.,
1990a) and is hence the first report about an incidence of FGS in Zanzibar.
A 9-year old girl from Pemba attended the Schistosomiasis Control Pro-
gramme clinic in 1988. She presented with a painless lesion of the vulva
that had been present for about four months and had gradually enlarged. In
addition, she had two polypoid nodular growths of the left labium major
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and hypertrophy of the left labium minor. Gently scraping of one of the
growths with the corner of a glass slide, immersing the scraping in saline,
and examining under a microscope revealed many S. haematobium eggs
mixed with tissue debris. Urine filtration and reagent strips showed a heavy
intensity infection and heavy microhaematuria (+++). The girl was treated
with praziquantel (40 mg/kg) and one month later, the nodular lesions
were greatly reduced. Six months later, the nodular lesions, the hyper-
trophy of the labium minor and the haematuria had resolved. Savioli et al.
(1990a) indicated that in areas where Schistosoma spp. are endemic, routine
biopsies of proliferative genital lesions had been recommended to distin-
guish them from lesions caused by sexually transmitted infections (Attili
et al., 1983). Moreover, before praziquantel became available, the man-
agement of vulvar schistosomiasis was surgical excision followed by che-
motherapy (Janovski and Douglas, 1972). Based on the observations from
the case of the 9-year old girl from Pemba and since histological facilities
are mostly not available in small rural hospitals in Africa, Savioli et al.
(1990a) suggested to examine lesions by simple gentle scraping and sub-
sequent microscopy before an invasive procedure is conducted and also
recommended to treat cases with praziquantel and to wait six months
before any other possible measures are taken.

9.3 Uropathy discovered with ultrasonography
In 1988, Hatz et al. (1990) conducted a cross-sectional study in Pujini, a
highly endemic village on Pemba. Participants of all ages were examined by
ultrasonography for uropathy, with Hemastix reagent strips for micro-
haematuria and with urine filtration for S. haematobium eggs. Compared
with males, females showed a considerably lower uropathy, despite a
similarly high prevalence of microhaematuria and S. haematobium infection.
The authors suggested lower infection intensities and an underlying lower
exposure in females as a potential explanation. While they highlighted that
their methodological approaches were different to the study conducted by
Forsyth (1969) and results therefore not directly comparable, they attrib-
uted lower rates of kidney pathological signs found in 6–14 year old
children on Pemba to the new treatment possibilities that had been
developed over the past 20 years and treatment of younger age groups by
the Schistosomiasis Control Team on Pemba. Of note, two MSc projects
were conducted by students from the London School of Hygiene and
Tropical Medicine in 2000 and 2010, respectively, which also assessed
uropathy, microhaematuria and S. haematobium infection in Pujini’s
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population (Deganello, 2000, Groenendael et al., 2010). While the pre-
valence of microhaematuria and S. haematobium infection was very similar
in the studies conducted in 1988 and 2000, there was a significant drop in
the microhaematuria prevalence from 2000 to 2010 (Savioli et al., 1990b,
Deganello, 2000, Groenendael et al., 2010). The levels of uropathy had not
much changed (Hatz et al., 1990, Groenendael et al., 2010). Since no
adjustments for age and sex were made, the results need to be interpreted
with care, however.
Urogenital schistosomiasis and urogenital tract pathologies were also

assessed in a study conducted in the Chaani area on Unguja in 2005,
including randomly selected males attending one health facility and
schoolchildren in three schools in 2005 (Sousa-Figueiredo et al., 2009).
The S. haematobium prevalence was 46.8% in adult males (19.2% heavily
infected) and 36.4% in schoolchildren (15.7% heavily infected). Urogenital
tract pathologies were found in 64.4% of men and in 39.4% of school-
children. Bladder pathologies, primarily bladder wall irregularities, were
most commonly observed. In children, active S. haematobium infection was
associated with pain on urination and with urogenital tract pathologies,
particularly with bladder or ureteral pathologies. In adult males, urogenital
schistosomiasis was associated with pain on urination and urine flow pro-
blems, reflecting the damage caused by egg expulsion through the uro-
genital tract. However, S. haematobium infection was not associated with
urogenital tract pathology in general nor with any individual pathologies of
the bladder, ureter or renal pelvis.
In another study conducted one year later in 2006, the use of the urine

albumin-to-creatinine ratio (UACR) to predict S. haematobium infection
and urogenital tract pathology, respectively, was evaluated in 62 school-
children living in a highly endemic area for S. haematobium on Unguja
(Stothard et al., 2009b). Many children were infected with S. haematobium
(65.2%), had heavy intensity infections (33.3%), microhaematuria (77.3%)
and urogenital tract pathologies (66.1%), and according to the authors
urogenital tract pathology was highly associated with S. haematobium
infection in the population studied (but data were not shown). Abnormal
(≥3.4 mg/mmol) and severely abnormal (≥33.9 mg/mmol) UACRs were
highly sensitive indicators for detecting active infections and/or urogenital
tract pathology, however had only low to moderate specificity.
In 2007, Lyons et al. (2009) assessed the prevalence of S. haematobium

infection, urogenital tract pathologies and self-reported symptoms in a
study involving 160 people aged ≥16 years from high endemic areas
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(Chaani, Mwera, Kinyasini and Upenja) and 101 individuals from low
endemic areas (Paje and Muyuni) in the north and south of Unguja,
respectively. Compared with individuals living in the south of Unguja,
participants from the high endemic area in the north were much more
often infected with S. haematobium (10.2% versus 0%), microhaematuria-
positive (8.3% versus 0%) and showed urogenital tract pathology
(17.3% versus 1.0%) (Lyons et al., 2009). Predictors for urogenital tract
pathologies, diagnosed with ultrasonography, were self-reported urogenital
schistosomiasis in the past year, self-reported urgency to urinate and
S. haematobium eggs identified in urine.

9.4 Anthropometric measures and anaemia
A study related to morbidity factors associated with urogenital schistoso-
miasis was conducted on Pemba in 1994. Here, Stoltzfus et al. (1997a),
assessed the cross-sectional and longitudinal patterns of growth in more
than 1,000 primary schoolchildren from four schools on Pemba over one
year. Anthropometric measurements of weight and height were taken, and
besides anaemia, Plasmodium- and soil-transmitted helminth infections were
assessed. The presence of macro- or microhaematuria was used as an
indirect proxy for S. haematobium infection. Significant linear growth
retardation was observed in children during their primary school years.
A marginally significant association between microhaematuria and poor
linear growth increment was identified, but the authors pointed out that
the observations were statistically not very strong and explained only a
small fraction of the variability in growth.
In the cross-sectional baseline survey of the longitudinal study high-

lighted above, the authors also collected data on iron deficiency anaemia
from 3,595 children from 12 schools across Pemba (Stoltzfus et al., 1997b).
However, no association between haematuria-positivity and iron defi-
ciency anaemia was detected. In addition to haematuria being an imperfect
diagnostic indicator for schistosomiasis, the effective test-and-treat cam-
paign that was conducted from 1988 to 1992 across Pemba (see section
Treatment interventions), and the consequently rather short duration of
S. haematobium infections in children participating in the study, were
suggested as potential reasons for the lack of association in this study.
However, earlier and later studies conducted on Unguja also did not show
an association between S. haematobium infection and anaemia in the
populations studied (Forsyth, 1969, Forsyth, 1970, Sousa-Figueiredo et al.,
2008, Knopp et al., 2010), and hookworm infection, stunting, or self-
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reported malaria over the past two weeks were stronger explanatory
variables (Stoltzfus et al., 1997b, Knopp et al., 2010).
In addition to anaemia, growth retardation was assessed in detail in a

study focusing on urogenital schistosomiasis in preschool-aged children and
their mothers conducted in the area of Chaani on Unguja in 2006 by
Sousa-Figueiredo et al. (2008). All the mothers who volunteered to par-
ticipate (113) and their children aged ≤6 years (152) were enrolled.
Schistosoma haematobium eggs were detected in the urine samples from
12.7% of mothers and 3.9% of children. Anaemia was very common in
children (73.4%) but less so in mothers (25.9%). Chronic, acute and general
under-nutrition were found in 38.5%, 14.7% and 2.2%, respectively, of the
children, but the nutritional indices and mid-upper-arm-circumference
were not associated with a S. haematobium infection, nor with Plasmodium-
or soil-transmitted helminth infections.

9.5 Outlook
Over the past decade, again, there has been a paucity of studies focussing on
morbidity due to urogenital schistosomiasis in Zanzibar. However, over
the long period of control and elimination interventions that started in the
1980s and remain ongoing, S. haematobium prevalence, infection intensities,
microhaematuria and, therefore, likely also acute morbidity, were sub-
stantially reduced (Knopp et al., 2019b, Trippler et al., 2021a). Anecdo-
tally, there is evidence that urogenital tract pathology is less common
nowadays and, hence, it has been concluded that the MDA programmes in
Zanzibar have successfully reduced the burden of disease in the population
(Ali et al., 2015). According to the WHO criteria from 2020 (World
Health Organization, 2020), Zanzibar achieved elimination of schistoso-
miasis as a public health problem in 2017 (Knopp et al., 2019b, Knopp
et al., 2019c, Trippler et al., 2021a). However, little to nothing is known
about the chronic sequelae in a population living in a formerly highly
endemic area, nor about persistent morbidity signs in the remaining hot-
spot areas, and about the extent of FGS in Zanzibar to date. For the latter, a
qualitative study has been conducted, which showed that while most
people on the Zanzibar islands were aware of urogenital schistosomiasis,
they lacked knowledge about FGS and were not aware that an infection
with S. haematobium can affect the female reproductive system (Mazigo
et al., 2021). However, with the exception of the case report of the vulvar
lesions described above (Savioli et al., 1990a) the existence and extent of
FGS in Zanzibar has not yet been reported and assessed.
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Hence, there is a need for future research that shows that Zanzibar has
indeed eliminated urogenital schistosomiasis as a public health problem, not
only according to the definitions currently provided by the WHO, but also
considering and assessing morbidity potentially caused by light intensity
infections (as those are most prominent in Zanzibar and other elimination
settings), due to FGS, and also in terms of urogenital tract pathologies that
may be associated with a present or past S. haematobium infection.

10. Treatment interventions
10.1 Early antischistosomal treatments in Zanzibar

A very early indication of schistosomiasis treatment on the Zanzibar islands
in written literature can be found in reports from the ‘Medical, Sanitary and
Biological Divisions of the Zanzibar Protectorate for the year 1929–1933’
(Semple, 1927, Zanzibar Protectorate, 1930-1934). Semple (1927) high-
lighted that Zanzibar residents were seeking treatment for symptoms likely
associated with schistosomiasis at government hospitals and dispensaries.
Treatment of schistosomiasis during this time would have consisted of at
least one injection with a substance that although not named in the reports
from Zanzibar, likely consisted of toxic chemicals such as tartar emetic
(Cioli et al., 1995). It is indicated that many individuals treated in Zanzibar
did not return for additional injections after the immediate symptoms were
relieved, perhaps because of the unpleasant side effects of the treatment
(Semple, 1927). A later report from 1929 described two cases where
antimosan or neo stibosan were injected intramuscularly (Zanzibar
Protectorate, 1930–1934). Antimosan resulted in a rapid disappearance of
all symptoms, and although insufficient time elapsed to judge whether a
permanent cure had occurred, the physician in charge recommended its use
in cases where intravenous injections were difficult due to the absence of
large superficial veins. This might imply that other antischistosomal drugs
used at that time were injected intravenously.
Four decades later, during the 1960s, Unguja became the site of a series

of studies to assess the efficacy, safety and tolerability of several promising
antischistosomal drug candidates and their most favourable dosage and
administration regimen for large-scale interventions.
Forsyth (1965) conducted an experiment testing several regimens of

antischistosomal drugs in children from Donge school, which showed that
monthly injections of stibocaptate (10 mg/kg) (also known as astiban) were
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the most favourable treatment option in terms of tolerability, cure rate and
convenience among schoolboys infected with S. haematobium. Recognising
the challenges of a treatment administered through intramuscular injec-
tions, six studies were conducted between 1965 and 1967 in schools in the
shehias Donge, Mfenesini, Kinyasini and Chaani assessing drugs that could
be taken orally (Forsyth, 1966, Forsyth and Rashid, 1967b, Macdonald
et al., 1968b). These drugs included niridazole (also known by the trade
name Ambilhar), lucanthone hydrochloride (nilodin or miracil D) or tri-
chlorophone (metrifonate). All treatments reduced the excretion of
S. haematobium eggs in the schoolchildren and no toxic side-effects were
reported (Forsyth, 1966, Forsyth and Rashid, 1967b, Forsyth and Rashid,
1967a, Macdonald et al., 1968b). It was concluded that repeated single oral
doses of niridazole or trichlorophone might be suitable for large-scale
treatment schemes due to their ease of administration (Forsyth, 1966,
Forsyth and Rashid, 1967b, Macdonald et al., 1968b). Furthermore, the
researchers aimed at estimating and quantifying the morbidity arising from
urogenital schistosomiasis, as well as the effects antischistosomal treatment
had on the clinical signs and symptoms caused by the disease (Forsyth and
Macdonald, 1966, Macdonald and Forsyth, 1968, Macdonald et al., 1968a,
Forsyth, 1969). To this end, a longitudinal study was conducted between
1964 and 1966, which involved the clinical and parasitological examination
at two time points with intermediate treatment of schoolchildren from
Donge school (Macdonald and Forsyth, 1968). Schoolchildren who tested
positive for S. haematobium by urine filtration were given monthly injec-
tions of stibocaptate (10 mg/kg) until they were found to be egg-negative;
leading to the conclusion that the prevalence of urological abnormalities in
schoolchildren could be substantially reduced by monthly stibocaptate
injections (Macdonald and Forsyth, 1968, Macdonald et al., 1968a). These
various treatment efforts were also combined with mollusciciding (to reduce
the snail host population) of water bodies identified as possible transmission
sites. These combined intervention efforts reportedly increased the effec-
tiveness of the treatment campaigns in reducing transmission.
Between 1965 and 1967, a pilot mass-treatment programme was con-

ducted, again in Donge school, and the surrounding communities with the
aim of ‘eradicating’ S. haematobium infections (Forsyth, 1966, Macdonald
et al., 1968b, Forsyth, 1969). Notably, the author’s use of the term ‘era-
dication’ should not be considered equivalent with today’s epidemiological
definition but is rather used as a synonym for cure at the individual level and
for disease control at the population level (Dowdle, 1998). A mass-treatment
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programme was implemented where infected community members and
schoolchildren were treated with monthly doses of orally administered nir-
idazole or lucanthone hydrochloride, and also occasionally injections of
stibocaptate until participants presented as egg-negative by urine examination
or were lost to follow-up between September 1965 and December 1966
(Forsyth, 1966, Macdonald et al., 1968b). Additionally, water bodies iden-
tified as transmission sites were systematically surveyed for snails and treated
with molluscicide if Bulinus were found. Although this pilot project did not
result in the interruption of transmission or cure of all infections in the study
population, three key lessons were learnt, which were documented by
Macdonald et al. (1968b) and have ultimately helped shape future treatment
programmes in Zanzibar. First, the success of any ‘eradication’ campaign lies
on the cooperation of local authorities and communities. Second, the oral
administration of single-dose drugs was reported to be well accepted,
however repeated administrations were necessary for cure and most parti-
cipants were lost to follow-up after three doses, highlighting that the drug of
choice needs to be efficacious within one or two doses. Third, a door-to-
door distribution of drugs was concluded to be an optimal approach for
community-based treatment.

10.2 Early test-and-treat approaches and community-wide
selective chemotherapy

Beginning in 1975, the government of the Zanzibar islands, and WHO
officers and consultants initiated concrete plans to set up a national control
programme for schistosomiasis (Manning, 1976, Mccullough & Krafft,
1976, WHO Archives, n.d., Mccullough & Krafft, 1976) from the WHO,
who collaborated with Zanzibar authorities, noted that control efforts had
so far relied on chemotherapy administered to patients seeking treatment at
hospitals and primary healthcare clinics. The drug of choice at this time was
niridazole (Ambilhar), which was comparatively costly and not available in
sufficient quantities to treat the entire affected population [estimated at 20%
on Unguja and a staggering 60% on Pemba (WHO Archives, n.d.)].
Furthermore, niridazole (Ambilhar) did not result in satisfactory cure rates
if the full course of more than three doses was not adhered to, which
the authors stated as a likely reason for persisting high rates of infections
despite treatment being implemented (Mccullough & Krafft, 1976). There-
fore, the use of metrifonate (trichlorfon), which was much cheaper and
reported to lead to very few side-effects, was suggested. Nearly a decade later,
building on the successes and conclusions drawn by Macdonald et al. (1968b),
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an ambitious and pioneering approach was drafted, involving a pilot inter-
vention phase in at least two highly endemic areas with expansion to all areas
with a S. haematobium prevalence ≥20% among 6–16 year old male children in
a second phase (Mccullough & Krafft, 1976). It was suggested that mollus-
ciciding of water bodies should be applied together with health education in
addition to treatment (see sections Snail control interventions and Behaviour
change interventions). The treatment plan was targeting school-aged children
(6–18 years) according to the following eligibility criteria: treating all children
and young adults in areas with a prevalence of over 50%, applying a test-and-
treat strategy for children and young adults in areas of prevalence between
20% and up to 50%, and referring positive cases in areas with below 20%
prevalence to hospitals and health clinics for treatment. The treatment regime
was to consist of three doses at fortnightly intervals and administered in two
courses, with the second round to take place one year after the first treatment.
The original plans were re-discussed and refined until 1978 (Manning, 1976,
Mccullough, 1978). However, in 1979, Mccullough et al. (1979) referred
back to the schistosomiasis control activities suggested by Mccullough &
Krafft (1976) and stated that although the ‘initiation of these activities is
commendable’, treatment had been given only unsystematically and mostly
without evaluation afterwards. As a result, no satisfactory benefits were
expected.
Implementation of broader scale interventions finally occurred in the

1980s, when two multi-year control efforts involving entire communities
were conducted with systematically measured outcomes, which included
the reduction in prevalence and intensity of S. haematobium infections
(Savioli et al., 1989b, Mgeni et al., 1990). The first study was conducted in
Kinyasini shehia in the north of Unguja between 1981 and 1983 by officers
of the Zanzibar MoH, with the support of the WHO (Mgeni, 1984a,
Mgeni et al., 1990). The entire population of the shehia was invited to
provide urine samples, which were tested for S. haematobium by urine
filtration. Subsequently, participants that were egg-positive were treated
with three doses of metrifonate at 2-week intervals, which was the regime
recommended by the WHO at that time and also previously suggested by
McCullough and Krafft (Mccullough & Krafft, 1976, Mgeni, 1984a, World
Health Organization, 1985). A total of four surveys were conducted over
the 2-year period, in which the entire population present in the district was
invited for testing and offered treatment if tested positive (Mgeni et al.,
1990). Additional interventions including health education and informa-
tion sessions at Kinyasini school, efforts to improve the supply of safe water,
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and mollusciciding of the main transmission sites were also implemented
(see sections Snail control interventions and Behaviour change interven-
tions). The study met its target of reducing the S. haematobium prevalence
by at least 50% with an overall reduction of 52.9%. However, heavy
infections (≥50 eggs per 10 mL of urine) were only reduced by 62.2% as
opposed to the targeted 75%.
Three years later, in 1986, an island-wide test-and-treat control pro-

gramme was initiated on Pemba under the direction of the WHO and
supported by the Zanzibar MoH and the Italian Agency for Development
Cooperation, and with funding from the German Pharma Health Fund
from 1987 onwards (Muchiri, 1991, Savioli, 1991a, Lwambo et al., 1997b).
The programme ran for five years and aimed to eliminate clinical morbidity
arising from S. haematobium infections. Urine samples were assessed for
macro- and microhaematuria using Hemastix reagent strips, which served
as a morbidity marker and as an indicator for surveillance needs, including
the identification of individuals for targeted selective chemotherapy (see
section Diagnostics). Individuals that tested haematuria-positive were
treated with a single dose of praziquantel (40 mg/kg) (Savioli et al., 1989b).
In 1984, praziquantel had been recommended for the treatment of schis-
tosomiasis by the WHO and went on to become the drug of choice for
large-scale treatment schemes (World Health Organization, 1985).
Schoolchildren were tested with Hemastix reagent strips and treated eight
times at 6-month intervals, whereas the entire population received the test-
and-treat intervention two times during the five years (Savioli, 1991a). By
the end of the programme in 1990, an overall reduction of haematuria,
both macro- and microhaematuria, to <10% and a reduction of heavy
haematuria to <0.5% were achieved (Savioli, 1991a). Muchiri (1991)
reported that the test-and-treat method was well accepted by the school-
children and the communities due to several factors, such as the culturally
appropriate implementation of the testing, including offering two separate
queues for male and female participants to provide urine, and the Hemastix
reagent strips showing an instant test result (providing point of care diag-
nostics) (Muchiri, 1991). Furthermore, the assessment with Hemastix
reagent strips was reported as being an adequate community-wide indicator
of prevalence and heavy intensity infection and thus, as a proxy for mor-
bidity (Savioli et al., 1989b, Savioli, 1991a, Lwambo et al., 1997b, Chan
et al., 1999). There is evidence that further test-and-treat campaigns within
the ‘Schistosomiasis Manual’ were planned in the 1990s (Mgeni, 1995a),
and although there are records alluding that they were implemented
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afterwards (Evans, 1997, Mgeni, 2002) there was no documented evalua-
tion of the test-and-treat methods executed.
These early test-and-treat programmes conducted in the 1980s laid the

foundation for studies that started decades later, such as a test-and-treat
intervention that has been implemented as part of the currently ongoing
SchistoBreak project for urogenital schistosomiasis elimination in the north
of Pemba from 2020 to 2024 (Trippler et al., 2021b). In SchistoBreak, in
shehias with low S. haematobium prevalence, a (re)active test–treat–
track–test–treat (5T) approach is followed, where schoolchildren and
community members are tested for urogenital schistosomiasis using
Hemastix reagent strips and urine filtration, and treated with praziquantel if
positive (see section Surveillance-response interventions).

10.3 National Helminth Control Programme: Preventive
chemotherapy for morbidity control

On the basis of the success of the preceding 5-year programme from 1986
to 1990 (Savioli, 1991a), the Zanzibar MoH (then Ministry of Health and
Social Welfare) went on to develop a national plan of action for the control
of helminth infections in the early 1990s (Knopp et al., 2013b). Large-scale
preventive chemotherapy programmes using praziquantel to treat schisto-
somiasis and albendazole to treat soil-transmitted helminths were set up in
1994 through the MoH’s established National Helminth Control Pro-
gramme (Alawy, 1995, Mgeni, 1995b, Mohammed et al., 2008, Knopp
et al., 2012). These MDA campaigns were mainly school-based, with
schoolchildren being the primary population targeted for treatment.
Occasionally the treatment campaigns were also extended to the com-
munity (Mohammed et al., 2008). These MDA campaigns ran consistently
for five years, with drug distribution becoming irregular between the years
1999 and 2003 and an interruption in delivery from 2000 to 2001 due to
issues with drug procurement (Mohammed et al., 2008, Knopp et al.,
2013b, He and Kabole, 2021).
In their 54th meeting in 2001, the World Health Assembly (2001)

declared the target of deworming at least 75% of school-aged children by
2010 in endemic areas, which represented an important milestone for
preventive chemotherapy schemes. Zanzibar was the location of choice for
two studies under the lead of the WHO, examining extensions to the
current methodologies of MDA programmes in the early years of the new
millennium (Montresor et al., 2001, Montresor et al., 2002b). The first
study, conducted in January and February 2000 in eight shehias in northern
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and central Unguja, explored the possibility of extending anthelmintic drug
coverage to non-attending school-aged children providing guidance for
control programme managers (Montresor et al., 2001). By pre-announcing
the treatment day to enrolled children in schools and extending the invi-
tation to their non-school-attending but school-aged relatives and friends, a
remarkable 60% of the non-school-attenders living in the eight shehias
were able to be reached by treatment. The second study, conducted in
April 2001, was designed to test the application of a dose pole (Fig. 10) in
comparison to the formerly used weight scale for an easier administration of
an appropriate dosage of praziquantel in the field (Montresor et al., 2002b).

Fig. 10 The praziquantel dose pole being used to quantify the number of tablets to
treat a student in Zanzibar (personal collection, Stefanie Knopp).
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After its validation, the dose pole went on to become a standard tool in
deworming programmes recommended by the WHO (Montresor et al.,
2002a) and remains in widespread use in Zanzibar and elsewhere
(Montresor et al., 2002b, Montresor et al., 2005, Knopp et al., 2012,
Sousa-Figueiredo et al., 2012, Gazzinelli-Guimaraes et al., 2018, Sakho
et al., 2021, Trippler et al., 2021b).
The establishment of the national plan marked the beginning of MDA

schemes in both Unguja and Pemba, making Zanzibar a pioneer of large-
scale preventive chemotherapy programmes, which have been the cor-
nerstone of global helminth control to date.

10.4 Establishment of a national schistosomiasis control
programme and integrated MDA

In the wake of the increased attention given to deworming as the mainstay
of endeavours of curbing morbidity and the disease burden on endemic
populations, several countries established national schistosomiasis control
programmes in the early 2000s (Savioli et al., 2004, Southgate et al., 2005,
Scientific Working Group On Schistosomiasis, 2006, Tschuem Tchuenté,
N’goran, 2009). On Unguja and Pemba, the Piga Vita Kichocho (Eng.: Kick
Out Schistosomiasis) campaign was launched in 2003, run by the Zanzibar
MoH with support from the NHM and the SCI (Stothard et al., 2009a,
Knopp et al., 2013b, He and Kabole, 2021). Within the programme,
praziquantel and albendazole were distributed annually to school-aged
children on Unguja and to entire communities on Pemba (Stothard et al.,
2009a, Guidi et al., 2010, Knopp et al., 2013b). Monitoring and evaluation
surveys in 24 sentinel site schools on Unguja revealed a drop in the overall
prevalence to below 10% by 2006 (Stothard et al., 2009a, Knopp et al., 2012).
In parallel to deworming efforts targeting schistosomiasis and soil-

transmitted helminths, the MoH’s Lymphatic Filariasis Elimination
Programme, with support from the Liverpool School of Tropical
Medicine, carried out annual MDA with ivermectin and albendazole on
both islands between the years 2001 and 2006, treating everyone eligible
above five years of age (Knopp et al., 2013b, Rebollo et al., 2015, He and
Kabole, 2021). Treatment for lymphatic filariasis was coordinated with
treatment for schistosomiasis and soil-transmitted helminths. A pilot study
in one high-transmission setting in both Unguja and Pemba was conducted
to integrate the MDA programmes against lymphatic filariasis, schistoso-
miasis and soil-transmitted helminths using triple co-administration of
ivermectin, praziquantel and albendazole, respectively. No serious adverse
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events were observed, leading to a national roll-out of this triple MDA
approach at the end of 2006. After this triple therapy approach, the
Lymphatic Filariasis Elimination Programme and the National Helminth
Control Programme were combined and became the newly formed MoH’s
NTD Programme (Mohammed et al., 2008, Fenwick et al., 2021).
Two years later, in 2008, a cross-sectional study conducted in two

shehias on Unguja (Bandamaji and Dole) concluded that the che-
motherapy-based control efforts in Zanzibar could be considered a
successful public health intervention due to the significant reduction of
prevalence and infection intensities together with the high levels of
treatment coverage achieved (Knopp et al., 2010). Nevertheless, the lim-
itations of solely MDA-based schistosomiasis control were reflected in the
persisting infection levels in specific foci with continued transmission
(Knopp et al., 2010, Kim et al., 2020).

10.5 Aiming for elimination of urogenital schistosomiasis: The
national plan and moving beyond MDA

The government of Zanzibar committed to the elimination of urogenital
schistosomiasis in both Unguja and Pemba and established the national plan
of Combatting NTDs in the years 2009 and 2010 (Knopp et al., 2012). The
Zanzibar MoH was supported in this endeavour by the international ZEST
alliance (see Introduction), and in terms of treatment efforts specifically by
the WHO, which supplied praziquantel and by the SCI, which provided
technical and financial support for the large-scale drug administration
(Knopp et al., 2012).
During the ZEST project, biannual MDA with praziquantel for

schistosomiasis together with albendazole and ivermectin for STHs and
lymphatic filariasis, respectively, were distributed to the whole population
of Unguja and Pemba (Ali et al., 2015, Knopp et al., 2019b). In 2014, three
years into the ZEST study, a survey was conducted in 93 schools and 92
communities on Unguja and Pemba, aiming to evaluate the coverage of
praziquantel treatment during the most recent MDA, which had taken
place 3–4 months prior to the survey (Knopp et al., 2016). The results
revealed a coverage of 86.9% in schoolchildren on Unguja and 85.2% on
Pemba, while adult community members reported a coverage of 64.9% on
Unguja and 53.6% on Pemba.
Over four years of implementation, from 2013 to 2016, a total of

2.4 million treatments were provided on Pemba with estimated imple-
mentation costs of 0.21 US$ per treatment, excluding the costs of donated
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praziquantel (Salari et al., 2020). On Unguja, the same or a larger amount
of treatments was provided, but no cost-related data are available. The
cluster-randomised trial revealed that biannual MDA alone was not suffi-
cient to completely interrupt S. haematobium transmission, and additional
interventions of either snail control or behaviour change did not sig-
nificantly boost the effect of MDA either (see section Epidemiology of
schistosomiasis in Zanzibar) (Knopp et al., 2019c). It was also shown that as
elimination approaches, the identification and treatment of infected indi-
viduals becomes more difficult due to very low egg outputs together with
the higher chances of single sex schistosome infection (Hoover et al.,
2020). However, it should be noted that in 2014, Zanzibar was included in
a multi-country study to validate the therapeutic efficacy of praziquantel,
which found that a single 40 mg/kg treatment with praziquantel resulted in
a 99% egg reduction rate in the 90 individual cases that were examined
(Levecke et al., 2020). Furthermore, in 2017, as part of a ‘project to assist in
the prevention and treatment of schistosomiasis in Zanzibar’ (Zhou et al.,
2019), a study was conducted in three shehias on Pemba involving 152
individuals, comparing the effectiveness of praziquantel from two different
manufacturers: Merck KGaA in Germany, and Nanjing Pharmaceutical
Factory Co Ltd in China (Wang et al., 2019, Yang et al., 2019). The study
showed that both drugs were highly effective, regardless of their manu-
facturer.
After the ZEST project was concluded in 2017, MDA continued

annually under the leadership of the Zanzibar NTD Programme until 2020
with a 16-months treatment gap between April 2019 and August 2020 due
to drug procurement issues (Trippler et al., 2021a). Continued cross-sec-
tional surveys revealed a prominent recrudescence of infection in schools
with a history of moderate prevalence after the 16-month treatment gap in
2019/2020, highlighting the importance of continued high-quality MDA
in areas at high risk, to maintain the successes achieved by control efforts
over the last decades (Trippler et al., 2021a).
In addition to procurement issues, the COVID-19 pandemic caused an

interruption to the cross-sectional school and community-surveys on
Unguja and Pemba and a characteristics survey of shehias in northern
Pemba participating in the 4-year ‘SchistoBreak’ research project
(2020–2024) in 2020 (Trippler et al., 2021a, Trippler et al., 2022b). As a
result, only a limited number of schools and shehias were surveyed in 2020
(67 schools and 68 shehias, instead of 90 and 90, respectively), and the
characteristics survey was delayed until 2021. However, it should be noted
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that there were fewer COVID-19 related restrictions in Zanzibar than
there were elsewhere in sub-Saharan Africa, and hence, MDA to the
population was not impacted.
The ongoing ‘SchistoBreak’ research project aims to investigate the

field applicability and performance of a multidisciplinary intervention
approach, with different interventions being implemented in shehias clas-
sified as either a low prevalence or hotspot area (Trippler et al., 2021b).
Areas where the risk of S. haematobium transmission is high are targeted
with biannual school-based and community-based MDA with prazi-
quantel, snail control and behaviour change interventions (Trippler et al.,
2021b, Trippler et al., 2022a). Areas with low risk for S. haematobium
transmission receive targeted surveillance-response interventions, including
a test–treat–track–test–treat approach with praziquantel (see section Sur-
veillance-response interventions). The approach is in line with recent
considerations of overtreatment, careful use of available praziquantel and
other resources, and the community’s desire for a diagnosis for schistoso-
miasis before antischistosomal treatment (Trippler et al., 2022b).

10.6 Outlook
With the knowledge gained since the national plan was first drafted in 2009
and in the light of both the WHO targets in the 2030 NTD roadmap and
in the updated recommendations on schistosomiasis treatment (World
Health Organization, 2020, World Health Organization, 2022), the Zan-
zibar MoH and its NTD programme continue their efforts to implement
praziquantel MDA with a high coverage and programmatic reach. How-
ever, previous schistosomiasis research on the islands regarding treatment
highlights various challenges that need to be addressed, such as the insuf-
ficient coverage and hesitancy among adults to participate in the MDA
programme (Knopp et al., 2016, Trippler et al., 2022b). This hesitancy
derives primarily from apparently healthy individuals who wish to be tested
before being treated and because the drug distributors are not perceived as
medical personnel (Trippler et al., 2022b). Hesitancy towards praziquantel
MDA is not a problem unique to Zanzibar, being also observed in Uganda,
where perceptions of the disease have led to a proportion of the population
rejecting praziquantel treatment in favour of an herbal treatment from
traditional healers, or rejecting praziquantel due to perceived side-effects
(Mujumbusi et al., 2023). The integration of behaviour change interven-
tions that increase awareness of schistosomiasis, including better knowledge
about the transmission cycle and health consequences associated with
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infection, and to emphasise the benefits of regular praziquantel treatments
improve compliance during MDA, but they need to be implemented at
large-scale and frequently to reach all people. The focality of S. haemato-
bium transmission across the islands results in differing treatment needs in
the low prevalence versus high transmission areas. While continuing MDA
with a high coverage and compliance will be of utmost importance in areas
with high transmission potential to further reduce prevalence and prevent
morbidity, continuing MDA in low prevalence areas, which of note are the
majority in Zanzibar, might lead to an overtreatment of a predominantly
healthy population. For the low prevalence areas, a key step will be the
development of a more refined and targeted treatment approach that is
able to maintain the gains made or accelerate elimination. This may include
the treatment of symptomatic patients in health facilities, including preg-
nant women and infants (Sousa-Figueiredo et al., 2011, De Rosa et al.,
2022), risk-based test-and-treat approaches, or focal preventive che-
motherapy to schools and households located near water bodies that are a
habitat for intermediate host snails (Trippler et al., 2022b). In the context
of targeted treatment, the development and implementation of highly
sensitive and specific diagnostics that can be performed in a high
throughput manner is essential to accurately identify all infected indivi-
duals. Although treatment alone may not be sufficient to reach interruption
of transmission across Zanzibar, it will remain a backbone of Zanzibar’s
ongoing elimination strategy. It is crucial to maintain and build upon the
great progress of the past achieved through extensive MDA programmes,
to ensure that the impact of schistosomiasis on the health and well-being of
the Zanzibari population remains low and progresses towards zero.

11. Snail control interventions
11.1 Snail control interventions in the 20th century

To date, snail control has involved the use of chemical molluscicides or
the implementation of biological or environmental measures to reduce the
number of intermediate host snails, the ultimate aim being to break the
human-snail-human transmission cycle of Schistosoma (World Health
Organization, 2017). The first person describing snail control in the con-
text of schistosomiasis interventions in Zanzibar was Mansfield-Aders
(1928). Besides treatment of humans, he suggested to destroy the inter-
mediate host snails using chemicals such as copper sulphate and/or by
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modifying their freshwater habitats to make them less favourable for snail
habitation, for example by clearing swamps of plants. He also suggested
encouraging residents to keep ducks as they were known to feed on the
snails. In 1929, the drainage of a pool was considered that was found to be
the source of many human schistosomiasis infections (Zanzibar
Protectorate, 1930–1934). However, these measures were postponed due
to a lack of resources.
A decade later, Mozley (1939) highlighted the need to find organic snail

control substances derived from native plants due to preconceptions of
Zanzibar’s population towards the addition of ‘unknown substances’, such
as chemical treatment, to their freshwater ponds. Therefore, in a labora-
tory-based study, he investigated the vitality of B. globosus after exposure to
tap water from Zanzibar enriched with chopped material of different native
plants. Although some of the plant material, such as the leaves and stems
from Psiadia arabica ‘Form 3’ or the fleshy part of the fruit from Sapindus
saponaria, seemed to have successfully killed the snails, the experiment was
not extended to a field study in open freshwater bodies on the Zanzibar
islands. Hence, the impact of respective Zanzibar native plant material on
natural populations of Bulinus remains unknown. It was also Mozley
(1939), who suggested the construction of a drainage ditch controlled by a
removable dam at a large marshy pond in Muyuni in southern Unguja,
where a high infection rate of S. haematobium had been found in the area.
Mozley singled out Muyuni pond because Bulinus were found in great
abundance and it was routinely used for bathing, conducting domestic
chores and for providing a water source for rice irrigation. Since the
landscape also proved suitable for constructing an effective drainage ditch,
it was then constructed shortly after (Fig. 11). Closing the dam during the
dry season and draining the pond by a ditch was done to reduce the
number of snails, whilst opening of the dam during the rainy season
allowed the rice to fully develop and thus ensure the agricultural yield of
the pond. Observations from Stothard et al. (2002d) in 2001 showed that
the vegetation at the Muyuni pond had clearly changed from before the
ditch was built and that intermediate host snails were no longer present
(Fig. 11). The pond is evidently no longer permanent, with a site visit in
January 2017 showing that no water was present in the region at all (Fig. 11).
The first reporting of the application of chemical molluscicides to open

freshwater bodies in Zanzibar was by Macdonald et al. (1968b). It was
detailed that between May 1966 and June 1967, all transmission sites in the
high-transmission areas around Donge School, Unguja, were systematically
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inspected for snails, and if snails were present, the molluscicide niclosamide
(Bayluscide) was applied.
Almost a decade later, in a mission report by the WHO from a visit to

Zanzibar in 1975, Mccullough and Krafft (1976) recommended that in
areas with ≥20% S. haematobium infection prevalence among 6–16 year old
boys, snail control should be implemented alongside preventive che-
motherapy and health education and that this should be conducted in close
collaboration with local authorities (see sections Treatment interventions,
and Behaviour change intervention). Moreover, conducting malacological
surveys before and after the use of the molluscicides niclosamide (Bay-
luscide) or N-tritylmorpholine (Frescon) was recommended to assess the
presence and number of intermediate host snails around the snail control
intervention. The suggestion of this approach was reiterated two years later
by Mccullough (1978) and by 1979, a concrete plan was outlined for
mollusciciding to be introduced as part of a WHO feasibility study for
schistosomiasis control methods in Zanzibar (Mccullough et al., 1979). It
was suggested that niclosamide should be sprayed in water bodies that are

Fig. 11 Photographs from Muyuni pond in southern Unguja, before the construction
of ‘Mozley’s ditch’ in 1937/1938 (A) (Mozley, 1939), in May 2001 demonstrating the
change in vegetation due to the seasonality of the pond due to the ditch presence
(B, C), and again in January 2017 when the pond (D) and ditch (E) are dry and the area
can be ploughed as arable land (B, C: personal collection, Russell Stothard; D, E:
personal collection, David Rollinson).
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frequently used by the local population and appear favourable for snail host
populations. The first application of molluscicides within the feasibility
study was scheduled for the dry season of 1982, and the shehia Kinyasini in
the north of Unguja was chosen as the project area due to the high
S. haematobium prevalence recorded in the general community (46.5%) in
1981 (Mott et al., 1983, Mgeni, 1984b). In 1983, niclosamide (Bayluscide)
was applied twice to the seven main S. haematobium transmission sites in
Kinyasini (Mott et al., 1983, Mgeni et al., 1990), and although observations
indicated that an effective snail killing had been achieved (Mott et al.,
1983), no quantitative results were recorded on the impact of the inter-
vention on the snail presence/abundance or how this impacted human
infection (Mgeni et al., 1990).
While there are no more reports about snail control on Unguja in the

20th century, snail control using niclosamide was conducted on Pemba in
December 1994 and February 1995 in all ponds and streams in areas with a
S. haematobium prevalence >20% (Albonico, 1995). Unfortunately, no infor-
mation was published about the effectiveness of the intervention and whether
the intervention covered the whole island or only specific study areas.

11.2 Large-scale snail control interventions
Niclosamide, the widely used molluscicide (World Health Organization,
2019), was first applied in Zanzibar for snail control purposes on a large
scale and over a period of multiple years during the ZEST study from 2012
to 2017 (Knopp et al., 2012, King et al., 2015). In a cluster-randomised
trial, the effect of snail control plus biannual MDA was assessed in
30 shehias, 15 shehias per island (Knopp et al., 2012, Knopp et al., 2015b).
In each shehia, all known human water contact sites (HWCSs), a total of
121 on Unguja and 167 on Pemba, respectively, were surveyed for snails
multiple times per year (Allan et al., 2020). At each HWCS visit, two
trained field workers searched for 15 minutes for Bulinus africanus species
group snails, and if present, niclosamide was applied to reduce the amount
of potentially infected intermediate host snails in the treated freshwater
bodies (Fig. 12).
Over the five years of implementation from 2012 to 2016 in a total of

30 shehias on both islands, the financial costs for snail control measures
were estimated at US$ 129,377 (Salari et al., 2020). These costs were
mainly driven by personnel costs and excluded the costs for donated
niclosamide. By the end of the trial, the overall S. haematobium prevalence
on the islands was successfully lowered to below 2% in adults and in
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schoolchildren, respectively. However, due to this low prevalence in the final
study year, the data was not statistically powered to detect small but poten-
tially important biological effects that snail control may have had on reducing
S. haematobium prevalence (Knopp et al., 2019b, Knopp et al., 2019c).
After the ZEST trial had been completed in 2017, snail control was

implemented in two shehias on Pemba during the China Aid
Schistosomiasis Control Project, running from 2017 to 2019. The asso-
ciated study aimed to evaluate the adverse effects and efficacy of Chinese
formulations of niclosamide (Yang et al., 2019, Zhou et al., 2019, Xing
et al., 2021). For this purpose, four water bodies within the study area were
surveyed for 15 minutes for the presence and number of B. globosus
(He et al., 2019, Xing et al., 2021). Following this, the Chinese-made
niclosamide was applied up to a 15 meters area off the edge of each water
body with a single cylinder engine and a closed impeller pump (Xing et al.,
2021). Snail surveys assessing the presence and number of B. globosus were

Fig. 12 Malacological survey during the SchistoBreak project in Pemba in 2021 (A),
preparing niclosamide as molluscicide during the SchistoBreak project in Pemba in
2021 (B) and during the ZEST project in 2014 in Unguja (C), application of niclosamide
with a petrol pump sprayer (D) and with a backpack sprayer during the SchistoBreak
project in Pemba in 2021 (E) (A, B, D, E: personal collection, Lydia Trippler; C: personal
collection, Tom Pennance).
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repeated one month and three months after the snail control intervention.
The application of Chinese molluscicides was repeated in case of persistent
B. globosus abundance (Xing et al., 2021). The results showed a decrease in
the number of snails in the four water bodies, from 1,043 snails before
mollusciciding to 143 snails three months after the first application (Zhou
et al., 2019, Xing et al., 2021).
Currently, as part of the SchistoBreak study mentioned previously

(2020–2024), snail control with niclosamide is being trialled as part of a multi-
intervention package in areas with a high transmission of S. haematobium
(Trippler et al., 2021b). Furthermore, snail control is implemented as part of a
reactive surveillance-response interventions in areas with a low transmission of
S. haematobium. In high transmission shehias, two trained field-workers search
for snails in all known HWCSs for ten minutes four times a year. In low
transmission shehias, two field-workers search for snail species for ten min-
utes in all HWCSs, which had been frequented by participants of the study
that tested positive for S. haematobium and/or microhaematuria. At each
water body with a confirmed presence of the intermediate host snail
B. globosus, niclosamide is applied to the shoreline with a plastic backpack
sprayer or a petrol pump machine (Fig. 12), depending on the size and
environment of the water body. While results on the potential impact of
niclosamide on snail populations and human infections are not yet available,
there have been some interesting findings at baseline. In line with studies
conducted on Unguja in 2007 and 2014, the SchistoBreak study showed that
proximity of schools and households to open freshwater bodies, that are
habitat to B. globosus, is a major risk factor for S. haematobium infection in
students and residents in northern Pemba (Rudge et al., 2008, Pennance
et al., 2016, Trippler et al., 2022b).
Unlike in Mozley’s times, the SchistoBreak study showed that the

population in Zanzibar is nowadays not only accepting snail control with
niclosamide, but even asking for ‘applying medicine to the water’ to reduce
snail populations or simply to ‘kill the snails’ (Trippler et al., 2022b). This
finding is also an indication that some people in the local communities are
aware of how schistosomiasis is transmitted. However, while people ask for
snail control and the WHO recommends the intervention with niclosa-
mide for all endemic areas, one must keep in mind that snail control with
niclosamide bears certain challenges. These challenges not only include the
need of heavy equipment and material, which may have to be carried to
often remotely located open freshwater bodies (Campbell et al., 2020), but
also the toxicity of the niclosamide, not only for snails, but also for other
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freshwater invertebrates, amphibia and fish (World Health Organization,
2022). Hence, there is a possibility that it could interfere with and disrupt
the wider aquatic ecosystem.

11.3 Outlook
Challenges of snail control as described above, including the toxicity of
niclosamide, underline the need to find alternative solutions. Substitutes
may include environmentally friendly and organic substances that still have
a molluscicidal effect, such as the plant extracts that Mozley conducted
early experiments with and that continue to be an area of active research,
although with no real candidates yet established (Mozley, 1939, Pereira
et al., 2020). Although there is little evidence for chemical resistance to
molluscicides such as niclosamide (Dai et al., 2015), there is a potential risk
that resistance, or at least increased tolerance may develop with repeated
use (Sullivan et al., 1984). New compounds or active ingredients that may
be effective, and ideally more specific to snails, are necessary (World Health
Organization, 2019). To ensure the targeted use of niclosamide, it is crucial
to align its application with malacological surveys and only use chemical
snail control in freshwater bodies where the presence of intermediate host
snails has been confirmed. This approach has been followed consistently
over the past 100 years in Zanzibar. However, there is the possibility that
snails can be overlooked during malacological surveys. Hence, new
methodologies such as testing the water for environmental DNA (eDNA),
or schistosome larval stages that would simultaneously be captured by water
filtration and downstream PCR/qPCR or eDNA metabarcoding approa-
ches, could assist in identifying water bodies in Zanzibar where transmis-
sion is taking place. Such an approach has been tested in a study in Kenya
where S. mansoni eDNA presence in freshwater bodies was successfully
identified using a qPCR assay (Sengupta et al., 2019).
Alternatives to plant extracts or niclosamide may be the introduction of

natural predators of snails such as freshwater crabs, crayfish, fish and ducks
(Mansfield-Aders, 1928, Mkoji et al., 1999, Sokolow et al., 2015). Gene
drive systems, such as Clustered Regularly Interspaced Short Palindromic
Repeats, known as CRISPR, which can be recruited to favour the
selection of genes in vectors to confer resistance to particular pathogens are
still very much in their infancy, although have been demonstrated in other
vector-borne diseases (Hammond et al., 2016). With new candidate snail
immune genes continually being identified (Tennessen et al., 2020), and a
growing understanding that susceptibility of intermediate host snails can
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change based on schistosome strains (Spaan et al., 2023), it is certainly many
years until the open field release of genetically modified snails may occur
(Famakinde, 2018, Maier et al., 2019).
What has been clearly demonstrated from the several studies from

Zanzibar, and elsewhere, is that MDA alone is not sufficient to reach
interruption of schistosomiasis transmission (Ross et al., 2014, Karanja
et al., 2017, Knopp et al., 2019c). Hence, unless infrastructural improve-
ments provide alternative options for using natural open freshwater bodies
for agriculture, daily chores, bathing and swimming, or until major socio-
economic developments occur, snail control, as part of a multidisciplinary
intervention approach, remains essential for achieving interruption of
Schistosoma transmission in Zanzibar (Knopp et al., 2019c, Trippler et al.,
2021a, Kura et al., 2022).

12. Behaviour change interventions
12.1 From health education to behaviour change

interventions
Human behaviour plays a central role in the transmission and prevention of
schistosomiasis. Interventions that promote and enable behaviour change in
populations at-risk, and aim to reduce water contact, improve sanitation
and increase treatment compliance, are an important complement to pra-
ziquantel treatment and snail control (World Health Organization, 2022).
Behaviour change interventions should be designed as knowledge and
information dissemination by health education, coupled with ‘carefully
designed interventions that lead to the ability & motivation to change behaviour’
(Global Schistosomiasis Alliance, see www.eliminateschisto.org, access
date: 19.01.2023). Moreover, behaviour change interventions should be
tailored to the local setting of the at-risk population acknowledging the
cultural, demographic and epidemiological context.
In Zanzibar, health education for urogenital schistosomiasis control was

first mentioned by Mansfield-Aders (1928) in the Zanzibar Protectorate
report from 1927, where he suggested the creation of short pamphlets
explaining the disease and its aetiology, and the danger of bathing and
washing clothes in swamps. Although it is not reported whether the
pamphlets were ever created, the erection of signs near certain water bodies
warning of the danger of bathing and the risk of acquiring schistosomiasis
was reported three years later (Zanzibar Protectorate, 1930–1934).
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Several decades later, health education, integrated with preventive che-
motherapy and snail control, was suggested in a WHO mission report from
1976 in preparation of a schistosomiasis control programme on the Zanzibar
islands (Mccullough and Krafft, 1976) (see sections Treatment interventions,
and Snail control interventions). The use of local broadcasting services and
television was suggested to cover a great area and reach many individuals. In
1978, within another WHO mission report, behaviour change interventions
were promoted as a revolutionary tool for schistosomiasis control in Zanzibar
(Mccullough, 1978). It was stressed that all interventions should be highly
authentic and relatable for the population, such as locally produced films or
informal talks in the villages rather than sophisticated knowledge dissemina-
tion (Mccullough, 1978). These insightful recommendations meant moving
away from solely a top-down health education approach, towards promoting
the engagement and collaboration with the local population. Subsequently, in
1979, it was proposed to seek advice from embassies and international
agencies regarding health education activities as well as to include local groups
in their implementation, such as the Youth League or women’s groups
(Mccullough et al., 1979). One publication by Mgeni et al. (1990) covered a
preventive chemotherapy study implemented between 1981 and 1983 that
documented health education sessions and improvement of safe water sup-
plies in Kinyasini school, Unguja, although without indicating their potential
impact. A study by Savioli et al. (1989a) documented that in 1986, as part of a
programme to control urinary schistosomiasis on Pemba, schoolteachers were
trained in collaboration with the Zanzibar Ministry of Education, empha-
sising the human part of the transmission cycle and the responsibility of
people to interrupt the transmission cycle. Besides the publication by Mgeni
(1990) and Savioli et al. (1989a), no sources are available elaborating whether
the behaviour change measures recommended in Mccullough and Krafft
(1976), Mccullough (1978) and Mccullough et al. (1979), were implemented
in Zanzibar in the following years. In 1994, in a WHO mission travel report
Savioli (1994) documented that the Zanzibar MoH had started a school
health education campaign in the northern district of Unguja. Although
schistosomiasis was not specifically mentioned in the report, the campaign
aimed to cover the impact of sanitation on the health of schoolchildren
(Savioli, 1994). However, no information about the starting year, the precise
location and the outcome of the health education campaign are available.
In 2006, a pilot research study started in five primary schools on Unguja

assessing the impact of a cartoon booklet called ‘Juma na Kichocho’ (Eng.:
‘Juma and schistosomiasis’) on the schistosomiasis-related knowledge and
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attitude of schoolchildren (Stothard et al., 2006b). The booklet, which was
designed in collaboration with a local artist and put into production by
the support of the WHO, contained the story of a young boy learning
about the symptoms and signs of schistosomiasis, the transmission of
S. haematobium, and about preventive measures for not acquiring and
spreading the infection. After introducing the booklet to the children, the
teachers were guiding the children through the booklet for 10–15 minutes
per day for one week. Before the onset of teaching and after the one week
of implementation, childrens’ knowledge and attitudes were assessed, and a
significant increase in correct responses was observed. After one additional
year in which teachers of participating schools were requested to continue
using the booklet within their curricula, the children were surveyed again
with the same questionnaire (Stothard et al., 2016). Although the average
knowledge of all participants did not change significantly after one year of
using the booklet, a significant increase of knowledge about schistosomiasis
was observed in some schools. The WHO has since revised and adapted
‘Juma na Kichocho’ into six different languages, made possible through a
financial grant from Merck-KGaA (Germany), and is now freely available
in a modernised educational format entitled ‘Bambo has Bilharzia: What
Children Should Know about Bilharzia’ (www.who.int/publications/i/
item/9789241501903).

12.2 Large-scale behaviour change interventions
Behaviour change measures were applied for the first time at a large scale in
15 schools and 15 communities on Unguja and Pemba, respectively, during
the ZEST cluster-randomised trial from 2012 to 2017 (Knopp et al., 2012,
Knopp et al., 2015b). The measures were created following a human-
centred design approach, which is based on the idea that community
members know best which solutions are most suitable and implementable
to overcome their own setting-specific difficulties, and consists of three
major phases: ‘hear’, ‘create’, and ‘deliver’ (Person et al., 2016b). Following
the human-centred design approach starting with ‘hear’, schistosomiasis-
related focus group discussions and in-depth interviews were conducted
with children, community leaders, teachers and parents in seven com-
munities in Zanzibar in 2011 to inform the behavioural interventions for
ZEST (Person et al., 2012, Knopp et al., 2013a, Person et al., 2016a,
Person et al., 2016b). The results revealed poor schistosomiasis-related
knowledge and practices in the participants, such as perceiving schistoso-
miasis as a disease of women only, or frogs being part of the schistosomiasis
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transmission life cycle, or not seeking treatment other than plant-based teas
due to the cost connected to medical treatment (Person et al., 2012, Knopp
et al., 2013a, Person et al., 2016a, Person et al., 2016b).
Based on findings from ‘hearing’, researchers and community partici-

pants co-designed the behaviour change interventions tailored to the local
setting in a ‘creative’ workshop. By the end of the workshop, participants
came up with the following suggestions, which formed the basis for
‘delivering’ the behaviour change interventions in the ZEST study:
(i) class-room based interactive education, (ii) school-based Kichocho Safe
Play Day events, (iii) male and female urinals, and (iv) washing platforms
(Person et al., 2016b).
Within the ‘deliver’ phase, implementation of these interventions fol-

lowed a stepwise approach. First, trainings were conducted with school-
teachers and religious teachers to increase their knowledge about schisto-
somiasis and to provide them with new ideas and tools on how to teach
schoolchildren and other teachers about preventive behaviour (Person
et al., 2016b). One year after the initial training, the teachers had trained
another 678 of 761 registered teachers in methods on how to include
preventive behaviour on schistosomiasis infection in their curriculum and
27,819 children had received educational training about schistosomiasis
(Person et al., 2016b). By the end of the ZEST project, 291 ‘Kichocho
Days’ reaching more than 150,000 children, several among them over
multiple years, were conducted in primary and Islamic schools (Knopp
et al., 2019c). These public outreach days focussed on conveying health
education messages via playing and watching safe games that all contained
questions and answers about schistosomiasis (Celone et al., 2016, Person
et al., 2016b, Knopp et al., 2019c). Engaging Islamic schools and their
teachers in the behavioural activities was deemed particularly crucial due to
the significant influence the Islamic teachers have within the societies of the
islands and serve therefore as key individuals in the change making process
(Celone et al., 2016). To disrupt the S. haematobium life cycle at the stage
where the eggs enter freshwater, 58 male and female urinals were built
close to open freshwater bodies in a total of 29 communities (Person et al.,
2016b, Knopp et al., 2019c). The urinals were painted with health-seeking
instructions for individuals urinating blood, and community members were
educated in meetings about the importance of using the urinals instead of
urinating into the open freshwater bodies with regard to the schistosomiasis
life cycle (Person et al., 2016b). Last, to target individuals using open
freshwater bodies to wash their clothes and/or dishes and hence put
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themselves at risk for a S. haematobium infection, an alternative was pro-
vided by installing washing platforms in close proximity or directly con-
nected to safe water sources in the 30 study communities (Fig. 13) (Person
et al., 2016b, Knopp et al., 2019b).
The washing platforms created a safe space to wash and socialise, and

both men and women used them at different times of the day (Person et al.,
2016b). In total, 46 washing platforms were constructed in the 30 study
communities (Knopp et al., 2019b). After the five years of implementation
of behavioural interventions within the ZEST project, questionnaires were
conducted with children of four schools where behaviour change measures
were implemented during the project and four schools where the measures
were not implemented aiming to compare the schistosomiasis-related
knowledge, attitudes and practices of the children (Campbell et al., 2020,
Person et al., 2021). The results showed very promising changes of self-
reported behaviour in those children who participated in the behaviour
change activities during the ZEST project versus those children who did

Fig. 13 Washing platform built during the SchistoBreak project in use on Pemba
(personal collection, Lyndsay Taylor). Washing platforms were built neighbouring safe
water sources to reduce the schistosome exposure of residents that previously used
open freshwater bodies to wash their clothes.
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not participate in the intervention: 49.9% versus 5.8% of the children
stopped washing laundry/dishes in open freshwater bodies, 49.9% versus
4.2% stopped bathing in stream/ponds and 40.8% versus 10.8% stopped
playing in streams/ponds (Person et al., 2021). Similar to the results on snail
control, however, behaviour change measures did not significantly boost
the effect of biannual MDA for the reduction of S. haematobium infections
in Zanzibar as determined in the ZEST cluster-randomised trial (Knopp
et al., 2019c). The total financial costs for the implementation of the
behaviour change measures in 30 shehias on both islands from 2012 to
2017 were estimated at US$ 265,000. As was the case for the financial costs
for snail control, the major driver were personnel costs (Salari et al., 2020).
As the behaviour change measures co-designed with the community

within the ZEST project were considered as important complementary
measures for schistosomiasis elimination when tailored to focal endemicity
and applied for a longer period, several of the interventions are being
implemented in the ongoing SchistoBreak project from 2020 to 2024 in the
north of Pemba (Trippler et al., 2021b). In SchistoBreak, education sessions
for teachers and ‘Kichocho Days’ are conducted once per year in all primary,
secondary and Islamic schools that are located in areas considered transmission
hotspots (Trippler et al., 2021b). Moreover, in all hotspot communities, two
washing platforms have been built in close proximity to safe water sources.
The respective communities have also been visited once a year to encourage
the use of the washing platforms and to provide general information about
S. haematobium transmission and prevention measures. Schistosomiasis-related
knowledge, attitudes and practices of schoolchildren and adult community
members will continue to be assessed within annual cross-sectional school-
and household-based surveys. It is hoped that future analyses will reveal the
potential impact of the behavioural interventions combined with biannual
MDA and snail control on the S. haematobium prevalence in hotspot areas, and
also assess the sustainability of knowledge, attitudes and practices gained by
the behaviour change measures in schools and communities.
With its comprehensive and large-scale behaviour change interventions,

the ZEST project was a pioneer in citizen science and transdisciplinary
research, where motivating and engaging interventions for schistosomiasis
elimination were co-designed together with the local population.

12.3 Outlook
The behaviour change interventions and findings from the operational
research conducted on the Zanzibar islands, and those from other regions

Schistosomiasis in Zanzibar: The long road to elimination 167

223



in sub-Saharan Africa (Ejike et al., 2017), might have contributed to the
addition of guidelines for behaviour change measures being added to the
WHO guidelines on control and elimination of human schistosomiasis
alongside snail control (World Health Organization, 2022). The guidelines
emphasise the importance of behaviour change interventions for the
reduction of transmission of Schistosoma spp. in endemic areas in the future.
Studies in Zanzibar have shown that the compliance with MDA in the
adult population is often considerably low (Knopp et al., 2016, Knopp
et al., 2019c, Trippler et al., 2022b). Therefore, behaviour change activities
should continue among at-risk populations in Zanzibar to improve the
awareness of the protective effects that interventions against a S. haemato-
bium infection have, and additionally include influential individuals of the
society, such as teachers of Islamic schools and religious leaders (Celone
et al., 2016). Providing education and the appropriate resources can also
help to change people’s behaviour to avoid infection and transmission by
reducing their contact with potentially contaminated freshwater and to
increase treatment-seeking behaviour. However, a change in behaviour
can only occur when locally accepted alternatives to open freshwater
bodies are accessible. Hence, close collaboration between educational,
health, water and environmental sectors is warranted for ultimate success in
schistosomiasis control and elimination.

13. Surveillance-response interventions
13.1 Implementation of surveillance-response

interventions in Zanzibar
Surveillance is understood as ‘the ongoing systematic collection, analysis,
and interpretation of outcome specific data for use in planning, imple-
menting and evaluating public health policies and practices’ (World Health
Organization, 2006). In combination with surveillance, public health
response packages can serve as interventions for disease elimination in
different endemic settings (Zhou, Bergquist, 2013, Bergquist et al., 2015).
While the WHO (2006) has very good guidelines for communicable dis-
ease surveillance-response systems, and the importance of a robust sur-
veillance system and of post-transmission surveillance for schistosomiasis
control and elimination is mentioned several times in their guidelines on
human schistosomiasis from 2022 (World Health Organization, 2022),
there is no specific recommendation yet on when, where and how to
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conduct pre- and post-elimination surveillance-response for schistoso-
miasis. However, as an alternative to large-scale MDA without prior
diagnosis, in communities with a prevalence <10%, the WHO (2022) now
recommends the implementation of test-and-treat as an intervention if
there has not been a preventive chemotherapy programme before.
In Zanzibar, there has been plenty of evidence of a pronounced focality

of S. haematobium transmission, resulting in low- and high-prevalence
shehias (Macdonald and Forsyth, 1968, Rudge et al., 2008, Stothard et al.,
2009a, Knopp et al., 2019b, Trippler et al., 2021a, Trippler et al., 2022b).
After decades of intense control and elimination interventions, there were
only a few shehias with high S. haematobium prevalence remaining in 2020,
whereas the majority of shehias on the Zanzibar islands had a S. haemato-
bium prevalence <2% (Trippler et al., 2021b). For these low prevalence
shehias, it was felt that large-scale MDA was no longer justifiable, since it
would result in an overtreatment of a mostly healthy population, potential
treatment fatigue, and an inadequate use of praziquantel and other
resources (Trippler et al., 2021b). Hence, it was suggested to tailor inter-
ventions to the local micro-epidemiology and to introduce new methods
for surveillance and response in the low prevalence shehias to maintain the
gains made and to advance towards interruption of transmission.
To gather scientific evidence for the suitability of surveillance-response

as an intervention for schistosomiasis elimination, the ongoing
SchistoBreak study is implemented in the north of Pemba from 2020 to
2024 (Trippler et al., 2021b). While biannual MDA, snail control and
behaviour change interventions are implemented in high transmission
shehias (see sections Treatment interventions, Snail control interventions
and Behaviour change interventions), the surveillance-response approach is
investigated in areas with a S. haematobium prevalence <2.0% in commu-
nity-based surveys and <3.0% in school-based surveys (Trippler et al.,
2021b). The project’s primary aim is ‘to quantify the sensitivity of
an adaptive surveillance-response approach for its ability to detect
S. haematobium infected individuals in low prevalence areas to trigger an
appropriate intervention response’ (Trippler et al., 2021b). The surveillance-
response interventions include active, reactive and passive surveillance
implemented in schools, households, water bodies and health facilities,
respectively, coupled with responses consisting of treatment of S. haemato-
bium-positive individuals and snail control, as described below.
During active surveillance, all children in grades 3–5 in the biggest

public primary school and in one Islamic school in each low prevalence
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shehia in the study area are tested at least once a year for S. haematobium
infection by urine filtration and for microhaematuria by reagent strips.
Every child that tests positive is treated with a single oral dose of prazi-
quantel (40 mg/kg body weight) with the aid of a dose pole.
For reactive case detection, each child who tested positive is tracked to

its home by a member of the research team, and all household members
present at the visit are invited to provide a fresh urine sample to be tested
for microhaematuria at the point of care and offered a single dose of pra-
ziquantel if the sample is positive. In addition, all children who initially
tested positive are tracked to the open freshwater bodies they use regularly.
At the water bodies, all individuals present at the time of the visit
are offered testing with reagent strips for microhaematuria at the point of
care and, if tested positive, offered treatment with praziquantel. Surveys for
the intermediate host snail B. globosus are also carried out in the same water
bodies, and, if the surveys confirm the presence of B. globosus, snail control
with niclosamide is conducted (see section Snail control interventions).
For passive surveillance, staff of primary health care units located in the

study area are trained on the prevention and transmission of schistosomiasis,
the diagnosis of microhaematuria with reagent strips and the treatment with
praziquantel by staff of the research team. The primary health care units are
provided with Hemastix reagent strips to test all patients for micro-
haematuria who report symptoms of urogenital schistosomiasis. Moreover,
the primary health care units are equipped with praziquantel to treat the
haematuria-positive patients. At least once a month, the primary health
care units report the number and details of patients who presented with
symptoms, if they were tested for microhaematuria and if they were treated
with praziquantel, to the study team.

13.2 Outlook
Currently, the SchistoBreak project is still ongoing, but it is expected that
informative results regarding test–treat–track and surveillance-response will be
published in the coming years. The results will help fill some of the existing
evidence gap on surveillance-response methodologies for schistosomiasis
elimination. The results should also indicate whether: (a) risk-based surveil-
lance combined with a targeted test–treat–track approach can identify
S. haematobium-positive individuals in Zanzibar, (b) if the surveillance approach
can suppress recrudescence of transmission and infection in low prevalence
areas where MDA has been stopped, and (c) if the targeted study shehias
continue to move towards interruption of S. haematobium transmission.
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14. Conclusion

Whilst the main Zanzibar islands have undergone many political and
cultural developments over the past 100 years, they have also become
‘model islands’ for research into several NTDs, including schistosomiasis,
which has been demonstrated throughout the findings of this review. Over
the last decade, the overarching aim for public health targets has moved
from controlling schistosomiasis morbidity to the complete elimination of
S. haematobium from the islands. With a low overall prevalence of uro-
genital schistosomiasis, and the availability of chemotherapeutics, diag-
nostics and interventions targeted to break the life cycle of the parasite
pioneered on the islands, elimination has become an achievable goal. The
review highlights the spatial heterogeneity that has been observed on the
islands since the 1960s. This heterogeneity is evident through many low
prevalence and low intensity areas co-existing with a few hotspot areas on
Unguja and Pemba. Despite an overall heavy-intensity infection prevalence
of <1%, these hotspot areas showed a heavy-intensity infection pre-
valence >1%, thus impeding the attainment of the WHO goal ‘elimination
as a public health problem’, for several years. Therefore, the revision in the
WHO’s NTD roadmap definition of ‘elimination as a public health pro-
blem’ in 2020 including the removal of ‘in all sentinel sites’ from the goal,
was a positive and commendable change for the Zanzibar islands and
provided them with the opportunity to be officially declared an elimination
setting, now aiming for ‘interruption of S. haematobium transmission’. In
reviewing and summarising the vast extent of knowledge generated with
research and interventions in Zanzibar over the past century in this sys-
tematic review, we highlight the key points that need to be addressed to
reach interruption of S. haematobium transmission and provide below future
avenues for research that will help achieve the goal.
While the role of B. globosus as an intermediate host snail for urogenital

schistosomiasis in Zanzibar has been proven many times, there remain
many open research questions. First and foremost, the role of endemic
B. nasutus as a second viable intermediate host snail species needs to be
further clarified with a thorough experimental investigation of compat-
ibility with S. haematobium populations. Second, detailed mapping,
molecular identification and xenomonitoring to assess exposure and
compatibility of all endemic Bulinus species (including B. globosus and
B. nasutus and the three species of the B. forskalii species group) to schis-
tosomes is essential. Considering the recent establishment of the cattle
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parasite S. bovis in some regions, the associated risk of S. haematobium–bovis
hybrid introduction/emergence and the expanded intermediate host range
that can occur because of this also needs to be closely monitored. Due to
daily travel between mainland Africa, specifically coastal Tanzania and
Kenya, and the Zanzibar islands, the concern regarding introduction also
pertains to S. haematobium strains that are compatible with B. nasutus on
Zanzibar. The identification of a single infected snail carrying a mainland
group S. haematobium parasite is hinting at the potential introduction of new
strains that may contribute towards expanding the intermediate host range of
S. haematobium. In future elimination efforts, it may become necessary to
screen incoming individuals for infection, to limit chances of reintroduction
of S. haematobium, or bring strains that will further complicate transmission.
Besides molecular analyses of (potential) intermediate host snails,

molecular analyses of the S. haematobium populations may be valuable in
monitoring any genetic changes of the parasite, such as selection or
advantageous adaptions for survival. Whole genome-based analyses can
further identify genotypic and phenotypic differences, which will provide
insights into how schistosomes might change under high selection pres-
sures. Regular sampling of parasite populations for the purposes of future
molecular analyses is paramount to track signatures of selection, develop-
ment of drug resistance/tolerance, importation of S. haematobium from
other endemic areas, compatibility with several intermediate snail host
species and interspecies hybridisation, all of which may complicate reaching
and maintaining elimination. Given the constant risk of first generation
hybridisation between S. haematobium and S. bovis on the islands, or the
introduction of new strains from elsewhere, it is crucial to continue col-
lecting and conducting genotypic analysis of the schistosomes, since
changes in the parasite genetics could potentially alter the disease epide-
miology on the islands (Emery et al., 2012).
As schistosomiasis prevalence has varied over time and space, it has

provided a platform to evaluate the type of diagnostics that are appropriate
in different stages of schistosomiasis control through to elimination levels.
Basic diagnostics, such as detecting haematuria have proven to be eco-
nomically and logistically efficient in guiding early interventions when
prevalence and intensity of infections are highest. Urine filtration followed
by egg microscopy provides a useful follow-up measure during pre-
ventative chemotherapy campaigns to control schistosomiasis, as it allows
for both the prevalence and intensity of infection to be recorded easily and
to assess the impact of treatments when more subtle differences (such as
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reduced infection intensity) are important. However, fundamental issues
exist in the use of currently available diagnostics in elimination settings
where low prevalence and light intensity infections are the majority and
cannot be consistently detected. Therefore, sensitive and specific diagnostic
tools, ideally rapid diagnostic tests for the use at the point of care, are
urgently needed for early case detection to prevent resurgence in low
transmission areas and to respond immediately to outbreaks. Sensitive and
specific diagnostics are also essential for assessing the residual acute and
chronic morbidity associated with schistosome infections of individuals
residing in formerly high endemic settings that are now considered to have
achieved elimination as a public health problem according to the WHO
definitions. The extent of morbidity in lightly infected individuals, and
urogenital tract pathologies including FGS and MGS, that may be asso-
ciated with a present or past S. haematobium infection urgently needs
detailed assessment.
In terms of interventions, Zanzibar has been at the forefront of

implementing systematic, large-scale treatment programmes since the
1980s. Repeated and constantly refined MDA schemes have led to the
elimination of urogenital schistosomiasis as a public health problem in most
areas in Zanzibar, although transmission has not yet been interrupted.
While many shehias on the Zanzibar islands show a low transmission of
S. haematobium, there are other shehias with persistent moderate to high
transmission. To reach interruption of S. haematobium transmission in these
remaining hotspots, most likely a multidisciplinary intervention approach
consisting of treatment, snail control and behaviour change interventions
coupled with improvements in the sanitary infrastructure is needed.
Whether targeted surveillance-response interventions in low transmission
shehias can avoid overtreatment of a mostly healthy population and
treatment fatigue, and at the same time prevent resurgence of transmission
and infection will be shown by ongoing and future studies in Zanzibar.
The current SchistoBreak study, being conducted in the north of Pemba,
will contribute evidence for the suitability of surveillance-response and
test–treat–track–test–treat interventions for schistosomiasis elimination in
low transmission shehias in Zanzibar and elsewhere, informing NTD
programme managers and providing evidence for future WHO recom-
mendations.
In addition to treatment, snail control has been proven to be an

important part of a multidisciplinary intervention approach and has a cri-
tical role to play in ultimately interrupting S. haematobium transmission in
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Zanzibar and beyond. However, there is a need to find environmentally
friendly alternatives to currently used molluscicides that can more specifically
target the intermediate host snails of S. haematobium without disrupting
aquatic ecosystems. It is also crucial that behaviour change interventions
continue reminding residents of the schistosome-human-schistosome trans-
mission cycle, including how not to contribute towards parasite transmission,
the risks associated with infection and the importance of treatment.
Disseminating public health information relating to Schistosoma trans-

mission needs to be combined with improved access to safe water sources,
which will minimise exposure to potentially contaminated water bodies
and also demonstrate long term commitments that promote treatment-
seeking behaviour. Infrastructural freshwater developments should include
culturally acceptable sanitation and hygiene facilities, but also agricultural
schemes to benefit sustainability and food security in Zanzibar. Such
agricultural developments have commenced in both Unguja and Pemba
with the construction of several dams to create water reservoirs that will
provide a consistent means of irrigation, extending the amount of arable
land and increasing food production that is necessary to sustain the growing
population (Office of Chief Government Statistician Zanzibar and Ministry
of Finance and Planning Zanzibar, 2020). However, the emerging water
reservoirs, canals and irrigated fields provide new habitats for the inter-
mediate host snails (Fig. 8), and potentially other endemic/invasive
freshwater biota that should be closely monitored. These new snail habitats
combined with human and cattle activities around these attractive water
bodies present ideal conditions for transmission, and will hence be detri-
mental to Zanzibar’s commitment to eliminate urogenital schistosomiasis.
On the other hand, with the appropriate infrastructure planning, engage-
ment from stakeholders and multisectoral collaboration, the dams could
offer the opportunity to provide a reliable source for safe (aged) piped
water to neighbouring communities and increase food supplies.
The Zanzibar MoH together with various stakeholders from different

research institutions and non-governmental organisations from different
countries have shaped the course of schistosomiasis epidemiology on the
Zanzibar islands over the past 100 years, enabling the islands to reach
elimination of urogenital schistosomiasis as a public health problem in
2017. Over the years, Unguja and Pemba have served as a test bed for
innovative approaches in schistosomiasis control, surveillance and elim-
ination, and the knowledge gained from the related research on the islands
has contributed to and shaped the development of recent WHO guidelines
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for control and elimination of schistosomiasis. However, the greatest
achievement of 100 years of schistosomiasis research and implementation of
interventions on Unguja and Pemba is undoubtedly the improved health
and well-being of both children and adults on the islands, together with the
important lessons provided to the global schistosomiasis community in how
to accomplish this. Therefore, the fight against schistosomiasis on Unguja
and Pemba should not stop until zero incidence of schistosomiasis is
reached and maintained, and while interruption of S. haematobium trans-
mission across both islands by 2030 might be an ambitious goal, the
laudable efforts of the past shows that much can be achieved by operational
research and the practical implementation of integrated interventions.
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Appendix B: Supplementary material from publication 

“Test-Treat-Track-Test-Treat (5T) approach for 

Schistosoma haematobium elimination on Pemba Island, 

Tanzania” 

 

Supplementary File 1: Fig 1. Flow diagram of individuals participating in the school-based 

and household-based surveys in low Schistosoma haematobium prevalence shehias on Pemba, 

Tanzania, in 2021 (A) and 2022 (B). 
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Supplementary File 2: Table 1. Prevalence and intensity of microhematuria and S. haematobium of participants in school-based and household-

based surveys 2021 and 2022, and test-treat-track-test-treat (5T) activities in 2021. NA = Not applicable 
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