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Preface

Schistosomiasis in China has been known since at least 2150 years killing millions
of people. In 1955, the Chinese Chairman Mao Zedong called for the “elimination of
schistosomiasis” and introduced a campaign for the prevention and treatment of
schistosomiasis in China, where at least 12 million people and 1.2 million buffaloes
had been diagnosed to be infected in an area of 14.8 billion square meters that had
been proven to be contaminated with local vector snails. In total, at least 100 million
people and at least the same amount of animals had been endangered in China at that
time. The huge efforts of this project and the great success of protecting millions of
Chinese inhabitants and their animals have been documented in 2019 in a book titled
“Schistosomiasis Control in China” published by Zhongdao Wu, Yiwen Liu, and
Heinz Mehlhorn in the series Parasitology Research Monographs.

Based on the knowledge obtained during these years of hard work in China, the
Chinese government together with the WHO started projects to help people world-
wide in the fight against schistosomiasis.

The present volume reports on the very hard, but very successful work that was
done to reduce up to elimination the large numbers of severe human schistosomiasis
on the islands of Zanzibar. This was only possible by delegations of large amounts of
Chinese specialists and high financial support by China and the WHO. The present
book offers insights into the control methods, which can be used as a blueprint in
other regions of the world.
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Preface

Schistosomiasis is a global public health problem, it is endemic in 78 countries and
regions in Asia, South America, the Middle East, and Africa, and 85% of people
infected with schistosomiasis are located in sub-Saharan Africa. Based on China's
successful experience and products of schistosomiasis control and elimination, the
activities of participating in global public health governance and promoting the
transfer of China's schistosomiasis control expertise and strategies to Africa may
become a model for China–Africa cooperation in the field of public health. On May
21, 2014, China, the World Health Organization (WHO), and Zanzibar signed a
memorandum of understanding (MOU) on cooperation of schistosomiasis control in
Zanzibar. In 2017, the China–Zanzibar schistosomiasis control project was officially
launched. In the past three years, 30 Chinese experts and African staffs jointly
carried out on-site work to get a preliminary understanding of the local schistoso-
miasis epidemic, comprehensive control measures were implemented, and a local
technical team was created. The human infection rate of schistosomiasis in the
project stie dropped from 8.92% to 0.64%, achieving the goal of schistosomiasis
elimination.

In order to further promote the effectiveness of the project, we organized the
project staff to compile the “Sino-African Cooperation for Schistosomiasis Control
in Zanzibar: A Blueprint for Combating Other Parasitic Diseases,” which covers the
global status of schistosomiasis control and elimination and the experiences and
achievements of China–Zanzibar schistosomiasis project. This book can be used as a
reference for local schistosomiasis control professionals in Africa, China staffs
engaged in China-aid project of public health, and teachers and students of medical
school. The publication of this book will make a positive contribution to promoting
the elimination of schistosomiasis and will play an important role in the major
strategy of my country's “Belt and Road” health cooperation.

The publication of this book has received strong support from the Ministry of
Commerce of the People’s Republic of China, National Health Commission, China
International Development Cooperation Agency, the Chinese Embassy in Tanzania,
the Chinese Consulate General in Zanzibar, the Chinese Center for Disease Control
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and Prevention, the World Health Organization, and Ministry of Health of Zanzibar.
The publication of this book has been partially funded by the Jiangsu International
Science and Technology Cooperation Project (BZ2020003).

Wuxi, China Kun Yang
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Chapter 1
Schistosoma haematobium (Bladder Fluke):
Life Cycle and Morphology

Heinz Mehlhorn

Abstract This species belongs to the unique group of trematodes, where male and
females live as adults lifelong (up to 20 years) closely united together, whereby the
male worm keeps the female hidden inside a furrow formed by the evolving lateral
sides of its flattened body. This construction is also called “canalis gynaecophorus”.
It guarantees the survival and reproduction in a host even when only low numbers of
this worm species are present in a host. The present book deals with the report of the
successful eradication program in Zanzibar which was supported and directed by the
Chinese government and executed by Chinese scientists.

Keywords Schistosomiasis · Schistosoma haematobium · Bladder fluke disease ·
Disease control · Prevention

1.1 Characteristics

1.1.1 Name of the parasite: Schistosoma haematobium

Greek: schisis ¼ splitting; soma ¼ body; haima ¼ blood; bios ¼ life. The name
refers to the fact that the male and the female are closely connected, since the male
bears the female in a fold (Fig. 1.2).

1.1.2 Geographic Distribution/Epidemiology

The so-called bladder fluke Schistosoma haematobium endangers the health of
animals and humans in many regions of Africa (Fig. 1.1). It is found in North-
Western to North-Eastern Africa, in the delta of the Nile up to its source in the
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floodplains of Eastern and Western Africa, on the Western side of Madagascar, on
the Arabian Peninsula, in Iraq as well as in some small spots in India.

1.1.3 Biology/Morphology

The adult ♀ and ♂ worms of S. haematobium (Trematoda, Platyhelminthes) stay
together lifelong in a permanent copula. The 1.5 cm long, dorso-ventrally flattened
male carries the in cross-sections circular appearing female (up to 2.6 cm long) in its
ventral fold (canalis gynaecophorus). The couples stay in the veins of the urogenital
system and bladder of their human hosts (Fig. 1.2). Every day each female lays up to

Fig. 1.1 Diagrammatic representation of the map of Africa and neighbouring countries and the
island of Madagascar showing regions in red, where Schistosoma haematobium worms are para-
sitizing in humans (from WHO)
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Fig. 1.2 Life cycle of Schistosoma mansoni and typical eggs and intermediate hosts of
S. haematobium and S. japonicum (According to Piekarski 1987). A Final host: man; site of the
worms: mesenteric vessels. 1a Sexually mature pair of flukes of S. mansoni. b Mature egg of
S. mansoni (lateral spine). 2 Miracidium. B Intermediate hosts: aquatic snails (Planorbidae, e.g.,
Planorbis boissyi, Australorbis glabratus). 3a Sporocyst of the first order (mother sporocyst); b

1 Schistosoma haematobium (Bladder Fluke): Life Cycle and Morphology 3



300 eggs, which are quite big (110–170μm � 70μm) and possess a small character-
istic terminal spike (Fig. 1.3). These eggs penetrate the bladder wall being supported
in this process by proteases excreted by the contained miracidium larva. As soon as
the egg reaches the mucosa of the bladder, it can be observed endoscopically inside a
whitish pseudotuberculum of 1–2 mm in size. When the egg reaches freshwater
being excreted within human urine, the miracidium (Fig. 1.4) hatches from the egg,
starts swimming, searches and penetrates actively into water snails (Fig. 1.2). In the
hepatopancreas of the snail (¼intermediate host) a proliferation process via sporo-
cysts takes place. The daughter sporocyst generation finally produces many larvae:
the so-called bifurcated cercariae (Fig. 1.5). These stages leave the snail, swim
around and have to find their hosts in the water within 24–48 hours. In the case
that humans are working on paddy fields or bathing in the contaminated water, they
may become infected (Fig. 1.2). While penetrating the skin of the human host, the
cercariae throw off their “tail”. After a rather short staying in the skin (as so-called
schistosomulum-stage) and a following phase in the lung while adapting to the
immune system of the host, the parasites finally take their way via blood vessels to
the urogenital system. There the females reach sexual maturity within 5–6 weeks
while staying in constant copulation. This couple is able to fix itself inside the human
blood vessels by help of the two big suckers at the mouth and belly of the male
bearing the female inside its so-called canalis gynaecophorus (Fig. 1.6).

Fig. 1.2 (continued) Sporocyst of the second order (daughter sporocyst). 4 Free cercaria (“forked-
tail cercaria”). I S. haematobium (Bilharz 1852): egg with miracidium (terminal spine); shells of the
intermediate hosts of the species (a) Bulinus truncatus (North Africa) and (b) Bulinus globosus
(West Africa). II S. japonicum (Katsurada 1904): the egg containing a miracidium has a very small
lateral spine.A-C Shells of intermediate hosts of the genera (a) Schistosomorpha, (b)Oncomelania,
and (c) Katayama. Reprinted from Mehlhorn (2016a) with Permission from Springer Nature

Fig. 1.3 Light micrographs of the eggs of four important Schistosoma species (from left:
S. mansoni, S. japonicum, S. intercalatum, and S. haematobium)
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Fig. 1.4 Scanning electron micrographs of the typical miracidium larva with all cilia (a) and after
removal of some cilia in order to show cell borders (b). Reprinted from Mehlhorn (2016a) with
Permission from Springer Nature
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1.1.4 Symptoms of the Disease (Schistosomiasis
of the Bladder, Bladder-Bilharziasis)

The severity of the symptoms of disease depends on the number of couples of
parasites, which may live for about 25 years according to some records published
in the literature. In general the following symptoms of disease are shown in infected
humans:

(a) Pruritus at the entry point of the cercariae at the surface of the skin. Repeated
infections may lead to a cercarial dermatitis.

Fig. 1.5 Diagrammatic
representation of a
Schistosoma cercaria. AG
Excretory ductule; BS
Ventral sucker; D Intestine;
DH Hind glands; DR
Intestinal gland; EK
Excretory channel; EP
Excretory pores; EX
Excretory channel; MS
Mouth sucker
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(b) In the case of a first infection of a human host, an unspecific fever occurs after
4–7 weeks as a general reaction of the host’s sensibilization.

(c) Eggs (Fig. 1.2) are found in the urine starting in general about 2–3 months after
infection. Blood traces (¼ haematuria) are observed especially in the last
portion of the urine. Then patients complain a burning feeling in the urethra
and urinary tissues.

(d) The further chronic course of the disease does not show blood and eggs all the
time. Therefore, it is recommended to repeat the investigation of the urine, if the
test was negative primarily in order to verify the absence of excreted eggs.

(e) During bladder inspection with a cytoscope egg granulomas may be observed
(pseudotubercles) protruding at the inner side of the bladder wall. They appear as
whitish nodules of 1–2 mm in diameter.

(f) S. haematobium infections initiate or increase the following complications:

– Secondary bacterial infections of the bladder may occur due to incomplete
emptying. This causes granuloma-borne fibrosis and calcification. In this case
the contraction ability of the bladder will be considerably reduced.

– Ulcers and also carcinoma of the bladder wall may occur due to permanent
tissue irritations and secondary infections.

– Painful alterations of the genitalia (so-called elephantiasis by chronical
oedema) have also been observed.

Fig. 1.6 Light micrograph
of a stained couple of
Schistosoma worms.
Without staining the worms
appear whitish. In this
preparation the female is
about to leave the ventral
fold of the larger male.
Inside hosts they always
stay together
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– A slight swelling of the liver can be found as well due to the formation and
growth of granulomas, which—if appearing in large numbers—may induce
life-threatening cancer.

1.1.5 Common Diagnosis

The typical eggs are each equipped with a terminal thorn (Table 1.1; Figs. 1.2 and
1.3). They can be diagnosed in the urine and in biopsies of the bladder, but only
rarely in the faeces. In the case of an infection of the host with enormous amounts of
worms, the proof of the eggs in the urine may be most successful in the spontaneous
first portion of the urine as well as in cases of quantitative examination of the
sediment obtained from the last urine portions. Since the excretion of the eggs
always varies over the daytime, a repetition of the test procedure is strongly
recommended as well as the eventual investigation of the sediment of the total
urine after centrifugation. The number of the excreted eggs has its peak in daytime
at noon and after strong body workout. In general it is recommended to examine the
urine between 10 a.m. and 2 p.m. If the urine cannot be investigated immediately
within 1–2 h after collection, 1 ml formalin (37%) /100 ml urine has to be added to
prevent the miracidia from hatching from the egg.

Table 1.1 Morphological criteria of Schistosoma species of humans

Characteristics S. haematobium S. japonicum S. mansoni S. intercalatum

Male, outer
surfacea

Small tubercles pro-
vided with many
hooks

No tubercles
of the
tegument

Large tuber-
cles (bosses)

Tubercles with
central hook-free
spots

Female, ovary Midbody region Posterior half
of the body

Anterior half
of body

Past mid of body

Number of
eggs in uterus

20–100 50–300 1–10 (often
one)

10–20

Eggs shape With terminal thorn With tiny lat-
eral thorn

With large lat-
eral thorn

With terminal
thorn

Egg size (μ) 110–170 � 40–70 70–100 �
55–65

115–180 �
45–70

140–230 � 50–80

Site of
parasitizing

Veins of the urogeni-
tal system

Veins of the
intestine

Veins of the
intestine

Veins of the
intestine

Intermediate
hosts/snailsb

Bulinus species Oncomelania
species

Biomphalaria
species

Bulinus species

Reservoir
hosts

Monkeys, hamsters Mice, dogs,
cats, pigs,
cattle

Rats, mice,
monkeys

Goats, sheep,
rodents

aThe ovoid eggs of S. mekongi have no thorn and measure only 50–60 � 30–50 μm, thus being
considerably smaller than those of S. japonicum. In Thailand and Malaysia, S. malayensis has been
described as own species, which has a similar life cycle like S. japonicum. Truncula snail species
are intermediate hosts for S. mekongi, while Robertsiella species are intermediate host for
S. malayensis
bOnly very common species are listed here
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If a low-graded infection is suspected, the investigation of larger amounts of urine
after collection over 24 h should be done as follows: sedimentation of the urine for
1 h in a large glass vessel. In the case of the occurrence of huge amounts of
sediments, it is necessary to wash them with cold 1% NaCl solution several times,
followed by decantation, centrifugation of the remnant fluid (max. 2000 g for 2 min)
before microscopical investigation of the sediment. Smaller amounts of urine
(e.g. the last 10–50 ml portion of a urine from noon) can be filtered. Filtering is
done by help of a polycarbonate filter (nylon or paper can be used as well). The
filtered material is transferred onto a glass slide (after staining by Lugol’s solution)
and can be examined microscopically for eggs at a low magnification (40–100�). In
the case of studying unfixed material, the vitality of the eggs can be decided by
observation of the motions of the cilia of the miracidia by help of the so-called
miracidium hatching test or by supravital coloration with 0.5% trypan blue. The
proof of the eggs in biopsates can be documented with a squeezing preparation (see
also intestinal schistosomiasis).

1.1.6 Immunodiagnosis

ELISA, PCR techniques should be used in cases of a suspected infection without
successful proof of eggs. Eosinophilia occurs most frequently during the period of
migration and growing up of many schistosomula. In probable cases of lung or brain
schistosomiasis, the use of techniques like radiology, sonography and computer
tomography is recommended. This is also needed in cases of undefined fibrosis.

The disease due to infections by Schistosoma species is today no longer called
bilharziasis but schistosomiasis and has now obtained the rank of the second most
socioeconomically devastating disease following closely behind human malaria. The
different species of human schistosomiasis have the highest death rates among the
top ten of the most important infectious diseases of humans, following closely
behind HIV (AIDS) infections and tuberculosis, since the parasites are still today
present in 71 countries having infected at least 200 million humans and also many
millions of animal hosts, which may serve as reservoirs. This broad propagation
makes it extremely difficult to eradicate this disease especially in warm and humid
rural regions, especially in politically instable countries. Since several papers have
shown that humans might also get infected by those Schistosoma species, which are
mainly found in animals, the number of human infections may constantly increase
considerably.

1 Schistosoma haematobium (Bladder Fluke): Life Cycle and Morphology 9



1.1.7 Pathway of Infection

The infection of final hosts occurs by percutaneous penetration of the anterior
portion of the cercaria, which represents the later worm, while the long, bifurcated
tail stays outside of the final host’s skin (Fig. 1.5).

1.1.8 Prophylaxis

Avoidance of unprotected contacts with potentially cercariae-containing water from
lakes, rivers, etc. in endemic regions. It is recommended to enter water of lakes or
rivers only when wearing rubber gloves and boots.

1.1.9 Incubation Period

(a) General reactions after skin penetration of cercariae: 6 h until 2 days;
(b) First host reactions on the presence of pre-adult and adult worms:

S. mansoni 2–3 weeks.
S. japonicum 2–3 weeks
S. intercalatum 4–7 weeks
S. haematobium 2–20 months

1.1.10 Prepatent Period

The data of this period describe the needed time until eggs occur first in faeces and in
urine of human hosts:

S. mansoni 4–7 weeks
S. japonicum 4–5 weeks
S. intercalatum 6–8 weeks
S. haematobium 8–12 weeks

1.1.11 Patency

5–25 years (depending on the species), if hosts had not been treated.

1.1.12 Therapy

The drug of choice (according to WHO) is praziquantel, which acts successfully
against all human Schistosoma species. The recommended dosage is 3 � 20 mg/kg
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bodyweight per day on 3 days. Oxamniquine (1 � 15 mg/kg bodyweight) acts
significantly only against S. mansoni. In cases of the so-called Katayama syn-
drome, it is needed to give additionally corticosteroids. In cases of hypertension
symptoms combined with varioles along the oesophagus should be ameliorated by
the help of endoscopic sclerosis.

1.1.13 Genome of Schistosoma Species

– Nuclear genome size: �270 Mb
– Chromosomes: eight pairs (¼seven pairs autosomes, one pair sex chromosomes)
– Male ZZ
– Female ZW (¼ heterogametic)
– Gene copies: ~14,000
– Repetitive content: 40–60%
– Mitochondrial genome: 14,500 nucleotides
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Chapter 2
Praziquantel: A Broad-Spectrum Drug
Acting against Trematodes and Cestodes
Parasitizing Humans and Animals

Heinz Mehlhorn

Abstract The chemical compound praziquantel has been developed by Bayer
company in Leverkusen, Germany, is now also produced in China and sold world-
wide as treatment of human and animal diseases due to infections with tapeworms
and trematodes. It was used successfully by Chinese scientists for elimination of
human and animal schistosomiasis in China and Zanzibar as well as in many other
countries with endemics or returning tourists.

Keywords Praziquantel · Schistosomiasis control · Tapeworm and trematode
control

2.1 Historical Background

Schistosomiasis (also known as bilharziosis honoring its discoverer—the German
physician Theodor Bilharz (1825–1862)) belongs today to the most important
Neglected Tropical diseases (NTD) affording even today the death of millions of
humans and also of huge numbers of animals, that are grown up to deliver food for
millions of persons in warm countries around the globe (Mehlhorn et al. 2014). Thus
it was necessary to control spreading of this disease, especially in those countries
with huge populations, which paid every year a high human death toll besides
enormous losses among strongly needed farm animals (see Figs. 2.1, 2.2, 2.3, and
2.4).

Tapeworms—especially the larval stages (hydatids) are known since long.
Already Aristophanes (444–380 BC) and Hippocrates (460–370 BC) described
these stages in humans and animals. However, detailed research started only in the
nineteenth century especially by German scientists like Goeze (1717–1786 AD), von
Siebold as well as Küchenmeister (1821–1890) and Leuckart (1822–1898 AD), who
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both described in the years 1855 and 1861 the full life cycles of the species Taenia
solium (in pigs and humans) and T. saginata. The adults of both species live in the
intestines of humans, while the larvae (cysticerci) of both species parasitize in muscles
or other tissues of the intermediate hosts pigs, respectively, cattle. In contrast to
T. saginata, where the cysticercus stage parasitizes only in cattle, the eggs of
T. solium may induce in humans a cysticercus stage, too, thus becoming a potential
intermediate host, where such stages will be found in muscles as well as in the brain.
Especially in South America many human cases are reported (see Figs. 2.5, 2.6, 2.7,
and 2.8).

2.2 Recent Control Measurements

2.2.1 History

The scientists of the German company E. Merck at Darmstadt synthesized a large
number of pyrazino isoquinoline compounds when looking for potential tranquil-
izers. In an agreement between the companies Merck in Darmstadt and Bayer at
Wuppertal and Leverkusen it was agreed that Bayer was allowed to start around
1970 a study dealing with a large series of these isoquinoline compounds for their
activities as antihelminthic drugs. This intense search was done by the group of Prof.
Gönnert (Wuppertal) and finally led to the finding of a very active compound called
EMBAY 8440 which finally was named praziquantel. This compound showed very
high activities against practically all very important species of trematodes and
cestodes parasitizing farm animals and humans. These first breakthrough results
had been obtained in animal tests and were published by Professor Gönnert’s group
at Bayer (Thomas and Gönnert 1977; Gönnert and Andrews 1977). First tests on
human volunteers followed in the year 1978 by Leopold et al. and by Katz et al.
(1979) treating humans who had been infected with Schistosoma mansoni. Later
followed tests by Davis et al. (1979) treating people suffering from S. haematobium
infections and tests by Ishizaki et al. (1979) treating persons being infected with
stages of Schistosoma japonicum.

Fig. 2.1 Praziquantel
formula
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Fig. 2.2 Diagrammatic representation of the life cycle stages of four important trematode species
infecting humans. Eier ¼ eggs; Faezes ¼ feces; Zwischenwirt ¼ intermediate host; Cercarien ¼
cercariae; Infektion ¼ infection. Reprinted from Mehlhorn (2016b) with permission from Springer
Nature
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Fig. 2.3 Scanning electron micrograph of a couple of Schistosoma mansoni. The female is
permanently transported in the longitudinal body folding of the male. (a) Light micrograph of an
egg of Schistosoma japonicum. (b) Scanning electron micrograph of an adult couple. (c) Light
micrograph of an egg of S. haematobium. (d) Light micrograph of an egg of S. mansoni, note the
typical large lateral spike
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In the year 1980 a praziquantel containing preparation became marketed as
Biltricide® and was later worldwide distributed as Cesol® and Cysticide® as
well as under a big bunch of other names (see below). It kills trematodes as well
cestodes. In the year 2007 the German Merck KGaA spent for 10 years 25 million
tablets for free and since 2012 always 250 million tablets per year, which helped to
decrease or even eliminate schistosomiasis in many countries.

Praziquantel (Tables 2.1 and 2.2) is also used to deworm ornamental fish
(Tremazol® produced by Alpha-Biocare GmbH, Neuss, Germany and distributed

Fig. 2.4 Light micrograph of a section through a human liver containing a shrunken Schistosoma
egg, which induced the formation of a granulome. Masses of such granulomas may induce liver
tumors
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Fig. 2.5 Life cycles of Taenia solium (1–5) and T. saginata (1.1–5.1). (1–2.1) Adult worms live
exclusively in the intestine of man and reach a length of 4–6 m (T. solium) or 6–10 m (T. saginata)
often with about 2000 proglottids. The scolex of T. solium is endowed with an armed rostellum (1).
The terminal, whitish appearing proglottids (10–20 � 5–7 mm) are characterized (when excreted in
the feces of the host) by a typically branched uterus filled with up to 100,000 eggs. On each day 6–7
of these proglottids detach and may either pass out with the feces or actively migrate out of the anus
(3, 3.1). As soon as an excreted proglottid begins to dry up, a rupture occurs along the midventral
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by Sera, Heinsberg, Germany) (Fig. 2.1; Tables 2.1 and 2.2). If this fluid formulation
is added to aquaria containing infected ornamental fish, all worms on gills and skin
or in the intestine are killed.

The group of the author of the present chapter showed in several in vitro and
in vivo experiments, why praziquantel is still today highly effective under both
conditions against trematodes and cestodes although it is already more than 40 years
in use (Mehlhorn 2016a, b). Only very few reports exist on findings or indications of
slight local resistances, which, e.g., had been described, e.g., in the case of the
treatment of cases of Dipylidium caninum (Jesudoss Chelladurai et al. 2018).

2.2.2 Chemical Composition of Praziquantel

Figure 2.1 shows the diagrammatic representation of the structure of the compound.
Its commercial preparation is a racemate, which consists of two equal parts: a levo
(R-) and a dektro (S+) isomer, wherefrom only the enantiomer has an
antischistosomal activity, while both isomers have essentially the same toxicity on
parasites as was shown by Liu et al. (1986). Wu et al. (2019), however, showed that
patients treated only with 20 mg/kg praziquantel reached the same high cure rate, but
suffered from significantly lower side effects than persons treated with 40 mg/kg of
the racemic preparation.

Analysis of the chemistry showed that praziquantel is a more or less whitish,
crystalline powder, which initiates a bitter taste and melts at 136–140 �C leading to
complete decomposition. On the other hand, it is more or less insoluble in water, a bit
soluble in ethanol but totally soluble in solvents like chloroform. In chemical terms
praziquantel is described as 2-(cyclohexylcarbonyl)-1,2,3,6,7,11b hexahydro-4H-
pyrazinol-[2,1-a] isoquinoline-4-one (Fig. 2.1).

⁄�

Fig. 2.5 (continued) and terminal regions and allows eggs to escape. The spherical eggs (40–45μm)
are indistinguishable between species. Originally they have a hyaline outer membrane (eggshell)
which is usually lost during the time the eggs are voided within the feces. Thus, the eggs are
bordered by a thick, striated embryophore surrounding the oncosphaera (ON). (4, 4.1) When
ingested by the intermediate host, the oncosphaera hatches in the duodenum, penetrates the
mucosa, enters a venule and is carried throughout the body. A bladder worm (cysticercus) of
about 7–9 � 5 mm is formed, reaching infectivity in about 2 months (C. cellulosae in T. solium;
C. bovis, C. inermis in T. saginata). When humans ingest eggs of T. solium within contaminated
food or a terminal proglottid is destroyed inside the intestine, cysticerci may readily develop in
many organs including brain and eyes. These infections lead to severe dysfunctions depending on
the parasitized organ (cysticercosis). (5) Persons become infected when a bladder worm is eaten
along with raw or insufficient cooked meat of intermediate hosts. The evaginating scolex becomes
attached to the mucosa of the small intestine and matures within about 5–10 weeks. BL bladder of
cysticercus, EB embryophore, EX excretory vessels, GP genital pore, HO hooks of oncosphaera,
ON oncosphaera, RH rostellar hooks, SC scolex, SU sucker, UE uterus filled with eggs. Reprinted
from Mehlhorn (2016b) with permission from Springer Nature
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Fig. 2.6 Light micrographs of eggs of important tapeworm species. DE cover, operculum, EB
embryophore, EH egg shell, EI egg, EP package of eggs, FU developmental stage during cell
division, HK hooks, ON oncosphaera larva, PF polar filament
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2.2.3 First Efficacy Tests

The WHO organized clinical trials very early to proof efficacy on S. mansoni (Katz
et al. 1979), on S. haematobium (Davis et al. 1979) and on S. japonicum (Ishizaki
et al. 1979). The results obtained were very promising, so that praziquantel became
worldwide rather quickly the drug of choice for the treatment of Schistosoma
infections of humans and animals. In the year 1983 a Korean company developed
a new, cheaper synthesis of praziquantel followed by production in several countries
and thus it became worldwide distributed. It is still today the drug of choice against
the members of this group of worms (Wu 2019; Wu et al. 2012, 2019; Mehlhorn
et al. 2014; Mehlhorn 2016a, b, c).

Fig. 2.7 Scanning electron
micrograph of the adult
worms of Echinococcus
multilocularis (right) and
E. granulosus, both
of which produce only few
proglottids
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2.2.4 Dose and Administration

The WHO recommended a treatment dose range between 40 and 60 mg/kg body
weight, whereby the 40 mg dose is recommended for treatment of S. mansoni and
S. haematobium infections. The 60 mg dose should be split into two administrations
especially in cases with the Asian species S. japonicum and S. mekongi (WHO 2016;
Thomas and Timson 2018).

2.2.5 Use during Pregnancy

Although praziquantel has never been officially clinically tested intensively among
larger groups of pregnant or lactating women, it is presumed to be safe based on
many animal and human studies. Thus today praziquantel is grouped into the
“Pregnancy category B” (WHO 2002).

Fig. 2.8 Section through
the liver of a human
deceased due to the liver
destruction by the fox
tapeworm E. multilocularis
cysts. Note the large
alveolar caverns

22 H. Mehlhorn



2.2.6 Side Effects

The tested side effects on humans after drug use had been rather smooth but have
found to be present in 30–60% of the tested persons. These in general mild
symptoms comprised (as single alternatives) headache, anorexia, nausea, vomiting,
diarrhea, slight fever, dizziness, etc. and in extremely rare cases skin rash (Cioli and
Pica-Mattoccia 2003). But compared to the potential killing effects of large numbers
of these worms, these effects seem to be justified to reach survival.

2.2.7 Toxicity Studies

Toxicity of praziquantel was found to be very low in animal studies even when it was
used in long term studies (Cioli and Pica-Mattoccia 2003) and toxic effects had not
observed in humans when being used in the recommended dosages.

2.2.8 Mode of Action

Praziquantel has significant killing effects on most species of cestodes (Tables 2.3
and 2.4) and trematodes (Table 2.5) parasitizing in humans and farm animals such
as sheep, cattle, horses, dogs, etc. Only a few parasites like the so-called liver fluke

Table 2.1 Praziquantel (data sheet)

General name Praziquantel

Chemical name (RS)-2-(Cyclohexylcarbonyl)-2,3,4,6,7,11b-hexahydro-1H-
pyrazino[2,1-a]isochinolin-4-on (IUPAC)

Sum formula C19H24N2O2

Description Whitish, polymorphous, crystalline, hygroscopic powder

CAS number 55268-74-1

ATC code P02BA01

Drug class Anthelmintics

Molar mass 31,241 g � mol�1

Melting points 136 �C (racemic compound)
110 �C (enantiomers)

Dissolving capacity Difficult in water (400 mg � l�1)
Easy in ethanol and dichloromethane

Toxicity data >200 mg � kg�1 (LD50, dog, orally)
2840 mg � kg�1 (LD50, rat, orally)
24,540 mg � kg�1 (LD50, mouse, orally)

Product trade names Biltricide, Cesol, Cysticide

International product or trade
names (selection)

Anipracit, Aniprazol, Bihelminth, Caniquantel, Cestocur,
Droncit, Drontal, Equimax, Milbemax, Prazinex, Profender,
Tremazol, Vermis-Ex, VetBancid etc.
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Fasciola hepatica are not susceptible to praziquantel—even not when used in very
high doses. This is apparently due to their very thick surface coat and the thick
non-cellular tegument as outer layer. Both together (surface coat and tegument)
apparently block the entrance of the active compounds of this drug into the fluke’s
body. During in vitro tests two main effects have been documented on movie
pictures. Both occur immediately after such trematodes have been placed into a
medium containing praziquantel: the surface of the worms becomes immediately
ruptured and the body shrinks considerably after a phase of huge contraction. In
tapeworms especially the “neck zone” below the suckers is hit by these effects,
which apparently have the consequence that the worm cannot remain anchored at the
intestinal wall of the host, if the applied dose is high enough in vivo (see Tables 2.3
and 2.4).

2.2.9 Tolerability

The tolerability of praziquantel using it against trematodes is apparently rather high
as was shown in relevant tests. Studies in mice, rabbits and dogs showed that
ingestion up to five times of the recommended dose was tolerated without adverse
effects. However, a tenfold overdose caused transitory vomiting and signs of
depression. On the other hand, there was no evidence for embryotoxicity or
teratogenicity in reproduction studies in rats, rabbits, cats and dogs. Neither such
effects had been described in human cases. The following Tables 2.1, 2.2, and 2.3

Table 2.2 Primary and secondary effects induced in trematodes as function of time after drug
exposure. Similar effects can be seen also in cestodes

Helminth
species

Drug
concentration Observed effect

Time after drug
exposure of
observable effect

Primary effects
All
schistosomes

0.32–0.6μM Surface blebbing, vacuolization Seconds

Spastic paralysis Seconds

Increase in muscle tension Seconds

S. mansoni 1μM Ca2+ influx Seconds

Effects associated to primary membrane effects
S. mansoni Depolarization or alterations of ion fluxes

(Na+, K+); uptake of glucose and adeno-
sine, lactate excretion, glycogen break-
down, alterations of membrane associated
enzymes: ATPase

Seconds until
minutes

Secondary effects
S. mansoni Phagocytic cells associated with parasite 4 h

S. mansoni Invasion of phagocytes 17 h

S. mansoni Lysis of parasite’s tissues Few days
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contributed by Prof. Dr. Achim Harder (former coworker of Bayer company,
Germany) give some examples of activities of praziquantel on some important
cestodes (tapeworms) and trematodes (flukes).

2.2.10 Efficacy of Praziquantel and Other Drugs on
Tapeworms

This compound (see Tables 2.1 and 2.2) is effective against trematodes (flukes,
Tables 2.3 and 2.4) as well as against cestodes (tapeworms, Table 2.5).

Results summarized and reprinted from Mehlhorn (2008) and Mehlhorn (2016c)
with permission from Springer Nature

Table 2.3 Morphological features of important Schistosoma species of humans

Features S. mansoni
S. japonicum/S.
mekongi S. intercalatum S. haematobium

Males,
surface

Large tubercles No tubercles Tubercles with
hook-free corona

Small tubercles
with many hooks

Females,
ovary

Anterior half of
the body

Posterior half of
the body

Behind the center
of the body

Close to the cen-
ter of the body

Number of
eggs in
uterus

1–10 (mostly a
single one)

50–300 10–20 20–100

Shape of
eggs

With big lateral
thorn

With small lateral
thorn

With thorn at
posterior end

With thorn at
posterior end

Excretion
site of eggs

Feces Feces Feces Urine

Size of
worms (mm)

M: 6–12 � 1
F: 7–16 � 0.3

M: 12–20 � 0.5
F: 12–28 � 0.3

M: 11–15 � 0.4
F: 10–14 � 0.2

M: 10–15 � 1
F: 20–26 � 0.3

Location of
adult worms
in human
host

Intestinal mesen-
teric blood vessels

Intestinal mesen-
teric blood vessels

Intestinal mesen-
teric blood vessels

Veins of urogeni-
tal tract

Intermediate
host/snail

Biomphalaria sp. Oncomelania sp. Bulinus sp. Bulinus sp.

Reservoir
host

Rats, mice,
monkeys

Mice, dogs, cats,
pigs, cattle

Goats, sheep,
rodents

Monkeys,
hamsters

Drug of
choice

Praziquantel
1 � 60 mg/kg
body weight in
three doses

Praziquantel
1 � 60 mg/kg
body weight in
three doses

Praziquantel
1 � 60 mg/kg
body weight in
three doses

Praziquantel
1 � 60 mg/kg
body weight in
three doses

Incubation
period

2–3 weeks 2–3 weeks 4–7 weeks 2–10 weeks

Prepatent
period

4–7 weeks 4–5 weeks 6–8 weeks 8–12 weeks

Patency 5–20 years 5–20 years 5–20 years 5–20 years
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Table 2.4 Trematocidal activity of praziquantel

Parasite Treatment Infection/comments

1. Schistosoma mansoni
Adults live in the venous sys-
tem of the intestine, eggs
(embryonated, large, oval,
with lateral spine, pass into
feces; the latter must be
deposited in fresh water so that
miracidia can hatch and reach
appropriate snails), endemic in
Africa, Middle East, and parts
of South America; intestine
and liver are primarily
affected; eggs (soluble anti-
gens in tissues) induce severe
inflammatory reactions related
to intensity of infection and
thus host responses; damage
caused in acute phase is
followed by irreversible fibro-
sis of liver and adjacent
tissues.

Drug of choice: praziquantel
(PZQ) (e.g., *Biltricide Bayer,
others) (40 mg/kg/d in two
doses � 1 d: adult/pediatric)
alternative: oxamniquine
(15 mg/kg once, pediatric
20 mg/kg/d in two doses � 1 d
adult/pediatric: in East Africa,
the dose should be increased to
30 mg/kg, and in Egypt and
South Africa to 30 mg/kg/d �
2 d; some experts
recommended 40–60 mg/kg
over 2–3 d in all Africa
[Shekhar KC (1991) Drugs
42: 379].

PZQ is (was) a major thera-
peutic breakthrough in con-
trol of schistosomiasis (cure
rates 85%–100%); side
effects are common, but mild:
headache, diarrhea, rash,
fever; single dose treatment
results in a very high cure
rate; levo-PZQ (150 mg/kg b.
w.); administered to mice
infected with S. mansoni
caused damage to the tegu-
ment of adults including
severe swellings,
vacuolization, fusion of the
tegumental ridges, and loss or
shortening of the spines on
the tubercles, collapse, and
peeling (dextro PZQ was
proven to be inactive),
oxamniquine (*Vansil, Pfizer)
(regional differences in
efficacy.

2. S. mekongi adults live in
the host’s mesenteric venules,
eggs resemble closely
S. japonicum eggs, pass into
feces; this species belongs to
“minor” species group found
in Southeast Asia.

Drug of choice: Praziquantel
(PZQ) (60 mg/kg in three
doses � 1 d: Adult/pediatric).

Endemic along the Mekong
river, including Laos, Cam-
bodia, Thailand. Diagnostic
problems: Fecal debris
adheres to shell of
S. japonicum and S. mekongi
eggs, thus eggs might be
overlooked in fecal prepara-
tions; spine of the egg is
inapparent and difficult to see.

3. S. intercalatum adults live
in mesenteric venules, eggs
resemble closely
S. haematobium eggs but are
larger and are passed within
feces.

Drug of choice: Praziquantel
(PZQ) (60 mg/kg in three
doses � 1 d: Adult/pediatric).

S. intercalatum is a “minor”
species of man in west and
Central Africa: S. bovis,
S. mattheei, or S. nasalis are
primarily parasites in other
mammals (e.g., equines,
ruminants), but may also
infrequently infect humans.

4. S. haematobium adults live
in the venous plexus of the
urinary tract (mainly bladder),
eggs are embryonated, large
oval, with terminal spine pass
into urine; the latter must be
deposited in fresh water so that
miracidia can hatch and thus
may reach appropriate snails;
endemic in 54 countries of

Drug of choice: Praziquantel
(PZQ) (e.g., *Biltricide Bayer,
others) (40 mg/kg/d in two
doses � 1 d: Adult/pediatric),
considered as safe in children
over 4 years of age who toler-
ate it better than do adults
(contraindications: Ocular
cysticercosis cf. general infor-
mation on schistosomiasis).

Single dose treatment results
in a cure rate equal to or
greater than 85%; in persons
not cured, the egg burden is
markedly decreased; side
effects caused by PZQ are
common but mild such as
nausea, abdominal discom-
fort, dizziness, headache, and
diarrhea; rash, pruritus, urti-
caria, fever; myalgia, and

(continued)
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Table 2.4 (continued)

Parasite Treatment Infection/comments

Africa and in eastern countries
along the Mediterranean Sea.

eosinophilia are noted occa-
sionally and are related to
parasite burden.

5. Fascioliasis
Fasciola hepatica,
F. gigantica adults (2.5–5 cm
long, 0.6–1.4 cm wide),
F. gigantica up to 7.5 cm long:
Both flukes live in bile ducts,
liver tissues, and in aberrant
sites, e.g., lung and/or subcu-
taneous tissues, eggs:
unembryonated, large, broadly
ellipsoidal, operculum indis-
tinct; shape of egg (both spe-
cies) resembles closely to that
of F. buski and are passed into
feces; cosmopolitan distribu-
tion, closely related to flukes
of herbivores and other mam-
mals, rarely man; if no eggs are
found (aberrant sites) induce
serological tests.

Drug of choice:
Triclabendazole
(a benzimidazole) (TCBZ)
(*Egaten, Novartis) (10 mg/kg
once or twice: Adult/pediatric)
[Richter J et al. (2002). Curr
Treat Option Infect Dis 4:313]
(cf. characteristics of TCBZ in
animals Tables 2.1 and 2.2 ")
alternative: Bithionol
(a bisphenol) (*Bitin, Tanabe,
Japan) (30–50 mg/kg on alter-
nate days � 10–15 doses:
Adult/pediatric) (praziquantel
proved ineffective against
Fasciola); TCBZ: There may
be availability problems.

Aquatic snails (Lymnaea
spp.) serve as intermediate
hosts; infection is acquired by
ingestions of encysted cercar-
iae (metacercariae) attached
to wet grass and herbs (e.g.,
watercress); adults of
Fasciola hepatica (global
distribution, most common in
sheep and cattle, wild rumi-
nants, but also dog, cat,
swine, horse, kangaroo, man)
and F. gigantica (throughout
Asia, Middle East, Africa, the
Americas, and Hawaii), most
common in cattle borrow
tunnels through the liver
parenchyma and feed on
hepatocytes and blood.

6. Dicroeliasis
Dicrocoelium dendriticum:
Adults live in fine branches of
bile ducts, gallbladder, eggs
are embryonated, ovoid, small,
have an indistinct operculum,
brown shell, are passed into
feces; species is a cosmopoli-
tan in herbivores, rabbits, pigs,
dogs, deer, occasionally in
humans, too).

Praziquantel, or albendazole
(may be effective at dose regi-
mens recommended for other
small liver flukes,
cf. Clonorchis sinensis and
O. viverrini).

Infections in man are rare but
globally widespread,
cf. F. hepatica, not as patho-
gen as F. hepatica; interme-
diate (IM) hosts are land
snails (first IM) and ants
(second IM); infection is
acquired by ingestions of
ants; in advanced cases
extensive cirrhosis of liver,
clinical signs may be anemia,
edema, and emaciation.

7. Clonorchiasis:
Clonorchis sinensis (Chinese
or oriental liver fluke): Adults
live in bile ducts, sometimes
pancreatic duct and duode-
num; eggs are embryonated,
ovoid, small and have a seated
operculum, are passed into
feces, occur in Japan, Korea,
Vietnam, and China.

Drug of choice: Praziquantel
(PZQ) (75 mg/kg in three
doses� 1d: Adult/pediatric) or
albendazole (*Albenza or
*Eskazole GlaxoSmithKline)
(10 mg/kg � 7 d: Adult/
pediatric).

Fish-eating mammals (e.g.,
weasel, mink, dog, cat, pig,
rats) serve as reservoir hosts;
adult worms may live in host
for up to 25 years; cercariae
emerge from snail, come in
contact with fish and encyst
under scales; man becomes
infected by ingestion of
raw or undercooked freshwa-
ter or brackish water
fish meat.

8. Opisthorchiasis:
Opisthorchis felineus (syn.
O. tenuicollis); O. viverrini,
(southeast Asian liver fluke),

Drug of choice: Praziquantel
(PZQ) (e.g., *Biltricide Bayer,
others) (75 mg/kg in three
doses � 1 d: Adult/pediatric);

Distribution and reservoir
hosts of closely related liver
flukes: O. felineus (Russian
Federation, Eastern Europe;

(continued)
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Parasite Treatment Infection/comments

Metorchis conjunctus (north
American liver fluke); adults
live in gall bladder, bile ducts
of liver. Eggs (embryonated,
small, seated (or small:
Metorchis); difficult to distin-
guish from those of
C. sinensis), are always passed
via feces.

mebendazole has been
reported to be effective.

cats, civets, dogs, pigs, rats,
other mammals, and man),
O. viverrini (northern
Thailand, and Laos; dog, cat,
fox, pig, endemic in man),
M. conjunctus (areas of
northern America; dog, cat
fox, mink, raccoon, other
wildlife, man); M. albidus
(Europe).

9. Paragonimiasis:
Asia: Paragonimus
westermani, P. heterotremus,
P. skrjabini. Africa:
P. uterobilateralis,
P. africanus. Canada:
P. kellicotti. Peru, Ecuador:
P. mexicanus. Larvae form
cysts, capsules in lung paren-
chyma or in aberrant sites as
brain, spinal cord, peritoneum,
liver, spleen, kidneys, testes/
ovary, muscles, intestinal wall,
mesenteric lymph nodes. Eggs
(unembryonated, prominent
operculum, different sizes:
P. westermani much larger
than others, dark shell) pass up
from lung into sputum (eggs:
Either dislodged by coughing
or swallowed and pass into
feces); eggs can be confused
with smaller cestode eggs like
those of Diphyllobothrium
latum.

Drug of choice: Praziquantel
(PZQ) (e.g., *Biltricide Bayer,
others) (75 mg/kg in three
doses � 2 d: Adult/pediatric);
PZQ is better tolerated than
bithionol; PZQ is
contraindicated in ocular dis-
ease; alternative: Bithionol
(*Bitin Tanabe, Japan)
(30–50 mg/kg on alternate
days � 10–15 doses: Adult/
pediatric) (*availability prob-
lems). Surgical: Excision of
extra-pulmonary lesions, shunt
in case of hydrocephalus.

Human lung flukes may infect
an estimated 21 million peo-
ple worldwide (�ten million
in China: Asiatic species),
Paragonimus infections being
endemic in Central China,
Philippines, Thailand,
Korea, Laos, but found also
in Taiwan, Japan,Malaysia,
Indonesia, and India; other
species cause infections in
Asia and the Pacific, Africa,
Canada, central and South
America (scattered reports);
lung flukes are common in
crustacean- eating wild carni-
vores (e.g., otter, fox, mink,
mongoose, dog, cat, wildcat,
raccoon, tiger, leopard, pan-
ther, wolf, and omnivores like
bush rat, rat, pig, monkeys,
and other mammals including
man; transmission: Humans
acquired infection by inges-
tion of raw undercooked crabs
or crayfish.

10. Heterophyiasis:
Heterophyes heterophyes:
Adults are attached to the wall
of the small intestine, eggs are
small, have an embryonated,
inconspicuous operculum; egg
resembles that of C. sinensis,
are passed into the feces.

Drug of choice: Praziquantel
(PZQ) (75 mg/kg in three
doses � 1 d: Adult/pediatric).

Small intestinal fluke, which
is uncommon but widely dis-
tributed (Middle East, Tur-
key, eastern and southeastern
Asia). It occurs in dog, cat,
fox, and man; many species
of fish (brackish or freshwater
fish) act as second intermedi-
ate host; only heavily infected
individuals may show
nonspecific diarrhea, abdomi-
nal pain, and eosinophilia.

11. Metagonimiasis:
Metagonimus yokogawai:
Adults are attached to the wall

Drug of choice: Praziquantel
(PZQ) (75 mg/kg in three
doses � 1 d: Adult/pediatric).

Small intestinal fluke; most
common heterophyid fluke in
the Far East (also found in

(continued)
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Parasite Treatment Infection/comments

of the small intestine, eggs
(embryonated, small, egg
resembles those of C. sinensis
and Heterophyes but it has an
obvious operculum).

Mediterranean basin); it may
occur in dog, cat, pig, and
man; several species of fresh-
water fish act as second inter-
mediate host; only heavily
infected individuals may
develop nonspecific diarrhea
and vague abdominal
complaints.

12. Echinostomiasis:
Echinostoma ilocanum,
E. lindoense, E. hortense
adults (attached to wall of
small intestine), eggs (usually
large, oval, unembryonated).

Drug of choice: Praziquantel
(PZQ) (e.g., *Biltricide Bayer,
others) (75 mg/kg in three
doses � 1 d: Adult/pediatric).

Are primarily parasites of
birds and rodents;
E. ilocanum may be common
in humans (Korea, Philip-
pines, Indonesia) whereas
E. hortense is principally a
parasite of rodents; same snail
or neighboring snails (some
echinostomatids: Fish, clams,
and tadpoles) also serve as
second intermediate host;
mild infections are asymp-
tomatic but heavy infection
can be accompanied with
diarrhea, and intestinal colic
(similar to fasciolopsiasis).

13. Gastrodiscoidiasis:
Gastrodiscoides hominis
adults (attached to the wall of
colon and cecum), eggs
(unembryonated, large, ovoid,
egg resemble closely to that of
F. hepatica or F. buski).

Drug of choice: Praziquantel
(PZQ) (75 mg/kg in three
doses � 1 d: Adult/pediatric).

Occurs in India Southeast
Asia and parts of the former
USSR; pigs (natural host),
monkeys and man, field rats
serve as hosts; incorrect egg
diagnosis may occur; man
acquired infection by eating
uncooked aquatic plants; only
a massive infection may pro-
duce mucous diarrhea.

14. Fasciolopsiasis:
Fasciolopsis buski adults
(�7.5 cm long, 2 cm wide,
attached to wall of small
intestine), eggs
(unembryonated, large,
broadly ellipsoidal, operculum
indistinct; egg resembles
closely to that of F. hepatica).

Drug of choice: Praziquantel
(PZQ) (75 mg/kg in three
doses � 1 d: Adult/pediatric)

Large intestinal fluke that
occurs in Far East (India,
China, Taiwan, Thailand,
Indonesia, and other parts of
Asia); fresh water snails serve
as intermediated hosts;
mature cercariae emerge from
snail, attach to aquatic plants
(water caltrop, water bamboo,
water chestnut, lotus on the
roots, and other aquatic vege-
tables) and encyst to become
metacercariae; man becomes
infected by ingestion of
uncooked vegetation being
contaminated with

(continued)
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Table 2.4 (continued)

Parasite Treatment Infection/comments

metacercariae. In severe
infections occur thousands of
worms; flukes may also attach
to the ileum or colon; intesti-
nal flukes cause inflamma-
tion, ulceration, and mucous
secretion at the site of attach-
ment; symptoms may be
eosinophilia, diarrhea, and
edema, severe infections may
also cause intestinal obstruc-
tion or malabsorption leading
to hypoalbuminemia, ascites,
and obstruction of common
bile duct; pigs are an impor-
tant reservoir host.

15. Nanophyetus salmincola
adults (small or large intes-
tine), eggs (unembryonated,
indistinct operculum, much
smaller than those of
P. westermani); pass into
feces; this occurs in Eastern
Siberia, Northwestern of USA.

Drug of choice: Praziquantel
(PZQ) (e.g., *Biltricide Bayer,
others) (60 mg/kg in three
doses � 1 d: Adult/pediatric).

Fluke infects various fish-
eating mammals (dog, cat,
fox, otter, mink, lynx, and
some piscivorous birds, and
man); cercariae emerge from
snail, come in contact with
fish (family Salmonidae) and
encyst there under scales;
man becomes infected by
ingestion of raw or
undercooked fish or via con-
taminated utensils used to
prepare fish or vegetables for
cooking. This fluke penetrates
deeply into the mucosa of the
duodenum or attaches to the
mucosa of other parts of the
small and large intestine
thereby causing superficial or
hemorrhagic enteritis. Adult
N. salmincola may harbor
rickettsial organisms causing
an often fatal disease in dogs
or other Canidae (so-called
“salmon poisoning,” and
“Elokomin fluke fever”,
which may cause high mor-
bidity); N. salmincola and
lung flukes like Paragonimus
spp. belong to the same fam-
ily (Troglotrematidae).

Results summarized and reprinted from Mehlhorn (2008) and Mehlhorn (2016c) with permission
from Springer Nature
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Chapter 3
The Global Status and Control of Human
Schistosomiasis: An Overview

Wei Wang and Kun Yang

Abstract Schistosomiasis is an ancient but highly debilitating disease. Currently,
this infectious disease is identified as the second most devastating parasitic disease
after malaria in terms of its morbidity and mortality and significant medical and
veterinary importance in tropical and subtropical regions across the world. In this
chapter, we describe the epidemiology, diagnosis, management, and control of
human schistosomiasis. In addition, we propose the potential challenges during the
progress towards elimination of schistosomiasis in this wormy world.

Keywords Schistosomiasis · Epidemiology · Diagnosis · Treatment · Prevention ·
Elimination

3.1 Introduction

Schistosomiasis is a highly debilitating infectious disease of poverty that leads to
chronic ill health (McManus et al. 2018). This parasitic disease, which was firstly
documented by a German physician Theodor Bilharz in Egypt in 1851, was initially
named bilharzia, and currently, the most widely accepted term for this disease is
schistosomiasis, although bilharzia remains to be used sometimes (Olveda et al.
2014a). As a global neglected tropical zoonosis, schistosomiasis is identified as the
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second most devastating parasitic disease after malaria in terms of its morbidity and
mortality and significant medical and veterinary importance in tropical and subtrop-
ical regions across the world (LoVerde 2019). In this chapter, we describe the
epidemiology, diagnosis, management, and control of human schistosomiasis. In
addition, we also analyze the potential challenges during the progress towards
elimination of schistosomiasis in this wormy world.

3.2 Epidemiology

Among the genus Schistosoma, there are currently six main species of the parasite
that infects humans, including S. japonicum, S. mansoni, S. haematobium,
S. intercalatum, S. mekongi, and S. guineensis (Colley et al. 2014). Each species
of Schistosoma has its specific intermediate host snails (Table 3.1), and the geo-
graphical distribution of the schistosomiasis is determined by the location of the
intermediate host snails (Sanogo et al. 2018). Among these six species of human
schistosomes, S. japonicum, S. mansoni, and S. haematobium are the three most
common and dangerous parasites. S. haematobium is the most common species and
is prevalent in more than 50 countries across the world (Toor et al. 2020), and
S. mansoni has been reported in sub-Saharan Africa, Brazil, the Caribbean islands,
Puerto Rico, Suriname, and Venezuela (Toor et al. 2020), while S. japonicum is
endemic in the People’s Republic of China, Indonesia, and the Philippines (Zhou
et al. 2010). Unlike S. mansoni and S. haematobium, S. japonicum is a zoonotic
species with more than 40 mammalians serving as its reservoir hosts (Van Dorssen
et al. 2017).

Currently, schistosomiasis is estimated to affect around 240 million in 78 tropical
and subtropical countries throughout the world (Fig. 3.1), with up to 780 million at
risk of infections (McManus et al. 2018). In 2017, this parasitic disease was
responsible for 1.43 million disability-adjusted life years (DALYs) (GBD 2017
DALYs and HALE Collaborators, 2018) and 1.09 million years lived with disability
(YLDs) (GBD 2017 Disease and Injury Incidence and Prevalence Collaborators

Table 3.1 Intermediate hosts and geographical distribution of the species of Schistosoma

Parasite species
Intermediate
host Geographical distribution

S. japonicum Oncomelania
spp.

China, Indonesia, the Philippines

S. mansoni Biomphalaria
spp.

Africa, the Middle East, the Caribbean, Brazil, Venezuela
and Suriname

S. haematobium Bulinus spp. Africa, the Middle East, Corsica (France)

S. intercalatum Bulinus spp. West Africa and Central Africa

S. mekongi Neotricula
spp.

Several districts of Cambodia and the Lao People’s Demo-
cratic Republic

S. guineensis Bulinus spp. West Africa and Central Africa
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2018); however, the burden of disease due to schistosomiasis was considered to be
greatly underestimated (King and Galvani 2018).

3.3 Diagnosis

Currently, parasitological diagnosis, by means of detection of parasite eggs or
miracidia in stool or urine sample, or rectal biopsy using microscopy, remains the
gold standard for the identification of human Schistosoma infections (Gray et al.
2011). However, the conventional parasitological approaches are time-consuming
and have a high rate of missing diagnosis, notably in areas with a low endemicity
(Lin et al. 2008). Antibody- and antigen-based serological assays provide a rapid
tool for the large-scale epidemiological survey and screening of potential therapeutic
targets for human infections; however, the problems, including high sensitivity, high
specificity, and discrimination between action infections and previous infections,
remain to be solved (Hinz et al. 2017). The great advances in molecular biology
facilitate the use of DNA detection in schistosomiasis, and PCR (Nelwan 2019),
real-time PCR (Guegan et al. 2019), loop-mediated isothermal amplification
(LAMP) assay (Vicente et al. 2018), recombinase polymerase assay (RPA) (Poulton
and Webster 2018) recombinase-aided isothermal amplification (RAA) assay. (Song
et al. 2018) have shown promising values in the diagnosis of human schistosomiasis.
In addition, imaging tools, such as ultrasound, computed tomography (CT), and
magnetic resonance imaging (MRI), are feasible for the accurate assessment of

Fig. 3.1 Global distribution of schistosomiasis
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schistosomiasis-induced morbidities (Olveda et al. 2014b). Ultrasound contributes
greatly to the diagnosis of intestinal and urinary schistosomiasis, and CT and MRI
scanning provides additional diagnosis of ectopic forms of schistosomiasis, notably
neuroschistosomiasis and spinal cord schistosomiasis (Olveda et al. 2014b).

3.4 Treatment

Since its introduction in middle 1970s, praziquantel has been replaced other
antischistosomal agents and become the drug of choice for the treatment of human
schistosomiases because of its high efficacy, low toxicity, easy administration, and
low cost (Bergquist et al. 2017). Praziquantel, given at a dose of 40 or 60 mg/kg
body weight, achieves a satisfactory cure rate and causes few adverse events
(Kabuyaya et al. 2018). However, this agent fails to prevent reinfections and is
ineffective against juvenile parasites (Wu et al. 2011), and there is a growing worry
about the emergence of praziquantel-resistant parasite strains, since there has been
evidence of resistance to praziquantel detected in schistosomes (Wang et al. 2012).

The antimalarial artemether shows a preventive activity against multiple species
of Schistosoma (Bergquist and Elmorshedy 2018), and dihydroartemisinin, another
antimalarial, was reported to be active against both adult and juvenile worms (Zhang
et al. 2014); however, the use of artemisinin and derivatives alone or in combination
with praziquantel is not recommended for schistosomiasis chemoprophylaxis or
therapy in malaria-endemic areas because of the possible selection of artemisinin-
resistant Plasmodium spp. parasites. Mefloquine, a quinine-derived antimalarial, has
shown active against S. mansoni, S. haematobium, and S. japonicum in in vitro
assays and animal experiments (Xiao 2013); however, results from a randomized,
exploratory, open-label trial showed that the addition of mefloquine or mefloquine-
artesunate does not increase the efficacy of praziquantel against chronic
S. haematobium infection (Keiser et al. 2014). In addition, some traditional Chinese
medicines show activity against schistosomiasis and schistosomiasis-induced
hepatic fibrosis (Wu and He 2013).

Most cases with schistosomiasis do not require surgical treatment; however,
patients with the disease suffering from variceal bleeding require surgery treatment
with band ligation, endoscopic sclerotherapy, splenectomy, portal systemic shunts,
and combinations of gastro-oesophageal devascularization (Ferraz et al. 2001). In
addition, surgical treatment is recommended for neuroschistosomiasis to remove the
foci in the brain (Shu et al. 2009; Wu et al. 2015).
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3.5 Management

Currently, mass drug administration (MDA) with praziquantel remains the global
strategy for schistosomiasis control (Mutapi et al. 2017). However, lessons from the
past schistosomiasis control programs have shown that praziquantel MDA is
unlikely to eliminate schistosomiasis in the world (Inobaya et al. 2015; Secor
2015), and an integrated strategy, which combines praziquantel administration,
snail control, safe water provision, sanitation improvement, and health education,
is required (Ross et al. 2017). Such an integrated strategy has shown great successes
for schistosomiasis in China (Qian et al. 2018), and schistosomiasis has been
eliminated as a public health problem in the country according to the WHO criteria
(Xu et al. 2020).

3.6 Prevention

Since there have been no schistosomiasis vaccines until now (Tebeje et al. 2016),
prevention of infections requires to avoid the contact with the infested water.
Therefore, provision of safe water and improved sanitation facilities may greatly
reduce the risk of exposure to infested water and the resultant risk of infections
(Campbell et al. 2018). For those with occupational exposure like boatmen and
fishermen, anticercarial cream and watertight suits may be useful for prevention of
infections (Chun-Li et al. 2016).

3.7 Challenges for the Global Schistosomiasis Elimination
Program

Considering great successes achieved in the national schistosomiasis control, an
ambitious goal of schistosomiasis elimination was set by the WHO (Rollinson et al.
2013); however, there are still many challenges for the global schistosomiasis
elimination program (Deol et al. 2019). (1) The natural hybridization between
human and animal schistosome species may post a great impact on host range,
praziquantel efficacy, host morbidity and hence ultimately transmission of schisto-
somiasis in the current era of elimination (Leger and Webster 2017). (2) Introduction
of snail hosts to previously non-infesting areas and invasive Schistosoma species
may cause emerging schistosomiasis, which affects local schistosomiasis elimina-
tion programs (Wang et al. 2013). (3) In the context of MDAwith praziquantel as the
global schistosomiasis elimination strategy, the shortage and drug resistance of
praziquantel will be a big blow to the global schistosomiasis elimination program
(Tchuem Tchuenté et al. 2017).

3 The Global Status and Control of Human Schistosomiasis: An Overview 47



3.8 Concluding Remarks

The elimination of schistosomiasis as a public health problem in China, which once
bore the highest burden of disease across the world (Chen 1989; Song et al. 2016),
greatly encourages the ongoing global schistosomiasis elimination program (Wang
and Yang 2020). More importantly, China is transferring its experiences and avail-
able tools into schistosomiasis-affected countries (Wang et al. 2019), which may
facilitate the adjustment of the global schistosomiasis elimination strategy. Although
there are still challenges ahead during the progress moving towards schistosomiasis
elimination, geospatial tools, fortunately, provide an effective weapon for precision
mapping of schistosomiasis in disease-affected regions, which provide valuable
insights into the subsequent precision interventions (Bergquist et al. 2015). Given
the importance of praziquantel, screening and development of novel
antischistosomal agents, as alternatives of praziquantel, should be given a high
priority. In addition, a global sensitive and effective surveillance and response
system to tackle the unknown risk is of great urgent and importance for schistoso-
miasis elimination in the world (Tambo et al. 2014).
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Chapter 4
Schistosomiasis Control Program
in Zanzibar: An Overview

Jian He and Fatma Kabole

Abstract This chapter introduced the history of schistosomiasis control in Zanzi-
bar, then we focused on the main activities/initiatives of schistosomiasis control,
introduce its background, goals, methods and findings, etc. In the end, the national
plan which is associated with schistosomiasis control in Zanzibar was briefly
introduced.
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Human schistosomiasis is a public problem causing severe morbidities, which is
second only to malaria in sub-Saharan Africa (SSA). Of the world’s 207 million
estimated cases of schistosomiasis, more than 90% are occurred in SSA, in this
region, Nigeria being the first country that has the highest burden of schistosomiasis,
and the United Republic of Tanzania is the second (Ross et al. 2002; Steinmann et al.
2006). As a part of Tanzania, Zanzibar is located in the west of Indian Ocean
between latitudes 5 and 7 degrees south of the equator. The distance from the East
Coast of Africa to it is about 30 kilometers. The total area of Zanzibar is 2654 square
kilometers, which is consisted of two main islands, Unguja and Pemba, though there
are several other smaller islands of which are uninhabited. Unguja is the largest
island with an area of 1666 square kilometers while Pemba is the second which has
an area of 988 square kilometers. 41% of Zanzibar’s woody biomass is indigenous
while 59% is exotic. The climate of Zanzibar is determined by the trade winds of the
tropical Monsoon system. From April to October there is Southwest Monsoon,
which is also called as Kusi by local people, literally meaning southerly in Swahili
and Northeast Monsoon occurs from November to March, local people call it
Kaskazi in Swahili. There are two rainfall pattern in nature, with a long rainy season
which is from mid March to end of May (Masika), and the short one is from October
to December (Vuli) (Ali et al. 2006). Pemba on average receives more rainfall than
Unguja, and there is more rainfall in the western sides than the east.

Temperatures in Zanzibar are relatively high during the short dry season (January
to February) with maximum mean of 32 �C. The cool season lasting from May to
September which is also known as Kipupwe in Swahili, because of it is associated
with periods of scattered showers. The mean annual maximum and minimum
temperatures are 29.3 �C and 21.1 �C, respectively. Humidity value is around 80%
due to its location, and sometimes the temperature can be as high as 40 �C when the
land is braced with hot breezes.
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4.1 Schistosomiasis Endemicity in Zanzibar

First documentation of urogenital schistosomiasis in Zanzibar dates to 1903, when
Schistosoma haematobium infection symptoms were noted to be prevalent among
men in Zanzibar. As early as 1972, reports emerged regarding a wide distribution of
S. haematobium on Unguja and Pemba. The endemic region on Unguja is restricted
to the northwestern and central areas, but on Pemba Island, the region spans the
western, southern, central and northwest parts of the island (Fig. 4.1). The geography
of disease transmission on Unguja closely follows the geographical distribution of
the intermediate snail host, Bulinus globosus. On Pemba Island, both Bulinus
globosus and Bulinus nasutus are important intermediate hosts of S. haematobium
(Mazigo et al. 2012). There are two distinct transmission seasons of S. haematobium,
and the time is the same as rain season (Jones 2015). Ongoing chemical control of
snail hosts on both islands using molluscicides has been attempted since at least
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Fig. 4.1 Schistosomiasis endemicity in Zanzibar
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1965, but in the last 25 years, morbidity reduction through preventative chemother-
apy of school children has been the primary focus of control initiatives. In early
2012, a baseline parasitological survey was conducted in 20,000 people from
90 communities in Unguja and Pemba, Schistosoma haematobium prevalence in
school children and adults was 4.3% (range: 0–19.7%) and 2.7% (range: 0–26.5%)
in Unguja, and 8.9% (range: 0–31.8%) and 5.5% (range: 0–23.4%) in Pemba,
respectively (Knopp et al. 2013).

4.2 Initiatives for Schistosomiasis Control in Zanzibar

4.2.1 Initiatives before 2010

The first program to control S. haematobium initiated in 1986 on Pemba island, with
the objectives of eliminating morbidity due to S. haematobium. Individuals infected
with S. haematobium were treated twice a year with praziquantel at a single 40 mg/
kg oral dose (Savioli et al. 1989). And then, in 1992, the program was extended to a
national plan of action for the control of helminth infections by the Ministry of
Health and Social Welfare (MoHSW) in Zanzibar. Hence, mebendazole (single
500 mg oral dose) targeting soil-transmitted helminthiasis was added to the drug
package on Pemba (Renganathan et al. 1995). From 1994 onwards, on both islands,
mebendazole and praziquantel were distributed to schoolchildren in the frame of the
Zanzibar national helminth control program. Between 1999 and 2003, anthelminthic
drug administrations were irregular, in 2000–2001 no praziquantel was administered
due to problems in securing drugs (Mohammed et al. 2008). Then, the Piga vita
kichocho (kick out schistosomiasis) campaign in Unguja provided both praziquantel
(40 mg/kg oral dose) and albendazole (400 mg only) to school-aged children in
Unguja while the Schistosomiasis Control Initiative (SCI) gives the drugs to whole
communities in Pemba from 2004 to 2006 (Guidi et al. 2010; Russell et al. n.d.).
After it, a total of five rounds of ivermectin (200 g/kg) plus albendazole mass drug
administration (MDA) supported by the Global Program to Eliminate Lymphatic
Filariasis (GPELF) were carried out on both islands from 2001 to 2006 (Mohammed
et al. 2006). From 2005 onwards, anthelminthics treatment was also targeted to
preschool-aged children facilitated by a United Nations Children’s Fund (UNICEF)
supported program in Zanzibar and the latest round of treatment of drug adminis-
tration to schoolchildren was conducted in February/March 2011.

In this period, many epidemiological surveys and monitoring and evaluation
efforts in Zanzibar revealed that the prevalence and intensity of infections of
S. haematobium, soil-transmitted helminths as well as filarial worms were decreased
considerably, and due to morbidity control strategy based on “preventive chemo-
therapy”, the disease control gained a success.

In mid-2010, elimination of urogenital schistosomiasis on the islands of Unguja
and Pemba was committed by Zanzibar government. As main content for the
commitment, Zanzibar government implemented its “National Plan” as the Zanzibar

56 J. He and F. Kabole



Neglected Tropical Disease (NTD) Program in its “3-year comprehensive strategic
plan to combat neglected tropical diseases in Zanzibar 2009/2011”. Preventive
chemotherapy by praziquantel was companied by health education and community
mobilization activities to consolidate and enhance the impact of it. The National Plan
is focusing on urogenital schistosomiasis areas including the districts, and zones
within district (Knopp et al. 2012).

To support this National Plan, the World Health Organization (WHO) has agreed
to supply sufficient quantities of praziquantel to ensure repeated rounds of preven-
tive chemotherapy, and the Schistosomiasis Control Initiative (SCI) also helped to
implement this activity at a large scale. WHO and SCI have long histories of
cooperating with the Zanzibar Ministry of Health (MoH) to combat schistosomiasis
and soil-transmitted helminthiasis (Savioli et al. 1989; Stothard et al. 2006).

4.2.2 Schistosomiasis Consortium for Operational Research
and Evaluation (SCORE)

The Schistosomiasis Consortium for Operational Research and Evaluation (SCORE)
is a program which was launched between 2008 and 2019 focusing on schistosomi-
asis control in SSA, it also supported an operational research project in Zanzibar
(Unguja and Pemba) with the Zanzibar NTD Control Program and some other
partners. It was funded by Bill & Melinda Gates Foundation at USD 23 million,
which is aimed to identify some key questions and put them into a common
framework geared at producing updated guidelines (Colley et al. 2020b). The project
was implemented in eight sub-Saharan countries to help them combat schistosomi-
asis by various epidemiologic settings (King et al. 2020). Importantly, by
implementing the SCORE activities, it helped to deepen the relationship between
researchers and local control staff, scale up the possibility of sustainable improve-
ments (Bergquist 2020).

Zanzibar was selected as the study site for schistosomiasis elimination in the
project. The choose of it was determined by many factors, including strongly stated
political support from the President of Zanzibar, clear geographic boundaries, the
commitment of biannual MDA by the Ministry of Health and its partners, as well as
other available resources (Colley et al. 2020b).

The goals of this project are as follows:

1. To eliminate schistosomiasis as a public health problem on Unguja in 3 years and
to interrupt transmission in 5 years,

2. To control schistosomiasis throughout Pemba (prevalence <10%) in 3 years and
to eliminate it as a public health problem in 5 years, and

3. To learn what is effective and what are the costs, successful strategies, barriers,
etc. associated with three different interventions.
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This schistosomiasis elimination project was implemented in 2011 within the
framework of Zanzibar national control and prevention efforts. In this period, a
5-year national schistosomiasis control strategy by the Zanzibar NTD Program with
many partners, the Zanzibar Elimination of Schistosomiasis Transmission (ZEST),
were committed to working together to achieve these common goals. The findings
included a very low prevalence setting where most of those infected harboured very
light intensities of S. haematobium infections, and it was also found that a low
sensitivity of light infection (<5 eggs/ 10 ml urine) which was detected by the urine
filtration assay to detect eggs and hematuria reagent strips to detect microhematuria
(Knopp et al. 2018; Knopp et al. 2015).

Schistosome population genetics study was also carried out in Zanzibar, it
examined the schistosome population genetic structure under multiple
communitywide Mass Drug Administrations (MDAs) (four times of MDAs over a
5-year period in schistosomiasis control studies and 12 times of MDAs over a 6-year
period in elimination study). The population genetic analyses found that the gene
flow was at a high level, and the mixing of the parasite populations in neighbouring
sites could dilute the effects of the project. Furthermore, parasite fecundity had
significant inherent differences, independent of current treatment arm, but poten-
tially of profound impact in terms of maintaining high levels of ongoing transmis-
sion in apparent PHS1 sites.

SCORE also had some attempt to develop highly sensitive and genus-specific
up-converting phosphor-lateral flow circulating anodic antigen (UCP-LF CAA)
assay (Colley et al. 2020c). This assay been used many times in the SCORE studies
within the ZEST program, and it showed much higher levels of S. haematobium than
urine filtration method (Knopp et al. 2015). The project suggested this diagnose
method could play an important role as a highly sensitive and specific diagnostic test
and for verification of elimination of schistosomiasis.

The key findings of SCORE project were shown in Table 4.1 (Colley et al.
2020a).

4.2.3 Zanzibar Elimination of Schistosomiasis Transmission
(ZEST) Project

Zanzibar Elimination of Schistosomiasis Transmission (ZEST) was an international
consortium, was aimed to assist the government of Zanzibar to eliminate urogenital
schistosomiasis. The consortium included the Zanzibar MoH (including the Zanzi-
bar NTD Control Program, the Public Health Laboratory—Ivo de Carneri
(PHL-IdC) Pemba), Zanzibar government agencies, WHO, SCI, the University of
New Mexico and the Schistosomiasis Consortium for Operational Research and

1In SCORE data, MDA coverage in villages that did not respond, which were called persistent
hotspots (PHSs).
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Table 4.1 Summary of SCORE’s six key findings and related key messages (Colley et al. 2020a)

Key findings of SCORE Key messages of SCORE

1 Four years of school-based treatment and/or
communitywide treatment MDA with PZQ—
biannually, annually, or biennially—is effec-
tive in reducing average Schistosoma preva-
lence and the intensity of infection.

Biennial MDA through school and/or com-
munities is sufficient to reach a program-
matic goal of moderate prevalence of
infection.
Biennial MDA is insufficient to reach low
prevalence of infection.

2 No SCORE MDA regimens eliminated
Schistosoma transmission within 5–6 years.

MDA alone will not achieve a programmatic
goal of elimination of transmission in most
settings.

3 All MDA regimens in the SCORE gaining
control and sustaining control studies left at
least 30% of the study villages in all study
arms as persistent hotspots. (PHSs) these PHS
villages, by definition, failed to decrease as
expected in prevalence and intensity follow-
ing multiple years of MDA.
Monitoring outcomes to assess if villages are
likely to be PHS versus responder villages is
feasible as soon as a year after 2 years of
annual MDAs.

A programmatic goal to gain and sustain
control of schistosomiasis in all villages
receiving MDA should identify persistent
hotspots following 2 years of annual MDA
through an epidemiologic assessment.
On identification of PHSs, interventions
should be adjusted, for example, more
intensive MDA and/or complementary
interventions to drive down the prevalence
and intensity of the PHS. Continued research
is needed to evaluate these options. Efforts
can be maintained, adapted, or possibly
decreased in responder villages.

4 If a village starts with3 25% prevalence, then
over 4 years, annual MDA is (i) more effec-
tive at reducing prevalence and intensity than
2 years of MDA (biennial) and (ii) leaves
fewer PHSs than biennial MDA.

A program will be most effective at reducing
prevalence and intensity of infection and
lowering the number of PHS villages with
annual MDA.

5 Both control of morbidity and elimination as
a public health problem goal28 based on the
percent prevalence of heavy infection are
achieved through MDA.
Often, in areas with established moderate-to-
high prevalence, these goals defined by the
prevalence of heavy intensity are fulfilled
even before any MDA, and, thus, need to be
redefined.

Current WHO definitions of control of mor-
bidity and elimination as a public health
problem based on intensities of infection are
inappropriate for determining success related
to changes in infection.
For programs to determine success of their
efforts to control and/or eliminate schistoso-
miasis, new targets, which are evidence-
based, urgently need to be defined.

6 Use of the point-of-care circulating cathodic
antigen (POCCCA) urine assay for
S. mansoni finds more low-intensity infec-
tions in low-to-moderate prevalence areas
than the standard parasitologic methods.
The POC-CCA yields some false positives,
especially in areas where prevalence is
extremely low (i.e., <5%).

The POC-CCA urine assay for S. mansoni is
an appropriate tool for epidemiologic
assessments (i.e., mapping and impact
assessment) in areas of low-to-moderate
prevalence (5–40% by Kato–Katz) to pre-
vent undertreatment.
POC-CCA cannot be used as a diagnostic
tool to determine interruption of transmis-
sion (elimination).

MDA mass drug administration, PHS persistent hotspot, POC-CCAs point-of-care circulating
cathodic antigen assays, PZQ praziquantel, SCORE Schistosomiasis Consortium for Operational
Research and Evaluation
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Evaluation (SCORE) based at the University of Georgia, the Swiss Tropical and
Public Health Institute (Swiss TPH) in Basel, the Natural History Museum (NHM) in
London, the London School of Hygiene and Tropical Medicine (LSHTM), with
additional groups. Within the ZEST project, the work content would shift from
morbidity control to comparative methods of transmission control, until local elim-
ination of urogenital schistosomiasis. In addition to measuring the outcomes of this
project, thorough documentation of the process, including lessons learned, will be
crucial so that schistosomiasis control and elimination programs implemented else-
where could benefit from the ZEST experiences.

By comparing and closely monitoring the outcome of differential intervention
methods, ZEST project wanted to develop an evidence-based strategy, which can be
a reference for elimination of urogenital schistosomiasis in an endemic SSA country.

Also, the goal of ZEST was to provide decisions about schistosomiasis elimina-
tion by evidence-base studies, not only for the Zanzibar NTD Control Program, but
also for other settings in Africa or elsewhere that aimed for schistosomiasis elimi-
nation. Both Unguja and Pemba islands were implemented and compared snail
control and behaviour change strategies as complementary measures to preventive
chemotherapy in three study arms, each study group was consisting of 15 commu-
nities (shehias). A total of 45 study communities were involved on each island.

The aims of the ZEST project were as follows:

1. Eliminate schistosomiasis as public health problem in Unguja in 3 years, interrupt
transmission in 5 years.

2. Control schistosomiasis in Pemba in 3 years and eliminate it as a public health
problem in 5 years.

3. To identify effective behaviour change strategies with an understanding of the
associated costs, motivators, triggers and barriers associated with behaviour
change interventions.

4. To identify effective snail control strategies with an understanding of the associ-
ated costs, motivators, triggers and barriers associated with snail control
interventions.

To reach the goal of the project, eight specific objectives, activities and mile-
stones were proposed (Table 4.2).

The ZEST study was in the frame of SCORE and the National Plan of Zanzibar.
The trial will have three study arms, each comprising 15 shehias. Hence, on each
island, a total of 45 shehias was included into the study. The three study arms are as
follows:

1. Treatment with praziquantel (PZQ); 2. Treatment with PZQ plus Snail control
with niclosamide; 3. Treatment with PZQ plus behaviour change and community
engagement (Figs. 4.2 and 4.3).

The lessons learnt and challenges identified by ZEST were showed as follows:

1. Treatment only intervention: Six rounds of treatment were implemented since
2012. It was found that drug compliance could be better when treatments were
distributed to children via schools rather than via local health distributors.
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Children receive their treatment with porridge in school which could make it
more likely that they will swallow the drug.

2. Treatment + Snail Control intervention: Half of the surveyed water bodies on
Unguja and Pemba had Bulinus globosus snails. By spraying with niclosamide in

Fig. 4.2 Study arms to assess the impact of different S. haematobium control interventions in
Zanzibar (Knopp et al. 2012)

Table 4.2 Eight specific objectives, activities and milestones in ZEST project

1. To assess annually the reduction in prevalence and intensity of S. haematobium infection
according to standardized, quality-controlled methods (i.e. urine filtration and reagent strip
testing) in schoolchildren aged 9–12 years within and between each study arm from year 1 to year
5.

2. To assess the reduction in the prevalence and intensity of S. haematobium infection as measured
by urine filtration and reagent strip testing in adults in year 1 and in year 5 within and between
each study arm.

3. To assess the reduction in the prevalence and intensity of S. haematobium infection as measured
by urine filtration and reagent strip testing in first-year schoolchildren in year 1 and in year
5 within and between each study arm.

4. To assess the difference in the sero-prevalence of S. haematobium infection in first-year
schoolchildren after 4 years of control within and between each study arm.

5. To assess annually changes in knowledge on S. haematobium transmission and the impact of
change of behaviour on transmission.

6. To assess the impact of niclosamide on the presence of B. globosus in freshwater ponds and
rivers.

7. To test and evaluate recently developed methods for the diagnosis of S. haematobium infections
(such as enzyme linked immuno-sorbent assay (ELISA) for assessment of antibody levels in
blood; polymerase chain reaction (PCR) for DNA detection in urine) for their sensitivity,
specificity and feasibility for elimination programs.

8. To create, test and validate mathematical models for the prediction of S. haematobium
prevalence after control interventions (to be developed with external partners).

ZEST zanzibar elimination of schistosomiasis transmission
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waterbodies, a safe, biodegradable molluscicide donated by Bayer AG, it could
help to reduce the host snail population if the activity was implemented more than
once a year.

3. Treatment + Behavioural change intervention: This study is led by a behaviour
research scientist Bobbie Person, by setting up special schistosomiasis awareness
days in both public and religious (madrasssa) schools, it improved people’s
awareness of the disease. Moreover, urinals and safe washing platforms were
also built in communities to improve their behaviour.

The project also found few challenges, some predicted some unexpected. The
impact of migration could be a challenge for the effect of schistosomiasis elimina-
tion, and the Zanzibar government should be find more solutions to reduce the
impact of it (Gouvras 2015).

Fig. 4.3 Assignment of communities (shehias) to control interventions aiming to eliminate uro-
genital schistosomiasis in Zanzibar (Knopp et al. 2012)
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4.3 Strategic Plans of Schistosomiasis Control in Zanzibar

4.3.1 Health Master Plan for the Control of Neglected
Tropical Diseases in Zanzibar

The latest specific NTD control plan which included schistosomiasis was the Health
master plan for the control of Neglected Tropical Diseases in Zanzibar 2012–2016.
The development of this strategic planned to combat NTD in Zanzibar 2012–2016,
with extensive efforts involving broad consultations and collaborations of various
stakeholders including the NTD program of the MoH, PHL Pemba, WHO AFRO,
WHO country office and WHO Zanzibar sub-office as well as NTD partners.

To control neglected tropical diseases in Zanzibar- Tanzania, the plan was an
essential tool that aimed at ensuring effective plans were set forth for the implemen-
tation of sustainable NTD control programs in the Islands. This multiyear plan
provided a comprehensive outlook of the 5-years implementation plan stipulating
the National NTD goals, objectives and activities proposed for implementation
following extensive analysis of the country’s situation in various areas of NTDs
control in the country. The plan was foreseen as a tool that will enhance synergies
between programs and amongst Partners, but as well highlight specific vertical
disease control efforts as guided by the global targets in attempt to eliminate,
eradicate or control each disease at country level. The plan had clearly shown the
plans and related costs required stipulating the financial gap and donors supporting
various control activities.

The NTD master plan had as well included strategies for financial sustainability
that linked to the health sector budgeting and planning cycles, but also encouraged
strong linkages with other programs within and outside the health sector.

The thrust in this Master plan was made such that it was comprehensive enough to
include both preventive chemotherapy as well as case management aspects for NTD
control in Tanzania. Its approach was reflected from the national strategic priorities
rather than the disease specific approach so as to ensure that integration is maximally
utilized for cost effective programs as well as sustainability. Where applicable,
activities have been consolidated and integration proposed with other health inter-
ventions and within the NTD program to assist solve shared problems; The plan
would act as a strong base for the annual NTD work plan along the 5 years of
program implementation.

A framework has been put such that it supports Partners coordination, harmoni-
zation and alignment. The plan used indicators guided by the WHO to effectively
monitor and report NTD control progress at various levels of program
implementation.

The Master plan had provided a description of the institutional framework used to
guide its formulation. It was then followed by the main parts of the plan which
included situational analysis of neglected tropical diseases and the health sector; the
NTD Strategic Agenda; the Operational framework and Budget summary.
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The development of this strategic plan of action was just the beginning of a
process which would require key NTD stakeholders to team with the government of
Zanzibar in its efforts towards attainment of Millennium Development Goals
(MDG). The government of Zanzibar and the Ministry of Health in particular were
committed to collaborate with these partners both within and outside Zanzibar to
realize the objectives of this plan.

Data collected before the implementation of disease control interventions shows
that prevalence of infection of S. haematobium among school-age children was
about 65% in Unguja (1981) and 70% in Pemba. After a few years of irregular
distribution, in 2004, prevalence of infection went down to 49.8% and 64.5% in
Unguja and Pemba. After 3 years of several interventions in collaboration with
Natural History Museum- Schistosomiasis Control Initiative (NHM-SCI) prevalence
of Schistosomiasis decreased to 7.8% in Unguja and 8.1% in Pemba. However,
recently collected data in 2007 and 2008 have shown that some pockets of high
prevalence persist. According to the survey in 2011, the schistosomiasis morbidities
were 7.6% and 15.1% in Unguja and Pemba, respectively.

The plan also revealed that the MDA is the major strategy of schistosomiasis
control, although the geographic coverage is 100%, the percentage of No. of pop-
ulation is 75%, and the key partners are WHO and SCI. Case management was also
implemented when doing MDA.

4.3.1.1 Overall Mission, Vision and Goal

The master plan had taken note of the importance of a clear agenda to support NTD
upscale and sustainability. The vision set forth, mission and goals align with each
other to support effective activity implementation and impact assessment at the end
of the 5 years period. In the course of annual planning and program monitoring of
this plan, milestones to be formulated will guide the trend and thus highlight any
areas that will need amendment or additional support (Table 4.3).

4.3.1.2 Guiding Principles and Strategic Priorities

Priority interventions of this Master plan had been guided by the situational analysis
and the country readiness for sustained control, pre-elimination and elimination.
Details in each specific area have shown Zanzibar plans stipulating our readiness to

Table 4.3 Overall mission, vision and goal in health master plan for the control of neglected
tropical diseases in Zanzibar

Mission To sustain NTD control activities in all levels in the country

Vision Zanzibar population living free from NTD infection

Goal Control of NTD in Zanzibar that they are no longer a public health problem

NTD neglected tropical diseases
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control eliminate or move towards the pre-elimination stage. Areas needing great
focus include strengthening coordination mechanisms at national and sub-national
level, strengthening the integration and linkages of NTD program, financial and
budgetary mechanisms, strengthening integrated vector management for target
NTDs, and support for operational research, documentation and evidence to guide
innovative approaches to NTD program interventions.

The strategic priorities and strategic objectives are showed in Table 4.4.

Table 4.4 Strategic framework summary

Strategic priorities Strategic objectives

Strategic priority 1:
Strengthen government
ownership, advocacy, coor-
dination and partnership

Strengthen coordination mechanism for the NTD control program
at national, regional, district and community level in Zanzibar
Strengthen and foster partnerships for NTDs at national, regional,
district and community levels in Zanzibar
Enhance NTD program performance reviews and use for decision
making by the revolutionary government of Zanzibar
Strengthen advocacy, visibility and profile of NTD control pro-
gram in Zanzibar

Strategic priority 2:
Enhance planning for
results, resource mobiliza-
tion and financial
sustainability

Support regions and districts to develop integrated annual plans
for NTD control in Zanzibar
Enhance resource mobilization approaches and strategies at
national, regional, district and community levels in Zanzibar
Strengthen the integration and linkages of NTD program and
financial plans into sector-wide and national budgetary and
financing mechanisms in Zanzibar
Collaborate with partners to develop and update national NTD
policies guidelines and tools for the Zanzibar NTD program

Strategic priority 3:
Scale up access to interven-
tions, treatment and system
capacity building

Scale up preventive chemotherapy packages in Zanzibar
Scale up integrated case-management-based diseases interven-
tions and chronic care especially for lymphatic filariasis, schisto-
somiasis, trachoma, leprosy, human rabies prevention and other
prevalent case management NTDs in Zanzibar
Strengthen transmission control measures for all endemic NTDs in
Zanzibar including integrated vector management, environment,
and health promotion
Strengthen capacity for NTD program management and imple-
mentation at national, regional and district levels

Strategic priority 4:
Enhance NTD monitoring
and evaluation, surveillance
and operational research

Enhance monitoring of national NTD program performance and
outcome at national, regional, district and community level
Strengthen the surveillance of NTDs and response for epidemic
prone NTDs in Zanzibar (in particular, rabies and dengue)
Support operational research, documentation and evidence to
guide innovative approaches to NTDs program interventions
Establish integrated data management system and support impact
analysis of NTD in Zanzibar as part of WHO Africa region and
global NTD data management system
Enhance pharmacovigilance activities linked to NTD interven-
tions in Zanzibar
Establish mechanisms for post intervention surveillance and inte-
gration within primary health care

NTD neglected tropical diseases
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4.3.1.3 Measures to Be Taken in Schistosomiasis Control Plan

The plan also articulated on what the country’s capacity needs are how resources will
be mobilized, how potential foreseen risks will be dealt with and expected outcomes
in the course of implementation (Tables 4.5 and 4.6).

Various stakeholders have been involved to have enough contributions and
interests of many captured for the program’s achievement and sustainability. The
plan also described how the NTDs control will continue to be streamlined at the
sector level to effectively establish longer term multisectoral involvement at various
operating levels as already observed by the high political leaders of this country. It
also showed the proposed activities to be implemented in order to achieve the
strategic objectives highlighted to strengthen government ownership, advocacy,
coordination and partnerships (Table 4.7).

Monitoring is the process of continuous observation and collection of data on the
NTD program to ensure that the program is progressing and as planned. Evaluation
is the systematic and critical analysis of the adequacy, efficiency and effectiveness of
the program, its strategies as well as progress. Evaluation referred to long, mid-term
and annual analysis of performance in relation to the goals, objectives and
targets sets.

In the plan, monitoring and evaluation of schistosomiasis (ZEST program) will be
done concurrently with Schistosomiasis monitoring.

The country has begun with pilot studies for schistosomiasis elimination with
support from the ZEST, with a coalition of members who are supporting the program
from 2011 onwards. ZEST two main outcomes were as follows:

1. Schistosomiasis as a public health problem eliminated in Unguja in 3 years (2012/
2014).

2. Schistosomiasis disease controlled in Pemba in 3 years (2012/2014) and elimi-
nated as a public health problem in 5 years 2012/2016).

Monitoring of schistosomiasis had therefore taken into consideration the two
main outcomes of the project. Strategies would therefore be laid to effectively
monitor both control and elimination plans and activities. Below are the proposed
indicators.

Performance based which will check on the
therapeutic and geographical coverage
Geographical coverage (number of districts
reached for praziquantel treatment)
Therapeutic coverage (number of population
eligible for preventive chemotherapy

Impact -epidemiological surveys to assess trends
of infection rates humans and snail hosts
Prevalence and intensity of infection with urinary
schistosomiasis (microscopic, etc.)
Prevalence of macrohaematuria in humans
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Table 4.7 Activities to strengthen government ownership, advocacy, coordination and partnership

Activity Details (Sub-activities) Timeframe Resources needed

Strategic objective 1: Strengthen coordination mechanism for the NTD control program at
national, regional, district and community level in Zanzibar

Develop harmonized policy
guidelines for
implementing NTD
program

Organize and support a
team for the formulation of
the selected policy
guideline

Feb–March
2012

Conference package,
stationery and print-
ing, per diem, trans-
port allowances

Consultative meetings with
stakeholders at all levels to
review the policy drafts

April–
December
2012

Refreshments,

Printing and dissemination
of the policy guideline

Jan–March
2013

Printing and dissem-
ination funds

Formulation and periodic
organization and support to
the NTD steering
committee

Establish/review TORs and
appoint the national NTD
steering committee
members

Jan–Mar
2012/
Review every
2 years

In house activity

Regularly organize national
NTD steering committee
meetings

Once every
6 months

Conference package,
stationery and print-
ing, per diem, trans-
port allowances

Formulation and periodic
organization and support to
the NTD secretariat and
smaller task force (technical
advisory team) meetings

Establish the national NTD
secretariat

Jan–Mar 2012
Review every
2 years

In house activity

Regularly organize the
NTD secretariat meeting

Monthly Refreshments

Regularly organize small
task force meetings to con-
tinuously provide technical
guidance to the NTD
secretariat

Quarterly Conference package,
stationery and print-
ing, per diem, trans-
port allowances

To ensure running costs is
available for the NTD sec-
retariat activities (Commu-
nication, Office supplies
and stationeries, fuel, car
maintenance)

Participate in MOH
budgeting cycles annually
to have running costs
expenses included in the
annual plan (to be done
with the strategic priority
No. 2 and strategic objec-
tive No. 3)

Annually–
June–July

In house

Strategic objective 2: Strengthen and foster partnerships for NTDs at national, regional, district
and community levels in Zanzibar

Forge and maintain part-
nership with relevant stake-
holders for NTD control,
elimination and eradication

Conduct mapping of
national and international
NTD supporting partners to
also cover zoonotic
diseases

Annually—
June

In house

Continuously update NTD
partner information through
attending coalition and
NGO partner meetings

Annually Travel allowance,
per diem

(continued)
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Table 4.7 (continued)

Activity Details (Sub-activities) Timeframe Resources needed

Strategic objective 1: Strengthen coordination mechanism for the NTD control program at
national, regional, district and community level in Zanzibar

Establish and facilitate
review of partners/MOH
MOUs through MOH legal
office

As required In house

Strategic objective 3: Enhance NTD program performance reviews and use for decision making
by the revolutionary government of Zanzibar

Conduct program review
meetings with district and
other key government offi-
cials at national and sub—
National level (in Unguja
and Pemba)

Support conduction of
review meetings at district
level to involve health
teachers, facility staff and
district officials to identify
evidence-based information
on the NTD program
performance

Twice a year
(Q2, Q4)

Conference package,
stationery and print-
ing, per diem, trans-
port allowances

Conduct review meetings at
central level to discuss pro-
gram progress (could be
integrated with JAHSR
etc.)

Once a year
Q4

Conference package,
stationery and print-
ing, per diem, trans-
port allowances

Conduct national NTD
stakeholders meetings to
review NTD performance

Conduct national NTD
stakeholders meetings with
national and international
partners to review NTD
performance in Unguja

Once a year Conference package,
stationery and print-
ing, per diem, trans-
port allowances

Conduct national NTD
stakeholders meetings
national and international
partners to review NTD
performance in Pemba
Island

Once a year Conference package,
stationery and print-
ing, per diem, trans-
port allowances

Strategic objective 4: Strengthen advocacy, visibility and profile of NTD control program in
Zanzibar

Organize meetings and or
participate in other visibil-
ity activities with
non-health sector and
non-NTD health partners to
raise NTD profile and
awareness

Participate in high fora
meetings to share NTD
focus and achievements
(house of representative,
other ministries meetings,
child health, malaria,
immunization, military,
religious)

Once a year Travel allowance,
per diem

Organize meetings with
district commissioners,
religious and community
leaders to advocate NTD
needs and progress within
the districts

Once a year Conference package,
stationery and print-
ing, per diem, trans-
port allowances

(continued)
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Table 4.7 (continued)

Activity Details (Sub-activities) Timeframe Resources needed

Strategic objective 1: Strengthen coordination mechanism for the NTD control program at
national, regional, district and community level in Zanzibar

Organize visibility activi-
ties to advocate for NTDs
through media on annual
basis

Once a year Funds

Participate in local and
international conferences
related to NTD programs
national and international

Once a year Travel allowance,
Perdiem

Periodically determine the
knowledge, attitude, prac-
tice and acceptance of NTD
control among communities
in Unguja and Pemba
Islands

Conduct KAP and accep-
tance studies on selected
NTDs and their integrated
control measures in
endemic areas

Once in
2 years

Consultant fee,
travel, perdiem

Print and disseminate KAP
study reports on integrated
NTDs program to various
stakeholders

Once in
2 years

Conference package,
stationery and print-
ing, per diem, trans-
port allowances

Strengthen information,
education and communica-
tion strategies for NTDs
control in Zanzibar

Develop health communi-
cation strategy for inte-
grated NTDs control
program

Once a year Funds

Develop IEC/BCC mate-
rials and pre-test based on
KAP study results

Once a year Funds

Print & Disseminate
IEC/BCC materials on
integrated NTDs in imple-
mentation (to include
chronic care of LF, leprosy
and zoonosis

Once a year Funds

TORs sample terms of reference, MDA mass drug administration, NTD neglected tropical diseases,
BCC behaviour change communication; IEC information, education and communication, KAP
knowledge, attitude and practice, JAHSR joint annual health sector review, NGO
non-governmental organization. Transmission control is cross-cutting activities for both vector-
borne and other diseases that do not involve vectors for their transmission. In effect, these
interventions compliment preventive chemotherapy and case-based intervention. Activities pro-
posed in the plan include vector control as well as the environment measures through the package
summarized below (Table 4.8). Variations in activities proposed have taken consideration of the
different overlaps and differences of each transmission control approach as summarized in the
intervention packages
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Chapter 5
Sino-Africa Cooperation Project
of Schistosomiasis Control: A Pathway
Analysis

Jingyi Guo and Jing Xu

Abstract Schistosomiasis is still a major public health problem worldwide, which
impinges on human health and depletes the development of the world economy. It is
endemic in 78 countries or regions in the tropics and subtropics, while 51 of them are
located in Africa. According to the WHO’s estimation, more than 490 million
Africans are threatened by schistosomiasis. In Africa, Schistosoma mansoni
(S. mansoni) and S. haematobium are predominant, while S. intercalatum is limited
to central and western Africa. The majority of cases are concentrated on Sub-Saharan
Africa (SSA) where people live in poor environments with a lack of sanitation
facilities and difficulties in obtaining safe water. In these countries, control and/or
elimination of schistosomiasis is confronting with great challenges. Based on the
current situation, there is an urgent need to map high-resolution schistosomiasis,
improve diagnostic methods, expand the scope of drug treatment, and implement
comprehensive approaches to improve sanitation, carry out effective hygiene edu-
cation, and re-establish snail control in Africa.

Keywords Sino-Africa cooperation · Schistosomiasis control · A pathway analysis

5.1 Introduction

The People’s Republic of China (P.R. China) used to have the highest disease burden
of schistosomiasis caused by S. japonicum. The disease was widespread in twelve
provinces in the south of China, mainly along the Yangtze River. National surveys
conducted in the 1950s estimated that China had 11.60 million human cases and one
million infected cattle. After more than 70 years of continuous national controls, the
morbidity and mortality of schistosomiasis have decreased significantly. To date,
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five provinces had eliminated schistosomiasis, and then Sichuan and Jiangsu prov-
inces interrupted the transmission of schistosomiasis, leaving other five provinces in
the stage of transmission control (both human and livestock prevalence rates are
lower than 1%). During this period, China has accumulated plentiful experience and
lessons in controlling schistosomiasis at different periods and conditions. These
experiences may contribute to schistosomiasis control in other endemic countries
in Africa.

The difference between schistosomiasis in Africa and China is primarily attrib-
uted to the intermediate hosts of schistosomes. The only snail that can transmit
schistosomiasis in China, Oncomelania hupensis, which is amphibious, as opposed
to all snail hosts in Africa. Despite this essential difference, there are many similar-
ities in plotting, diagnostics, treatment, prevention, and management, which would
prove that China’s experience in schistosomiasis control could be transformed into
an African scenario conducive to control activities there.

5.2 Favorable Conditions for Cooperation Between African
Countries and P.R. China

5.2.1 Good Foundation for Cooperation

Since the Chinese government sent the first batch of medical rescue teams to Algeria
in 1963, health cooperation between China and Africa has been strengthened by
sending medical teams, establishing hospitals, training medical personnel, donating
drugs and equipment, and controlling malaria. A total of 23,000 Chinese medical
personnel have been allocated to 66 countries, benefiting 270 million people. In
2013, the Beijing Declaration of the China-Africa Ministerial Forum on Health
Development agreed to jointly carry out pilot projects for schistosomiasis control
and prevention with African countries. Through advanced courses and exchange
visits by senior scientists sharing Chinese experience, cooperation between African
countries and China has been carried out through two regional networks, namely, the
Regional Network on Asian Schistosomiasis and other Helminth Zoonoses (RNAS
+) and The Research Network on Schistosomiasis in Africa (RNSA). In 2015, to
accelerate the cooperation between China and African countries, a network named
Institution-based Network on China-Africa Cooperation for Schistosomiasis
elimination (INCAS) was established under the support of World Health Organiza-
tion and National Institute of Parasitic Disease, China CDC. It is envisaged to
provide technical support in the near future for drafting national plans/strategies,
training personnel, and directing control activities. In addition, in recent years,
institutional cooperation between China and African countries has been previously
strengthened.
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5.2.2 Strong Policy Commitments and Great Achievements
Gained

Over the past half century, schistosomiasis was once neglected in Africa compared
to other acute infectious diseases. After recognizing the importance of schistosomi-
asis in public health, WHO Member States approved Resolution WHA 54.19 in
2001, which aims to achieve the goal of 75% coverage rate of praziquantel (PZQ)
treatment for school-age children by 2010, which stimulated the interests in schis-
tosomiasis control. In recent decades, many African countries have carried out
national schistosomiasis control alone or together with neglected tropical diseases
(NTDs), with support from key funding/donor agencies such as the World Bank, the
World Vision, the US Agency for International Development (USAID), the United
Kingdom Department for International Development (UKDFID), and Merck KGaA.
The number of people being treated increased from 12.37 million in 2006 to
35.56 million in 2012. With Merck KGaA increasing its donation of PZQ in 2012,
global donations of PZQ will exceed 250 million tablets, and an estimated 140 mil-
lion people will be treated each year by 2016. In 2017, 81.82 million SAC and
16.85 million adults received treatment, and the coverage of chemotherapy in SAC
reached 68% (WHO 2018). Among the population received treatment, WHO Afri-
can regions accounted for 88.3%. Furthermore, many African countries are carrying
out or have finished national surveys to map snail habitats and schistosomiasis
endemic areas, which would help develop control strategies and effectively allocate
limited resources for schistosomiasis control (19–22).

5.2.3 New Tools and Improved Capacity

To ensure the effectiveness, it is necessary to use useful tools and effective control
approaches. With the recent elucidation of the schistosome genome, new immuno-
logical diagnostic methods based on recombinant and purified antigens, monoclonal
antibodies against such antigens, and extraordinary sensitive and specific advanced
technologies based on DNA detection have been explored and integrated into the
ongoing control programs, targeting chemotherapy and monitoring snail infection. It
is worth noting that some candidate vaccines have been explored and shown to be
effective in the treatment of animal schistosomiasis. Geographic Information System
(GIS), Global Positioning System (GPS), and Remote Sensing (RS) technologies, as
well as mathematical or statistical models based on spatial, temporal, spatial-
temporal analysis, could be used to draw risk maps of schistosomiasis transmission
and provided guidance for policy makers. In addition, several international cooper-
ation projects, such as the Schistosomiasis Control Initiative (SCI), the Schistoso-
miasis Consortium for Operational Research and Evaluation (SCORE), and
CONTRAST, have initiated a multidisciplinary alliance to optimize the control
and transmission surveillance of schistosomiasis in SSA.
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5.2.4 Development of Social-Economics

The endemic of schistosomiasis is influenced not only by biological factors but also
by other factors, such as social and economic conditions. African countries’ econ-
omies have grown in the past decade, with exports growing at an annual rate of 5.2%
in real terms, compared with the world average of 4.8% in 2011.Their per capita
development value reached US $1000 for the first time in 2013. In the meantime, the
living conditions in Africa have improved. In 2012, the safe water coverage rate of
SSA reached 64%, while overall sanitation coverage rate of SSA grew slowly, from
25% in 1990 to 30% in 2012. Moreover, health system reforms have been strength-
ened or innovated in some countries, including the enactment of health-related laws,
the establishment or amelioration of clinics that provide primary health care, the
development of health information systems for health services monitoring, the
classification of medical services, and the nationalization of health laboratories,
thereby making health service more accessible.

5.3 Limited Factors for Cooperation Between African
Countries and P.R. China

5.3.1 Different Epidemiological Characteristics

Although Schistosoma species that attack humans have similar life cycles and modes
of transmission, there are always some differences in their epidemic characteristics
in intermediate and definitive hosts, clinical manifestations, and seasons of trans-
mission. S. japonicum is the only schistosome species in China; it is a zoonotic
infection that affects more than 40 mammals. There is only one species of snail as
intermediate host, i.e. the amphibious and dioecious Oncomelania hupensis snail.
However, in Africa, S. mansoni, S. haematobium, and S. intercalatum are transmit-
ted by aquatic and androgynous snails, Biomphalaria spp., Bulinus spp., Bulinus
globosus, respectively. Among them, schistosomiasis japonica, schistosomiasis
mansoni, and schistosomiasis intercalatum are characterized by symptoms of intes-
tinal schistosomiasis, which may cause abdominal pain and bloody diarrhea. While
Schistosomiasis haematobium is manifested as an urinary system disease, which
could lead to severe damage to the bladder, ureter, and kidney, with common
symptoms of hematuria.

5.3.2 Low Chemotherapy Coverage

In most endemic countries, prophylactic chemotherapy is the primary intervention,
and coverage is a key issue in controlling efficacy. As of 2012, 44 countries in Africa
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needed chemotherapy, but prophylactic chemotherapy only covered 13.6% of the
population. Many people are at high-risk due to the gap between drug donation and
demand, as well as inadequate delivery capability of drugs. School-aged children are
often treated with chemotherapy because of high-intensity infections, while other
high risk groups, including fishermen, boatmen, irrigation workers, and housewives,
account for a large proportion of cases and have difficulty accessing treatment. In
addition, treatment gap existed in the infants and pre-school aged children due to
lack of pediatric praziquantel. Therefore, in addition to school-based mass drug
administration (MDA) as the main drug supply route in Africa, it is necessary to
supplement additional drug delivery approaches such as community-based approach
to increase the coverage of chemotherapy.

5.3.3 Inadequate Water Supply and Poor Sanitation

Access to safe water and improved sanitation could interrupt transmission routes by
reducing typical exposure to infected water and environmental pollution from eggs
in order to prevent the persistence and re-emergence of schistosomiasis. WHA 65.21
proposed the importance of using safe water, improving environmental sanitation
and public health education as the measures to control schistosomiasis, but these
measures are basically dependent on economic development. By 2012, 89% of the
world’s population had access to improved drinking water, but more than 700million
people still had no access to improved drinking water sources, 50% of whom resided
in SSA. In fact, as of 2012, improved sanitation coverage in SSA was only 30%, and
644 million people had no access to improved sanitation. The Millennium Devel-
opment Goals of safe water, sanitation and hygiene are far from being achieved.
Inequality in economic development, donor funding, and national or regional access
to drinking water and sanitation services also affect the control of schistosomiasis.

5.3.4 Lack of Perfect Health System

Despite a nearly threefold increase in donations from western developed countries,
from $1.5 billion in 1990 to 4.24 billion in 2011, Africa’s fragile health systems have
not greatly improved, as evidenced by the outbreak of Ebola virus contagion in
2014. In most African countries, lack of health insurance systems, funding, medical
personnel, and well-functioning medical information systems is key issues of health
care, and many of these countries do not possess public health basic facilities or the
necessary resources to implement schistosomiasis control. The migration of experi-
enced health workers from Africa to other countries was not conducive to the
effective functioning of the health system in Africa.
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5.3.5 Insufficient Government Coordination Capacity

Due to the natural, social, and biological factors will impact on the transmission of
schistosomiasis, a comprehensive approach based on multi-sectoral cooperation
would be conducive to control activities. At present, however, most African coun-
tries lack such a mechanism. Chemotherapy can reduce the prevalence and incidence
rates of schistosomiasis and inhibit the transmission from reservoir hosts to inter-
mediate hosts snails. Mollusciciding and environmental modification can kill snails.
Health education, access to clean water, and enhanced sanitation may prevent human
and/or snail infections. Some studies observed that inadequate knowledge of behav-
ioral problems such as seeking medical treatment and hygienic habits to influence
the prevalence of schistosomiasis, while the construction of water conservancy and
irrigation projects did not consider the impacts on schistosomiasis, resulting in the
spread of schistosomiasis. Therefore, in the context of ensuring political commit-
ment, a leadership group composed of policy makers in the health, education,
agriculture, water conservancy, and other sectors of governments could be
established. The formulation of national strategic plans and the establishment of
long-term cooperation mechanisms could help mobilize resources from all aspects of
society and strengthen the comprehensive intervention measures of schistosomiasis
control.

5.4 Cooperation Priorities Between China and Africa
in Schistosomiasis Control

With the development of society and science, China’s strategies for schistosomiasis
control have changed, with the intervention measures adjusted and reorganized in
turn. A variety of products, technologies, and well-experienced specialists have
ensured the success of schistosomiasis control. These experiences cover various
aspects that may be suitable for implementation in African countries to speed up the
control process there.

5.4.1 To Improve Coordination at Different Administrative
Levels

In China, achievements in schistosomiasis control were based on close cooperation
among National Health Commission, State Forestry Administration, Ministry of
Water Resources, Ministry of Agriculture, Ministry of Finance, Ministry of Land
and Resources, and National Development and Reform Commission. In addition to
this, the State Council on Schistosomiasis Control had responsibility for coordina-
tion among various sectors. The health bureaus, Centers for Diseases Control
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(CDCs), and hospitals at all levels assisted in management and implementation of
disease control activities. On the one hand, China could propagate its experience in
cooperation mechanisms and capacity-building of the management systems through
organizing training course. On the other hand, international advocacy workshops
and stakeholder meetings at the national or regional levels are also necessary.

5.4.2 To Adopt New and Effective Snail Control Methods

Since schistosomes have to complete their life cycle through their intermediate host,
eliminating snails would interrupt the transmission of schistosomiasis in theory.
China has developed and implemented a variety of environmental modifications,
through wetland reclamation, new ditches digging and old ditches filling, the
transition from paddy fields to dry grain, etc., to integrate projects in land resources,
agriculture, water conservancy, forestry, and other sectors. In addition, various
molluscicides have been developed adapting to local conditions in different snail-
infected areas, such as 50% niclosamide ethanolamine salt wettable powder (or other
formulations, such as suspensions, granules, retarders, etc.) and plant molluscicides,
such as tea seed distilled saponins (TDS) which are low toxic to fish. Annual
production capacity of niclosamide could reach 1000 tons in Chinese companies,
and if the prequalification of this molluscicide is approved by WHO, China could
export the quality-assured molluscicides to other endemic countries at lower prices.
Training courses and exchanges with senior scientists to share experience and
technologies about snail control could offer assistance to effectively control snails
in African countries.

5.4.3 To Integrate High-Quality Diagnostic Tools

Accurate diagnosis in areas where schistosomiasis is endemic can help to obtain the
data on the distribution, prevalence, and infection intensity of schistosomiasis, and
the diagnostic methods should vary from different stages of schistosomiasis control.
Chinese scientists developed a variety of diagnostic tools, especially immunodiag-
nostic assays. Over the past decade, State Food and Drug administration (SFDA) has
approved more than ten quality-assured immunoassays, playing different roles in the
Chinese control programs or research activities. In China, under different schistoso-
miasis control thresholds, appropriate diagnostic tools have been selected to guide
treatment strategies and identify elimination. A diagnostic network was established
through the construction of provincial reference laboratories and county-level sen-
tinel monitoring laboratories to monitor the quality of diagnostics and to provide
scientific evidence for schistosomiasis surveillance and response in areas where
schistosomiasis transmission had been interrupted. Some kits produced in China
have high sensitivity and specificity for the diagnosis of other schistosomiasis;
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therefore, these kits could be provided for African countries with competitive prices
or free of charge. Training programs or academic activities could share the experi-
ence in developing diagnostic assays, selecting appropriate diagnostic tools, and
managing diagnostic quality control.

5.4.4 To Strengthen Disease Mapping

Disease mapping plays an important role in schistosomiasis control and can provide
base information when drawing up control programs or carrying out activities. Since
the 1950s, China has conducted nationwide surveys to understand the distribution of
schistosomiasis. According to the data gathered from annual survey and surveillance
between 2002 and 2010, the latest version of the China schistosomiasis transmission
atlas (2nd edition) was issued in 2012, which present the thematic maps and charts of
schistosomiasis transmission in China. Annual schistosomiasis risk mapping and
snail geographical distribution model were conducted at the national, regional, or
county level to guide policy decision-making. Geospatial tools (such as GIS, RS,
geostatistics, etc.) can be used to better describe, understand, and predict the
distribution of schistosomiasis. With skilled technical personnel and extensive
experience in disease mapping, China could host communication and advanced
training courses of disease mapping. In countries where there are currently no
schistosomiasis distribution maps, technical support could be provided to finalize
the mapping.

5.4.5 To Improve Surveillance Systems

Rapid, effective response monitoring and early warning mechanism are the premise
of efficient management of infectious diseases. China has always paid attention to
monitoring the endemic tendency of schistosomiasis in the fixed surveillance sites
and evaluating the transmission risk along the border between the non-endemic and
endemic areas to ensure effective management of schistosomiasis. Schistosomiasis
information management system which was built in 2010 and used nationwide
provided valuable source data at the village level to support national management.
In the meantime, new technologies such as predictive modeling, xeno-monitoring
tools based on LAMP, GIS, and RS have also been used for schistosomiasis
monitoring and surveillance. Chinese scientists could disseminate their skills and
experience in schistosomiasis monitoring and surveillance to African countries by
visiting or providing training courses in the form of distance learning, basic and
advanced courses. With the help of Chinese scientists, an early warning system
could be established by tracking information about snail species density.

84 J. Guo and J. Xu



5.4.6 To Expand the Coverage of Chemotherapy

PZQ is a cheap drug against all schistosome species with high-efficiency and low
toxicity. Currently, the amount of existing donated PZQ is far from the actual
demand in African countries. Numerous cases could not be treated due to existing
insufficient drug delivery systems. Up to now, Nanjing Pharmaceutical Factory
produced 50 tons of raw materials and 100 million PZQ tablets (200 mg/tablet)
per year, it increased the dosage of PZQ while make it easier to swallow. A
randomized control trial conducted in Zanzibar proved that the praziqantel produced
by China didn’t differ in cure rate for schistosomiasis cases with that produced by
Merck KGaA. Besides, community-based drug delivery system that distributes
drugs by local hospitals or village doctors in collaboration with CDC or schistoso-
miasis stations ensures the high coverage of chemotherapy in P.R. China. In order to
expand the coverage of chemotherapy, China could export improved PZQ tablets to
other endemic countries at lower prices. Government and non-governmental orga-
nizations (NGOs) could also donate PZQ to close the existed gap. At the same time,
China’s experience could be disseminated through regional training programs for
pharmaceutical administrators and healthcare workers in African countries to
improve their drug delivery skills. Chinese scientists could also support the opera-
tion of reporting systems for drug delivery facilities.

5.5 The Way Forwards

The cooperation between China and African countries is on its way step by step. At
the fifth China-Africa Cooperation Forum in July 2012, P.R. China made a promise
to increase its investment continuously, extend cooperation to fields such as health
care and disease control as well as carry out joint pilot projects in the field of public
health. In 2013, the Beijing Declaration was produced during the Ministerial Forum
of China-Africa Health Development in 2013, extending its cooperation to health
care and disease control. Schistosomiasis, malaria, and HIV were given priority for
pilot studies in Africa and Asia through multilateral cooperation. On 21 May 2014, a
memorandum of understanding was signed by the governments of China, Zanzibar
and the WHO in Geneva. Under the framework of cooperation, a China-Zanzibar
collaborating project aiming at accelerating elimination of schistosomiasis in Zan-
zibar was financed by Chinese government in August 2016. Tremendous achieve-
ments had been obtained and the experience and lessons are summarizing and
distilling.

In September 2018, President Xi Jinping announced at the Beijing summit of the
China-Africa Cooperation Forum that China will implement the “health campaign”
in the next three years. Collaboration on schistosomiasis control and prevention is
one of the topics. A series of international communication and field investigations
will be conducted to draft and formulate feasible and scientific cooperation proposals
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which should be met the needs of African countries. These cooperation programs
aim to decrease the disease burden caused by schistosomiasis in selected countries,
increase the self-protection awareness of African people in endemic areas, and
strengthen the capacity of public health service. Appropriate and suitable strategies
and interventions will be formulated adaptable to African situations by transferring
the Chinese experience and technologies distilled or developed during the process of
schistosomiasis control. The institutional-based Network on China-Africa coopera-
tion of schistosomiasis (INCAS), which was coordinated by the National Institute of
Parasitic Diseases (NIPD) and the WHO, would help to strengthen cooperation
between basic and operational research institutions, and then accelerate the control
process of schistosomiasis in Africa. During 2013 and 2014, cooperation of Chinese
and African institutions had been further strengthened by memorandums of under-
standing concerning Sino-Africa collaboration. Through this network, memoran-
dums aiming to strengthening the cooperation on schistosomiasis control and
research were signed between the Public Health Laboratory in Pemba Island,
which is part of the semi-autonomous of Zanzibar in Tanzania, and Jiangsu Institute
of Parasitic Diseases, the Blue Nile Institute in Sudan, and the National Institute of
Parasitic Diseases, China CDC, respectively.

It cannot be ignored that challenges still exist when facing different environments
in new collaborations, for example, lack of experience and specialists related to
global health in China. Also, the endemicity of schistosomiasis in African countries
presents huge heterogeneity. Field investigations to explore the real situation of the
local situation and close communication should be conducted, to understand the real
endemic status of schistosomiasis, real requirements of local people, existing gaps,
health system conducting schistosomiasis control activities, etc. At present, interna-
tional agencies and major national donor organizations have cooperated with African
countries in schistosomiasis control. Cooperating with them is expected to be a
shortcut to facilitate the Sino-Africa cooperation on schistosomiasis control and
elimination programs.
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Chapter 6
China-Zanzibar Cooperation Project
of Schistosomiasis Control: Study Design

Kun Yang, Saleh Juma, Fatma Kabole, Jiagang Guo, Amadou Garba,
Jian He, Jian-Rong Dai, Wei Li, and Jian-Feng Zhang

Abstract Schistosomiasis is a public health problem mostly in Africa. In 2014,
World Health Organization (WHO) signed a tripartite memorandum of understand-
ing (MOU) with China and Tanzania-Zanzibar paving the way for piloting inter-
ventions for schistosomiasis elimination in Zanzibar. The study has been designed
including the transmission pattern of schistosomiasis; the effectiveness studies of
praziquantel from China and mass drug administration (MDA) for suitable method
of human treatment; biological study of snails and effectiveness of novel mollusci-
cides from China in laboratory and field for the suitable method of snail control;
KAP study and health education design for suitable method of behavior interven-
tions by health education. The integrated measures will be implemented after
baseline surveillance. At last, the effectiveness of the integrated measure will be
evaluated by the index of snail density, prevalence, and KAP of human.
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Abbreviations

KAP Knowledge attitudes and practices
MDA Mass drug administration
MOU Memorandum of understanding
NTD Neglected tropical diseases
SCORE Schistosomiasis Consortium for Operational Research and Evaluation
WHO World Health Organization
WHOPES WHO Pesticide Evaluation Scheme
ZEST Zanzibar Elimination of Schistosomiasis Transmission

6.1 Background

Schistosomiasis is a global public health problem, with 78 endemic countries and
regions in Asia, South America, Middle East, and Africa. The report of World Health
Organization (WHO) shows that at least 206.5 million people required preventive
treatment for schistosomiasis in 2016, out of which more than 88 million people
were reported to have been treated (Ross et al. 2017; Lo et al. 2017). Schistosomiasis
was one of the most serious parasitic diseases in the People’s Republic of China with
a documented history of over 2100 years. During the mid-1950s, at the beginning of
the national control program, schistosomiasis was endemic in 12 provinces, with
estimated 11.6 million people and 1.2 million cattle infected, and an area of
14,300 km2 infested by the intermediate host snail. Up to now, China has been
successful with control and elimination of schistosomiasis. According to the actual
situation and the medium- and long-term planning goals, China put forward a new
comprehensive control strategy (Wang et al. 2017; Li et al. 2005). Many scientific
and technological achievements obtained the popularization and application, pro-
vided the strong technical support for the goal of comprehensive control of schisto-
somiasis. By the end 2015, all endemic counties reached the standard of under
control of schistosomiasis, namely, the prevalence of human was less than 1%
(Liu et al. 2016; Shi et al. 2016; Xu et al. 2016c; Basch 1986; Zhang and Wong
2003). China developed many prevention experts and accumulated rich experience
of the comprehensive control of schistosomiasis [10] (Song et al. 2017).

In 2012, the World Health Assembly adopted a resolution on elimination of
schistosomiasis (WHA65.21) (Savioli et al. 2017). WHO is in the process of
finalizing a revised global strategy for schistosomiasis including control of morbid-
ity, elimination as a public health problem, and interruption of schistosomiasis
transmission as the last step (Zoni et al. 2016; Savioli et al. 2015; Fenwick and
Jourdan 2016). In 2014, WHO signed a tripartite memorandum of understanding
(MOU) with the China and Zanzibar paving the way for the start of a pilot study to
support the schistosomiasis elimination program in Zanzibar. Our pilot study is
designed to master the transmission pattern of schistosomiasis, formulate the control
strategies and measures based on the local conditions, research studies, and the
China’s experience to eliminate schistosomiasis.
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6.2 The Aim of the Pilot Study

The aim is to promote the process of schistosomiasis elimination in Pemba island of
Zanzibar.

1. To master the transmission pattern of schistosomiasis based on studies in the
laboratory and field.

2. To explore the suitable method of human treatment by effectiveness studies of
praziquantel from China and coverage rate of mass drug administration (MDA).

3. To explore the suitable method of snail control by the biological study of snails
and effectiveness study of molluscicides from China.

4. To explore the suitable method of health education by KAP study and design for
health education material from China.

5. To evaluate the effectiveness of the integrated measure by the index of snail
density, prevalence, and KAP of a human.

6. To improve and build the capacity of the schistosomiasis control and explore the
cooperation mechanism to eliminate schistosomiasis in Africa.

6.3 Study Method and Design

The study is designed as a controlled trial combined with the planned preventive
chemotherapy conducted by the Zanzibar NTD Program from 2017 to 2019, and the
timeline is shown in Fig. 6.1.

Fig. 6.1 The timeline of the pilot study to control and eliminate schistosomiasis in Zanzibar based
on China-Africa collaboration
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During the course of the implementation there will be annual evaluation of the
study to understand the progress of the study and if any adjustment of the interven-
tions will be needed. This study will have two study arms: the control group is only
human treatment by the national plan of twice yearly preventive chemotherapy, the
study group is human treatment plus snail control and behavior intervention, the
effectiveness index includes the prevalence of human, snail density, and KAP of
human (Fig. 6.2).

6.3.1 Study Area and Population

Zanzibar is composed of two islands, Unguja and Pemba, situated off the eastern
coast of Tanzania mainland and it lies between latitude 4 and 5-degree south of
equator (http://zanzibar.go.tz/). There are two administrative regions and more than
100 shehias in Pemba island. The estimated total resident population for Pemba was
511,576 in 2010. The average number of school-age children per study household
was 1.9, and there was wide variation in the proportion of non-enrolled children
(19–84%) between shehias (Montresor et al. 2001). There is annual dry and rainy
season, and the average annual temperature ranges between 23 �C and 28 �C. The
main economic activities include seawater fishing and cash crop production.

Fig. 6.2 The structure of the pilot study to control and eliminate schistosomiasis in Zanzibar based
on China-Africa collaboration
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Zanzibar is endemic for S. haematobium. The distribution of schistosomiasis on
Unguja and Pemba was first described in 1925. The intermediate host is Bulinus spp
snail (Goatly and Jordan 1965; Knopp et al. 2013). In 1975, they estimated that 60%
of the Pemba population had urinary schistosomiasis and about 10% of those
infected had severe morbidity. By 2004, the infection rate of schistosomiasis was
about 64.5% (Stothard et al. 2009; French et al. 2007; Rollinson et al. 2005). In
2011, the infection rate was 9% in Pemba island, before the onset of large-scale
schistosomiasis control interventions implemented in the frame of the Zanzibar
Elimination of Schistosomiasis Transmission (ZEST) project (Knopp et al. 2013).

In this study, 7 shehias of Pemba island are selected as study and control group.
The study group includes 4 shehias, namely Tangani, Wingwi, Kiyuyu, and
Uwandani. The control group includes 3 shehias, namely Wambaa, Vitongoji, and
Shengejuu (Fig. 6.3). There are permanent and temporary water bodies (pond and
stream) in the study and control region. The estimated resident population for study
shehia is 4000 and the proportion of the female and less than 15 years old is about
61.9% and 45.8%, respectively.

Fig. 6.3 The location of the pilot study to control and eliminate schistosomiasis in Zanzibar based
on China-Africa collaboration
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6.3.2 Human Treatment by Preventive Chemotherapy

According to the National Plan of the Zanzibar MoH, preventive chemotherapy with
praziquantel (40 mg/kg) against schistosomiasis will be conducted to all children
aged >3 years and all adults throughout the islands. Severely sick people and
pregnant women will be excluded from preventive chemotherapy interventions.
Their serial studies including the transmission pattern and effectiveness of
praziquantel from China, etc., will be implemented to explore an suitable method
of human treatment. The coverage rate of chemotherapy should reach more than
90% in the study group (Fig. 6.4).

6.3.2.1 Baseline Investigation of S. haematobium Infection

The baseline investigation of S. haematobium infection will try best to cover all
residents and students, and at least the coverage rate will be more than 80%. The
urine samples will be collected every day from 10 am to 2 pm detected with the
naked eye, and then tested by membrane filter method, the infection rate and
intensity of S. haemotobium will be calculated. According to the egg count per 10
ml urine sample, infection density will be classified into four grades: negative
(0 eggs/10 ml), light (1–50 eggs/10 ml) and heavy (>50/10 ml) (WHO 2002).
Each day, 10% of the samples will be re-checked by the controller, results should
include negative or positive, egg counts, and infection density. The original results

Fig. 6.4 The human treatment of the pilot study to control and eliminate schistosomiasis in
Zanzibar based on China-Africa collaboration
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will be compared with the control results. If the discrepancy rate (false negative,
false positive, the inconsistency of infection density) is more than 20% of the
re-check samples, the original technician should be trained, qualified to carry out
the detection.

6.3.2.2 Transmission Pattern of S. haematobium Infection

One hundred students (50 boys and 50 girls) grade from one to three, and one
hundred adult residents (50 males and 50 female) aged from 20 to 55 will be
selected. All participants will take mass drug administration (MDA) by praziquantel
before the pilot study. Then, the S. haematobium will be detected with a standard
method for these enrolled students and residents every two months from January to
December 2017. The infection rate and density of S. haematobium will be calculated
every two months to find the transmission pattern of schistosomiasis haematobium
in Pemba island, Zanzibar. During the study, all enrolled students and residents will
not follow national programs’ biannual MDA.

6.3.2.3 The Assessment of China’s Praziquantel Against
S. haematobium

A randomized controlled trial will be used to compare the efficacy of China-made
versus WHO-PQ Praziquantel for treatment of Schistosoma haematobium in 2017.
The study will propose to conduct an open-label, randomized trial to evaluate the
comparative efficacy of China-made Praziquantel versus WHO Praziquantel in the
treatment of 200 people infected with S. haematobium. To do this the investigators
will screen about 4000 people by examination of urine for schistosome eggs.
Eligible participants will be randomized (1:1) to receive a single dose of Chinese-
made and WHO-Prequalified (WHO-PQ) Praziquantel. Four weeks after treatment,
the participants will be assessed for cure and egg reduction. At the end of the study,
all participants who will still be excreting S. haematobium eggs will be treated with
WHO-PQ praziquantel again. This trial is registered with ClinicalTrials.gov, number
NCT03133832.

6.3.3 Snail Control by a Novel Molluscicides

Figure 6.5 shows the study structure of snail control by a novel molluscicides
including distribution pattern and biological characteristic of Bulinus spp. snail,
and the molluscicidal effect of China’s novel niclosamide in field and laboratory.
At last, the suitable method of snail control will be identified to control and eliminate
Bulinus spp. snail in Zanzibar.
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6.3.3.1 Field Investigation of the Distribution of Bulinus spp.

All aquatic snails will be captured in suspected habitats of Bulinus spp. each month
of 2017, and the number of Bulinus spp. will be counted after morphological
identification. The distribution and density of Bulinus spp. will be investigated,
and the infection will be detected by microscopy. The suspected habitat will be
positioned with GPS (Garmin, USA). The hydrographic and environmental charac-
teristics of the investigated areas will be collected during the snail survey, and the
length, width, and water flow velocity of the river and pond will be measured. In
addition, the fluctuation of the water areas will be also investigated. The database of
hydrological and snail status will be established, and the distribution of Bulinus spp.
will be mapped using Google Earth. The snail distribution area and the range will be
investigated in both dry and rainy seasons, and the distribution, reproduction, and
spread of Bulinus spp. will be analyzed.

6.3.3.2 Biological Study of Bulinus spp. Snail in Laboratory

The Bulinus spp. snails captured in the field will be bred and passaged in the
laboratory, and egg production, egg hatching time, time from snail development to
oviposition, duration of oviposition, and lifespan will be tested at various tempera-
tures. The reproduction rate, the cumulative growth and development temperatures
will be estimated to investigate the reproduction and growth pattern of snails.

Fig. 6.5 The snail control of the pilot study to control and eliminate schistosomiasis in Zanzibar
based on China-Africa collaboration
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6.3.3.3 The Molluscicidal Efficacy in Killing Bulinus spp. Snails
in Laboratory and Field

The efficacy of novel molluscicides developed in China (26% metaldehyde and
niclosamide and 5% powder of niclosamide ethanolamine salt granules) killing
snails will be assessed, while WHO-PQ 70% wettable powder of niclosamide
ethanolamine salt (WPN) serves as control. The compounds are formulated into
solutions with effective concentrations of 0.5, 0.25, 0.125, 0.063, 0.032, and
0.016 mg/L, respectively. Each solution is transferred to a 100 ml beaker. Then,
10 2-month-aged snails are placed in each beaker, which is covered with stainless
steel net to prevent snails escaping from the solution. Following immersion for
24 and 48 hrs, the solution is removed, and the snails are washed with dechlorinated
water, and bred in water for 48 h. The mortality and median lethal concentration
(LC50) are estimated.

Based on hydrographic survey and epidemiological investigation of snails, a
small ditch or canal is divided into several segments, and the volume of the water
body is measured. The amount of the China’s molluscicide is estimated according to
the drug dose, and immersion test is performed to evaluate the molluscicidal effect.
After immersion for 1, 3, and 7 d, snails are captured and stored in various
containers. All snails are tested for death in the laboratory, the snail mortality or
reduction of snail density is estimated after two weeks. Following immersion for 1 or
3 months, the long-term molluscicidal effect is assessed. In each experiment, the air
temperature and climate are recorded, the study area is protected to prevent human
and animal contacting by warning mark.

Fig. 6.6 The health education of the pilot study to control and eliminate schistosomiasis in
Zanzibar based on China-Africa collaboration
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6.3.4 Behavior Interventions by Health Education

Figure 6.6 shows the study structure of behavior interventions by health education.
Baseline KAP (knowledge attitude and practice) of residents and students will be
carried out to find the key people who especially need behavior intervention. Then,
health education will be designed to raise the awareness of children and adults in
schools and communities, and creates community participation against schistosomi-
asis transmission. Health education materials will be designed based on the local
culture and the epidemic situation of the schistosomiasis and translated into the local
language of Swahili.

6.3.4.1 Historical Data Collection and Questionnaire Survey

The historical data of last 5 years including demographic, economic and hydro-
graphic characteristics, distribution of Bulinus spp. snail populations,
S. haematobium infection of human, and the implementation of control interventions
will be collected from local station of schistosomiasis control. The questionnaire
survey will be performed in 50 households that are randomly selected from each
pilot, and household- and individual-level information will be collected. The
household-level information involves the composition of the family, economic
level, the style of water use, and children’s school enrollment, and the individual-
level information involves age, gender, occupation, production and lifestyle, piss test
place, S. haematobium infection, and treatment. In addition, the household will be
located with GPS.

6.3.4.2 Knowledge, Attitude, and Practice (KAP) About Schistosomiasis

One class from each grade in a primary school and 100 adults will be randomly
selected in the pilot area, and the investigation on the KAP about schistosomiasis
will be carried out. The medical record of KAP includes the medical history and
treatment. In the knowledge part, the host and transmission of schistosomiasis, as
well as knowledge of infection source will be included. In attitude and practice part,
attitudes toward disease prevention, access to praziquantel and doctor, peeing in
ponds or rivers, and other water contact activities like swimming, washing, and
passing will be questioned.
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6.4 Statistical Analysis

Assessment indexes mainly include the infection rate and intensity of the schistoso-
miasis in different groups of people, the distribution and density of Bulinus snails,
and the score of KAP in different groups of people.

Descriptive, correlation, regression analysis, cost-effectiveness/efficiency analy-
sis, and spatial analysis method will be used (1) to analyze the epidemic and
transmission pattern of schistosomiasis, access the feasibility of schistosomiasis
control and elimination, (2) to screen comprehensive control measures in different
levels of infection, (3) to analyze the cost-effectiveness/efficiency of the control
measures, and (4) to access the control efficiency of comprehensive control measures
through differential analysis.

6.5 Beneficiaries and Stakeholders

The management of the pilot study will be meeting with stakeholders responsible for
distribution of water supply as well as community leaders in the respective 7 shehias
where the study will be implemented.

The interventions set forth for this study will be applied shehia wide and not
targeted to a specific group of individuals, except for mass treatment of schistoso-
miasis which will be provided as per national NTD program plans (this excludes
children <3 year and individuals with certain disease conditions). So overall, this
study will benefit people living in pilot shehia of Pemba island. The people from the
identified shehia will be benefited by being prevented with schistosomiasis. The
implementation of the study will not cause any individual or group of individuals to
lose anything. However, the molluscicide may transient kills the fishes in the fresh
water.

6.6 Discussion

Schistosomiasis is a serious public health problem mostly in Africa. In Zanzibar, the
efforts to control schistosomiasis especially in Pemba have begun since 1986 and
during that time the prevalence of infection based on hematuria was 54.1%. This was
progressively reduced to 12.8% following implementation of school-based treatment
with praziquantel (PZQ). However, the program was somewhat interrupted with
irregular availability of drug, PZQ, and the infection prevalence bounced back to
63.0% in 2004 (Knopp et al. 2013, 2016; Pennance et al. 2016; Bergquist et al.
2017a). Following this, in the same year (2004) the program was revived by
reintroduction of intense treatment through mass drug administration (MDA)
which led to marked reduction in prevalence which in 2007 fell to 18% based on
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both haemastix testing and egg detection (Stothard et al. 2009). This encouraging
progress attracted more partners to assist Zanzibar in tackling the disease, for
example, the ZEST program that was implemented from 2011 to 2017 and focussed
on MDA, snail control, and behavior change interventions across Unguja and Pemba
in 90 shehias (Knopp et al. 2013). The government of the People’s Republic of
China in collaboration with WHO has agreed to work together with Government of
Zanzibar through Ministry of Health with the objective of elimination of schistoso-
miasis as a public health problem through implementation of integrated approach
using mollusciciding, MDA, and behavioral change intervention (Xu et al.
2016a, b). This is the first cooperation between three sides to control schistosomiasis
in Africa, and the responsibility and coordination of each side is very explicit. China
government will support the pilot study including identifying resources for imple-
mentation and purchase of commodities and equipment, deploying technical experts
to Zanzibar, training of staff in Zanzibar, and supervising study implementation.
Zanzibar will implement the study by putting in place a policy framework for
elimination, providing the required infrastructure and personnel, coordinating
research activities and priorities, and identifying and coordinating other potential
partners who could contribute to the collaboration. WHO provide technical guidance
and oversight for the study through identification and support of independent
experts, coordination of partners by convening timely meetings and with a view to
preventing no-overlapping activities, assistance in the pre-qualification of medicines
for the treatment of school-children and communities, assistance in the assessment
and evaluation of molluscicides (pesticides) for the control of vector snails to meet
WHOPES (WHO Pesticide Evaluation Scheme) standards.

In general, different control strategies for this infection such as improved sanita-
tion and hygiene, increased access with clean water, health education and informa-
tion campaigns, and mollusciciding have shown to be effective in interrupting
infection transmission (Abou-El-Naga 2018; Phillips et al. 2017, 2018). In most
cases, they are rarely undertaken concurrently in developing countries where the
burden of diseases is more apparent. In the past decade chemotherapy based control
was the most advocated measure because of its simplicity in the implementation and
its effectiveness in reverting morbidity related to schistosomiasis. However, in the
recent past, following endorsement of WHA resolution 65.21, endemic countries
were urged considering changing of approach from morbidity control to elimination.
This was found feasible due to an increased commitment from donor countries and
pharmaceutical companies as well as the experience learned from other countries
such as China where schistosomiasis has been successfully eliminated (Lo et al.
2017; Xu et al. 2016a).

Schistosomiasis is a water-related disease, i.e. its transmission can only happen
where surface water that could allow survival and development of aquatic snails is
available. Lack of safe water supply exacerbated by socio-economic factors
enhances individuals to use alternative sources of water such as ponds, streams,
lake, or river which in turn put them at risk of acquisition of schistosomiasis. Thus
involvement and commitment of water authority to ensure availability of safe water
supply could minimize schistosomiasis transmission (Grimes et al. 2014, 2015;
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Krauth et al. 2015; Evan Secor 2014; Bergquist et al. 2017b). In this proposed study,
the program will collaborate with water authority to ensure safe water supply is
available in project areas.

Recently, there an international consortium, ZEST including Schistosomiasis
Consortium for Operational Research and Evaluation (SCORE) was committed to
assisting the government of Zanzibar in its efforts to eliminate urogenital schistoso-
miasis (Pennance et al. 2016; Celone et al. 2016). However, there are some differ-
ences with the other project and study. Firstly, the Chinese expert team will
continuously work in the field of Pemba island accompany with African colleagues
and improve and build the capacity of the schistosomiasis control. Second, China
and most countries in Africa are developing countries, and condition including
economy and health system are similar, the successful experience and produce
from China will be easily imported and used in Africa. In so doing, it increases
awareness of what is happening in their respective community (Utzinger et al. 2013;
Korte et al. 1986; Collins et al. 2012). In this pilot study, we will make sure we
engage the communities where the project will be implemented through regular
sensitization meetings.

This pilot study will utilize new formulation of molluscicide—which has been
extensively used in China for the control of snails during the schistosomiasis
elimination campaigns (Xia et al. 2014; Dai et al. 2008, 2014). However, as most
pesticides do, the new molluscicide might have a negative impact on aquatic life,
i.e. may kill small freshwater fish. But this effect is only transient and that fishes or
any aquatic animals that might be killed as a result of the application of the new
molluscicide repopulate immediately after application stops and hence no long-term
impact (fish or whatsoever will not permanently disappear) (Liu et al. 2017; Li and
Wang 2017; Coelho and Caldeira 2016). Indeed, there is no scientific evidence on
the bioaccumulation and magnification of the new molluscicide and hence there is no
risk of development of any medical condition or disease because of its application in
freshwater (King and Bertsch 2015; Lo et al. 2018).

6.7 Conclusions

In conclusion, given Chinese experience and expertise with schistosomiasis, partic-
ularly with controlling its transmission, we hope that these studies will provide clues
and evidence that the collaboration with African countries can prompt implementa-
tion of comprehensive strategy and improve possibility to eliminate schistosomiasis
in African countries.
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Chapter 7
Epidemiological Survey of Schistosomiasis
in Zanzibar

Liang Shi, Saleh Juma, Fatma Kabole, Jian He, Yu-Zheng Huang, Wei Li,
Jian-Feng Zhang, and Kun Yang

Abstract A cross-sectional survey of schistosomiasis was carried out in Pemba
Island, Zanzibar from 2017 to 2019. The overall infection rate was 1.84%
(353/19,194, 95% CI: 1.65%–2.03%). A total of 73.53% of shehia (50/68) were
found to be infected with schistosomiasis, and the highest infection rate reached
18.77%. The infection rate of children aged 6–18 was 2.76%. The student infection
rate was 2.2%, higher than other occupations. The infection rate of primary school
students is 2.41%. There were statistically significant differences in the infection rate
among regions, age groups, occupations, and education levels. Snail habitats were
mainly found in stream (79.22%). Positive snail habitats were mainly found in
stream (51.43%). Control measures must be strengthened in high infection areas
and groups. Snail monitoring and control should be intensified in the future.

Keywords Schistosomiasis · Snails · Zanzibar · Pemba Island · Cross-sectional
survey

7.1 Introduction

Schistosomiasis, caused by a trematode worm belonging to genus Schistosoma, is a
potentially debilitating disease and can result in both acute and chronic infections. It
occurs in tropical and subtropical countries and remains a major burden for public
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health in these regions. The World Health Organization (WHO) estimates that
currently at least 218 million individuals require preventive treatment for schistoso-
miasis. The global burden of schistosomiasis has been estimated at 3.31 (95%
confidence interval (CI): 1.70–6.26) million disability-adjusted life years
(DALYs). In Africa alone, it is estimated that some 200 million people are infected
with the blood fluke of the genus schistosomiasis. It negatively impacts on the health
and wellbeing of mainly rural dwellers in Zanzibar. The World Health Organization
(WHO) recently put forward an ambitious goal for the year 2020: to control
schistosomiasis globally. Interruption of transmission and elimination of schistoso-
miasis are encouraged whenever resources allow. Examples of where schistosomi-
asis has been successfully controlled or even eliminated using integrated measures in
People’s Republic of China (S. japonicum) were used as an example. The Zanzibar
archipelago, part of the United Republic of Tanzania, has been identified as a
candidate area, where schistosomiasis elimination might be achieved. But the
prevalence of schistosomiasis is complicated, there are still many challenges in
Zanzibar.

After careful consideration, with the help of WHO and Zanzibar ministry of
health, the China aid Schistosomiasis Control project selected Pemba Island in
Zanzibar to eliminate schistosomiasis. In this chapter, we report the disease status
and blister snail status baseline survey in Pemba Island.

7.2 Method

7.2.1 Study Area and Population

The Zanzibar archipelago includes the two large islands of Unguja and Pemba.
Pemba is divided into four districts, which are further subdivided into smaller
administrative units, known as shehias. The local administration in the shehias is
governed by the community leader (sheha). According to the 2002 census, Pemba
consists of 72 shehias. The majority of the population is Muslim. We surveyed
68 shehias in Pemba mainland.

7.2.2 Field Procedures

Details of the study surveys are provided elsewhere between April 2017 and Feb
2020. We conducted a baseline parasitological survey assessing S. haematobium
infection in adults and children. In each study shehia, the sheha was invited to
answer a set of standard questions about the demographics, sanitary infrastructure,
and water availability and use in the shehia. Moreover, 50 randomly selected
households in each shehia were visited by a member of a 3–10 headed trained
interviewer team. Participation included answering standard questions about
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demographics such as age, occupation, and risk factors potentially associated with
S. haematobium transmission. Moreover, all participants were invited to submit a
urine sample right after the questionnaire interview between 09:00 and 18:00 hours.
Urine samples were transferred to the laboratory in Pemba Island Tropical Disease
Office Laboratory immediately after collection.

7.2.3 Laboratory Procedures

Urine samples were processed either the same day or stored in the fridge until the
next morning. S. haematobium eggs by filtering 10 ml of urine through a polycar-
bonate filter that was quantitatively examined under a microscope by experienced
laboratory technicians.

7.2.4 Snail Survey

Investigate all the fresh water environment suitable for blister snails on Pemba Island
in Zanzibar. During each Shehia survey, under the guide of local residents who are
familiar with the environment, search for freshwater bodies in the jurisdiction.
According to the distribution range and characteristics of freshwater bodies, the
freshwater body environment is divided into: temporary ponds and permanent
ponds. Permanent streams and temporary streams: In permanent and temporary
ponds, according to the survey results of the basic conditions of the water body,
the ponds are divided into several survey units along a circle with a distance of 15 m.
Before the survey of each unit, trained staff use Garmin etrex 30x device (Kansas
City, KS, USA) to mark the starting point of each unit, and record the coordinate
point number and latitude and longitude. The staff used tweezers to collect
B. globosus in the unit. The collection range was concentrated on the borders of
water and vegetation and other places where snails were relatively concentrated. The
captured B. globosus was placed in a 50–100 ml plastic cup containing fresh water in
the unit (one for each unit). The plastic cup is brought back to the laboratory for
testing, and the coordinate point number of the starting point of the unit is marked
with a Mark pen on the lid of the plastic cup. After the investigation of each unit, fill
in the snail capture information. The number of survey units for each pond is not less
than 3, the survey time for each unit is 15 minutes, and the survey area does not
exceed 15 m2. In permanent and temporary streams, according to the survey results
of the basic conditions of the water body, starting from the source of the stream, the
stream is divided into several survey units with an interval of 100 m. The specific
investigation requirements are the same as pond. All captured B. globosus were
counted and checked for infection in the vector laboratory of NTD on Pemba Island.
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7.2.5 Infectious Snail Detection

Place the blister snail on a glass slide, use another thick glass slide to gently crush the
blister snail, then add a drop of dechlorinated water on the blister snail and place the
blister snail under a dissecting mirror (�10 times) or a microscope (4�objective
lens, 10�eyepiece), use a dissecting needle to pull apart the shell, shred the vesicular
snail digestive gland and other soft tissues in turn, and observe one by one to find
Schistosoma elegans cercariae and/or Ascomycetes are infective blister snails.

Every time the dissecting needle fiddles with the soft tissue of the snail, it should
be cleaned in time to prevent cercaria contamination. The snail infection rate and the
density of positive snails were calculated in units of water.

7.3 Results

7.3.1 Disease Survey

7.3.1.1 General Situation

A total of 68 shehia and 19,194 residents were surveyed in Pemba Island, which
distributed in Chakechake, Micheweni, Mkoani, and Wete 4 districts. The compo-
sition ratios of shehia number in the 4 survey districts were 27.94% (19/68), 19.12%
(13/68), 29.41% (20/68), and 23.53% (16/68), and the population composition ratios
in the 4 survey districts were 28.92% (5550/19,194), 18.18% (3489/19,194), 28.96%
(5559/19,194), and 23.94% (4596/19,194). With an average age of 23.23 years old
among 19,194 residents, males accounted for 48.60% (9321/19,194), females
accounted for 51.40% (9873/19,194), male to female ratio was 0.94:1; those younger
than 5 years old accounted for 11.79% (2263/19,194), 6–18 years old accounted for
41.67% (7998/19,194); those over 19 years old accounted for 46.54% (8933/
19,194); farmers accounted for 18.21% (3495/19,194), fishermen accounted for
1.80% (345/19,194), students accounted for 33.89% (6505/19,194), workman
accounted for 1.11% (213/19,194), businessmen accounted for 2.42%
(465/19,194), other accounted for 42.57% (8171/19,194); the number of people
who did not receive education accounted for 33.29% (6389/19,194), primary school
education accounted for 39.42% (7566/19,194), secondary school education
accounted for 26.11% (5012/19,194), high school education accounted for 0.29%
(56/19,194), college education accounted for 0.89% (171/19,194). Results shown in
Figs. 7.1, 7.2, and 7.3 and Table 7.2.
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7.3.1.2 District Schistosomiasis Infection

A total of 353 cases of schistosomiasis were detected in 4 districts across the island,
with an infection rate of 1.84% (353/19,194, 95% CI: 1.65%–2.03%). The infection
rate from Chakechake district was the highest, 2.59% (95% CI: 2.18%–3.01%), and
the overall difference in the infection rate among the 4 regions was statistically
significant (P� 0.05). A total of 73.53% of shehia (50/68) were found to be infected
with schistosomiasis, of which 48% (24/50) had an infection rate of 0–1%, and 36%
of shehia (18/50) had an infection rate of 1–5%, 16% shehia (8/50) infection rate
>5%. Results shown in Table 7.1, Fig. 7.4.

≤5
11.79%

6‐18
41.67%

≥19
46.54%

Fig. 7.1 Composition ratio of different age groups

Farmer
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Fig. 7.2 Composition ratio of different occupations
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7.3.1.3 Population Schistosomiasis Infection

The infection rates of men and women were 1.92% and 1.76%, respectively, and the
difference was not statistically significant (P¼ 0.223); the infection rates of age�5,
6–18, and �19 were 0.13%, 2.76%, and 1.44%, respectively. Statistical significance
(P � 0.05); The infection rates of farmers, fishermen, students, workers, business-
men, and others were 1.60%, 1.74%, 2.23%, 0.47%, 0.43%, 1.75%, 1.41%, and
0.62%, respectively. There was statistical significance (P� 0.05); the infection rates
of unschooled, Primary school, and Secondary school were 1.67%, 2.41%, and
1.28%, respectively. Results shown in Table 7.2 and Fig. 7.5.

7.3.2 Snails Survey

7.3.2.1 General Survey Situation

A total of 628 water environments were investigated in 68 shehia of the Pemba main
island, of which streams accounted for 71.82% and ponds accounted for 28.18%.

Education
33.23%

Unschooled
39.64%

Primary school
25.97%

Secondary
school
0.29%

High School
0.87%

Fig. 7.3 Composition ratio of different education levels

Table 7.1 District prevalence
of infection with
schistosomiasis

Number of schistosomiasis infection rates in the shehia

District 0 0–1% 1–5% >5% Total

Chakechake 4 8 4 3 19

Micheweni 5 5 2 1 13

Mkoani 6 4 6 4 20

Wete 3 7 6 0 16

Total 18 24 18 8 68
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Table 7.2 Prevalence of
infection with Schistosoma
haematobium

Variable N (%) n % P-value

District

Chakechake 5550 144 2.59% P � 0.05

Micheweni 3489 38 1.09%

Mkoani 5559 111 2.00%

Wete 4596 60 1.31%

Sex

Male 9321 179 1.92% P ¼ 0.223

Female 9873 174 1.76%

Age group

�5 2263 3 0.13% P � 0.05

6–18 7998 221 2.76%

�19 8933 129 1.44%

Occupation

Farmer 3495 56 1.60% P � 0.05

Fisherman 345 6 1.74%

Student 6505 145 2.23%

Worker 213 1 0.47%

Businessman 465 2 0.43%

Others 8171 143 1.75%

Education

Unschooled 6389 107 1.67% P � 0.05

Primary school 7566 182 2.41%

Secondary school 5012 64 1.28%

High school 56 0 0.00%

College 171 0 0.00%

7 Epidemiological Survey of Schistosomiasis in Zanzibar 113



Fig. 7.5 Shehia prevalence of infection with schistosomiasis
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Among 4 districts, Chakechake accounted for 30.25% (190/628), Micheweni
accounted for 15.76% (99/628), Mkoani accounted for 25.32% (159/628), and
Wete accounted for 28.66% (180/628). In the stream environment type, the compo-
sition ratios of Chakechake, Micheweni, Mkoani, and Wete are 25.94%, 16.85%,
29.71%, and 27.49%. In the type of pond environment, the composition ratios of
Chakechake, Micheweni, Mkoani, and Wete were 41.24%, 12.99%, 14.12%, and
31.64%. Results shown in Figs. 7.6 and 7.7.
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7.3.2.2 Snail Results

72.06% (49/68) shehia with snails were found in Pemba, of which Chakechake
accounted for 34.69% (17/49), Micheweni 10.20% (5/49), Mkoani 34.69% (17/49),
and Wete 20.41% (10/49). 255 snail environments were found among the 68 shehia.
Number of snail environments in shehia between 1 and 5 accounted for 67.35%
(33/49), between 6 and 10 accounted for 16.33% (8/49), between 11 and 20 accounts
for 16.33% (8/49). Results shown in Figs. 7.8, 7.9, and 7.10.

32.65% (16/49) shehia with positive snails were found in shehia with snails, of
which Chakechake accounted for 31.25% (5/16), Micheweni 6.25% (1/16), Mkoani
37.50% (6/16), Wete 25.00% (4/16). 35 positive snail environments were found
among the 68 shehia. Number of positive snail environments in shehia between
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Fig. 7.10 Shehia snail distribution

7 Epidemiological Survey of Schistosomiasis in Zanzibar 117



1 and 5 accounted for 67.35% (15/16), between 6 and 10 accounted for 16.33%
(1/16). Results shown in Figs. 7.11 and 7.12.

255 snail breeding environments were found in 68 shehia of the island, account-
ing for 40.61% of the total environment, of which streams accounted for 32.17%
(202/628) and ponds accounted for 8.44% (53/628). Among the 255 snail breeding
environments on the island, 35 positive snail environments were found, accounting
for 13.73% of the total number of snail breeding environments, of which streams
accounted for 51.43% (18/35), and ponds accounted for 48.57% (17/35). Results
shown in Table 7.3.

7.4 Discussion

The epidemic of schistosomiasis on Pemba Island has caused a serious disease and
economic burden. The results of this study showed that the overall infection rate of
the island was 1.84%, 38% of the shehia infection rate exceeded the overall level of
the island, and the highest infection rate reached 18.77%.

The results of this survey found that the infection rate of children aged 6–18 was
2.76%, which was higher than other age groups and higher than the overall infection
rate of schistosomiasis across the island. The student infection rate was 2.23%,
higher than other occupations, and higher than the overall infection rate of schisto-
somiasis on the island. The infection rate of elementary school education is 2.41,
which is higher than other education, and higher than the overall infection rate of
schistosomiasis in the whole island. However, no infected persons have been
detected with high school and university education.

It is also widely acknowledged that students or adolescents, people using natural
freshwater, and those pursuing specific occupations that expose them to open
freshwater bodies (e.g., farmers) are at an elevated risk of Schistosomiasis infection.
Therefore, future surveillance and control of the disease will need to pay special
attention to these factors.
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Fig. 7.12 Shehia positive snail distribution
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Snails are the only intermediate host of schistosomiasis and play an extremely
important role in the epidemic of schistosomiasis. Snails are widely distributed on
Pemba Island. The investigation found 72.06% shehia with snails were found in
Pemba indicating that snail is widely distributed on the island. More than 30% of the
shehia have more than 5 environments with snails. 32.65% shehia with positive
snails were found indicating that the snail environment and positive snails distribu-
tion density is higher. The snail environment number and positive snail environment
number has exceeded 30% in the Chakechake and Mkoani district reveal that these
districts are a key area for snail control. Therefore, to effectively control the spread of
schistosomiasis epidemics, it is necessary to control and monitor the growth area and
spread of snails.

7.5 Conclusions

According to the formation factors and epidemic characteristics of epidemic areas on
the island, the government and relevant departments should pay great attention to
schistosomiasis endemic areas. First, strengthen the monitoring of snails and the
source of infection, the intermediate host of schistosomiasis, and cooperate with the
local disease control department to establish an epidemic monitoring network
information, and regularly organize personnel to monitor the snail status and disease
status: Second, in view of endemic areas children (age 6–18) incidence is high;
therefore, these groups of people should be used as key disease monitoring targets.
The third is to promptly carry out pathogenic examinations for people who have
been engaged in production, living, and contact with infected water, and promptly
treat patients with schistosomiasis found. The fourth is to kill snails with drugs in
areas with positive blisters. Fifth, it is necessary to strengthen the research and
application of new technologies for schistosomiasis, strengthen the publicity and
education of schistosomiasis knowledge, establish a disease inspection and moni-
toring system in health centers, and grasp the epidemic information in a timely
manner to achieve early detection, early diagnosis, early treatment, and early control
of the epidemic.

Table 7.3 Survey of snails

Survey item

Environment type

Stream Pond Total

Number of environments 451 177 628

Number of environments with snails 202 53 255

Total number of snails 29,552 4341 33,893

Number of environments with positive snail 18 17 35

Number of positive snails 35 68 103
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Chapter 8
Mapping of Schistosomiasis Haematobia
in Zanzibar

Mingzhen He

Abstract Schistosomiasis remains a serious health problem in Africa. Although a
strong, coordinated agenda for research on this disease has been in place for the last
50 years in Zanzibar, data storage, retrieval of survey data, and management remain
problem areas. We investigated the use of Google Earth (GE) in conjunction with a
handheld, global positioning system as a pilot project for managing schistosomiasis
control. In this way, risk areas can be surveyed and followed up by visualizing both
the distribution of human infections and that of the intermediate snail host together
with environmental information. A platform with three spatial databases was cre-
ated: (1) Distribution of infected humans; (2) Distribution of the intermediate snail
host in ponds (infected and not infected specimens); (3) Distribution of the interme-
diate snail host in streams (infected and non-infected specimens). The GE spatial
database increased the efficiency of follow-up case treatment as well as snail control
and contributed also to the discovery of previously unknown areas in need of snail
control. We conclude that this platform is advantageous not only by being useful for
management and visualization of spatial data, but also because it is easy to operate
and available free of charge. Also spatial autocorrelation and spatial scan statistics
were used to detect the spatial characteristics of the distribution of B. globosus. The
results indicated that there was spatial correlation between the snail distribution
globally, there were both positive correlation and negative correlation in the local
snail sites, and there existed spatial clustering areas of snail sites.

Keywords Google Earth · Geographic Information System · Schistosomiasis ·
Snail · Database · Spatial autocorrelation · Spatial analysis · Spatial autocorrelation ·
Spatial scan statistics
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8.1 Background

Schistosomiasis, one of the poverty-related, neglected tropical diseases (NTDs), is
caused by trematode parasites of the genus Schistosoma, which reside in the
abdominal capillaries of the infected human definitive host. Different kinds of snails
play the role of intermediate host depending on the species of the parasite. So far,
many areas in sub-Saharan Africa still have a high schistosomiasis prevalence with
many people presenting with high intensities of disease due to constant reinfection
(Olsen et al. 2015). The World Health Organization (WHO) estimates that more than
90% of all humans requiring treatment for this disease currently live in Africa (WHO
2018). In Zanzibar (including the islands of Unguja and Pemba), urogenital schis-
tosomiasis is still a considerable public health problem with high prevalence (Knopp
et al. 2013; Pennance et al. 2016). Schistosomiasis on these islands is urogenital
which is caused by Schistosoma haematobium relying on the intermediate host snail
Bulinus globosus (Allan et al. 2013).

In 2012, WHO set the goal to interrupt transmission of schistosomiasis in selected
countries of the African region by 2025 (WHO 2013). Much work and research have
been carried out to reach this goal in Zanzibar. Prevention and control on the island
of Pemba was once the focus of strong control efforts (Savioli et al. 1989; Savioli
and Mott 1989; Lwambo et al. 1997; Guidi et al. 2010); however, although disease
burdens have been alleviated through preventative chemotherapy together with
additional control interventions, transmission has not been interrupted on a large
scale (Knopp et al. 2012, 2013, 2016). Regrettably, collected data are dispersed and
scattered and cannot be effectively utilized since the local schistosomiasis control
institution, the NTD office, has neither access to easily available information about
the distribution of B. globosus nor to environmental data associated with this
infection.

At the World Health Assembly on May 21st 2014, the Government of Zanzibar,
WHO, and China jointly signed a memorandum of understanding to cooperate in the
control of schistosomiasis in Zanzibar. This multilateral cooperation resulted in the
decision to conduct a pilot project with the aim of eliminating schistosomiasis in this
part of Tanzania. In August 2016, Jiangsu Institute of Parasitic Disease in Wuxi,
China officially took on this China-aid project for schistosomiasis elimination in
Zanzibar. The project was stationed on Pemba Island and a systematic disease
investigation and snail survey were initiated together with the local NTD office. It
was felt that the work should focus on the spatial component to establish effective
data collection and management for schistosomiasis control using geographical
information systems (GIS) based on the Google Earth (GE) platform (Google Inc.,
Mountain View, CA, USA), which is a free software displaying geographic data.

Elliott andWartenberg (2004) pointed out the importance of spatial epidemiology
and a review by Bergquist and Rinaldi (2010) noted the usefulness of remote sensing
(RS) for health-related research on endemic diseases. GE integrates the functions of
RS, GIS, and global positioning system (GPS) technologies to present users with
satellite-generated aerial imagery that varies from the global scale to the local (Lisle
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2006). Combined with GIS software, e.g., ArcGIS (ESRI, Redlands, CA, USA), and
network technology, GE is an excellent approach to spatial epidemiology as various
files used for the collection of data, e.g., Excel and shapefiles. Such files can easily be
reformatted and incorporated as keyhole markup language (KML) files, a commonly
used format pioneered by Keyhole Inc., which was acquired by Google in 2004. The
shapefile is a popular geospatial vector data format developed by ESRI for interop-
erability between various software products. Human residences as well as streams
and ponds are spatially represented as points, lines, and polygons, respectively. A
large number of different annotations describing these vectors, such as name,
environmental variables, infection status, etc., can be added as annotations.

The GE virtual globe approach incorporates aerial images, digital terrain, and a
large amount of basic geographic information, the utilization of which is simple and
convenient. Collected data can be accurately recorded and zooming makes it possi-
ble to present geographically limited areas as flat maps where the landscape scenes
can be intuitively understood with distances and areas derived in a straightforward
way. The spatial data management methods applicable to basic schistosomiasis
control work on Pemba were explored by adopting the GE platform to establish a
spatial database for the demonstration of the distribution of human schistosomiasis
infections and the presence of the intermediate snail host in the various water bodies
available on the island. The specific aim of this work was to improve management of
schistosomiasis control in Zanzibar by investigating the spatial relation between
infected humans and B. globosus habitats.

Due to the influence of the micro environment factors in local areas, the attraction
of the same species, the limitation of species diffusion, and other internal factors, the
spatial distribution of biological population has a correlation. The intermediate snail
host of Schistosoma haematobium is also spatially related (Cheng et al. 2016). Data
attributes and spatial location were both considered in spatial autocorrelation, of
which the theoretical basis is that the adjacent data in space usually have higher
similarity than the remote data Geographic Information System (GIS) and spatial
analysis technology provide support for the study of spatial distribution character-
istics of snails. Moran’s I and Getis-Ordgeneral G indicator can be used to test the
relationship between a spatial variable and its adjacent space. Spatial clustering
analysis is an important method for epidemiological study of disease causes or risk
factors. It can detect whether the observation variables have regional clustering, and
determine the specific location and scope of the clustering area, so as to reflect the
distribution rule and epidemic trend of the disease. In this study, the snail sites of
50 shehias on Pemba were taken as the study objects, spatial autocorrelation and
spatial clustering analysis were used to detect the spatial characteristics of the
distribution of B. globosus.
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8.2 Research Materials and Methods

8.2.1 Time and Area Under Study

S. haematobium prevalence and snail status on Pemba Island was surveyed from
February 2017 to November 2018. The island is divided into four districts that are
further divided into about 120 smaller administrative areas, referred to as shehias,
which can contain several villages varying in population size and household number.
The total area of Pemba Island is 984 km2, and the average area of a shehia is
8.2 km2.

8.2.2 Data Records and Generation of Spatial Coordinates

The data consisted of geographic information, such as the whereabouts of human
residences, ponds, and streams. All findings regarding these entities, such as diag-
nostic results and snail data, etc., were named attribute data and given unique
identification numbers (ID), for example, for the human cases the record included
name, house location, laboratory test results, and treatment (Shehia no./Village no./
Household no./Person no.).

8.2.2.1 Human Data

Schistosomiasis-related data included the infection rate at each shehia and individual
case investigation of positive cases. There are around 3000 people in each shehia on
Pemba Island. The whole population were surveyed in four pilot shehias, i.e.
Mtangani, Kiyuyu, Wingwi, and Uwandani. In other shehias, about 200 residents
(including at least 30 children aged 9–12 years) from 50 households were randomly
selected and surveyed. Urine samples were collected and 10 ml of each sample was
filtered and subjected to microscopy by experienced laboratory technicians who
recorded all S. haematobium eggs present for each individual. All this information
were recorded in an Excel database.

8.2.2.2 Snail Data

Snail survey was conducted after the rainy season. All water bodies in the project
area were investigated. The snail data included the distribution of B. globosus in the
environment inhabited by humans and included the number of surveyed sites (ponds
and streams), the total number of snails, and the number of infected ones. The ponds
were encoded as Shehia no./Village no./Serial no./Pond type, while the streams were
only labeled with its serial no. according to order of investigation. The sites were
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surveyed for snails at distance gaps of 30 and 100 m, respectively. At each identified
site, presence of B. globosus was searched for 15 min over a maximum 15 m2 area.
The borders of the water bodies and their vegetation, where snails are most likely to
be found, were more intensively searched than other areas. B. globosus was prelim-
inary identified upon shell morphology, placed in screw top plastic containers with
freshwater, and taken to the laboratory for microscopic examination of cercariae
after crushing. A handheld Garmin etrex30x device (Kansas City, KS, USA) was
used to specify the coordinates of all findings. All data were saved as KML files
through BaseCamp software, version 4.5.2 (Garmin).

8.2.3 Annotating Attribute Data

Positive human cases were recorded as a point on the map and the total number
counted, while the length of the streams, given as lines, and the surface area of the
ponds, given as polygons, were measured using the GE properties window and
recorded in the Excel database.

Water bodies without snails were given blue colour, those with presence of
non-infected snails yellow, and those with presence of infected snails red. These
spatial, qualitative pieces of information, each identified by its ID, were saved as
shapefiles, reformatted as KML files and subsequently imported into GE Pro,
version 7.1.8.3036 (Google).

8.2.4 The Spatial Database

The spatial, qualitative pieces of information, each identified by its ID, were
collected in a GIS database, reformatted by ArcGIS, version 10.2.2 (ESRI) as
KML files and subsequently imported into GE Pro, version 7.1.8.3036 (Google) to
display the distribution of positive human cases in their environment and the snails
(infected and uninfected) in theirs (ponds and streams). In this way, a GIS database
containing the coordinates of all human positive cases found, including the status of
the surrounding ponds and streams was established. Digital maps and shapefiles of
Pemba Island were obtained from the NTD office and associated with the collected
schistosomiasis data with reference to the shehias so that the GIS database could tell
the schistosomiasis infection rate in all the different shehias on the island. Managed
this way, all geographic and attribute data would be available and possible to
visualize by using the software and clicking on the object in question.
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8.2.5 The Nearest Neighbor Analysis

According to the nearest neighbor analysis method, first the distance between each
snail site and its nearest site was measured, and the average value was calculated,
then the similarity between the actual average distance and the expected average
distance assumed to be random distribution was estimated, and the Z value was
returned. If the value of Z is negative and smaller, the distribution tends to be
clustering distribution mode, on the contrary, it tends to be discrete distribution
mode. ArcGIS software was used to conduct the nearest neighbor analysis.

8.2.6 Spatial Autocorrelation Analysis

The correlation of the same variable in different spatial positions is a measure of the
correlation degree of the attribute values of spatial units. In practical analysis,
indicators such as global and local Moran’s I, Geary’s C and General G are often
used to reflect spatial autocorrelation. Using ArcGIS software, the global and local
spatial autocorrelation of snail sites were analyzed by global Moran’s I, General
G and local Moran’s I (LISA).

8.2.6.1 Global Spatial Autocorrelation

Refers to the similarity of different spatial units in a general spatial pattern in terms
of certain characteristics. The global Moran’s I is a commonly used indicator to
measure the global spatial autocorrelation, and calculated by the following equation:

I ¼
n
P

i¼1

P

j¼1
wij xi � xð Þ x j � x

� �

P

i¼1

P

j¼1
wij

P

i¼1
xi � xð Þ2

In the equation, n is the number of spatial units, xi and xj represent the attribute values
in i and j points, and wij is the spatial weight matrix. The range of Moran’s I is [�1,
1], the theoretical value E(I ) ¼ � 1/(n � 1). The significance level of spatial
autocorrelation can be tested by the standardized statistic Z(I ). The formula of Z(I ) is
that Z Ið Þ ¼ I � E Ið Þð Þ= ffiffiffiffiffiffiffiffiffiffiffiffiffi

Var Ið Þp
, Var(I ) is the theoretical variance of Moran’s I.

When the observation value is larger than the theoretical value and has statistical
significance, it suggests existing spatial positive autocorrelation (high value aggre-
gation or low value aggregation), and there is spatial negative autocorrelation when
the observation value is smaller than the theoretical value. The larger the absolute
value is, the greater the spatial autocorrelation is.
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Because Moran’s I cannot judge whether the spatial data is a high value aggre-
gation or a low value aggregation, Getis and Ord proposed the general G indicator.
The general G indicator uses the distance weight and requires the attribute value of
the spatial unit to be positive. The calculation formula is as follows:

G dð Þ ¼

P

i¼1

P

j¼1
wij dð Þxix j

P

i¼1

P

j¼1
xix j

where d is the distance,wij(d ) is the distance weight between i and j points. Similar to
the global Moran’s I, the general G can also be standardized: Z(G) ¼ (G(d ) � E(G
(d )))/Var(G(d )), positive Z(G) indicates high value aggregation, negative Z(G)
indicates low value aggregation.

The above two global autocorrelation statistics can only reflect the spatial auto-
correlation on the whole, but not which spatial units have similar attributes. To
understand the correlation between an area and its surrounding area, the local spatial
autocorrelation statistics was needed.

8.2.6.2 Local Spatial Autocorrelation

Describe the similarity between a spatial unit and its surrounding unit. LISA (local
indicators of spatial autocorrelation) is a commonly used method to test the local
spatial autocorrelation. The calculation formula is as follows:

Ii ¼ n2P

i

P

j
wij

xi�xð ÞP
j
wij x j�x

� �

P

j
x j�x
� �2

where Ii is the LISA value of point i, and the definition of other parameters is the
same as those of global Moran’s I. According to LISA values and related observa-
tions, local spatial correlation patterns can be divided into four types: H-H (high-
high, high value is surrounded by high value), L-L (low-low, low value is
surrounded by low value), L-H (low-high, low value is surrounded by high value),
H-L (high-low, high value is surrounded by low value), in which H-H, L-L are
spatial positive correlation, L-H, H-L are spatial negative correlation.

8.2.7 Spatial Scan Statistics

Spatial scan statistics is a commonly used method to analyze spatial clustering. In
this method, a circular (cylindrical) scanning window is established to calculate the
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theoretical incidence of each scanning window, and then a generalized likelihood
function is constructed according to the actual incidence and the theoretical inci-
dence. The Monte Carlo iterative simulation method is used to test the likelihood
ratio. The greater the likelihood ratio, the more likely it is to be an aggregation
region.

Based on the snail data of each surveyed point, space-time permutation distribu-
tion model was used for spatiotemporal clustering analysis. In this method, different
time and area are scanned by dynamic cylindrical window. The bottom of the
cylinder corresponds to a certain geographical area, and the height of the cylinder
corresponds to a certain time length. In the process of modeling, only the number of
live snails, survey time, longitude and latitude coordinates of each surveyed point are
needed.

SaTScanversion 7.0.3 (Martin Kulldorff) is used for spatial scan statistics, and
ArcGIS is used to realize the visualization of analysis results.

8.2.8 Staff Training

The Chinese team trained the local NTD staff on the operation of GE and how to use
a handheld GPS device to specify the coordinates of all findings, save tracks, and
mark points, lines, and polygons, how to import GPS data into GE as well as how to
measure distances and how to calculate areas. The staff was also trained to use
ArcGIS software manipulating ArcGIS shapefile vector features of interest such as
points, lines, and polygons, here representing human infections, streams, and ponds,
respectively, and converting this format into KML files to be fed into the GE
software. They were also trained in associating attribute data related to the spatial
data collected so as to create spatial databases.

8.3 Results

8.3.1 Geographic Information Database of Schistosomiasis
Control Based on Google Earth and ArcGIS

8.3.1.1 Surveys

From Feb 2017 to Nov 2018, a total of 50 shehias were investigated for
S. haematobium infection. A total of 20,263 urine samples were collected and
617 were found to be positive corresponding to an average positive rate of 3.04%.
Figure 8.1 shows the prevalence rates in the surveyed 50 shehias on Pemba Island.

130 M. He



Fig. 8.1 Prevalence of S. haematobium in 50 surveyed shehias on Pemba Island
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8.3.1.2 Spatial Databases

Three spatial databases were created by means of GE and they included distribution
of infected humans (191 persons in 8 shehias); distribution of the intermediate snail
host in ponds (all the ponds surveyed in 21 shehias); and distribution of the
intermediate snail host in streams (all the streams surveyed in 50 shehias) (Fig. 8.2).

8.3.1.3 Infected Humans

After diagnosis, it was shown that 191 persons in the 8 shehias were infected. The
coordinates of these residences were available in the database that had been
established and the ID and name, householder name, egg counts, and treatment
were recorded in the attribute data for each positive case. They could then be
visualized and marked on GE as shown in Fig. 8.3. The attribute information of
each case could be displayed by clicking on the point in question.

8.3.1.4 Snail Distribution

A total of 144 ponds in the 21 shehias were surveyed for B. globosus (Fig. 8.4). The
total area of the ponds surveyed was 2,587,347 m2. Although we found 46 ponds
with B. globosus covering an area of 1,437,200 m2 only 15 (836,492 m2) were
harbored infected with B. globosus. Figure 8.5 shows ponds without snails, ponds
with non-infected snails, and ponds with infected snails. The basic information and

Fig. 8.2 Display of how three different spatial databases can be simultaneously visualized via
Google Earth

132 M. He



snail information for each pond could be displayed by clicking on that pond shown
in GE.

In the shehia of Uwandani, four infected ponds were found in August 2017, and
nearly 200 positive cases were found in the whole population survey. The location of
human cases and infected waterbodies was displayed on GE, and we found there
were no infected ponds nearby some human cases. Then the waterbodies and snail
situation were investigated again, and another two infected ponds surrounding the
human cases were found (Fig. 8.6).

A total of 138 streams in the 50 shehias were surveyed as shown in Fig. 8.4. The
total length of the streams surveyed was 312.8 km. We found 59 streams with
B. globosus, out of which 9 harbored infected snails. Figure 8.7 shows streams
without snails, streams with snails, and streams with infected snails. The basic
information and snail information for each stream could be displayed by clicking
on that stream in the software.

8.3.2 Spatial Characteristics of Snail Distribution

8.3.2.1 Distribution of Snail Sites

The spatial analysis was based on the single surveyed site. From Feb 2017 to Nov
2018, the distribution of B. globosus was investigated in 50 shehias, and 795 snail
sites were found (Fig. 8.8).

Fig. 8.3 Distribution of positive human cases and display of annotated information of cases
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Fig. 8.4 Distribution of B. globosus in ponds and streams surveyed in 50 shehias on Pemba Island
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8.3.2.2 The Nearest Neighbor Analysis

According to the nearest neighbor analysis, the ratio of the actual average distance to
the expected average distance is 0.25, z ¼ �40.47 (P < 0.05), which indicated that
the spatial distribution of snail sites is a clustering distribution pattern.

8.3.2.3 Global Spatial Autocorrelation

The global Moran’s I indicator of the number of live snails in 50 shehias was
calculated. The observed value was 0.013, and the theoretical value was �0.001
(P< 0.05), which indicated that the spatial distribution of B. globosus had a positive
autocorrelation on the whole.

The general G indicator was also calculated, the observed value was 0.462, and
the theoretical value was 0.342, z¼ 6.37 (P< 0.05), indicating that there was a high
value clustering area of B. globosus on the whole.

8.3.2.4 Local Spatial Autocorrelation

Local spatial autocorrelation analysis showed that the LISA value of 161 snail sites
was statistically significant (P < 0.05), among which 84, 10, 67, and 0 were in the
four modes of H-H, H-L, L-H, and L-L, respectively (Fig. 8.9). The snail habitats of
H-H pattern is located in shehias including Kilindi, Shungi, Chonga, Ngwachani,
Chumbageni, Mizingani, Mtambile, Ukutini, Chambani, Kengeja, Kangani, which

Fig. 8.5 Distribution of B. globosus in ponds and display of annotated information of ponds
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suggested that these shehias were densely distributed areas of snails and should be
taken as key areas of snail control.

Fig. 8.6 Two new infected ponds found in Uwandani by analyzing the location of human cases and
infectious ponds
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8.3.2.5 Spatial Clustering Analysis

A total of 8 clustering areas of snail sites were detected by using spatial scan statistics
method (P < 0.05), as shown in Table 8.1. The buffer of clustering areas was shown
in Fig. 8.10.

8.3.3 Training

After training and work practice, all NTD staff easily grasped the use of GPS and
GE. They could utilize GPS devices to specify coordinates and save tracks and use
GE to import GPS data. They could also measure distances and areas and use
ArcGIS to convert shapefile vector files to KML files, create spatial databases, and
make maps.

8.4 Significance and Prospects

Many diseases show spatial clustering (Elliott and Wartenberg 2004; Kirby et al.
2017), including parasitic diseases (Barbosa et al. 2014; Hundessa et al. 2016), other
infectious diseases (Smith et al. 2015; Lai et al. 2018), and also non-communicable
diseases like cancer (Goodman et al. 2014; Sun et al. 2015). Schistosomiasis
transmission is focal in nature (Manyangadze et al. 2016) and schistosomiasis
cases are consequently also spatially clustered as shown in many studies (Brooker

Fig. 8.7 Distribution of B. globosus in streams and display of annotated information of streams
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Fig. 8.8 Distribution of snail sites in 50 shehias of Pemba Island
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Fig. 8.9 Distribution of LISA values of snail sites in 50 shehias of Pemba Island
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et al. 2006; Clements et al. 2006; Simoonga et al. 2008). Also, the intermediate snail
host has the tendency to appear in cluster (Cheng et al. 2016; Gao et al. 2014). It
follows that spatial data collection are important for schistosomiasis control. Indeed,
this helped us to identify four infected ponds in Uwandani that had not been found
until we located the human cases near these ponds.

On Pemba, B. globosus is the only intermediate host of S. haematobium, so the
geographical distribution of this snail species determines the spatial distribution of
schistosomiasis on the island. Clennon et al. (2004) have already shown that
households with high infection intensities of S. haematobium were significantly
clustered around a water body with infected snails near the southern coast of
Kenya. Following this lead, we established a spatial database of distribution of
positive cases, together with the distribution of B. globosus in ponds and streams
based on GPS and GE, which helped following up cases as well as guide us to other
key areas in need of snail control as mentioned above.

GE is increasingly applied to the study of infectious diseases (Escamilla et al.
2014; Simonsen et al. 2016). For example, it was used to map HCV infections by
home, social, and sexual neighborhoods among community-recruited men who have
sex with men in New York City (Tieu et al. 2018). In another study, Google Earth
imagery and geographical analysis software were used to develop a sampling frame
by digitizing and assigning coordinates for each household within the catchment
area (Escamilla et al. 2014). The GE platform is particularly useful for research on
schistosomiasis (Clennon et al. 2004; Clements et al. 2006; Simoonga et al. 2008,
2009; Yang et al. 2012; Sun et al. 2014; Gao et al. 2014; Manyangadze et al. 2015;
Wang et al. 2014, 2016; Xiao et al. 2016a, b). A great advantage is that GE users
need not be computer specialists since its operation is straightforward and the
software easy to apply, e.g., for map creation (Lefer et al. 2008) which is the first
step. As long as the computer is connected to Internet, any map can be rapidly
displayed. The application of GE in grass-root schistosomiasis control institutions is
therefore a useful platform for the storage and display of spatial data (Wang et al.
2014; Xiao et al. 2016a). Combined with GIS software, such as ArcGIS, GE is also
reliable for surveillance and forecasts (Xiao et al. 2016b) and can be implemented for

Table 8.1 Results of spatial clustering analysis on the snail sites in Pemba Island

No Latitude Longitude
Radius
(km) Observed Expected

ODE
(obs/exp)

Test
statistics

P
value

1 �5.3680 39.7727 3.68 3452 460.34 7.50 4128.43 0.001

2 �5.2848 39.7361 3.79 6406 1887.68 3.39 3715.38 0.001

3 �5.4198 39.6440 10.28 7346 3038.87 2.42 2562.72 0.001

4 �5.1963 39.8293 0.70 979 33.73 29.03 2368.10 0.001

5 �5.3594 39.7268 1.51 1533 143.67 10.67 2274.54 0.001

6 �5.2870 39.8184 6.27 706 26.15 27.00 1655.25 0.001

7 �5.3073 39.6916 2.69 849 77.10 11.01 1275.36 0.001

8 �5.3223 39.7605 1.64 2191 776.07 2.82 895.69 0.001
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Fig. 8.10 Buffer of clustering areas of snail sites in 50 shehias of Pemba Island
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epidemiological monitoring and the development of early warning systems (EWS)
(Simonsen et al. 2016).

An on-site trial with GE as the operative platform achieved good results. Indeed,
already after a few weeks of simple training and some practice, the NTD staff
mastered all the different steps from recording results to displaying them. The spatial
data were first generated using the coordinates taken from the GPS device adding
attribute information for human cases and snails previously recorded in Excel.
Secondly, both spatial and attribute data were organically integrated via ArcGIS
establishing the GIS database, which made it possible to effectively manage and
utilize the large number of epidemiological data collected. ArcGIS permits the
provision of various thematic maps of the distribution of both human cases and
positive snails. This database can also be used for information query and statistical
analysis. After the establishment of the GIS database, ArcGIS provided the link to
GE through the conversion of shapefiles to KML files and thus clearly visualize the
geographic position of positive cases as well as ponds and streams with infected
snails, while attribute data, such as case information or snail distribution informa-
tion, were only a click away. According to the needs, a certain type of data can be
selected for display on the map, or multiple different types of data can be displayed
at the same time, easily visualizing the degree of severity of the endemic situation.
We could also explore the spatial relation between infected human cases and
B. globosus habitats by analyzing the location of human cases and waterbodies.

The epidemic range of S. haematobium is consistent with the geographical
distribution of the intermediate host B. globosus. It is of great significance to
understand the spatial characteristics of the snail distribution for the control of
schistosomiasis. Spatial analysis can effectively detect the spatial autocorrelation
and spatial clustering of snail distribution. Spatial autocorrelation is measured by
global and local indicators, the combination of the two indicators can reflect the
spatial characteristics more comprehensively. In this study, the global Moran’s I and
the general G indicators were 0.013 and 0.462, respectively, with statistical signif-
icance, indicating that there was correlation between the distribution of snail in a
certain area and its surrounding area, and further there was a high value aggregation
area according to general G indicator. Because the global indicator only reveals the
general properties of the research space, sometimes it will cover up the
non-stationary of the local state, so it is also necessary to use the local indicator to
reflect the spatial autocorrelation of each specific location. In this study, LISA
method was used to analyze the local spatial autocorrelation of snail sites. The
results showed that 161 snail sites had significant local spatial autocorrelation,
which could be further divided into three correlation models: H-H, L-L, and L-H.
Although the snail distribution was positively correlated in the whole, there was also
negative correlation between the high value and the low value in the local snail sites,
which objectively revealed the uneven distribution of snail. The spatial heterogene-
ity of snail distribution suggests that the environment of snail distribution is rela-
tively complex, and the distribution of snail in adjacent areas may be quite different.
Therefore, it is necessary to take control measures according to local conditions.
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The spatial clustering of diseases or vectors is one of the important characteristics
of the spatial distribution of diseases. In this study, the location and the number of
live snails in 50 shehias of Pemba Island were analyzed by the method of spatial scan
statistics. It was found that there were 8 clustering areas of snails, all of which were
high value clustering areas. The results of spatial clustering analysis were consistent
with the results of local spatial autocorrelation analysis, but there were some
differences between two analyzing results. The reason is that the principles of the
two methods are different. LISA method calculates the relevant indicators of each
spatial location and judges clustering by hypothesis test, while spatial scan statistics
method is based on likelihood ratio, and detects clustering area by establishing
dynamic circular window.

There are some limits in this study. For snail classification, we just conducted
preliminary identification using shell morphology, while it is advisable to apply
molecular diagnosis based on DNA detection for further identification. Secondly, the
location of households with infected cases is not a proxy of where transmission takes
place. In the next step, the proximity of a household to the nearest water body could
be used to identify clusters of infected cases which might point towards a transmis-
sion source.

It should be borne in mind that, in contrast to complete eradication of a disease,
elimination means controlling it so well that it no longer is of public health
importance. However, it should also be remembered that keeping a disease elimi-
nated in the face of ongoing transmission can be a tall order in the absence of strong
economic development. A surveillance tool like GE that can connect all information
needed and also play the role of EWS would be most useful for the rapid deployment
of an effective response. As such, GE would not only be useful on Pemba but also in
other countries on the African continent and elsewhere.
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Chapter 9
Bulinus Snails Control by China-made
Niclosamide in Zanzibar: Experiences
and Lessons

Yun-Tian Xing, Jian-Rong Dai, Kun Yang, Tao Jiang, Cheng-Gong Jiang,
Saleh Juma Mohammed, and Fatma Kabole

Abstract Schistosomiasis haematobium is one of the most important, but often
neglected, tropical diseases transmitted by snails of Bulinus in Zanzibar. Snail
control by mollusciciding is the cornerstone in preventing the spread of schistoso-
miasis. In the past thirty years of schistosomiasis elimination in China, suspension
concentrate of metaldehyde and niclosamide (MSCN) as a molluscicide has played a
crucial role. However, there is no report about MSCN against Bulinus. Therefore, it
is necessary to evaluate the effects of MSCN against Bulinus both in laboratory and
field. The effects of MSCN were tested both in laboratory and field setting. The LC50

of MSCN for Bulinus at 24 h and 48 h was 0.0758 mg/L, while the LC50 wettable
powder of niclosamide (WPN) at 24 h and 48 h was 0.400 mg/L. The lowest
concentration of MSCN that killed all Bulinus after 24 h and 48 h was 0.200 mg/L
and the highest concentration permitting snail survivals were 0.013 mg/L and
0.006 mg/L, respectively. In the field setting, one month after MSCN treatment,
no living snails were found in any of the four treated ponds. MSCN had better
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molluscicidal effects for adult snails compared with WPN. The observation of the
short-term effect (one month) and the long-term (three months) application showed
that MSCN had a high molluscicidal effect against Bulinus and is therefore a
powerful weapon in the control of Schistosomiasis haematobium.

Keywords Schistosomiasis · Snail control · Niclosamide · Zanzibar · Bulinus

Abbreviations

LC50 50% lethal concentration
MDA Mass drug administration
SCN Suspension concentrate of metaldehyde and niclosamide
WHO World Health Organization
WPN Wettable powder of niclosamide

9.1 Background

Schistosomiasis, a snail-transmitted parasitic disease, is one of the world’s major
tropical diseases affecting more than 250 million people in tropical and subtropical
regions around the world (Khonde Kumbu et al. 2016; Lewis and Tucker 2014). It is
endemic in 51 out of the 54 countries on the Africa. More than 200,000 people die of
schistosomiasis in sub-Saharan Africa annually (Galappaththi-Arachchige et al.
2018; Sacolo et al. 2018; Woodall and Kramer 2018). In most parts of Africa
human schistosomiasis is mainly caused by Schistosoma haematobium
(S. haematobium) and Schistosoma mansoni (S. mansoni) (Gower et al. 2017;
Hegertun et al. 2013). Schistosomiasis is an acute and chronic disease caused by
parasitic worms. Transmission occurs when people suffering from schistosomiasis
contaminate freshwater sources with their excreta that contain the parasite’s eggs,
which subsequently hatch in the water. The larval forms of the parasite—released by
freshwater snails—penetrate human skin during contact with infested water. In the
body, the larvae develop into adult worms that can cause progressive damage to
organs. Snails are a crucial part of the life cycle of schistosomes and are necessary
for this parasite’s multiplication and transmission; without the presence of interme-
diate snail hosts, transmission is not possible (Diakite et al. 2017; Giacomet et al.
2010; Mohammed et al. 2016).

Snail control, mainly by mollusciciding, was the cornerstone of schistosomiasis
control before the strategy for morbidity control and has contributed to many
successful control outcomes (Civitello et al. 2018; Micati et al. 2018; Yasin et al.
2018). Niclosamide is the only recommended molluscicide for snail control by the
World Health Organization (WHO) (King et al. 2015). First public mention of the
discovery of niclosamide as a molluscicide was made at the Sixth International

148 Y.-T. Xing et al.



Congress on Tropical Medicine and Malaria held in Lisbon in 1958 (Andrews et al.
1982); it was found to have high molluscicidal efficacy and low toxicity to animals
and there was no evidence of poisoning caused by faulty operation or by accidental
ingestion. Yet, there has been no large-scale and continuous worldwide application
of niclosamide due to concerns about environmental pollution and its high cost
(Hassan et al. 2008; McCullough et al. 1980; Mosta-Fa et al. 2005; Xia et al. 2014).
Up until 1992, with the aid of a loan from the World Bank, a large quantity of
niclosamide (an average of 2000–3000 tons annually) was used in China, which
made a great contribution to the control of schistosomiasis. Furthermore, over the
past 20 years, there have been no reports about the accumulation of niclosamide in
the environment or about any negative ecological impact except economic loss
caused by acute death of freshwater fish due to the accidental draining of
niclosamide-treated water into pisciculture waters (Dai et al. 2014; Gray et al.
2014; Liang et al. 2007; Yang et al. 2012).

Initially, wettable powder of niclosamide (WPN) was applied against
Oncomelania snails in China, which had several shortcomings (Dai et al. 2014;
Yang et al. 2012) including that it needed to be dispersed in water with continuous
stirring before use. WPN was also found to absorb water during storage, which
prevented dispersal and resulted in uneven distribution and the appearance of
sediments. To try to overcome these problems, MSCN, a novel formulation of
niclosamide, was developed. The formulation has good dispersion and suspension
and can be mixed with water in any ratio (Bao et al. 2011; Dai et al. 2008, 2015;
Xing et al. 2013).

S. haematobium is endemic in Zanzibar, a semi-autonomous archipelago of the
United Republic of Tanzania in East Africa, 25–50 km off the coast of the mainland.
The archipelago consists of many small islands and two large populated ones:
Unguja (the main island, referred to informally as Zanzibar) and Pemba Island are
endemic for S. haematobium (French et al. 2007; Pennance et al. 2016; Rollinson
et al. 2005; Stothard et al. 2002a; Webster et al. 2015). The estimated total resident
population of Pemba was 511,576 in 2011 (the 2011 Zanzibar population report
(office finance, economy and development planning Zanzibar)), with 10% of the
population infected with S. haematobium. In Zanzibar, Bulinus spp. are the inter-
mediate snail hosts for S. haematobium. Thus, control of this species is an important
measure in the eradication of S. haematobium in this region. Hence this study
involves MSCN in the control of Bulinus spp. in both the laboratory and in ponds
in Zanzibar.

9.2 Methods

9.2.1 Laboratory Tests

50% WPN (batch no.: 1512031) and MSCN (batch no.:201604061) were provided
by the Nanjing AI Jin Chemical Co. Ltd (Nanjing China); 70% WPN (batch no.:
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PF90000118) was provided by Bayer (Leverkusen, Germany). We used Uhai
drinking water (Bakhresa Food Products LTD, Dar es Salaam, Tanzania) for all
laboratory experiments. 50% WPN, 70% WPN and MSCN were weighed and
solutions of 0.400, 0.200, 0.100, 0.050, 0.025, 0.012, and 0.006 mg/L were prepared
in water for the subsequent experiments.

Adult Bulinus were collected by individual picking with forceps, from Vitongoji,
Pemba Island, Zanzibar and reared at 25 �C in plastic basins at a density of
200/L. The average size of the snails was 0.5–0.8 cm. Bulinus were randomly
divided into groups after 48 h.

Five hundred milliliter flasks were filled with the above niclosamide solutions,
and ten active adult snails were added to the flasks, which were covered with gauze
to prevent their escape. Snails in flasks of water served as controls. After being
immersed for 24 h and 48 h at 25 �C, the snails were washed with water and fed for a
further 48 h. All data were double entered into Microsoft Excel 2003 (Microsoft
Corporation; Redmond, WA, USA).

9.2.2 Filed Methods of Application

All field tests were performed in South Pemba Island in Chakechake and Uwandani.
The average annual temperature in this region ranged between 23 �C and 32 �C
during the experiments. There are two annual wet seasons in Pemba Island: the
Masika rains from the south, which occur from March to June, and the Vuli rains
from the north-east, which occur from October to November. Uwandani is densely
covered by freshwater ponds and streams. There are four permanent perennial ponds
and up to 17 ponds at the height of the rainy season. In Chakechake, 2840 people and
489 households were at risk of S. haematobium because of swimming in infested
ponds and being exposed to the parasite during work. The prevalence of
S. haematobium infection was found to be approximately 8.9%. The four permanent
perennial ponds containing natural Bulinus populations were selected as test sites.
Pond areas were computed by GPS positioning and Google earth. The handheld GPS
instrument (Garmin Ltd., Kansas, USA) model used was eTrex 30x. The GPS
trajectory was formed by walking around the edge of ponds and inputting the
coordinates into Google earth. Pond areas were then automatically calculated from
Google earth (Fig. 9.1, Table 9.1). The areas of the four ponds were found to be
40,993, 54,142, 40,010, and 9230 m2, respectively.

Snail densities were assessed at each site. Two trained staff members collected
snails for 15 min from different survey points setup at 50 m intervals. All snails were
deposited into a basin and identified as either living or dead and the living Bulinus
density was then calculated (Table 9.2). Other organisms were returned and evenly
distributed to their original collection sites. MSCN was applied at 2 g/m2. A motor
spraying machine (Nanjing AI Jin Chemical Co., Ltd., Nanjing, China) was
employed for application. The motor spraying machine consisted of a single cylinder
engine (163 cc) and a closed impeller pump. The pump’s lift and suction range were
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33 and 8 m, respectively. MSCN was applied to an area, which was 15 m from the
edge of the pond and which was covered with aquatic plants on the shore. Snail
teams applying MSCN consisted of seven trained staff who were familiar with the
procedure of snail control (Fig. 9.2). One was responsible for operating the mollus-
cicide machine and adding the niclosamide solution and three were responsible for
the arrangement and movement of the long hoses. The others were responsible for
spraying the solution. The spraying dose was 2 g/m2, and the spray area consisted of
both sides along the water level line, including 10 m of beach (possible survival
region of small snail) and 10 m of pond (the aquatic plant growth region). All the
areas were carefully sprayed and included low-lying areas and branched area where
the snails bred (Fig. 9.3). One and three months after MSCN application the living
Bulinus density was monitored again. If there were still living snails, the whole pond
was completely treated one more time according to the process mentioned above.

Fig. 9.1 Geographical position of the ponds in the field. The yellow squares represent four ponds
treated with MSCN

Table 9.1 Geographic infor-
mation of the four ponds

No S E Area (m2)

1 5.19846 39.83013 40,993

2 5.19955 39.82972 54,142

3 5.19601 39.82673 40,010

4 5.19842 39.82730 9230
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9.3 Results

9.3.1 Laboratory Tests

The results of the laboratory tests are set out in Table 9.3. The lowest concentration
of MSCN that killed all Bulinus by immersion at 24 h and 48 h was 0.200 mg/L, and
the highest concentrations permitting survival of the snails at these two time points
were 0.013 mg/L and 0.006 mg/L, respectively. The LC50 of MSCN for Bulinus at
24 h and 48 h was 0.0758 mg/L. The LC50 of WPN at 24 h and 48 h was 0.400 mg/L,
and the highest concentration permitting survival of the snails at these two time
points was 0.100 mg/L. The LC50 of 50% WPN for Bulinus at 24 h and 48 h was
0.2144 mg/L. The lethal concentration of 70% WPN at 24 h and 48 h was found to
be 0.400 mg/L, and the highest concentration permitting survival of the snails at
these two time points was 0.100 mg/L. The LC50 of 50% WPN for Bulinus at 24 h
and 48 h was 0.2462 mg/L and 0.2001 mg/L, respectively. The lowest concentration
of WPN for killing snails was higher than MSCN, and the highest survival concen-
tration of WPN was lower than that of MSCN. The LC50 for adult snails at 24 h at
48 h was only half that of WPN, suggesting that MSCN had better molluscicidal
effects on adult snails compared with WPN.

Fig. 9.2 Snail team was applying WPN with the motor spraying machine in the field
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Fig 9.3 Application of MSCN in the field. Snail team was applying MSCN with the motor
spraying machine in the field

Table 9.3 Effect of three formulations of niclosamide against Bulinus in lab

Formulations Time

Effective concentration (mg/l)

LC500.400 0.200 0.100 0.050 0.025 0.013 0.006

MSCN 24 100 100 70 10 10 0 0 0.0758

48 100 100 70 10 0 10 0 0.0758

50% WPN 24 100 40 0 0 0 0 0 0.2144

48 100 40 0 0 0 0 0 0.2144

70% WPN 24 100 20 0 0 0 0 0 0.2462

48 100 50 0 0 0 0 0 0.2001

Control 24 0 – – – – – – –

48 0 – – – – – – –
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9.3.2 Field Tests

In order to investigate the molluscicidal effect of MSCN, four permanent perennial
ponds were treated at 2 g/m2. One thousand and forty-three snails were found in the
four ponds prior to treatment, of which 44 were dead (a natural death rate of 4.22%)
and an average density of live snails at each point was 23.79. Six hundred and twenty
dead snails were found in the four ponds one month after treatment and the density
was reduced to 0.143 snails three months after treatment, resulting in one living snail
in one pond. The pond in which the living snail was found was treated again. One
month later, no living snails were found.

The results of the field tests are set out in Table 9.2. Analytical data one month
after spraying indicate that no living snails were found and the MSCN induced
decline of living snails in all four ponds was nearly 100%. The results of the survey
were similar three months later.

9.4 The Key Point in Local Schistosomiasis Control

Schistosomiasis remains a global health problem with an estimated 250 million
people in 78 countries infected, of whom 90% live in Africa (Hotez 2018; Inobaya
et al. 2018; Savioli and Daumerie 2018). Thirty years ago, schistosomiasis patients
in China accounted for more than 50% of the population in the world’s endemic
areas. After years of prevention and control, China now accounts for less than 1% of
the population in the world’s endemic areas. Unfortunately, the decline of schisto-
somiasis infection in China has been counterbalanced by increasing rates in Africa
(Bergquist et al. 2017; Li et al. 2017, 2018; Song et al. 2017). In the thirty years since
the eradication of schistosomiasis in China began, the technologies used for this
process have advanced greatly. Therefore, at the request of the WHO, China’s
Ministry of Health, the WHO, and Zanzibar’s Ministry of Health signed a cooper-
ation agreement on schistosomiasis control. Large scale treatment for schistosomi-
asis had been carried out over many years in Zanzibar, but transmission persisted
(Knopp et al. 2013; Stothard et al. 2002b). The schistosomiasis control project began
to explore the feasibility of China’s participation in the control schistosomiasis in
Africa, with the goal: (1) To master the transmission pattern of schistosomiasis in
Pemba Island and to formulate the control strategies and measures for schistosomi-
asis based on the local conditions; (2) to implement the control strategy and
measures for schistosomiasis, eliminate schistosomiasis in three pilot sites on
Pemba Island (achieving a human infection rate of less than 1%); and (3) to build
practical and effective control methods for S. haematobium and related technologies
for schistosomiasis control using standard operating procedures.

Humans become infected with S. haematobium when they wade, swim, or bathe
in waters inhabited by compatible intermediate snail hosts, which were previously
contaminated by human urine containing parasite eggs. The adult schistosomes live
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as paired male and female worms in the perivesical venous plexus of their human
hosts. Eggs produced by female worms get trapped in the tissues and can lead to
inflammatory and obstructive diseases in the urogenital system. Eggs that pass
through the bladder wall are excreted in urine. If urination occurs in freshwater,
the parasite eggs hatch in the water and release miracidia (a free swimming larval
stage), which subsequently infect the specific intermediate host snails (Kagan 1955;
Wright 1956). In Zanzibar, the only intermediate host snail for S. haematobium is
Bulinus spp.

In the snail, asexual reproduction takes place and 4–6 weeks after infection, the
snail starts to shed cercariae, the larvae that infect humans, into the water. Impor-
tantly, a single snail can shed thousands of cercariae over its life-time. On locating a
human host, cercariae penetrate the skin and after migrating via the lungs to the liver,
develop into adult worms within 9–10 weeks. These worms pair up, and on average,
live and produce eggs for 3–5 years. Many eggs leave the body via the urine but
many more become trapped in the tissues causing an inflammatory reaction that
leads to morbidity.

Mass drug administration (MDA) was the main strategy to control schistosomi-
asis morbidity in endemic areas. Although the strategy reduced the rate of disease
and sickness, reinfection remained a problem. In addition, cercariae and infected
snails were still present after MDA and thus new infections occurred. Hence, we
believe a better control of schistosomiasis can be achieved by cutting off the
transmission through elimination of the intermediate host (snail) prior to MDA.
Although the use of WPN is cheap and results in little environmental pollution we
believe the short half-life of niclosamide in the environment and the lack of
accumulation effect makes it superior in the control of Bulinus. Furthermore, our
research shows that MSCN had superior molluscicidal effects against Bulinus
compared with WPN. Snail control with MSCN is an important means to reduce
the transmission of schistosomiasis, and a key point in local schistosomiasis control.
Since 1950 the national schistosomiasis control program was initiated, snail control-
based integrated control strategy has been involved in the National Schistosomiasis
Control Program and played a critical role in the control of the disease. Since 1992
World Bank Loan Project for Schistosomiasis Control (WBLP) initiated in 1992, as
the only recommended molluscicide drug by the World Health Organization
(WHO), niclosamide has been widely used for killing snails in areas of China
where the parasite is endemic, which has contributed significantly to the interruption
and control of transmission of Schistosoma japonicum in China. It is reported that
the molluscicidal efficacy of niclosamide is affected by the field environment and
climate conditions. In addition, the molluscicidal effect of the same batch and dose
of drug varies in different endemic foci. It is therefore considered that niclosamide
with the uniform dose may achieve various molluscicidal efficacies among different
endemic foci in the country. On the one hand, the expected molluscicidal effect is not
achieved in some endemic areas, which leads to snail breeding or spread and thus is
not beneficial for the prevention and control of the disease. On the other hand,
excessive drugs are used in some endemic areas, leading to wasting of resources and
aggravation of environmental burden. However, the causes for the inconsistence of
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molluscicidal efficacy remain unknown. The present study was conducted to quan-
titatively assess the effects of environmental temperature and immersion time on
sensitivity of Oncomelania snails to niclosamide and determined the sensitivity of
snails collected at different seasons and from various areas to niclosamide in
laboratory, so as to establish the basic database of niclosamide sensitivity in snails
in Chinese mainland. Such a study would provide theoretical evidence for selection
of appropriate drug dose for snail control in different various endemic foci. Based on
the current study, a standardized protocol of mollusciciding which meets the
requirement of snail control in the field would be developed, so as to achieve the
maximal molluscicidal efficacy and reduce the consumption of the drug. On the one
hand, the cost of snail control will be saved, and the resource collocation will be
effectively optimized, so as to facilitate the progress and development of schistoso-
miasis control. On the other hand, the environmental pollution and environmental
burden would be reduced to the maximal degree, so as to the sustained development
of mollusciciding. A large number of applications in China in the past ten years
confirmed that MSCN was more efficient against Oncomelania (the intermediate
hosts of S. japonicum) and was less toxic to fish than WPN (Li et al. 2012). MSCN
was developed to overcome the problems associated with WPN formulation includ-
ing clumping during transport and difficulty in dispersion. To date though, field
application of MSCN in Africa against Bulinus has not been reported. This research
studied the effects of MSCN on the control of Bulinus. The trials carried out on
Pemba Island with MSCN are very encouraging. In the laboratory, immersion with
0.200 mg/L of MSCN and higher concentrations of WPN achieved 100% snail
mortality. MSCN was therefore found to be more effective against Bulinus than
WPN. The observation of the short-term (one month) and the long-term (three
months) effects after application showed that MSCN had a high molluscicidal effect
against Bulinus and is likely to be a powerful weapon in the control of S.
haematobium.
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Chapter 10
Human Chemotherapy by China-Made
Praziquantel in Zanzibar: Efficacy
and Safety

Xinyao Wang and Salum Abubakar

Abstract Schistosomiasis is a global neglected tropical parasitic disease of great
medical and economic significance. Since praziquantel was developed in 1970s, it
has replaced other antischistosomal agents to become the only drug of choice for the
treatment of human schistosomiases. Currently, mass drug administration with
praziquantel remains the global strategy for schistosomiasis control. In the roadmap
on the neglected tropical diseases (NTD) the World Health Organization (WHO)
aims at attaining at least 75% coverage of preventive chemotherapy in pre-school
and school-age children by 2020. A randomized controlled trial was performed to
compare the effectiveness and safety of praziquantel in treating Schistosoma
haematobium in Africa using two different sources for the drug, Merck Limited
Partnership (KgaA), Germany and Nanjing Pharmaceutical Factory (NPF), China.
More than 6000 participants testing positive for S. haematobium infection were
enrolled from three villages (shehias) situated in the northern, middle and southern
part of Pemba Island, Zanzibar. Applying criteria of inclusion and exclusion,
resulted in a study population of 152 people (84 males, 68 females). A randomized
controlled trial was conducted assigning participants to either praziquantel from NPF
or Merck KGaA. After 1 month, the cure rate of S. haematobium and adverse events
were compared. The ratio of male to female, the ratio of light/high infection
intensity, and the average value of age were calculated between the two drug
manufacturers. Chi-squared test and T-test were used for consistency analysis. Out
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of the total of 73 cases receiving praziquantel from NPF, the cure rate achieved was
97.3% (73/75), while the 74 cases receiving the drug from Merck KgaA reached a
similar cure rate (96.1% or 74/77). There was no significant difference between the
two outcomes (χ2 ¼ 0.003, P ¼ 0.956). Among the 75 patients treat, only one
(a 16-years old female student), who had received the drug made in China had slight
adverse reactions manifested as dizziness, headache and abdominal pain. The
efficacy of China-made praziquantel does not differ significantly from praziquantel
made by Merck KGaA in Germany.

Keywords China-made praziquantel · Schistosoma haematobium · Randomized
controlled trial

10.1 Background

Schistosomiasis remains as an important public health issue in tropical and subtrop-
ical regions of the world, and this neglected tropical disease ranks second only to
malaria in terms of its medical and socioeconomic significance among all parasitic
diseases. Currently, this tropical parasitic disease is estimated to affect over 200 mil-
lion people globally, with further 800 million people at risk of infections (Collins
et al. 2012; van Dam et al. 2015). Human schistosomiasis syn. Bilharziasis is a
parasitic disease caused by trematode flukes of the genus Schistosoma. The trema-
tode digenetic parasites in the family Schistosomatidae (phylum Platyhelminthes)
infect a wide range of mammals, and six species of the genus Schistosoma are of
major medical importance, including Schistosoma mansoni, S. japonicum,
S. haematobium, S. intercalatum and S. mekongi and S. malayensis (Barsoum
et al. 2013; Lewis and Tucker 2001). S. mansoni is widely prevalent in Africa,
South America and Caribbean countries, and S. japonicum is mainly distributed in
China and Indonesia, while the distribution of S. mekongi is limited in Cambodia and
Laos, and S. intercalatum is only found in parts of Central and West Africa. In
addition, S. haematobium is distributed through African countries and in some
regions of the Middle East. However, S. haematobium has been recently detected
in Europe and even outbreaks of schistosomiassi haematobia occur in Corsica,
France, which has received global attention. Upon infection, S. haematobium may
cause urinary schistosomiasis in humans, presenting a range of complications, and
S. haematobium infections have been linked with bladder cancer (Antoni et al. 2017;
Khurana et al. 2005).

Praziquantel, 2-(cyclohexylcarbonyl)-1,2,3,6,7, 11b-hexahydro-4H-pyrazino [2,
1-a] isoquinolin-4-one with a molecular formula of C19H24N2O2, is an anthelmintic
drug that was developed by E. Merck and Bayer A at early 1970s. As a broad-
spectrum anthelmintic, this agent is widely active against a broad range of parasitic
helminths, including schitsosomiasis, clonorchiasis, opisthorchiasis, tapeworm
infections, cysticercosis and echinococciasis (Bobyreva et al. 2016). Although
several hypotheses have been proposed for explaining the mechanisms of
praziquantel actions, such as calcium ion channels, tegument damages, and
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multi-drug resistant proteins MRP1 and P- glycoprotein, the exact mechanisms
remain. Praziquantel is in the anthelmintic class of medications. It is highly effective
and remains the drug of choice for the treatment of all forms of schistosomiasis
infection (Cioli and Picamattoccia 2003) Although safe and generally without
serious side effects, praziquantel can still cause poor coordination, abdominal pain,
vomiting, headache and allergic reactions. While it may be used in women during
pregnancy for the second trimester, it is not recommended for the mother when
breastfeeding (Xu et al. 2014).

The global schistosomiasis elimination strategy proposed by the World Health
Organization (WHO) involves a large-scale treatment for affected populations
through periodic, targeted treatment of school-children with praziquantel (Organi-
zation 2014). In 2008, Merck KgaA, Darmstadt, Germany started a program donat-
ing 20 million tablets (600 mg) annually, which is still ongoing (Hotez and Fenwick
2009). However, in 2012, Merck-KGaA committed to increase its donation to
250 million tablets of praziquantel per year until schistosomiasis is eliminated. To
bolster this donation, additional amounts of praziquantel and resources for imple-
mentation were provided by other partners (Tchuem Tchuente et al. 2017). Many
companies around the world produce praziquantel, such as E-merck, Bayer, Miles,
Korea Daewoo, etc. The largest output is Bayer, with an annual output of more than
50 tons. In recent years, due to various reasons, the output of these companies has
been reduced to varying degrees, and some have also stopped production. In
previous years, the total annual output of praziquantel around the world was about
200 tons. Whilst there is now growing access to praziquantel for schistosomiasis
control in sub-Saharan Africa, it is not at the level of projected requirements to reach
all people at risk and requiring treatments (Stothard et al. 2013). Analysis of data
reported on treatment coverage for schistosomiasis show that utilization of available
praziquantel by NTD programmes is not yet optimal in many countries (Organiza-
tion 2015, 2016).

Praziquantel was successfully synthesized in China in 1977 and began to be used
in clinical trials, with officially put on the market in 1982. For more than 30 years,
China’s annual production capacity and output of praziquantel have steadily
increased. In the 1980s, China’s annual production capacity of praziquantel was
not below 20 tons, and the annual output was only more than 10 tons. By the 1990s,
the annual production capacity reached more than 30 tons, with an annual output of
more than 20 tons. At the end of the twentieth century, the annual production
capacity reached nearly 50 tons and the annual output was about 35 tons. For
many years, Nanjing Pharmaceutical Factory and Shanghai No. 6 Pharmaceutical
Factory have been the main producers of praziquantel, with annual output and
exports accounting for more than 80% of the country’s share. Since the twenty-
first century, many enterprises in Jiangsu, Zhejiang, Anhui and other places had
successively invested in the production of praziquantel. In the past, Zhejiang Hisun
Pharmaceutical had also cooperated with foreign countries to build a 40-ton annual
production line of praziquantel. China’s annual production capacity had increased to
more than 150 tons, with an annual output of more than 80 tons, thus becoming the
world’s major producer of praziquantel. For a long time, sales of praziquantel in the
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domestic market have been relatively stable, usually 10–20 tons. In years of severe
floods in areas with frequent schistosomiasis infections in southern China, sales of
praziquantel have sharply increased and even doubled. From 1993 to 1995, the
annual export volume was only about ten tons. Since then, China’s export of
praziquantel has continued to grow. From 1996 to 1998, the annual export volume
reached about 20 tons; at the end of the twentieth century, the export volume
increased significantly, reaching more than N3o tons; at the beginning of the
twenty-first century, China’s praziquantel export volume again There has been a
substantial increase, exceeding 40 tons, and the export volume now exceeds 60 tons
(Zhang 2013).

The increased use of the drug is attributable to many factors, including improved
availability of donated praziquantel, essentially from Merck, which has led to some
countries implementing large-scale schistosomiasis control programmes and scale-
up of praziquantel treatment (Knopp et al. 2016). In 2012, WHO’s roadmap on
neglected tropical diseases set out a comprehensive plan for the control, elimination
and eradication of 17 neglected tropical diseases by 2020, and the global target of
WHO in the roadmap on neglected tropical diseases (NTD) is to attain at least 75%
coverage of preventive chemotherapy in pre-school and school-age children by 2020
(Molyneux et al. 2017). Praziquantel has been used to treat schistosomiasis for a
long time in China and the experience demonstrates that preventive chemotherapy
(i.e., large-scale treatment without individual diagnosis) with high coverage signif-
icantly impacts infection indices and even reduces transmission (Wu et al. 1993).

Schistosomiasis was once highly prevalent in China. In 1950s, over 11 million
Chinese people were infected with this endemic disease, which was named “God of
Plague” by Chairman Zedong Mao, the founder of the People’s Republic of China.
Since middle 1950s, a strong political will was committed to schistosomiasis control
in China, and the national schistosomiasis control programme was initiated. Follow-
ing the concerted efforts for decades, snail control-based integrated control strategy,
praziquantel chemotherapy-based integrated control strategy and the integrated
strategy with emphasis on management of the source of S. japonicum infections
were sequentially implemented in China, which resulted in great successes in the
national schitsosomiasis control programme in the country. In 2015, the transmis-
sion of schistosomiasis was effectively controlled in China, which encourages the
goal set for global elimination of schistosomiasis in this wormy world. In the context
of China-Africa Forum, the Chinese government committed to transfer its successful
experiences gained from public health concerns to African counties, including
parasitic diseases.

In 2014, WHO signed a tripartite memorandum of understanding (MOU) with
China and Zanzibar, paving the way for the launch of a pilot schistosomiasis
elimination plan in Zanzibar. The main goal is to control and eliminate schistoso-
miasis based on the experience of China’s National Schistosomiasis Control Pro-
gram. The project on Pemba Island is an emergency project for schistosomiasis
control in China. The early stage of the project is to carry out the prevention and
control of schistosomiasis in three villages (shihias) named Mtangani, Kiuyu and
Wingwi through snail control, population survey and treatment. (LV 2017 May 11;
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Michuzi 2014 May 24; Organization 2014 May 21; Xu et al. 2016). A randomized
trial study of the efficacy of two different sources for the drug, Merck Limited
Partnership (KgaA), Germany and Nanjing Pharmaceutical Factory (NPF), China
has been carried out in the early stage. Based on this, this study evaluated the
effectiveness and safety of China-made praziquantel in the treatment of
schistosomiasis.

10.2 Methods

10.2.1 Ethics Statement

In the preliminary randomized controlled study, all subjects have signed the
informed consent form for this study. For all underage participants, parents or
guardians provided informed consent on their behalf. The praziquantel made in
China used has been certified by the Zanzibar Food and Drug Administration
(ZFDB). The preliminary research was also approved by the local government of
Pemba Island. In addition, the Zanzibar Ethics Review Board approved all studies
described here (ZAMREC/002/MAY/014). The previous results have been
published in the PLoS article https://journals.plos.org/plosntds/article?id¼10.1371/
journal.pntd.0007238.

10.2.2 The Efficacy of China-Made Praziquantel

Zanzibar is composed of two sister islands, Unguja and Pemba, situated off the
eastern coast of Tanzania mainland between latitudes 4� and 5� South (Zanzibar).
Zanzibar is endemic for schistosomiasis haematobium. The intermediate host is
Bulinus globosus (Goatly and Jordan 1965; Knopp et al. 2013). The previous
study was carried out on Pemba Island, and this study used a randomized controlled
trial (Garcia et al. 2014). Three shehias, Mtangani, Kiuyu and Wingwi, situated in
northern, central and southern Pemba, respectively, were selected as study area.
Three pilot areas proceeded schistosomiasis control in the early stages of assistance.
A series of meetings was held at the shehias and their schools to explain the
objectives, procedures, and potential risks of the study. After more than a year to
complete the study, the study eventually recruited more than 6000 participants.
Applying the inclusion and exclusion criteria (see below), the final study population
was 152 (84 males and 68 females). People were enrolled randomly into to two
groups: group A received praziquantel (batch number: 20170303) from Nanjing
Pharmaceutical Factory Co Ltd. (NPF), Nanjing donated from China and group B
received batch number: M50812 from Merck Limited Partnership (Merck KgaA),
Darmstadt, Germany donated from WHO for the treatment of schistosomiasis in
Africa.
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The dose is 40 mg/kg of drug body weight given in a single oral dose according to
the manufacturer’s instructions. Merck (Merck) KgaA Praziquantel is larger than
NPF. However, the medication is taken at 40 mg/kg body weight. One day therapy
for treatment. When administering, take it until the patient takes it. The staff of the
NTD Office of the Ministry of Health of Zanzibar will instruct the drug distributors
after confirming the allocation of treatments based on the random sequence gener-
ated by the computer. The NTD staff and participants was unmasked to the treatment
assignment, but the laboratory technicians were masked to samples examination
throughout the study.

10.2.3 The Safety of China-Made Praziquantel

The NTD staff recorded the exact time of drug ingestion. Participants were observed
for 2 hours after taking the drug to see adverse events and were continually observed
at home by the assistance of local public health community center(PHCU)staff. They
followed up on the medications every day to see adverse events. If anybody was
vomiting within 2 hours of drug ingestion, a second dose was given (Fig. 10.1).
People without relevant symptoms were followed up at 1–2 hours after chemother-
apy, at the second day, 2 weeks, and 1 month after chemotherapy, to observe the side
effects of the nervous system, digestive system, and cardiovascular system after
chemotherapy, and whether the occurrence of allergic reactions and their side effects
have delayed effects (Table 10.1).

Fig. 10.1 Participant taking medication
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10.2.4 Procedures

Inclusion criteria were the following: people permanently living on the island
including residents and students of ages between 5 and 60 years who had been
shown to be infected by S. haematobium as confirmed by urine test (worm eggs
detected), and agreed to receive treatment and a 1-month follow-up visit; the resident
stayed on Pemba Island for a month after taking the medicine. Exclusion criteria

Table 10.1 The efficacy of praziquantel for treatment of Schistosomiasis haematobium in Zanzibar

Controlled number: JIPD-401

A. Basic information
1.Name: Gender: M/ F Birth date: Year Month

2. Project ID: National ID:

3. Name of householder: Tel:

4. Shehia: Village: School:

5. GPS of household: South � East �

6. Occupation: 1¼ Farman; 2¼ Fishman;3¼Student; 4¼Workman;5¼Businessman; 6¼Others

7. Education: 1¼Unschooled; 2¼ Primary school; 3¼Secondary school; 4¼ High School;
5¼College

B. Diagnose and treatment
1. The diagnose:
Date: ; Visible haematuria: 1¼Yes; 2¼No; Egg amount:

Date: ; Visible haematuria: 1¼Yes; 2¼No; Egg amount:

Date: ; Visible haematuria: 1¼Yes; 2¼No; Egg amount:

Date: ; Visible haematuria: 1¼Yes; 2¼No; Egg amount:

Date: ; Visible haematuria: 1¼Yes; 2¼No; Egg amount:

2. The treatment:

Date: ; Praziquantel type: 1¼China, 2 ¼ WHO; Weight: Kg; Tables:

Date: ; Praziquantel type: 1¼China, 2 ¼ WHO; Weight: Kg; Tables:

Date: ; Praziquantel type: 1¼China, 2 ¼ WHO; Weight: Kg; Tables:

Date: ; Praziquantel type: 1¼China, 2 ¼ WHO; Weight: Kg; Tables:

Date: ; Praziquantel type: 1¼China, 2 ¼ WHO; Weight: Kg; Tables:

C. Feeling after treatment 1 ¼ seious,2 ¼ mide;3 ¼ No

1. Date:

Dizziness: Headache: Nausea: Anorexia: Abdominal pain: Diarrhoea:
Vomiting Body weakness:

Cough: Itchy skin: Skin rash:

2. Date:

Dizziness: Headache: Nausea: Anorexia: Abdominal pain: Diarrhoea:
Vomiting Body weakness:

Cough: Itchy skin: Skin rash:

3. Date:

Dizziness: Headache: Nausea: Anorexia: Abdominal pain: Diarrhoea:
Vomiting Body weakness:

Cough: Itchy skin: Skin rash:
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were the following: people refusing chemotherapy of praziquantel; women pregnant
or lactating at the time of the study; people with serious adverse drug reactions;
patients with severe heart, liver or kidney problems; those with a history of mental
illness; and patients who for various reasons did not take medication on time;
patients who disappeared less than a month after taking the medicine.

Urine was collected and tested in 2017. Every participant provided a fresh urine
sample used to detect the presence of S. haematobium. The NTD staff subjected all
potential participants to physical examination and eligibility check (Fig. 10.2). We
used a 10 ml syringe to extract 10 ml and filtered the urine, repeatedly shaking the
cup to include eggs that that has a tendency to collect at the bottom. The filter device
was prepared according to WHO recommendations with the filter taken out and
placed on a glass slide before microscopy (Fig. 10.3). Only participants found
positive and otherwise meeting the criteria were included in the study.

Within 1 month after taking the medicine, follow-up was conducted with urine
were collected and tested in the same way again. Signs and symptom indicating
adverse effects, inter-current illness or abdominal pain was recorded for the preced-
ing month. Quality control measure was used for inter-observation variability, and
technician retested a random selection of 10% of slides in the laboratory. At end of
the study, all participants who still excreted S. haematobium eggs (i.e., who had not
been cured) were again treated with praziquantel.

Fig. 10.2 Collection of urine and questionnaire
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10.2.5 Outcome

The outcome was a comparison of the cure rates after either having received
praziquantel from NPF or Merck KgaA and the rate of severe adverse events.

10.2.6 Statistical Analysis

Serial report forms were used to collect the data from the participants. Epi Info
(Centers for Disease Control and Prevention), SPSS 20.0 (International Business
Machines Corporation) and PASS 16 (NCSS) were used for data entry and analysis.

The sample size was calculated by cross-sectional survey, 95% confidence
interval (CI) (Zα/2 ¼ 1.96), 5% margin of error and design effect of 2.5. According
to previous study, the infection rate of schistosomiasis in Pemba was about 6.0% and
following the function of N ¼ Z2

1�α=2 1� pð Þ=ε2p (Lv and Feng 2016). The outcome

of power was 0.99975, which met the requirements. For the estimation of sample
size in the early stage, we set the accuracy to 10% of the expected incidence rate to
estimate the sample size.

Fig. 10.3 Testing of collected urine in a laboratory
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In this study, S. heamatobium infection intensity was determined as light (1–49
egg/10 ml urine) and heavy (�50 eggs/10 ml urine) (Organization 2002). The ratio
of male to female, the ratio of light infection intensity to heavy, and the average
value of age was firstly calculated between the NPF and Merck KgaA praziquantel
groups, Chi-squared test and T-test were used to analysis the consistency.

A two-sided of Chi-squared test was used to compare the cure rate of positive and
adverse reactions between different groups. The size of the test or α level was set to
5%, with 95% CI, with exact binomial estimates when necessary. The number of
eggs and logarithmic transformation was in a skewed state, so the median value was
used to analysis the change of infection intensity between the NPF and Merck KgaA
praziquantel groups after praziquantel treatment.

10.3 Results

10.3.1 Baseline Characteristics

A total of 6740 people were enrolled from three shehias in Pemba Island Zanzibar,
Urine samples were collected and tested in April 2017 (Fig. 10.4). According to the
criteria of inclusion and exclusion, 152 people (84 males, 68 females) were included
consisting of 45 participants from Mtangani, 76 participants from Kiuyu and 31 par-
ticipants from Wingwi. Participants were randomly assigned to study groups,
75 people received NPF praziquantel (males: 37, females: 38) and 77 Merck
KgaA praziquantel (males: 47, females: 30) (Table 10.2). There was no significant
difference of age in the two groups (t ¼ �0.424, P ¼ 0.672) with a median of 14 for
both Merck KGaA and NPF. There was no significant difference of the number of
eggs in the two groups (t ¼ �1.130, P ¼ 0.261) with the median value in Merck
KGaA and NPF 8 and 9, respectively. There was good consistency with respect to
age and gender for S. haematobium infection and intensity between the two groups.

10.3.2 Efficacy of China-Made Prazqiuantel

Seventy three of the 75 cases receiving the NPF praziquantel were all negative
translating into a cure rate of 97.3%. With regard to the Merck KgaA praziquantel,
treatment the cure rate was 96.1% (74/77). There was no significant difference in the
cure rate between the two groups (χ2 ¼ 0.003, P ¼ 0.956).

In Mtangani, 20 were people tested negative out of the 21 who had received the
NPF praziquantel (cure rate¼ 95.2%), while 21 of the 24 receiving the Merck KgaA
praziquantel were cured translating into a rate ¼ 87.5%. There was no statistically
significant difference (χ2 ¼ 0.038, P ¼ 0.845). In Wingwi, 16 patients received
praziquantel from NPF and 15 were negative (cure rate ¼ 93.8%). With regard to
Merck KgaA praziquantel, all 15 treated patients were negative, so the cure rate was
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100.0%. Also here, there was no statistical significant differences between the two
groups (χ2 ¼ 0.016, P ¼ 0.900). In Kiuyu, finally, there were 38 people in both
groups and they were all cured, so the cure rate was again 100.0% in two groups.

As seen in Tables 10.3 and 10.4, there was no statistical difference with respect to
gender (male: χ2 ¼ 0.027, P ¼ 0.869; female: χ2 ¼ 0.001, P ¼ 0.977) or the degree
of infection (light: χ2 ¼ 0.0003, P ¼ 0.986; heavy: χ2 ¼ 0.001, P ¼ 0.973).

One month after treatment, only two cases were found in the NPF group; the
number of eggs was one and six, respectively, while three cases appeared in the
Merck KGaA group with 3, 12 and 20 eggs, respectively. The final egg reduction
rate was thus 99.8% (4285/4292) in the NPF group and 98.7% (2620/2655) in the
Merck KGaA group.

Table 10.3 Results of urine sample testing before and after treatment of NPF and Merck KgaA
praziquantel with respect to gender

Drug Gender

Positive
before
treatment
(no.)

Negative
after
treatment
(no.)

Negative rate after
treatment (%
proportion)

Results of
chi-square test
(p-value)

NPF
praziquantel

Male 37 37 100.00% 0.869

Female 38 36 94.74%

Merck
KgaA
praziquantel

Male 47 45 95.74% 0.977

Female 30 29 96.67%

Table 10.4 Results of urine sample testing before and after treatment of NPF and Merck KgaA
praziquantel with respect to the degree of infection

Degree
of
infection Drug

Positive
before
treatment
(no.)

Negative
after
treatment
(no.)

Negative rate after
treatment (%
proportion)

Results of
chi-square test
(p-value)

Light
degree

NPF
praziquantel

28 27 96.43% 0.986

Merck
KgaA
praziquantel

66 64 96.97%

Heavy
degree

NPF
praziquantel

9 8 88.89% 0.973

Merck
KgaA
praziquantel

11 10 90.91%
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10.3.3 Safety of China-Made Praziquantel

The side effects included dizziness, headache, nausea, anorexia, abdominal pain,
diarrhea, vomiting, body weakness, cough, itchy skin and skin rash. Among the
152 patients, only one 16-year old female student experienced slight adverse reac-
tions, manifested as dizziness and headache of receiving the NPF product. No other
adverse effects occurred.

10.4 Discussion

Praziquantel is a heterocyclic isoquinolinazine derivative synthesized in 1972 by the
two Germany firms E. Merck and Bayer Pharmaceuticals (Xu et al. 2009). Outside
Germany, the drug was first synthesized by Chinese company in 1977, which was
subsequently used in clinical practices in the country in 1978. Due to a high curative
effect, easy administration, low cost and a high safety, praziquantel iswidely used for
clinical treatment on a large scale of various stages of schistosomiasis in China (Guo
2006; Xu 1988). Since 1980s, praziquantel has been widely used in the morbidity
control, transmission control and transmission interruption, as well as prevention of
schistosomiasis japonica in China, and synchronous chemotherapy with
praziquantel for humans and livestock is the most important component in the
praziquantel-based integrated schistosomiasis control strategy. Since 1992 when
the World Bank Loan Project for Chinese Schistosomiasis Control Programme
began in China, mass drug administration with praziquantel was recommended in
endemic foci with a > 15% prevalence of S. japonicum human infections, expanded
chemotherapy in endemic foci with 10–15% prevalence rates of infections, and
selective chemotherapy in endemic foci with <5% prevalence of infections.
Praziquantel chemotherapy, the cornerstone of the integrated control strategy during
the stage moving from morbidity control to transmission control, has been proved to
be effective to reduce the prevalence and intensity of S. japonicum infections in
China. More importantly, there is no evidence of resistance to S. japonicum detected
in main endemic foci of China, although this agent has been extensively used for
chemotherapy in both humans and livestock in China for more than 30 years. This
implicates that praziquantel remains a strong weapon for the fight against the God of
Plague in China during the stage moving towards the progress of elimination of
schitsosomiasis. However, the efficacy and safety of China-made praziquantel for
the treatment of S. haematobium infections have never been reported in African
countries.

Although S. haematobium is widespread in Africa, no large amounts of China-
made praziquantel made by NPF have been used on a large scale. Most praziquantel
used in Africa comes is from Merck KgaA through the WHO donation mentioned
above (Gryseels et al. 2006; Olds et al. 1996; Webbe and James 1977). However, the
actual demand over the last 5 years was about 400 million tablets, which above what

174 X. Wang and S. Abubakar



can be met by the donation. It is thus important to find another source of effective
praziquantel that is not expensive (Fenwick 2006; Hotez and Fenwick 2009; Threats
2011).

This study investigated the feasibility of China-made praziquantel to complement
what is currently available. Non-inferiority margins limit the allowable range of
clinically acceptable medicines and comparator drugs. From the perspective of
clinical efficacy, and against the background of previous test results, it must be
repeatedly demonstrated that a drug is superior to these margins. Sometimes, a cost-
benefit analysis may be necessary. However, this study did not investigate the
efficacy of praziquantel per se, but used traditional statistical methods to compare
the differences in efficacy between the two products to prove the possibility of using
Chinese praziquantel for the treatment and prevention of schistosomiasis
haematobium. For non-inferiority margins, relevant studies will be conducted
again in the future.

This study may be limited in that the study of testing only relatively more than
6000 people from three shehias. However, this was done to serve as a reflection of
the overall situation on Pemba Island. The studies proved to be a strong indication
there was no difference between the NPF praziquantel and that made by Merck
KgaA in efficacy. In the results, the cure rates of different shehias were compared,
and then the overall cure rates were compared, just to observe whether there were
statistical differences in different shehias, and then make an overall comparison. The
drug made by Merck KgaA is a 600 mg per tablets, the price is about 2.39 US
dollars. The China-made praziquantel is 200 mg per tablets, the price is about 0.25
US dollars. With the same curative effect, praziquantel made in China is cheap,
which is conducive to large-scale application in Africa to meet the needs of schis-
tosomiasis control in the region (Frye 2012; Kusel and Hagan 1999; Reich et al.
1998; Xiao 2005).

Although praziquantel is effective in the treatment of schistosomiasis, side effects
have been reported clinically and in the field (Ming-Gang 2005; Stelma et al. 1995).
Since praziquantel is made from a mixture of left-handed and right-handed isomers
during the production process, animal experiments have confirmed that lev-of-
praziquantel is the main insecticidal component, while dextro-praziquantel has little
insecticidal effect, which is main factor for causing side reactions. We recorded only
one adverse effect, which could be due to differences in drug manufacture (Midzi
et al. 2008). However, this occurrence was to minor, and a large-scale trail would be
needed to rule this out or put it on a better footing. The fact that the common side
effects, mainly reactions from the neuromuscular, digestive, or cardiovascular sys-
tem sometimes due to allergy, are generally light and disappear in a short time,
makes a comparison difficult without reverting to large-scale trails. Even severe
reactions may occur in individual cases, such as syncope, ataxia, angina pectoris and
severe arrhythmia, might be easier to record but they are very rare (Chen and Wen
2007). Finally, what makes the study of side effects difficult is that they may be
related to the dose, route, purity, time, dosage form, physical properties of the drug,
and individual differences in the drug administration (Julien 1995; Lu and Xu 1998;
Xu et al. 2009). Through studying of other researches, China-made praziquantel had
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also good effectiveness to treat schistosomiasis haematobium (Wu 1994; Wu and
Qiu 1990). Through the previous study, it was found that domestic praziquantel only
had one mild adverse reaction, and its safety is worthy of affirmation. It can be used
on a large scale in Africa, thus contributing to the elimination of schistosomiasis by
Chinese.

In conclusion, this study indicates that China-made praziquantel has good effi-
cacy and minor side effects. China-made praziquantel can be used to treat
S. haematobium infections in Africa on a large scale.
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Chapter 11
A Package of Health Education Materials:
Effectiveness for Schistosomiasis Control
in Zanzibar

Jian He, Da-Cheng Xu, and Racheal Nassiwa

Abstract This chapter starts by the evaluation of community’s and schoolchildren’s
knowledge, attitude, practices (KAPs) on urogenital schistosomiasis caused by
Schistosoma haematobium in Pemba, Zanzibar. After the baseline survey, applica-
tions of health education were also introduced. At the end, there is a study of the
effectives of schistosomiasis health education sessions in primary and secondary
schools.

Keywords Knowledge-attitude-practise · Health education · Behavior intervention ·
Zanzibar
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Health education and behavior interventions have a beneficial impact on schistoso-
miasis control, they are recognized as not only key components of schistosomiasis
control, but also good supplements of disease control strategy (Chen et al. 2016;
Price et al. 2015). The experience of Schistosomiasis control for China also showed
that health education and behavior interventions had a beneficial impact on disease
control (Shi et al. 2015; Zhang et al. 2016). A series of trials and evaluation of health
education and behavior interventions were carried out in Zanzibar, and most of them
were school-based (Celone et al. 2016; Stothard et al. 2016; Stothard et al. 2006).
The community was always considered as an important part of health education and
behavior interventions targets (Israel et al. 1998; Kloos 1995). To improve people’s
schistosomiasis control awareness of people in Pemba, a series of methods were
implemented by the project.

11.1 Baseline Survey of Knowledge, Attitude and Practice

At the beginning of the project, a knowledge, attitude, and practices (KAPs) survey
towards schistosomiasis haematobium, along with urine sample collection among
residents and schoolchildren, was implanted, it would help find schistosomiasis-
related KAPs of the targeted population, provide the basis for future health education
and behavior interventions strategy.

11.1.1 Methods

11.1.1.1 Study Area and Study Design

The United Republic of Tanzania was established in 1964 by Tanganyika and
Zanzibar. Unguja and Pemba are two main islands of Zanzibar archipelago in the
Indian Ocean, which are located to the east of mainland Tanzania. Pemba island has
two provinces, which are further split into small areas called shehias, according to
population and housing census in 2012, the number of shehias was 121 (Knopp et al.
2016). The area of the island is 1014 km2, it is broken up into many small valleys
with vegetation-choked watercourses and ponds; larger ponds and lakes are found in
the eastern-central region of the island (Savioli and Mott 1989). It has two rainy
seasons occurs every year, a long rainy season usually occurs between March–June
while a short one between October–December (Ali et al. 2006). The prevalence of
schistosomiasis was 6% in adults and 10% in school children respectively in 2012
(Knopp et al. 2016; Knopp et al. 2013).

Before the survey, main water sources including streams, rivers and ponds were
investigated in the island, so, in this study, 29 shehias which are near the water
sources were selected as study area, cause these areas could be the most endemic
areas of the island (Fig. 11.1). The map shapefile map was freely downloaded from
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Fig. 11.1 The distribution of study region and prevalence of urogenital schistosomiasis in Pemba
island, Zanzibar

11 A Package of Health Education Materials: Effectiveness for Schistosomiasis. . . 181



https://www.cdc.gov. A cross-sectional survey was conducted among the residents
and schoolchildren, including KAPs survey and urine sample collection.

11.1.1.2 KAPs Survey

Three types of questionnaires were used in the survey: Family information for
households, KAPs questionnaires for residents and students separately. A
pre-survey was carried out in a few households before the survey, the feedback
from the interviewers was collected to improve the quiz for an easier understanding
of them. Validated bilingual questionnaires (Kiswahili and English) were designed
for the households, residents and students respectively. Inclusion criteria was:
(1) People who lived near the waterbodies in the villages, (2) The livelihood of
them were mostly centred on agriculture, livestock keeping and housework (washing
and looking after kids etc.) (Koffi et al. 2018). Other similar studies were taken as
reference for simple size, 120 households in each shehia were investigated (Knopp
et al. 2012). Households would be revisited again if they weren’t available in the
previous day. In each family, one (family members < 4) or two (family members �
4) family members whose age over 12 were questioned about KAPs separately, the
investigator used a random number table (range from 1 to 10, ship the random
number if it was bigger than the number of family members) to choose the inter-
viewees. In this part, if the interviewees were still students, they would be excluded.
Five shehias didn’t contain primary school, and in the rest shehias, schools had
largest pupil members was selected in each place, so 21 schools were taken into the
study, and one classroom students of each school were selected, which were chosen
by random number table, including the primary school (6 � age � 12), middle
school (12 � age � 15) and high school (15 � age � 18). The household
questionnaire was used to collect some socioeconomic information including demo-
graphic information, family income, sanitation facilities, family’s past medical
history of schistosomiasis, etc. The KAPs questionnaire contained medical records,
including past medical history and history of treatment, knowledge about schisto-
somiasis, its host and transmission, and knowledge sources. In attitude and practice
part, attitude toward disease prevention, access to praziquantel (PZQ) and doctor,
urinating in ponds or rivers and other water contact activities like swimming,
washing and passing were questioned. The difference between the KAPs question-
naire of residents and students was the personal information, the students need to
write their village and household name to find their family information. A unique
code for the interviewees contained shehia, village, house and individual
information.

Trained research assistants and staff from the Ministry of Health (MoH) NTD
office collected information from residents via face-to-face interviews. For students,
the interview was in the classroom, students accompanied by their teachers, the NTD
staffs collected the data in the classroom.
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11.1.1.3 Parasitology

The urine samples collection was implemented after the KAPs survey, based on
other similar reference, 70 residents who received KAPs survey before in each
shehia and 30 students received KAPs survey in each school were selected by
random number table (Knopp et al. 2012). Urine samples were collected from the
participants in 100 ml clean, labelled, and screw-capped plastic containers. The
samples were usually collected between 9–11 a.m. and stored in suitable cool
boxes (4–6 �C), then, they were delivered to the laboratory in the afternoon. Visible
hematuresis was checked by experienced laboratory testers, diagnose of schistoso-
miasis haematobium were checked by filtration method under the microscope, and
for the positive urine samples, the number of eggs was accounted (Wynn et al. 1993).
Ten percent of the samples were selected randomly and re-examined by another staff
to confirm the results.

The family information, KAPs and urine test results were checked again for the
association study, records which had wrong or missing interviewee code would be
excluded. In this part, we aimed to get an interviewee’ family information, KAPs
about the disease and urine test result, which can be used to discuss the relationship
between them.

11.1.1.4 Data Analysis

Data from the questionnaire and laboratory examinations were entered into Epidata
version 3.1 (Atlanta, USA). Microsoft Office Excel 2016 (Microsoft, Redmond,
WA) and SPSS Version 24.0 (IBM Corp, Armonk, NY) were used for data man-
agement and analysis. Descriptive analysis was used to display the KAPs in resi-
dents and students, and Chi-square test was used to compare the difference of
percentage between them, while binary logistic regression was used to find risk
KAPs factors of the disease.

The quality control of our data rooted in standardization of methods and docu-
mentation: interviewers were ensured comprehending the meaning of the question-
naire through training, the questionnaire data and lab examination result were
traceable, double data entry by NTD staffs ensured accuracy of data.

11.1.1.5 Ethical Consideration

The study was carried out according to the guidelines laid down in the Declaration of
Helsinki and all procedures involving human subjects were approved by the MoH of
Zanzibar (reference number: ZAMREC/002/MAY/014). Before the interview, infor-
mation about the objectives of the study and the role of the participants were given to
the participants or their parents and guardians. When students doing the interview,
they were accompanied by their teachers and headmasters, teachers and students
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were all told about the interview, with the permit of the teacher, the interview would
carry on. Moreover, both residents and students were informed that their participa-
tion was voluntary and that they could withdraw from the study at any stage without
any consequences. After the urine test, in the next day, the infected residents and
students were treated with a single dose of 40 mg/kg body weight praziquantel tablet
by staffs of NTD office.

11.1.2 Results

11.1.2.1 Demographic Characteristics at Household
and Individual Level

The mean prevalence of schistosomiasis was 2.4% in these 29 shehias. The range of
the prevalence was 0–13.5%. Three thousand two hundred twelve households were
face-to-face interviewed in the study to get their family information, 64.7% (2078/
3212) of the families had a low per capita income every month (< TSh 70,000; US$1
¼ TSh 2255). Only 49.2% (1580/3212) of the families had a permanent toilet, which
meant less than half of study families had a fixed place to release themselves. There
were 3526 valid residents KAPs questionnaires and valid 1590 students KAPs
questionnaires were collected. The average age of residents and students was
42.36�15.54 and 13.5�2.64 respectively. 37.8% (601/1590) of students were
under 12 years old. The proportion of female was 64.6% (2278/3526) and 56.0%
(890/1590) among residents and students respectively. Due to some missing visits,
1945 (95.8%) residents’ and 550 (87.3%) students’ urine test results were recorded,
there were 40 of residents who received urine test (n¼ 1945) and 19 of students who
received urine test (n ¼ 550) infected with S. haematobium. The disease prevalence
of students (3.4%) was higher than residents (2.0%, p ¼ 0.02). The prevalence in
male students (6.0%) was higher than the female (1.6%, p ¼ 0.04).

11.1.2.2 Past Medical Record

Form the KAPs questionnaires, the reported prevalence of schistosomiasis in resi-
dents (n¼ 3526) and students (n¼ 1590) were 19.9% and 9.3%, respectively. In the
last 2 years, the reported history of PZQ treatment were all more than 90% in both
residents (95.5%) and students (98.7%).

11.1.2.3 Knowledge about Schistosomiasis

The results of knowledge were shown in Table 11.1. 75.4% of residents (2657/3526)
and 56.4% of students (897/1590) heard about schistosomiasis. Most residents
(2762/3526) and students (1405/1590) knew the infected way was contacting with
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infected water. However, only 37.0% of residents and 31.9% of students knew that
Bulinus snails were the intermediate hosts of S. haematobium. 21.1% of residents
and 9.1% of students still didn’t know the route of infection. 30.0% of residents
received schistosomiasis knowledge from doctors and 78.9% of students the school.

11.1.2.4 Attitude and Practice Towards Schistosomiasis

70.6% of residents and 80.4% of students thought the schistosomiasis could be
prevented. Nearly all residents (98.6%) and students (98.2%) were willing to follow
the doctor’s advice. 99.0% of residents and 97.6% of students consented to receive
PZQ treatment. 45.4% of residents and 66.9% of students still had the act of
urinating in ponds or rivers. Among three water contact behaviors (swimming,
washing and passing across), the main behaviors of contacting water were passing
across (40.6%) and swimming (41.5%) for residents and students respectively.

Table 11.1 Knowledge, attitude and practices of schistosomiasis among residents and students in
Pemba, Zanzibar

Residents
number (%)

Students number
(%)

Total number
(%)

Have you heard about schistosomiasis?
(yes)

2657 (75.4) 897 (56.4) 3552 (69.5)

Do you know snail? (yes) 1306 (37.0) 507 (31.9) 1813 (35.4)

How about the infected way?

Contact with sick people 5 (0.1) 25 (1.6) 30 (0.6)

Eating undercooked fish 15 (0.4) 16 (1.0) 31 (0.6)

Contact with infected water 2762 (78.3) 1405 (88.4) 4167 (81.5)

Don’t know 744 (21.1) 144 (9.1) 888 (17.4)

What are the sources of your schistosomiasis–related knowledge?

Doctor 1058 (30.0) 261 (16.4) 1319 (25.8)

School 1037 (29.4) 1240 (78.9) 2277 (44.5)

Never heard 417 (11.8) 135 (8.5) 552 (10.8)

Do you think schistosomiasis could be
prevented?

2488 (70.6) 1278 (80.4) 3766 (73.6)

Do you follow doctor’s advice? 3476 (98.6) 1562 (98.2) 5038 (98.5)

Do you follow praziquantel treatment? 3491 (99.0) 1552 (97.6) 5043 (98.6)

Do you pee in ponds? 1601 (45.4) 1064 (66.9) 2665 (52.1)

How do you always contact ponds or rivers?

Swimming 818 (23.2) 660 (41.5) 1478 (28.9)

Washing 1213 (34.5) 594 (37.3) 1807 (35.3)

Passing across 1433 (40.6) 473 (29.7) 1906 (37.3)

No contact 654 (18.5) 285 (17.9) 939 (18.4)
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11.1.2.5 Association of Schistosomiasis Knowledge with Demographic
and Socioeconomic Factors

One thousand seven hundred forty-four (89.6%) of residents and 523 (95.1%)
students were included in the association study, the results were showed in
Table 11.2. For residents, gender, education level and age were important factors,
and male had more knowledge of schistosomiasis, the percentage of male and female
knowing Bulinus snails as intermediate hosts were 51.4% and 29.5%, respectively.
73.2% of uneducated residents (people neither have been received primary school
education nor higher education) had knowledge of schistosomiasis compared with
85.6% of educated residents (people at least have been received primary school
education). The percentage of residents under and over 40 years old knowing
Bulinus snails were 29.6% and 43.0%, respectively. For students, the age and
average income of family were two factors of schistosomiasis knowledge. The
percentage of students over 12 years who knew schistosomiasis, Bulinus snail, and
the infected way were 92.3%, 38.4% and 96.6%, respectively. The percentage of
students in low-income family knowing schistosomiasis, Bulinus snail, and the
infected way were 82.9%, 20.9% and 87.1%.

11.1.2.6 Association of Attitude and Practices with Demographic
and Socioeconomic Factors

For residents, the attitude of schistosomiasis could be prevented differed in gender,
age, past medical history and education level. Male (80.6%), residents whose age
was under 40 (78.5%), residents hadn’t infected before (78.1%), educated residents
(83.1%) more likely had the positive attitude.

The percentage of urinating in ponds was higher among residents under
40 (60.5%) and with infection history (58.1%). The male would like swimming
more than women (23.8% vs. 15.2%), while female did washing more than male
(47.8% vs. 39.6%). Resident who had a schistosomiasis history (55.0%) more likely
contacted with water bodies.

For students, elder students (90.3%) and students in rich families (96.5%) more
likely had the attitude of schistosomiasis could be prevented. Boys (88.3%) and
young students (85.1%) were more likely urinating in ponds. The percentage of
students in poor families were more likely going swimming (47.3%), washing
(68.1%) and passing across water bodies (71.9%).

11.1.2.7 Logistic Regression of Factors Associated with KAP

The result of the binary logistic regression of factors associated with KAPs variables
among residents showed that age was the most important factor. Residents over
40 years old had more knowledge about Bulinus snail (Exp(B) ¼ 1.9, 95%CI,
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1.5–2.4, p < 0.01), but they were more likely to swim (Exp(B) ¼ 1.6, 95%CI,
1.2–2.1, p< 0.01). Residents under 40 years old were more likely to urinate in ponds
(Exp(B) ¼ 0.7, 95%CI, 0.6–0.8, p < 0.01), however, less of them thought that
schistosomiasis could be prevented (Exp(B) ¼ 0.6, 95%CI, 0.4–0.7, p < 0.01).

For students, family income and gender were important factors. Students who did
not know Bulinus snails (Exp(B) ¼ 0.5, 95%CI, 0.3–0.7, p < 0.01) and schistoso-
miasis could be prevented (Exp(B)¼ 0.4, 0.3–0.6, p< 0.01) were more likely living
in a relative poor family (average income< 70,000 Tsh/month). Male students were
more likely going swimming (Exp(B) ¼ 2.2, 95%CI, 1.5–3.3, p < 0.01) and peeing
in ponds (Exp(B) ¼ 2.1, 95%CI, 1.2–3.5, p < 0.01).

11.1.2.8 Association of the Prevalence of Schistosomiasis with KAPs

The residents have a high frequency of passing water bodies had a higher prevalence
of schistosomiasis (2.7% vs. 1.3%, x2 ¼ 4.2, p < 0.05). The students who had more
knowledge had lower prevalence of schistosomiasis (2.5% vs. 8.7%, x2 ¼ 5.4, p <
0.05).

11.1.3 Discussion

Although PZQ administration has a clear effect of reducing the infection prevalence,
limitations like reinfection, poor drug coverage and infrequent monitoring and
evaluation, call for integrated methods to enhance control efforts and reduce prev-
alence and intensity of infection further (Guidi et al. 2010; Ross et al. 2014). If an
endemic area moves towards an elimination goal, implement of health education and
behavior interventions will be needed (Evan Secor 2014). This study was a survey of
KAPs among local people, which is associated with health education and behavior
interventions strategies (Chitsulo et al. 2000; Sturrock 1995). Compared to other
studies of KAPs, health education or behavior interventions in Zanzibar, this study
expands the interviewee population, including schoolchildren and residents in the
community (Person et al. 2016; Stothard et al. 2006). Besides the KAPs information,
urine samples and socioeconomic information were also collected. So the potential
factors could affect people’s KAPs and KAPs influence on the disease prevalence
could also be discussed.

In the study, the disease prevalence of students was higher than residents, it
seemed that this population had a higher risk of schistosomiasis infection, which
indicated that schoolchildren may be the research focus in the disease control (Hatz
et al. 1998; Magnussen et al. 1997; Nduka et al. 1995; Traoré et al. 1998). School
boys were more likely infected by the disease, this finding was consistent with
another study in Zanzibar (Person et al. 2016). People’s knowledge of schistosomi-
asis was still insufficient after a series schistosomiasis control program in Pemba
(Savioli et al. 1989; Savioli et al. 1990), more than 25% of residents and nearly half
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of the students did not have knowledge about schistosomiasis, although they had
heard about the disease. Furthermore, few residents and students knew the interme-
diate host-Bulinus snails, which may let them ignore the risk of contacting water
bodies containing infected snails. Male residents seemed to have a better knowledge
of the disease than female, the result is consistent with a similar study in Africa, and
strengthening the health education for females and uneducated peoples women will
be urgent (Dawaki et al. 2015; Gazzinelli et al. 2006; Mwai et al. 2016; Sady et al.
2015). Middle and high school students had more knowledge, and current educa-
tional methods may need to be changed for younger students (Stothard et al. 2006,
2016). As with other studies, we also thought that more acceptable health education
materials with local culture should be designed and provided (Stothard et al. 2016).

Education level, as well as gender, age, past medical history were all factors
which had an impact on attitude towards the disease in residents group, and this
indicated that school played an important role in health-promoting (Freudenthal et al.
2006; Montresor et al. 1999; Suzuki et al. 2005). So, community-based health
education and behavior change should be established, which would help unschooled
people get more engagement in health education. The practice of different gender
among students was consistent with other studies, female student did more washing
while male more likely went swimming, the health education focus on practice
should be changed due to different gender (Person et al. 2016).

MDA is considered highly cost-effective in schistosomiasis and soil-transmitted
helminthiasis (Lo et al. 2015). High-risk behaviors were common among both
residents and students, some alterable water contact activities like urinating in the
open waterbody were quite common in both residents and students, swimming
which had a high rate in students, these activities can be changed by health education
and behavior interventions. Unfortunately, passing across and washing in the open
waterbody were hard to change due to the local poor living environment, these two
activities were major water contact activities among residents. We observed that the
road and low-lying areas were easily flooded in the rain season, some roads would
become a temporary stream or river where people needed to pass or walk along, this
would add the risk of infection. Females always did the most of domestic washing in
open water bodies, due to the insufficient supply of safe water source, and could be
infected by the disease (Downs et al. 2011).

The logistic regression results showed some important factors had an impact on
KAPs. More efforts in knowledge education are needed for young adults and
residents with infection history, which may raise their awareness of the disease.
Disseminating the harms of swimming to elderly residents and change the habit of
peeing in the open waterbody among young residents. What’s more, we need to pay
more attention to risk practice like washing and passing the waterbody, which could
be an important part of behavior change in the future.

The study showed that practice and knowledge could impact the disease preva-
lence among residents and students. So, the behavior interventions including the
habits changing of passing the river among residents and improvement of the
schistosomiasis knowledge education among students will help to reduce the inci-
dence of the disease.
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This study showed that KAPs were at a low level among residents and students,
more health education and behavior interventions should be involved based on the
local living environment and their living habits. The protection equipment can be
provided, like rubber boots, gloves and anti-cercariae cream, which encircling the
skin and block the process of cercariae drilling into the shin. Health education is still
needed in the school, explore an easy-understanding health promotion materials
especially for primary school students.

11.1.4 Conclusion

In this study, we conducted a baseline survey of KAPs in Pemba island, Zanzibar,
and found that both residents and students had insufficient knowledge on schisto-
somiasis, and risk behaviors were common in these two population. Influence factors
are quite different between residents and students. We showed that age, gender,
income level, medical history had different influence on KAPs among residents and
students respectively. A more flexible, localized, different population based health
promotion plan for different population is needed to eliminate the disease in the
island.

11.2 Health Education Methods

After the baseline survey, the project implemented some health education trails to fill
the schistosomiasis knowledge gaps and change some unsafe behavior for both
schoolchildren and residents.

Before implementing the health education activities, the project prepared some
health education materials, including health education paper materials, stationery,
daily use goods, etc. Paper materials were widely used in health education activities
due to its low cost and high flexibility, brochures and posters were the main forms of
them. The English and Swahili version were both prepared, which could help young
children and low education level residents to understand the knowledge easier.
Stationery include schoolbags, pens, pencil bags, notebooks etc., pictures and
schistosomiasis knowledge were printed in these goods. Swahili was the first
language choice due to the targeted population are students. Daily use goods
which had schistosomiasis control knowledge printed were intended to improve
the life quality of people in Pemba, some of them could help people to change the
dangerous behavior of getting infected by schistosoma. The project prepared bags,
buckets, slippers and battery-free torches etc. These goods were very popular among
the people in Pemba since they are very practical in people’s life.
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11.2.1 School Children

According to the baseline survey results, students had a higher risk of get infected by
schistosoma than residents, and their insufficient schistosomiasis knowledge
demanded more health education activities. The project made some health education
activities for the students according to the local situation, which can help students to
understand the knowledge easier.

11.2.1.1 Health Education Class

Schistosomiasis health education classes are the most common way to improve the
knowledge of students. The classes were usually implemented by the specialist and
school teachers to the students. Education videos, posters, brochures and snail
samples were usually used in the class. Education videos in Swahili was usually
played at the beginning of the class. It can attract students attention quickly through
the vivid pictures and video, and a brief impression of what schistosomiasis is, the
life cycle of schistosoma were showed to them. After the video play, more specific
knowledge were classified by the specialists, and the teachers helped the students to
understand the knowledge easier by explaining the complex part of the class. After
the theory teaching, example explaining like the snails sample teaching could let
students to learn teaching contents through operation, which can enhance students’
awareness of schistosoma infection. At the end of the class, health education
stationery were given to the students, which was also considered as a souvenir
for them.

Health education class was the main health education activity for students, due to
its low degree of difficulty to conduct, and the class content could be flexible
according to students’ feedback (Fig. 11.2).

11.2.1.2 Health Promotion Competition

Two kinds of health promotion competition have been carried out, one is schistoso-
miasis knowledge composition competition, the other is schistosomiasis control
poster competition.

The schistosomiasis knowledge composition was held by the project, Ministry of
Health and Ministry of Education in Zanzibar. At first, systematic health education
courses were carried out in all primary and secondary schools in the pilot and
demonstration area. In order to further deepen local students’ cognition and under-
standing of schistosomiasis control knowledge, then the first “schistosomiasis con-
trol cup” composition competition was implemented in these schools. This
movement was warmly welcomed by local schools and teachers and students.
Students actively participated in composition writing. In the end, 510 competition
compositions were received, including 195 English composition and 315 Swahili
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ones. Six winning compositions and three excellent organization schools were
chosen.

The schistosomiasis control poster competition was intended to improve the
schistosomiasis knowledge among the students. The project and Ministry of Health
in Zanzibar conducted the competition, Ministry of Education, and other related
departments like District Administrator, Zanzibar Water Authority, Ministry of
Environment were also engaged in this activity. Shehias where the prevalence of
schistosomiasis was more than 1% were taken into the competition. The procedure
of poster competition was initial meeting, poster collection, multi-department post-
ers review and reward meeting. The following is the competition protocol:

11.3 Schistosomiasis Poster Competition Protocol

To enhance the schistosomiasis health promotion among schools in Pemba island,
China Aid Project of Schistosomiasis Control, Ministry of Health/NTD office decide
to conduct a poster competition to assess the knowledge or understanding of
schistosomiasis haematobium. Primary school students will be enrolled in this
competition, yet in some shehias where schistosomiasis is an endemic.

Fig. 11.2 Students showing the health education pens in the health education class
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11.3.1 Participants

The list of shehias and schools are showed in the Table 11.3. Two posters are
supposed to make by students in each school, and the maximum number authors
of one poster should be no more than 2. The age of the students should be more than
10 years.

Table 11.3 List of competition shehias and schools

S.no. Shehia School

1 MTANGANI MTANGANI, CHWAKA

2 WINGWI MTEMANI MTEMANI

3 WINGWI MJANANZA MJANANZA

4 KIUYU MJINI KIUYU, KIUYU

5 KANGAGANI KANGAGANI

6 OLE OLE

7 ZIWANI ZIWANI, PEMBENI

8 KISIWANI KISIWANI

9 PIKI PIKI

10 FINYA FINYA

11 MGOGONI MGOGONI

12 CHAMBANI CHAMBANI

13 UKUTINI UKUTINI

14 VITONGOJI VITONGOJI

15 WAMBAA WAMBAA

16 KIWANI JUNDAMITI, TASINI

17 UWANDANI UWANDANI

18 KWALE KWALE

19 KIZIMBANI KIZIMBANI, IKRA

20 MTAMBILE MTAMBILE

21 KENGEJA KENGEJA

22 MWAMBE MWAMBE

23 MGELEMA MGELEMA

24 PUJINI KUMVINI, DODO

25 PANDANI PANDANI

26 KILINDI KILINDI

27 MGAGADU MIZINGANI

28 CHUMBAGENI CHUMBAGENI

29 SHUMBA VYAMBONI SHUMBA VYAMBONI

30 KINYASINI ISTIQAMA, KINYASINI

31 MJINI OLE KANGAGANI

32 BOPWE BOPWE

33 MBUZINI MBUZINI

34 MAKANGALE MAKANGALE

35 CHANJAANI CHANJAANI
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11.3.2 Poster Requirements

11.3.2.1 Subject and Contents

• The knowledge of schistosomiasis control knowledge.
• The health impact of the disease.
• The way of disease transmission patterns and prevention.

The subject and contents are supposed to be clear and easy to understand.

11.3.2.2 Making Requirements

Handwritten text and hand-drawn illustrations are used in layout making, clipart
images are not allowed to use. Typos and wrongly written should not be appeared in
the poster. Both English and Swahili can be used. The size of poster is A3. Color
pencils (illustration) and black gel ink pen (text) are used for making posters. Lower
right corner of the reverse side of the poster should write: name of shehia, name of
school, class, author names and teacher names. The poster should be given to NTD
office before the cut-off date of Poster making.

11.3.3 Rewards

Number of the first prize: five works; Number of the second prize: ten works;
Number of the third prize: 20 works. We will also set ten organization awards.
The award-winning works will get certificate and prizes. Every participant will get
souvenir.

11.3.4 Funding

China Aid Project of Schistosomiasis Control will provide financial support and
equipment for this competition.

11.3.5 Competition Timetable

September 2019–8 October 2019: Preparation and starting the competition.
10 October 2019–1 November 2019: Poster making.
1 November 2019–28 November 2019: Evaluation of poster.
29 November 2019: Awarding Ceremony.
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11.3.6 Contact Information

Name: **********.
Name: **********.
After the competition, books of schistosomiasis control collection was spread to

schools in Pemba. These books have some advantages of health education: the
posters were combined by the pictures and text, they were more attractive to
young students, besides, due to the texts were written by the students, which could
be easier for students to understand the schistosomiasis knowledge (Figs. 11.3 and
11.4).

11.3.7 Residents

To fill the gap of insufficient knowledge and risk behavior in the community, the
project conducted some health education activities to help the community people to
gain more knowledge and change risk behaviors. Community health promotion
conference was the main type to deliver the knowledge to the community. Behavior
intervention activities were mainly learned from Chinese successful schistosomiasis,

Fig. 11.3 Giving the rewards to the award winning students of schistosomiasis control poster
competition
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slogans were painted in the communities and risk areas, a new type of voice alarm
machine was also used.

11.3.7.1 Community Health Promotion Conference

Health education conference, the conduct method was almost the same as the class in
school. In the conference, schistosomiasis knowledge was taught by the specialist
and community doctor, and residents were organized by the community leaders. At
the end of the class, health education daily use goods would be given to the
attendants. Sometimes, to expand the number of attendants, the project would hold
the class with China Medical Team and health department in Zanzibar. When the
residents attend this kind of health education conference, they will receive the basic
healthcare like blood pressure measuring and health consultation, this kind of basic
healthcare could attract more residents. With the help of local health department, it
was easier to arrange the activity (Fig. 11.5).

11.3.7.2 Community Slogan Painting

In China, using slogans is a good way to advocate schistosomiasis control knowl-
edge to residents, due to the obvious painting and easy-remembered words of them
(Wang et al. 2009). Before the project initiating this activity, a survey of residents’

Fig. 11.4 A poster work of schistosomiasis control poster competition
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willing to accept this activity was implemented. By holding the community meeting,
the project explained the reason and advantages of painting slogans in the commu-
nity. With the approval of the community and residents, places where can paint the
slogans were chosen. To expand the influence of slogans, they will be painted in the
entrance of community, places near the mosque, schools et al. The language of
slogans was Swahili (Fig. 11.6).

11.3.7.3 Risk Area Alarming

To mark the risk areas of schistosoma infection, Alarming board and voice alarm
machine were placed near the ponds where found infected snails before. Alarming
board is a kind of passive way to inform people the dangerous waterbody. On the
board, it contained the knowledge of schistosomiasis and pointed out the waterbody
was dangerous. Voice alarm machine was a solar powered machine, it contained
solar panels, sensor and voice announcer. When people were close to the risk
waterbody, it would automatically broadcast warnings to them, which telling them
the waterbody had schistosoma in it, people would get infected when contacting
them directly. By inform the risk area, it can change the residents’ risk behaviors
(Figs. 11.7 and 11.8).

Fig. 11.5 Advocate schistosomiasis control knowledge to community leaders in the community
health promotion conference
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11.4 The Evaluation of the Effect of Health Education

This evaluation carried out schistosomiasis health education sessions for students in
primary and secondary schools in three Shehias of Pemba Island, Zanzibar, as
summarized in Xu et al. (2019). Through the pre- and post-health education, the
effects of health education sessions and its feasibility were evaluated in order to find
the weak links and, provide the basis for correcting the content and mode of health
education.

11.4.1 Methods

11.4.1.1 Location and Population

All students in all primary and secondary schools in the Shehias of Mtangani (south),
Kiuyu (central), and Wingwi (north), in Pemba island, Zanzibar. This schistosomi-
asis health education session covered five primary and three secondary schools in
Mtangani, Kiuyu and Wingwi, Pemba Island, Zanzibar. Primary schools consist of
grades 1–6, and secondary schools consist of forms 1–4.

Fig. 11.6 A slogan of schistosomiasis control in the community

198 J. He et al.



11.4.1.2 Health Education Sessions

Different from other forms of health education in the form of games, this schistoso-
miasis health education sessions are similar to traditional health education classes,
but rich in content and form. Compared to the simple knowledge in the textbook, the
sessions content is more systematic, it includes the history of S. haematobia, the
medium, the way of infection, prevention and treatment, and other knowledge of
schistosomiasis prevention and control, and the form is more rich, combining video
broadcasting, case explanations, questioning and answering and so on. All of this is
to enrich the live teaching mode and create a learning atmosphere. The sessions were
conducted at selected schools, covering all students in the school. The number of
students for class is kept within 100 people. The number of classes is based on the
total number of students. The class time is within 1 hour. The lectures were carried
out by the local NTD staff in Swahili, before the lecture, 30–50 students were
randomly selected to finish a test of schistosomiasis prevention and control. After
the lecture, 30–50 students were randomly selected to accept the same test a week
later. The test questions were completely consistent before and after. Through the
comparison of before and after, evaluation of the effect of health education was
conducted.

The effect indicators include the awareness rate and the behavioral correctness
rate of schistosomiasis. The awareness rate refers to the degree of understanding of

Fig. 11.7 An alarming board in the risk waterbody
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schistosomiasis in the surveyed subjects. The calculation formula is the correct
knowledge of schistosomiasis/the total knowledge of schistosomiasis*100%; the
behavioral correctness rate refers to the correct proportion of schistosomiasis behav-
ior in the survey. The calculation formula is the correct number of behaviors of the
respondent/the total number of behaviors of the respondent*100%.

Fig. 11.8 A voice alarm machine in the risk area
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11.4.1.3 Statistical Analysis

Using EpiData3.1 to establish a database, students’ test paper was double entered
and consistency tested, using SPSS19.0 statistical software for data collation and
statistical analysis. The rate was compared using a chi-square test, P < 0.05 was
considered statistically significant.

11.4.2 Result

11.4.2.1 Population Samples before and after Health Sessions

A total of 712 questionnaires were distributed in this study. Three hundred fifty-six
students were tested before health education and another 356 students were tested
after health education sessions, and 712 valid questionnaires were returned. The
sampled students were grades 3–6 in primary schools and grades 1–3 in secondary
schools. There were 163 male students (45.79%) and 193 female students (54.21%)
before health education, 182 male students (51.12%) and 174 female students
(48.88%) after health education. The average age was 14.65 and 14.83 years before
and after the health education. The knowledge and behavior of schistosomiasis
prevention and control before and after the health education are shown in Table 11.4.

The awareness rate and behavioral correctness rate before health education
sessions.

Table 11.5 shows that the awareness rates of schistosomiasis among primary
school and secondary school were 64.62% and 68.75%, and the behavioral correct-
ness rate were 58.24% and 59.77%, respectively. The awareness rates of schistoso-
miasis among male and female was 65.64% and 67.49%, and the was 63.96% and
54.79%. Only difference of behavioral correctness rate between male and female
was statistically significant (χ2 ¼ 11.895, P ¼ 0.0006).

11.4.2.2 The Awareness Rate and Behavioral Correctness Rate after
Health Education

Between primary school and secondary school, the awareness rate of schistosomiasis
was 79.74% and 84.70%, with the statistically significant difference, and the behav-
ioral correctness rate was 78.30% and 81.32%. Between male and female students,
the awareness rates of schistosomiasis among male and female were 82.69% and
81.61%, and the behavioral correctness rate was 82.83% and 76.58%. The difference
of the awareness rate between primary school and secondary school (χ2 ¼ 11.607,
P ¼ 0.0007), and the behavioral correctness rate between male and female students
(χ2 ¼ 8.23, P ¼ 0.0041) were statistically significant (Table 11.6).
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Table 11.4 Number of students for questionnaire before and after health education in Pemba
island, Zanzibar

No Contents
Before health
education (n ¼ 356)

After health
education (n ¼ 356)

1 Do you know schistosomiasis?

Yes 204 309

No 144 46

2 What disease is schistosomiasis?

Respiratory disease 10 5

Mental disease 60 52

Intestinal infection 21 39

Parasitic disease 260 260

3 What species cause S. haematobium?

Vescular blood flukes 196 280

Intestinal worms 44 21

Leechs worms 71 38

Mosquito parasites 41 15

4 What’s the intermediate host of
S. haematobium in Zanzibar?

Fly 42 10

Snail 265 335

Mosquito 24 6

Mended 22 5

5 Which of the following pictures is
Bulinus globosus?

17 15

109 195

114 55

110 90

6 Where does the Bulinus globosus live in?

Sea 15 10

Land 29 16

Pond or stream 293 323

7 What’s the way that schistosomiasis
enters the human body?

Nose 28 11

(continued)
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11.4.2.3 Comparison of the Awareness and Behavioral Correctness
Rate before and after Sessions

The awareness rates of schistosomiasis among all students were significant increas-
ing from 66.64% to 82.16% after health education (χ2 ¼ 179.279, p < 0.0001). The
behavioral correctness rates were also significant increasing from 58.99% to 79.78%
(χ2 ¼ 143.84, P < 0.0001) (Table 11.7).

For the primary school, the awareness rates were significant increasing from
64.63% to 79.74% (χ2 ¼ 82.0284, P < 0.0001). The behavioral correctness rates
were significant increasing from 58.24% to 78.30% (χ2 ¼ 66.66, P < 0.0001). For
the secondary school, the awareness rate was significant increasing from 68.75% to
84.70% (χ2 ¼ 98.238, P < 0.0001), and the behavioral correctness rates were also
significant increasing from 59.77% to 81.32% (566/696) (χ2¼ 76.757, P< 0.0001).

For the boy student, the awareness rates were significant increasing from 65.64%
to 82.69% (χ2 ¼ 110.652, P < 0.0001) and the behavioral correctness rates were
also significant increasing from 63.96% to 82.83% (χ2 ¼ 62.561, P < 0.0001). For

Table 11.4 (continued)

No Contents
Before health
education (n ¼ 356)

After health
education (n ¼ 356)

Mouth 41 16

Skin 273 327

8 What are the main symptom of
S. haematobium infection?

High blood pressure (hypertension) 27 16

Fever 17 12

Hematuresis 298 311

Dizzy 8 17

9 What’s the way to prevent
schistosomiasis?

Do not touch the contaminated water 208 291

Vaccination 54 28

Wash hands before meal or after pee 48 21

Don’t touch the infected patient 40 12

10 Can schistosomiasis patient be infected again after treatment?

Yes 182 231

No 154 117

11 Do you think schistosomiasis can be
treated?

Yes 278 297

No 61 44

12 Do you pee in ponds or streams?

Yes 123 32

No 172 317

Note: There are missing answers, so the total is not necessarily 356
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the girl student, the awareness rates were significant increasing from 67.49% to
81.61% (χ2¼ 75.493, P< 0.0001); the behavioral correctness rates were significant
increasing from 54.79% to 6.58% (χ2 ¼ 75.541, P < 0.0001).

11.4.3 Discussion

Schistosomiasis is an infectious disease affected by behavioral factors (Satayathum
et al. 2006). The frequency of exposure to epidemic water is closely related to its
educational level, occupation, and living habits, and is affected by local social and
economic factors. The cognition of schistosomiasis is the basis, which affects
people’s beliefs and behaviors and is an important factor in the infection and
transmission of schistosomiasis (Hu et al. 2018).

In African countries, students have a higher rate of schistosomiasis infection
(Tsega et al. 2018), as well as in Zanzibar (Knopp et al. 2013). Due to the high
proportion of local students, through health education, they can quickly improve
their cognition and spread relevant knowledge to their peers and family members to
increase the awareness rate of the entire population and have a good blocking effect
on disease transmission (Bobbie et al. 2016; Guanghan et al. 2000).

In this study, we conducted the schistosomiasis health education sessions at eight
schools in three Shehais in Pemba Islands, and conducted awareness and behavioral
tests before and after health education. Through statistical analysis, we have more
accurate understanding of cognition of schistosomiasis and health education mode
among Pemba Island students.

First, despite its own efforts and the help of international organizations, the
infection rate of schistosomiasis in Zanzibar (Pemba Island) has been declining,
but the cognition level of schistosomiasis is still low. The pre-health education
showed that the overall awareness rate and the behavioral correctness rates of
students were only 66.64% and 58.99%, respectively, which is similar to previous
studies in Tanzania, Cameroon, Senegal, Kenya and other countries (Folefac et al.
2018; Munisi et al. 2017; Odhiambo et al. 2014).

Second, the difference in awareness rate in pre-health education is mainly
between primary and secondary schools (χ2 ¼ 5.252, P ¼ 0.0219), which has no
relationship with gender, but the difference is not obvious (secondary school stu-
dents have higher awareness rate, but only about 68%); the difference in the
behavioral correctness rate is mainly between boys and girls (the behavioral correct-
ness rates of boys is high, but only about 63%), Not related to the type of school; It
suggest that whether it is primary school or secondary school students, The overall
cognitive level of students is poor, and the systematic health education training and
learning should be strengthened, especially in the identification of intermediate host
vesicular snails (Q5) and urinary behavior habits (Q10), the students’ cognition is
weaker and should be improved.

Third, through this systematic health education activity, the overall awareness
rate of students has increased from 66.64% to 82.16%. The difference is significant
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(χ2 ¼ 179.279, P < 0.0001), it increased of 23.29%. The awareness rate of primary
school students increased from 64.63% to 79.74%, it increased of 23.38%, and the
rate of secondary school students increased from 68.75% to 84.70%, it increased of
23.2%. There are similar situations in terms of behavioral correctness rate, and this
suggested that the schistosomiasis health education sessions have a significant effect
on the improvement of local students’ cognition level of schistosomiasis, and the
effect on primary and secondary school students is similar.

In view of the lack of corresponding health education materials and professional
teachers in Zanzibar, it is not enough to rely on the health department’s employees to
carry out health education for local students. In is necessary to carry out schistoso-
miasis health education in Zanzibar in the future, and improve the local students’
knowledge of schistosomiasis prevention and control. Next, Zanzibar health depart-
ment should provide professional training for the local teachers with the education
department, and they can master the knowledge of schistosomiasis. Schools should
set up special health education classes, teaching the knowledge of schistosomiasis
with full-time or part-time teachers, and then strengthen assessment. The health
department can conduct related essay competitions, snail-survey activities and other
activities every year, so that to deepen students’ understanding of schistosomiasis.
The health department should develop more publicity materials and products
(Gazzinelli et al. 2016), through which these knowledge of schistosomiasis preven-
tion and control will reach thousands of families. Students’ health education should
be constantly carried out and persevered, and the students’ cognitive level should be
improved through long-term indoctrination.

11.4.4 Conclusion

The KAP model is one of the modes that change human health-related behaviors. It
is also a behavioral intervention theory, which divides human behavior changes into
three successive stages: acquiring knowledge, generating beliefs and forming behav-
iors. Therefore, it takes a certain time to form an effect. Acquiring knowledge is the
foundation, and health education is one of the effective ways. Children are ideal
candidates because of their plasticity and high acceptability. At present, the cogni-
tive level of schistosomiasis in students in Pemba, Zanzibar is low. Through our
study (schistosomiasis health education sessions), the cognitive level of students
(awareness rate and behavioral correctness rate) has been significantly changed.
Therefore, this method can be recommended to be promoted throughout Zanzibar.

Ethics Approval and Consent to Participate The study was carried out according to the
guidelines laid down in the Declaration of Helsinki and all procedures involving human subjects
were approved by the MoH of Zanzibar (reference number: ZAMREC/002/MAY/014). Before the
commencement of the study, we sought approval from local authorities, community leaders, school
headmasters and teachers. We sought individual oral consent from community participants directly
in face interview. The range of student’s age was 6–22. For all students whose age was under
18, their oral consent was obtained from their parents or legal guardians and teachers prior to the
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interview, and for those whose age was above 18, the oral consents were obtained from them
directly. The procedure for verbal consent was approved by the ethical committees, the reason was
the high degree of illiteracy in the rural area that participants there were not familiar with dealing
with forms. Verbal consents were documented and captured on the digital audio recorder in the
researcher’s notes. Participation was entirely voluntary, and no names were recorded. We took care
to phrase the questions appropriately and respectfully.
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Chapter 12
The Novel Strategy of China-Zanzibar
Cooperation Project of Schistosomiasis
Control: The Integrated Strategy

Xinyao Wang, Jianfeng Zhang, Yuntian Xing, and Fadhil M. Abdalla

Abstract Schistosomiasis is a serious global neglected tropical disease, and its
prevalence is more serious in Africa. For a long time, international aid projects
and local governments have mostly focused on mass drug administration (MDA) in
the prevention and treatment of schistosomiasis in Africa. For the prevention and
control of schistosomiasis, MDA cannot completely eliminate schistosomiasis in
Africa. China has achieved great results in the prevention and control of schistoso-
miasis, and some provinces have eliminated schistosomiasis, the most important of
which is the adoption of the integrated strategy. At this stage, the integrated strategy
has not been implemented for schistosomiasis control in Africa, and most of them
are based on chemotherapy. In 2017, China’s aid to Zanzibar schistosomiasis project
implemented the integrated strategy in cooperation with multiple departments in the
local area. After 3 years of work, great results have been achieved in the local area.
The schistosomiasis infection rate in some areas has dropped from 8.92% to 0.64%.
It shows that the Chinese experience in schistosomiasis is applicable to the preven-
tion and control of schistosomiasis in Africa. In order to eliminate schistosomiasis in
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Africa as soon as possible, it is worth continuing to promote the integrated strategy in
other regions of Africa.

Keywords China-Zanzibar cooperation project · The integrated strategy ·
Schistosoma haematobium · The Chinese experience in schistosomiasis

12.1 Introduction

In tropical and subtropical regions, schistosomiasis is also an important public health
problem. The World Health Organization conservatively estimates at least 240 mil-
lion people worldwide who are infected with Schistosoma spp. with severe disease
manifestations in estimated 20 million people and an incidence of 280,000 deaths
yearly. Schistosomiasis is caused by a snail-transmitted trematode that affects >200
million people in 76 countries, with >800 million at risk (Gryseels et al. 2006;
Hiv/Aids 2010; Hotez et al. 2014; WHO 2010; Steinmann et al. 2006). It is among
the top three highest burden infections among neglected tropical diseases, and
seriously affects children (Hotez et al. 2014; Steinmann et al. 2006). Humans are
infected when their skin is penetrated by cercariae of schistosomeswhich are released
into freshwaters by infected intermediate host snails. The cercariae develop into
adult worms in veins near the human gastrointestinal or urinary tract (Schistosomi-
asis japonica and S. haematobium, respectively). The adult worms produce eggs that
pass through the intestine or bladder and are released with feces or urine, respec-
tively, into the water to hatch into miracidia and infect new snails (Stelma et al.
1994). Infected humans can result in a loss of tissue function, stunted growth,
learning deficits, and in some cases, increased risk of HIV, infertility, bladder cancer,
liver failure, and death (Mohammed et al. 2007; King et al. 2005; Kjetland et al.
2006). While relatively effective drugs exist to clear infections, such as praziquantel,
these drugs are not available to the majority of at-risk populations in Africa and offer
no protection against reinfection, and humans are often re-exposed when they return
to waterbodies with snails releasing schistosome cercariae (Carlton et al. 2011;
Haggerty et al. 2020; Rollinson et al. 2013).

Schistosomiasis japonica is a zoonotic parasitic disease that seriously endangers
the health of the people and an ancient infectious disease. It is endemic and natural
epidemic, and more than 40 mammals except humans are the ultimate host of
schistosomiasis. Through investigations during the early liberation period of
China, 370 counties (cities) in 12 provinces, municipalities and autonomous regions
in Hunan, Hubei, Jiangxi, Anhui, Jiangsu, Zhejiang, Fujian, Guangdong, Yunnan,
Sichuan, Shanghai and Guangxi in southern China have been confirmed epidemic.
The epidemic range is north to Baoying County, Jiangsu Province (north latitude
33�150), south to Yulin County, Guangxi (north latitude 22�50), east to Nanhui
County, Shanghai (east longitude 121�510), and Yunlong to Yunnan in the west
County (east longitude 99�500). The lowest altitude in the endemic area is zero
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(Shanghai), and the highest is about 3000 m (Yunnan Province) (Committee 1986;
Guo 2006a; Zhao 1996).

Zanzibar is composed of Unguja and Pemba islands, situated off the eastern coast
of Tanzania mainland between latitudes 4� and 5� South (Zanzibar 2018). Schisto-
somiasis haematobium is one of endemic of Zanzibar. The intermediate host is
Bulinus (Garcia et al. 2014; Knopp et al. 2013). In 2014, WHO signed a tripartite
memorandum of understanding (MOU) with China and Zanzibar, paving the way for
the start of a pilot schistosomiasis elimination programme in Zanzibar. The targets
are to control and eliminated schistosomiasis based on the experience of schistoso-
miasis control in China. The early stage of the project was to carry out schistosomi-
asis prevention and control work in three villages (shihias), named Mtangani, Kiuyu
and Wingwi, using snail control, population investigation, health education and
treatment (Shan 2017; Michuzi 2014; WHO 2014; Xu et al. 2016).

12.2 The Integrated Strategy of Schistosomiasis in China

From the early days of the founding of the People’s Republic of China to the early
1980s, the basic policy of schistosomiasis control in China was prevention-oriented,
comprehensive measures, and the main measures were to eliminate snails in
response to time and local conditions (Guo and Zheng 1999), which can be summa-
rized as: (1) and large-scale implementation of snail eradication projects focusing on
water conservancy and farmland infrastructure construction, as well as large-scale
drug eradication; (2) large-scale investigation and treatment of patients and sick
animals; (3) supplemented by safe water supply and feces Management, personal
protection and publicity and education. In the early 1980s, with the advent of
praziquantel, a highly effective and low-toxic therapeutic drug, and the development
of immunological diagnostic technology, the rural economic system also began to
gradually transition from a centralized system to a joint production contract system,
and schistosomiasis control strategies also occurred. From 1980 to 1985, the country
carried out research on the strategy of controlling schistosomiasis with chemother-
apy as the mainstay, supplemented by the elimination of snails in susceptible areas.
Focusing on the goal of disease control, some scholars in the country have done a lot
of field countermeasure research work, laying the foundation for the chemotherapy
control of schistosomiasis in the late 1980s. In 1985, the World Health Organization
(WHO) schistosomiasis expert committee proposed a prevention and control strat-
egy aimed at disease control, dividing the prevention and treatment of schistosomi-
asis into three stages: the first stage is disease control, reducing severe patients,
especially acute and terminal patients, and patients with obvious symptoms; the
second stage is to reduce the infection rate and degree of infection; the third stage is
to control and block transmission. These three stages are complementary, the
previous goal will create conditions for the next goal (WHO 1984, 1985). Control-
ling the source of infection through chemotherapy is also one of the effective
prevention measures. Its purpose is to reduce transmission and improve patient
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symptoms, reduce morbidity and mortality by curing patients or reducing fecal
ovulation.

Since 1980, some domestic experts have begun to discuss schistosomiasis control
work from the health and economic aspects, and believe that when making decisions
on schistosomiasis control, attention should be paid to the social and economic
benefits of control or elimination. The use of limited resources, the least labor
consumption, to achieve the best control effect (Guo et al. 1998). In the early
1990s, many domestic scholars analyzed different control strategies based on theo-
ries of health economics, and conducted a lot of research on the cost and benefit of
implementing different control strategies in different regions (Guo 2006b). The
World Bank loan of Chinese schistosomiasis control project is the largest health
project invested by loans in the country so far. The goal is to reduce morbidity and
implement the prevention and treatment strategies of universal chemotherapy in
high-endemic areas and selective chemotherapy in medium- and low-endemic areas.
After 3 years of cost and effect analysis, it is suggested that when the infection rate is
greater than 44%, the cost of universal chemotherapy is lower than the cost of
selective chemotherapy, and when the infection rate is less than 44%, the cost of
selective chemotherapy is lower than the cost of universal chemotherapy (Guo et al.
1998). Since the founding of New China, the Chinese government and professional
institutions have carried out a large number of schistosomiasis prevention propa-
ganda work in the vast range of epidemic areas, mobilized and mobilized the people
in the epidemic areas to participate in the campaign to eliminate Oncomelania snails,
and achieved gratifying results. Since the 1980s, the country has begun to incorpo-
rate health education into the category of social medicine and has conducted a series
of studies on it. Health education is not only a means of propaganda and agitation,
but also emphasizes the role and evaluation of health education in the process of
schistosomiasis control. After 1992, the country formulated a health education
implementation plan, established a national schistosomiasis health education net-
work, and organized health education workshops to incorporate schistosomiasis
health education into the overall plan for schistosomiasis control. By the end of
1995, there were more than 40,000 full-time and part-time schistosomiasis preven-
tion health education personnel nationwide, and 100,000 people participated in
schistosomiasis prevention health education training courses. The training focused
on changing the target population’s exposure to infected water as the core content of
health education intervention. Health education personnel used the mass media to
conduct extensive publicity in the affected areas. During the project period, 2.318
million primary and secondary school textbooks were produced in various regions,
and the coverage of schistosomiasis prevention and health education for students in
the epidemic area was close to 100%. The central government and various popular
provinces have produced more than 50 TV videos of different types and purposes,
and produced a large number of broadcast materials, leaflets (books), posters,
banned cards and slogans. Through systematic health education in a planned,
purposeful, and targeted manner, the knowledge of schistosomiasis control among
the people in the affected areas has been greatly improved, especially among the
students in primary and secondary schools.
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China has put forward the concept of comprehensive management since the
1950s. The comprehensive management method includes three aspects: (1) The
source of infection is the investigation and treatment of patients and sick animals,
and the treatment of feces and drinking water. Management; (2) Targeting the means
of transmission is to check and eliminate snails in the epidemic area; (3) Targeting
the susceptible population is to conduct publicity and education, personal protection,
etc. With the improvement of diagnostic methods and the discovery of new thera-
peutic drugs, the focus of comprehensive management in different years has also
changed greatly. In 1960, under the premise of backward diagnostic technology and
large side effects of chemotherapy drugs, snail detection would become the key task
of comprehensive management. Therefore, large-scale reclamation was carried out
in conjunction with agricultural development. In the 1970s, large-scale drug killing
was carried out. To eliminate snails, cultivation and mechanized farming became the
main body of prevention and control work during the dry season of high-water
beaches in the 1980s. After the 1990s, with the improvement of diagnostic technol-
ogy and the emergence of praziquantel, a highly effective therapeutic drug, a strategy
with disease control as the goal of prevention and treatment began to emerge. Patient
investigation and treatment will become the focus of comprehensive management,
so it will be expanded on a large scale. Chemotherapy for humans and livestock has
become the main project and has received attention from all aspects.

According to the requirements of the country’s schistosomiasis control goals, the
country’s main control strategy and the main comprehensive control measures that
match it can be summarized as follows: Phase 1: The control goal is to eliminate
schistosomiasis. The main prevention and control strategy is comprehensive man-
agement and comprehensive measures to eliminate Oncomelania snails, including:
(1) Large-scale and large-scale implementation of snail control projects focusing on
water conservancy and farmland infrastructure construction, and large-scale drug
elimination (2) Large-scale investigation and treatment of patients and animals;
(3) Supplemented by water pipes and fecal pipes, personal protection and publicity
and education. After nearly 30 years of control work, great achievements have been
made in the prevention and treatment of schistosomiasis. By the end of the 1980s,
the area of oncomelania nationwide had dropped by 90%, and the number of patients
had dropped by 80%. The four provinces, municipalities and autonomous regions of
Guangdong, Guangxi, Fujian, and Shanghai have reached the standard for eradica-
tion of schistosomiasis (Guo and Zheng 2000). Phase 2: The goal of prevention and
control is to control schistosomiasis and eliminate schistosomiasis wherever possi-
ble. The main prevention strategy is comprehensive treatment, comprehensive
disease control based on chemotherapy, supplemented by comprehensive prevention
strategies such as snail eradication in susceptible areas and health education. In the
1990s, a series of comprehensive intervention measures such as simultaneous
chemotherapy for real people and livestock and snail eradication in susceptible
areas, and for a long period of time, the examination and treatment of schistosomi-
asis was free. Through continuous intervention and treatment, the incidence of
schistosomiasis in the country has shown a continuous and steady decline. By the
end of 2000, the national schistosomiasis infection rate had dropped significantly.
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There was a significant decrease in new-onset late-stage schistosomiasis. At this
stage, Zhejiang Province announced that it has reached the standard for eradication
of schistosomiasis (Yuan et al. 2000). Phase 3: Consolidation and maintenance of the
control effect. The country has a large area of snails, the epidemic is severe, and the
prevention and control are difficult. The most endemic areas of schistosomiasis in
the country are mainly concentrated in lake areas and plateau mountainous areas.
Because the water level cannot be controlled, the environment is complicated, the
traffic is blocked, and the economy is underdeveloped, the prevention and control
work are very difficult. In the past, some traditional effective schistosomiasis control
measures were difficult to carry out and implement. Due to the reform of the social
and economic system, large-scale mass movements in the past were difficult to carry
out; due to consideration of ecological and environmental protection, methods such
as flood diversion and chemical soaking, high reclamation, and blocking lakes to kill
snails could not be implemented. At present, Oncomelania snails are mainly distrib-
uted in lake areas and mountainous areas. Due to environmental factors, it is very
difficult to eliminate Oncomelania snails (Guo 2006b). Changes in the ecological
environment have intensified the spread of schistosomiasis: the construction of the
Three Gorges of the Yangtze River will benefit the country and the people, but it will
also increase the risk of schistosomiasis transmission in the reservoir area; returning
farmland to lakes, flooding through floodplains, and relocation to build towns will
increase the area of snails The chances of recovery and infection of humans and
animals have increased. In addition, frequent floods can spread the snails. Therefore,
in the next few years, the area of Oncomelania snails in the country will rebound to a
considerable extent (Zhou et al. 2004). Restricted by diagnostic technology and
chemotherapeutic drugs, the prevention and treatment effects are difficult to consol-
idate. At present, the diagnosis methods of schistosomiasis are mainly divided into
two categories: one is pathogenic diagnosis techniques, including modified Kato
method, hatching method, and egg collection method; the other is immunological
diagnosis methods, including intradermal test, blood antibody Detection and antigen
detection. The sensitivity of pathogenic methods is low, and the detection rate in
low-transmission areas is very low; the sensitivity of antibody detection is high, but
the antibody disappears for a long time, and there is no curative effect evaluation
value; the detection rate of circulating antigen is affected by the complex, so the
detection rate is very low Therefore, these existing methods have deficiencies in
either severe or mild epidemic areas (Guo and Guo 2005). Praziquantel is a safe and
effective drug for the treatment of schistosomiasis. Existing indications indicate that
the current dose of 40 mg/kg in severe epidemic areas may not be enough and may
lead to the development of drug resistance. After 20 years of national chemotherapy,
This issue should now be considered (Cao et al. 2003). Therefore, although the
strategy of universal chemotherapy has played an extremely important role in
disease control, the reinfection in severe endemic areas continues year after year,
even as high as 40% (Guo et al. 2001). On the one hand, the compliance of residents
from chemotherapy is decreasing year by year, on the other hand, the chemotherapy
effect of praziquantel itself must be considered (Guo et al. 2005).
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Through the phased implementation of comprehensive strategies and measures
focusing on snail eradication or chemotherapy, although historical results have been
achieved. However, a prevention strategy cannot be applied in all historical stages,
nor can it be applied in various epidemic types. At the same time, prevention
measures are sometimes time-effective, and may not be equally effective at different
stages. Furthermore, the starting point and end point of schistosomiasis control work
is to serve the people’s health and serve the socialist economic construction. The
fundamental purpose is to control schistosomiasis, not to eliminate the snail species.
Therefore, the effectiveness indicators that reflect the goals of schistosomiasis
control in the new period will mainly grasp three rates: (1) control and reduce the
incidence of acute infection; (2) control and reduce the infection rate of humans and
animals, of which the infection rate of livestock is particularly important; (3) Control
and reduce the positive rate of Oncomelania snails. These three rates are indicators of
schistosomiasis control that we should firmly grasp in the new era. To control and
reduce these three rates, the focus of our work and the prevention and control
measures we take should be changed accordingly. It is necessary to vigorously
implement the use of tractors instead of cattle (replacement of cattle by machines)
as the focus, focusing on the adjustment of the agricultural industry structure,
combined with water reform, toilet improvement, health education, livestock breed-
ing, simultaneous inspection and treatment of humans and animals, and susceptible
areas or environmental transformation Such comprehensive measures take into
account the maximization of economic and social benefits.

Governments at all levels and relevant departments in Jiangsu Province have
carried out comprehensive management of schistosomiasis in light of local condi-
tions. The agricultural sector conscientiously implements measures to replace cattle
and livestock with machinery, strengthen management of livestock grazing, prohibit
grazing in areas with snails, reduce the source of infection of livestock, and at the
same time tilt the agricultural industry structure adjustment project to key areas for
schistosomiasis control, and upgrade related construction projects and transforma-
tion of oncomelania. From 2012 to 2018, the province has implemented a total of
3870 cattle (sets) of replacement of cattle by machines, 36 culling cattle, 28,995,300
livestock in captivity, 2106.68 hm2 and 896.13 hm2 of fish farming and snail
eradication. The water conservancy department listed the schistosomiasis control
project as a key project of water conservancy construction, and carried out compre-
hensive treatment of schistosomiasis in combination with the construction of large-
scale water conservancy projects such as the improvement of the Huaihe River into
the river and the east route of the South-to-North Water Transfer. From 2012 to
2018, 2039 water conservancy and schistosomiasis control projects were
implemented, 6336 micro water conservancy projects, 2321.51 km of small and
medium-sized rivers, 223.51 km of hardened slope protection, 160 facilities for
sinking snails, six rural safe drinking water projects, and water-saving irrigation
projects 83 small watersheds were treated with 15.1 km2; the forestry department
planted 500.00 hm2 of snail control and disease prevention forests, constructed
330.20 hm2 of forest and agricultural ecological forests, and constructed 129.53
hm2 of wetlands and nature reserves; the land and resources department carried out
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land remediation of 2.89 hm2 and built field roads of 1662.83 km. Construction of
irrigation, drainage (ditch) and pipelines are 4770.12 km, the land leveling area is
2.80 hm2, and the area of relocated villages is 570.67 hm2 (Li et al. 2019).

12.3 Schistosomiasis Prevention and Control Work
in Africa

Within the past decade, significant progress has been made on large scale treatments
through integrated control of schistosomiasis and other NTDs, due to a number of
international organizations, donor foundations, bilateral institutions and
non-governmental organizations that responded to the WHO’s 2001 call for action
(Savioli et al. 2009). Treatment with praziquantel (Doenhoff et al. 2009) is cost-
effective and ‘preventive chemotherapy’ is currently the strategy of choice and
endorsed by (WHO 2006, 2012b). With a support from international organizations,
donor foundations, the pharmaceutical industry, and several not-for profit organiza-
tions, millions of children are regularly treated for schistosomiasis in Africa, through
coordinated use of anthelminthic drugs (WHO 2015, 2016).

In the past, a key obstacle to implementation of preventive chemotherapy for
control of schistosomiasis in Africa was the limited access to praziquantel, either
purchased or donated (Hotez et al. 2010). With the expansion of activities of the
Schistosomiasis Control Initiative, it was clear that the future need for large-scale
quantities of praziquantel would grow in Africa (Fenwick et al. 2009). In 2007,
Merck KGaA pledged to donate 200 million tablets of praziquantel over 10 years
through WHO. However, in 2012, Merck-KGaA committed to increase its donation
to 250 million tablets of praziquantel per year until schistosomiasis is eliminated.
While there is now growing access to praziquantel for schistosomiasis control in
Africa, it is not at the level of projected requirements to reach all people at risk and
requiring treatment (Stothard et al. 2013). There reported on treatment coverage for
schistosomiasis show that utilization of available praziquantel by NTD programme
is not yet optimal in many countries (WHO 2015, 2016). In addition special attention
is needed to develop new access plans and reporting frameworks to vulnerable
demographic groups in high-risk areas, particularly pre-school aged children who
are currently overlooked (Stothard et al. 2013; Stothard et al. 2011).

In 1975, the World Health Assembly (WHA) adopted the WHA 28.53 resolution
calling for the preparation of guidelines and increased efforts in drug development,
water projects and partner mobilization for schistosomiasis control (WHO 1975). In
1976, the WHA29.58 resolution urged countries with related diseases to consider the
epidemiological aspects of schistosomiasis when planning and implementing water
management schemes, and to undertake specific measures to prevent the spread of
the disease into new areas and neighboring countries (WHO 1976). However,
despite the existence of methods in the 1970s and 1980s, control of schistosomiasis
was only sustained for a prolonged period in a few countries and almost no progress
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was made in African countries. In the 1990s, interest in the control of schistosomi-
asis in Africa waned, and disease control was overshadowed by other health
priorities (Tchuem 2012).

Recent years have witnessed an increased interest in the control/elimination of
NTDs, and the control of schistosomiasis has again become a priority on the agenda
of many governments, donorsand international agencies. In 2001, all member states
of WHO endorsed the WHA54.19 resolution on schistosomiasis, with the major
objective of the regular treatment of at least 75% of all school-aged children at risk of
morbidity by 2010 (WHO 2001). The resolution generated a greater political
commitment and encouraged many countries to establish national action plans and
programmes for schistosomiasis control. Ten years later, in January 2012, WHO
published an NTD Roadmap that set targets for the period 2012–2020, and described
the strategic approach to accelerate work to overcome the global impact of NTDs.
This method identified preventive chemotherapy as a key strategy for tackling NTDs
(WHO 2012b, 2012c). Partners and stakeholders (pharmaceutical companies,
donors, endemic countries, Non-Governmental Organizations) endorsed the
London declaration on NTDs, and committed to support the WHO roadmap and
its 2020 targets for ten NTDs (WHO 2012a).

In 2012, WHO member states agreed with the WHA65.21 resolution on elimi-
nation of schistosomiasis, that called on all endemic countries to intensify control
interventions and strengthen surveillance. Moving from control to elimination
requires changes in the strategies of mass drug administration (MDA) with
praziquantel to inclusion of complementary measures. Integrated intervention mea-
sures including public health education, access to clean water, improved sanitation,
and snail control are highly recommended in this paradigm shift. A combination of
these intervention measures can interrupt the lifecycle of the schistosomiasis
(Mazigo 2019). Importantly, this resolution encouraged countries to embark on
schistosomiasis elimination where possible (WHO 2012c). Finally, in 2013, the
WHA66.12 resolution on NTDs encouraged countries to ensure continued country
ownership of programmes for Neglected tropical diseases (NTD) prevention, con-
trol, elimination and eradication, devised plans for achieving and maintaining
universal access to and coverage with interventions against NTDs, including provi-
sion of safe drinking-water, basic sanitation, health promotion and education (WHO
2013).

Clean water provision, sanitation and hygiene (WASH) are critical components in
the prevention schistosomiasis scheduled for intensified control or elimination by
2020. For schistosomiasis, improved sanitation across the entire community to
prevent contaminated faeces and urine from reaching surface water can reduce or
eliminate transmission, by stopping worm eggs in faeces and urine from entering
water–the snail habitat (Tchuem Tchuenté et al. 2017). Provision of safe water,
sanitation and hygiene is one of the five key interventions within the global NTD
roadmap. This requires a strong intersectoral collaboration. WASH providers must
developed in the recent WASH strategy to accelerate and sustain progress on NTDs
(Boisson et al. 2016).
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It is worth noting that despite these recommendations, these measures have not
been integrated into the MDA plan in the African environment. At this stage, the
control of schistosomiasis in Africa is still dominated by MDA. In Africa, the control
of schistosomiasis is a long-term project. The process from control to elimination
will require policy changes, modifications, and strategic changes from MDA
methods to integrated methods. In order to achieve the elimination goal, PZQ
needs to be intensively treated to cover all age groups and hard-to-reach communi-
ties, implement complementary public health measures, such as improving the use of
clean water and sanitation facilities, and take intervention measures to promote
behavior change. New diagnostic tests are needed to help define elimination
methods, which should also be part of the agenda. In general, political support and
community involvement will be essential for the comprehensive approach to play a
meaningful role. From control to elimination of schistosomiasis in Africa, a
multisectoral approach should form the central pillar. (Mazigo 2019).

12.4 China Aids African Schistosomiasis Control Project

Africa is an endemic area of schistosomiasis. The prevention and control of schis-
tosomiasis is a social system project. The success of schistosomiasis prevention and
control in China is the cooperation of agriculture, water conservancy, health, edu-
cation and other departments. With the bilateral assistance to Africa, it is possible to
implement Chinese schistosomiasis control experience in Africa. However, Chinese
most important schistosomiasis control experience is comprehensive management.

12.5 Multi-Sectoral Schistosomiasis Control Cooperation
Meeting

Since Chinese aid to Zanzibar schistosomiasis prevention and control project started
in March 2017, the work has expanded from the original three pilot areas to
surrounding areas. However, most of the prevention and control work focuses on
the investigation of blister snails and the elimination of snails with drugs, routine
inspections and treatments, and health education. Relevant departments in Zanzibar
are less involved. How to implement comprehensive management measures in the
follow-up work to give China experience in schistosomiasis control Really effec-
tively land in Africa, strengthen government leadership, and give full play to the role
of departmental linkage. The third batch of project teams held the district govern-
ment department’s schistosomiasis control project promotion meeting from 15 to
23 March. Pemba Island is divided into North and South Pemba Province,
Micheweni, Wete, Chakechake, Mkoani four regions. After thorough discussion
with the non-NTD staff, the project team decided to hold district-level project
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promotion meetings in the four regions. The meeting invited the main leaders of the
district and officials of the district finance, education, environment, agriculture,
water conservancy, information, safety, health and other departments to participate.
The project team introduced the development of the Zanzibar schistosomiasis project
and the third batch of project teams since 2017. In the work plan, the participants had
a lively discussion on schistosomiasis prevention and control knowledge, drug
control effects, influencing factors, project background, and realization of specific
goals, etc., thereby enhancing the understanding of schistosomiasis prevention and
control in various departments. The project team held four project promotion
meetings in four regions, with more than 120 representatives (JIPD 2018f). On
8 May, the project team held the Pemba Island community-level project promotion
meeting and health education training class. A total of 46 staff from the President’s
Office under Pemba Island’s four District participated in the training. Pemba Island’s
district-level president’s office is subordinate to each district government, and staff
members are elected by community residents to specifically coordinate the govern-
ment affairs of the local community government, serve the people of each commu-
nity, and be responsible to the district government. The staff is the coordinator and
person in charge of the specific work of the grassroots shehia, and has a linking role
in the grassroots work. The purpose of this conference is to smoothly promote the
village-level health education for schistosomiasis through their training and their
resources and capabilities. The project team pointed out that Chinese schistosomiasis
prevention and control is a comprehensive prevention and control work. The gov-
ernment is the main body responsible for the control of schistosomiasis. All depart-
ments and units must participate together. The staff of the President’s Office will
play an important role in the elimination of Pemba schistosomiasis. Play an impor-
tant role (JIPD 2018d). On 11 May, the project team held a coordination meeting for
schistosomiasis prevention and control work departments on Pemba Island. The
meeting invited officials from 16 departments of provincial finance, education,
environment, agriculture, water conservancy, information, safety, health, etc. to
participate. The Governor of South Pemba Province Hemes attended the opening
ceremony. The project team introduced the successful experience of integrated
control of schistosomiasis in China, clarified the purpose of this working meeting,
and emphasized the importance of integrated control of schistosomiasis. Governor
Hemed stated that he would do his best to ensure the smooth progress of the
mulberry schistosomiasis control project and the greatest support to Chinese aid to
the mulberry schistosomiasis control project. He hoped that the schistosomiasis in
Pemba would be eliminated as soon as possible. Most of the heads of departments
who attended the meeting learned about schistosomiasis, blister snails, and inte-
grated control of schistosomiasis for the first time. Participants put forward questions
and suggestions on the knowledge of schistosomiasis prevention and control, the
effect of drug control on snails, influencing factors, project background and the
realization of specific goals, and supported the project work on Pemba Island and
were willing to eliminate Pemba Island. Schistosomiasis worked together and
decided to establish a regular communication and reporting system for schistosomi-
asis prevention work between departments (JIPD 2018e).
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On 4 October 2019, the sixth group of experts from the China-aided Zanzibar
Schistosomiasis Control Technology Project went to Zanzibar Island to hold a
project promotion and exchange meeting. About 30 leaders and professionals from
the Ministry of Health, Ministry of Agriculture, Ministry of Education, Ministry of
Environment, NTD Office, Health Promotion Office and other departments attended
the event. At the exchange meeting the Director of the Bureau of Disease Control
and Prevention of the Ministry of Health delivered an opening speech. The project
team leader introduced the achievements of the China-aided mulberry schistosomi-
asis control project in Pemba Island for 3 years. Schistosomiasis is also endemic in
some areas of Zanzibar. I hope that this exchange will promote everyone’s under-
standing of the project, understand Chinese schistosomiasis control, and help pro-
mote Schistosomiasis prevention and control work on Zanzibar Island. Salum, the
head of the schistosomiasis department of the NTD office, introduced the current
neglected tropical disease epidemic in Zanzibar. The project team introduced Chi-
nese schistosomiasis control work and achievements, focusing on the experience of
cooperation between Chinese agriculture, water conservancy, and forestry depart-
ments and schistosomiasis control work (JIPD 2019a). On 1 November, the sixth
batch of project teams carried out a multi-departmental cooperation and exchange
promotion meeting for schistosomiasis prevention and control work at the project
site, the Chakechake District Office of Pemba Island, the Department of Health, the
Department of Water Resources, the Environment Department, the Department of
Education, Agriculture, Health Promotion, etc. 12 department heads from multiple
departments attended the meeting. The director of the Pemba Island Health Depart-
ment stated that after a multi-departmental exchange meeting on schistosomiasis
control was held in Zanzibar, in order to strengthen the Pemba Island’s multi-sector
cooperation and jointly fight against schistosomiasis, the Pemba Island Health
Department invited the project team to be held on Pemba Island. This exchange
promotion meeting. The project team leader introduced that one of Chinese valuable
experiences in schistosomiasis control is multi-departmental cooperation. He
thanked all departments for their attention and support to schistosomiasis control
and hoped to promote the establishment of a sound multi-departmental cooperation
mechanism in Pemba Island through the meeting. The project team introduced
schistosomiasis-related knowledge, focusing on sharing the “Chinese experience”
of multi-sector cooperation in agriculture, water conservancy, and environmental
protection, as well as the cooperation between the project team and the Pemba Island
Ministry of Education and the Water Resources Department. Participants had
in-depth exchanges and discussions. The Department of Agriculture expressed to
the project team a strong willingness to cooperate in schistosomiasis control and
invited the project to conduct schistosomiasis investigations on rice farmers and
cattle farmers (JIPD 2019c).
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12.6 Cooperating with the Health Department for Health
Education

As one of the preventions and control measures for schistosomiasis, health education
is an economical and effective working method due to its low investment, good
social benefits, and high input-output ratio. It is also one of the basic components of
many schistosomiasis control strategies. One. However, due to the lack of funds,
teachers, teaching materials and work experience in Pemba Island, schistosomiasis
prevention health education has not been carried out effectively. In order to com-
prehensively raise awareness of schistosomiasis prevention among local people,
spread schistosomiasis prevention knowledge, and promote healthy behaviors, the
China-aided mulberry schistosomiasis prevention project has actively planned and
carried out health education work based on local conditions: Mtangani, kiyuyu and
wingwi are the three pilot projects and Uwandani demonstration area. Key work
areas. The project team first carried out educational work in the above-mentioned
areas. The third batch of project teams focused on schools and communities, and
carried out 40 health education publicity lectures in schools, community primary
health centers (PHC) and communities in the above-mentioned areas, with an
audience of 5000 people. In addition, the project team also set up a demonstration
zone sign in Uwandani demonstration zone, 13 wall slogans, and 22 snail pond
warning signs. The printing of warning signs and slogans gave the people in the
demonstration area a more intuitive impression, and played a very good role in
warning and publicity. In Pemba Island, the proportion of young people is relatively
high, and the students at school are women and farmers. The main people who are
exposed to water are also the key people infected with schistosomiasis, and it is of
great significance to do their health education work well. The project team carried
out systemic schistosomiasis prevention health education classes in three pilots and
12 primary and secondary schools in Uwandani Demonstration Zone, disseminating
schistosomiasis knowledge to them through videos, examples, exhibition samples,
and on-site questions and answers. At the same time, the “Schistosomiasis Cup”
essay competition was held. A total of 195 articles in English and 315 in Swahili
were received in the competition. Six award-winning essays were selected and three
schools were excellently organized, which effectively deepened students’ under-
standing of schistosomiasis knowledge; While doing a good job in the health
education of the pilot areas and students, the project team also meticulously designed
and printed 5000 Swahili propaganda posters and 10,000 Swahili schistosomiasis
propaganda brochures. These propaganda posters and brochures Posting and dis-
tributing to local schools, community primary health care centers, government
agencies and other departments and villagers’ homes to increase the project’s
influence and increase the coverage of health education; the team members and
non-party employees go to each community in advance, communicate and coordi-
nate with the village chief, and arrange health education place. Bring the equipment
the next day, drove more than 10 km, and carried the equipment. When you arrive at
your destination, you will set up your own cable, set up the table, set up the stereo,
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etc., and then give a few hours of lectures. In order to conform to the living habits of
the people, the project team sometimes had to go to the village to carry out health
education activities after get off work in the evening. After several months of hard
work, the evaluation of the effectiveness of health education showed that the
awareness rate of schistosomiasis control among the masses increased from
61.36% to 86.97%, the average score of residents’ knowledge about schistosomiasis
control increased from 6.99 to 7.94, and the average score of students’ knowledge
about schistosomiasis control increased from 6.66. As of 7.93, the population’s
awareness of schistosomiasis prevention and control has been continuously
improved (JIPD 2018c). On 21 August 2018, the award ceremony of the “Schisto-
somiasis Cup” composition competition for the Chinese aided schistosomiasis
control project was successfully held on Pemba, Zanzibar. Zanzibar’s Pemba Dis-
ease Control Bureau, Education Bureau, NTD Office and China’s aid for schistoso-
miasis control A total of more than 50 people from the third and fourth project
groups participated in the award ceremony. The award ceremony also marked the
end of the two-month “Schistosomiasis Cup” essay competition. Starting in
mid-May, the China-aided mulberry schistosomiasis control project has carried out
systematic health education courses in the three pilots of Wingwi, Kiyuyu, Mtangani
and all primary and secondary schools in the Uwandani demonstration area. In order
to further deepen local students’ knowledge and understanding of schistosomiasis,
the group organized and carried out the first Pemba “Schistosomiasis Cup” compo-
sition competition in these schools, encouraging and calling on students to actively
participate in schistosomiasis control work. This move was also warmly welcomed
by local schools and teachers and students. Students actively participated in writing
and submitting essays. In the end, a total of 510 contest essays were received,
including 195 in English and 315 in Slovak. There were six award-winning essays
and three excellent schools. The Pemba Island’s Disease Control and Prevention
Bureau of Zanzibar expressed its gratitude to the careful organization of the Chinese
aid schistosomiasis prevention project team and the serious cooperation of various
schools. He hoped that this move can be expanded and implemented in other areas of
Pemba, so that more Students participate in schistosomiasis control work. The
Pemba Education Bureau of Zanzibar spoke highly of the innovative work of this
essay contest, and hoped that the education and health departments could keep in
touch and cooperate closely, and strive to work together for the health of all Pemba
people (JIPD 2018b).

The Uwandani Demonstration Area is a comprehensive demonstration area for
the Zanzibar schistosomiasis prevention and control project. After more than a year,
with the joint efforts of Chinese and African staff, it has taken measures to strengthen
disease inspection and treatment, consolidate snail detection, and carry out health
education. With comprehensive prevention and control measures, the population
infection rate in the Uwandani Demonstration Area has dropped from 8.92% at the
beginning of the project to the current 1.36%, and the prevention and control work
has achieved remarkable results. In order to further consolidate the results of
schistosomiasis control in the Uwandani Demonstration Zone, on 3 November
2018, the fourth batch of members of the Zanzibar Schistosomiasis Control Project
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went to the Uwandani Demonstration Zone to carry out schistosomiasis health
education activities. School teachers and students from the demonstration zone
More than 500 people, including community health doctors and local people partic-
ipated in the event. The location of this health education activity was determined to
be a school in Uwandani demonstration area. The members of the project team
explained schistosomiasis prevention and control knowledge to students and local
people, broadcasted videos related to schistosomiasis infection prevention on the
spot, distributed schistosomiasis prevention knowledge brochures and health edu-
cation materials such as buckets, flashlights, cloth bags, etc., for the public in
Uwandani demonstration area Learn more vividly about the hazards of schistoso-
miasis and related knowledge about the prevention and control of schistosomiasis in
daily life (JIPD 2018a).

On October 12, 2019, the sixth batch of project teams held a handwriting
competition for primary schools across the island on Pemba Island. A total of
42 schools in 35 areas with severe schistosomiasis epidemics participated in the
competition. The Minister of Health of Zanzibar, the Director of Pemba Island
Health Department, and the head of the SMZ President’s Office attended the kick-
off meeting. The school is responsible More than 40 people or school representatives
attended the meeting. The head of SMZ President’s Office, who is in charge of all
primary schools in Pemba Island, thanked the project team for organizing and
supporting this activity. Through this multi-sectoral schistosomiasis prevention
activity, it can help primary school students to improve their health awareness.
The project team thanks the various departments of Sangfang for their continuous
support to the project. The project has reached the goal of eliminating schistosomi-
asis in the pilot and demonstration areas, effectively improving the health of
residents. The project will further promote comprehensive measures such as snail
detection, disease detection and treatment, and health education to consolidate the
results of schistosomiasis elimination. The primary school students’ hand-written
report competition was held to increase the awareness of schistosomiasis prevention
among primary school students as a high-risk population and reduce the risk of
infection. The Minister of the Ministry of Health of Zanzibar believes that this
activity is a continuous deepening of the project work. Based on the huge achieve-
ments of the project, some successful schistosomiasis control experience has been
extended to areas outside the project. The sixth batch of expert groups of the project
team has carried out the project work for more than 2 months, in addition to
completing routine snail detection and disease detection and treatment, various
trainings have been carried out for professionals, community health workers, and
other schistosomiasis control departments. Four times, schistosomiasis health pro-
motion work was extended to different regions, different departments and other
fields (JIPD 2019b).
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12.7 Cooperating with the Water Resources Department

In most schistosomiasis endemic countries, the natural water source containing
cercariae of Schistosoma is still the only source of domestic water for residents.
Even if the residents in high-risk communities get effective treatment, they cannot
avoid reinfection. At the same time, for economic development in many African
countries, in the absence of environmental hygiene assessment, large-scale water
conservancy projects such as dams and irrigation facilities were built, which
expanded the epidemic water, increased the risk of residents contacting the epidemic
water, and led to the increase of infection rate. However, in African countries,
because water resource management and health facilities construction are usually
not under the jurisdiction of the health sector, and the cost of providing safe water is
high, so in the past, schistosomiasis control agencies in the health sector of various
countries have not focused much on such high-cost interventions, and epidemic
areas have not actively pursued cross sector cooperation to improve the awareness of
safe water.

On 27 October 2019, at the invitation of Pemba Island Water Conservancy
Department, the Zanzibar Schistosomiasis Control Technical Assistance Project
(hereinafter referred to as the project team) and the Mtangani Community Villagers
Committee jointly held a seminar of water supply project for schistosomiasis control.
The purpose of this seminar is to publicize and implement the cooperation between
the project team and the water conservancy department in the water supply project of
schistosomiasis control, and further explore the plan of the project. Leader of the
project team introduced that the construction of the water conservancy project not
only can improve the water intake and use of residents, but also has a very important
significance for maintaining the results of Schistosomiasis elimination. The history
of the cooperative water conservancy project was introduced in detail. The two sides
cooperated closely on the preliminary demonstration, regional selection, material
preparation and other aspects of the project, and jointly contributed to the develop-
ment of the project. Later, the village head of Mtangani community made a speech,
expressing his gratitude to the project team and the water conservancy department,
and introducing the situation that residents have been facing the shortage of domestic
water supply for a long time. This water supply project is a great blessing for the
residents, which can greatly improve the living standards of them. Subsequently, the
engineers of the water conservancy department and the village committee discussed
the details of the construction. The village committee said it would actively mobilize
the labor force in the village, and the construction could be completed in a week.
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12.8 Agricultural Control Intermediate Host Bulinus
of Schistosomiasis

In Chinese schistosomiasis endemic areas, the practice of reducing the density of
oncomelania and even killing the snails is beneficial to aquatic products and poultry
breeding, and the effect is good, and it has produced considerable economic benefits
(Gong and Liu 1996; He et al. 2019; Lei et al. 2010; Shi 2018). The sixth group of
experts in the Zanzibar region through muscovy duck breeding for the prevention
and control of schistosomiasis in Egypt is still in the preliminary exploration stage.
Experiments have proved that the breeding of muscovy ducks for the ecological snail
eradication of water snails has a significant effect, especially for the suppression of
water snail reproduction. The snail-killing organisms mainly reduce the number of
harmful snails in three aspects: first, directly reduce the number of harmful snails by
preying on harmful snails; second, reducing the number of harmful snails from the
root source by preying on snail eggs; third, destroying harmful snails by preying on
plants The living environment of harmful snails affects the reproduction of snails and
indirectly reduces the number of harmful snails (Bi 2007). Judging from the fact that
Muscovy ducks prey on blister snails, Muscovy ducks can effectively control the
population of blister snails. Despite the existence of optional foods, Muscovy ducks
still use their beaks to crush and swallow during the process of filtering water and
foraging. Experiments have shown that each muscovy duck can prey 0.4 adult blister
snails per day. Although 0.4 is a small number, long-term predation by group-bred
Muscovy ducks will greatly reduce the density of blister snails. In addition, the
offspring of blister snails and Due to their extremely small size, the snail eggs are
more likely to be swallowed by ducks during filter feeding, so Muscovy ducks can
be considered as a biological choice for snail killing. The effect of breeding
Muscovy ducks for ecological snail eradication may be related to the fact that the
habitat and activities of Muscovy ducks affect the growth process of aquatic plants,
destroy the food and living environment of the water snails, and have a smaller
relationship with the direct reduction of the density of the water snails by the
Muscovy ducks. . In the experiment, it was found that the aquatic plants in the
experimental group’s pots were foraging and mechanically damaged by the Mus-
covy ducks. The water body was fluctuating and more turbid, and the water level
dropped significantly compared with the control group. The aquatic plants in the
control pots grew normally and were used as food by blisters Or shelter, calm water.
Muscovy’s damage to aquatic plants and the water fluctuations caused by it will
highly affect the attachment of blister snails and their eggs on aquatic plants, which
will negatively affect the growth and reproduction of blister snails and indirectly lead
to the decrease of snail density. In the experiment, the blister snails were not only
tenacious in vitality, a total of 120 adult blister snails were cultivated in a simulated
natural environment for 40 days, only two died naturally, and the blister snails
reproduced in a single body with strong reproductive ability. The offspring snails
were cultured in a simulated natural environment for 20 days. The reproduction rate
is as high as 15.15 per snail, and it is very meaningful to cultivate Muscovy ducks to
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produce strong reproduction inhibition on the water snails. Although the experiment
simulates the natural environment, the water surface area is small, which has certain
limitations. If the breeding scale of Muscovy ducks is not reached, it may have a
small impact on the control of large ponds, especially water snails in the middle
waters. However, the distribution of blister snails in the pond decreases with
the decrease of aquatic plants from the side of the pond to the center of the pond.
At the same time, human beings are the main source of infection of schistosomiasis,
the activity habits of Muscovy ducks and the law of human activities at the side of
the pond. It is consistent, so the disadvantages of muscovy ducks’ semi-loving water
have little effect on their use in ecological snail control and schistosomiasis control.
Muscovy ducks have a wide range of breeding in Zanzibar, with strong adaptability
to life and rich nutritional value. Especially for ponds that are not suitable for
large-scale repeated drug snail eradication, biological snail eradication has broad
prospects. If the mulberry schistosomiasis control project is adopted, the local
cooperation of schistosomiasis control, agriculture, water conservancy, and environ-
mental protection will be adopted to breed muscovy ducks in enclosures in the blister
snail breeding grounds, which will not only effectively reduce the local blister snail
population density, eliminate the harm of schistosomiasis, and protect water Ponds,
streams and other natural environments are not affected or affected by drugs to
eliminate snails as little as possible, and good economic benefits of muscovy duck
breeding will be achieved, thereby changing the local industrial structure and
promoting local agricultural and economic development. At the same time, Muscovy
ducks can prey on mosquitoes and other insect larvae in the water body, reducing the
incidence of local mosquito vectors and other insect-related infectious diseases such
as malaria, lymphatic filariasis, and dengue fever. It is good for purifying the
environment and protecting the health of local people.

12.9 Conclusion

Under the leadership of the Chinese government, after nearly 40 years of efforts,
starting from the reality of our country, we adhere to the principle of putting
prevention first, combining prevention with scientific research, and under the guid-
ance of the principles of highlighting key points, classified guidance, comprehensive
planning, and step-by-step implementation, actively adopt comprehensive treatment
measures such as disease detection, snail elimination, publicity and education, and
personal protective treatment, and gradually formed a schistosomiasis prevention
and control mechanism with Chinese characteristics, and established and perfected a
sustainable development of schistosomiasis suitable for Chinese national conditions.
The prevention and control model has played a key role in effectively controlling the
prevalence of schistosomiasis and has also provided experience for schistosomiasis
in the world. Most of the schistosomiasis prevention and control work uses a
combination of (MDA) and health education in abroad, and less snail control and
other work, which is different from the schistosomiasis prevention and control work
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in China. The schistosomiasis prevention and control work mostly used the combi-
nation of mass drug administration (MDA) and health education in other countries,
and rarely does snail control, which is different from the schistosomiasis prevention
and control work in China.

From the previous related content, we can see that for the prevention and control
of schistosomiasis in Africa, MDA alone cannot completely eliminate trematodiasis.
At this stage, there are no reports on comprehensive management of schistosomiasis
in Africa, but comprehensive management is adopted through Chinese aid to
the African schistosomiasis project. The measures have achieved great results, and
the infection rate of schistosomiasis in some areas has been lower than 1%. On the
surface, Chinese experience in schistosomiasis control is applicable to the preven-
tion and control of schistosomiasis in Africa and is worthy of promotion and
application. However, there are also certain difficulties in the control process, such
as how to adopt different control strategies in areas with different infection rates,
which can reduce unnecessary manpower and financial resources, so that resources
can be invested in more places for schistosomiasis control. The problem needs to be
further resolved in future work.
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Chapter 13
Construction of an Epidemic Management
Information System Leading
to Schistosomiasis Elimination in Zanzibar

Liang Shi and Yakub Shoka

Abstract The information system is an important part in schistosomiasis control
work. The rapid development of information technology for epidemic data has
promoted the establishment of China’s schistosomiasis elimination monitoring sys-
tem, and has accelerated the process of schistosomiasis elimination. The schistoso-
miasis information system has not been established at the national level in
Zanzibar’s and information management capabilities are very weak. There is a
lack of data that can fully and dynamically reflect the population’s disease and risk
factors epidemic trends and their influencing factors. This situation cannot meet the
goal of eliminating schistosomiasis. The China expert team assisted Zanzibar to
build an African schistosomiasis control information system suitable for local
epidemics, which improve data management application level and service capabil-
ities of schistosomiasis control work.

Keywords Information System · Schistosomiasis control

13.1 Background

Zanzibar is an integral part of the United Republic of Tanzania, with an area of 2654
square kilometers. It consists of Unguja Island (also known as Zanzibar Island),
Pemba Island and more than 20 small islands. Kilometers. At the end of 2019, the
total population was about 1.625 million, and 98% believed in Islam. The adminis-
trative area of Zanzibar is divided into five provinces, namely Zanzibar City and
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Southern Province, Zanzibar Northern Province, Zanzibar Western Province, Pemba
Northern Province and Pemba Southern Province.

At present, schistosomiasis surveillance and information management capabili-
ties in Zanzibar is weak, and no monitoring information system has been established
at the national level. There is a lack of data that can fully reflect the population’s
prevalence of disease and risk factors and their influencing factors. This situation can
no longer meet the goal of schistosomiasis elimination. To this end, it is necessary to
carry out the construction of an information management system, establish a nation-
wide surveillance information system, collect and manage public health surveillance
data, and focus on schistosomiasis incidence information in important local hospitals
and case management information in primary medical and health institutions.

The information system is an important basis and support for schistosomiasis
control. In China, the rapid development of epidemic situation information technol-
ogy has promoted the improvement of the schistosomiasis surveillance system to a
certain extent, and accelerated the process of schistosomiasis elimination. Expert
Group on China Aid to Zanzibar Schistosomiasis control Project builds an African
schistosomiasis prevention and control information system which suitable for the
local epidemic. The system uses computer management software and network
technology, combined with China’s experience in schistosomiasis control, improves
the current data management and application efficiency, comprehensively improves
the quality, management and service capabilities, and promotes the standardization
of schistosomiasis control, Standardized, scientific.

13.2 Demand Analysis

13.2.1 Government Analysis

As an important basis and support for schistosomiasis control, the information
system should focus on the global health development goals. First, the information
system should protect and improve people’s livelihood, benefit the families of each
affected area, especially children’s health, and use information technology as the
focus Means to promote the information application and interconnection of disease
control and vector control; Second, the information system should realize cross-
departmental information sharing, link up and down, dynamically track and monitor
the occurrence and development of diseases, minimize their harm, and solve the
strongest response from local people in Africa Issues such as public health and
medical services. At the same time, it should optimizes resource allocation, changes
the disease investigation and monitoring model, replaces manual paper management
with computerized information management, and replaces the intermittent and
solidified method with a continuous and dynamic model, which improves the
efficiency and effectiveness of schistosomiasis.
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13.2.2 Resource Analysis

The basis and core of schistosomiasis control is to collect, analyze the information,
that is, the acquisition and use of information. According to different control
methods, objects and purposes, control work is mainly case-based, event-based
and laboratory-based, the entire population and sentinel hospitals, etc., including
basic information (general situation of the case, morbidity, diagnosis), progression
information (Retrospective information and case follow-up, laboratory testing, treat-
ment, prognosis), as well as host, media, environment and other information.
Multiple dimensions can be obtained by collecting raw information variables and
performing statistical analysis, such as schistosomiasis infection rate and vesicular
snail density. The main content is shown in the Table 13.1.

13.2.3 Process Analysis

The basic business process can be summarized as information collection, informa-
tion management and information analysis and utilization. The information collec-
tion stage mainly realizes the acquisition of monitoring data. Collection methods can

Table 13.1 Schistosomiasis control information source

Source
classification Content Investigation agency

Basic
information

Information on village residents
in endemic areas

Disease control institutions that carry out dis-
ease surveillance

Resident information of village
residents in endemic areas

Survey
information

Questionnaire survey of resi-
dents’ schistosomiasis

Student schistosomiasis ques-
tionnaire survey

Investigation information of
confirmed cases

Media
information

Environmental information on
snail breeding

Disease control institutions that carry out dis-
ease surveillance

Snail investigation information

Drug control blister conch
information

Case
information

Urine sample information of
schistosomiasis cases

Disease control institutions or medical insti-
tutions that carry out disease surveillance

Schistosomiasis diagnostic
information

Urine test quality control infor-
mation for schistosomiasis
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be paper report card and questionnaire, electronic data exchange, electronic form
import, etc. The procedure for information collection can be that medical institutions
routinely report information to the disease control business management department
in accordance with certain rules, that is, passive monitoring. Information collection
can also be the disease control business management department to actively collect
information as needed, that is, active monitoring. The process of information
management is relatively complicated. In addition to the common operations of
information query, deletion, correction, verification, update, etc., it is also necessary
to use pipeline and account type monitoring. The former is based on the database
during the year, and manages the information by year to realize the monitoring of the
disease incidence trend; the latter is to establish case files, record each detection,
treatment, follow-up information based on the case management of current cases,
which achieve the patient dynamic information management of the entire process of
suffering from disease. In the use of information analysis, in addition to the popu-
lation health evaluation indicators such as infection rate, prevalence rate, mortality
rate, summary report and analysis report, data space statistical analysis, data mining
analysis and other activities can be used depending on the monitoring purpose and
information type.

13.2.4 Business Analysis

The system is used for monitoring based on cases and water environment, to realize
the collection, management and analysis of case information. The system is charac-
terized by “online, real-time, case”, that is, all county and above hospitals and
township health centers report information to the state. At the same time, the system
is also used to collect, manage, analyze, and use information on the breeding
environment of snails and their prevention. The main contents of the construction
include:

The network covers primary-level medical institutions and disease prevention and
control institutions. The information collection function can be extend to primary
medical institutions which improve disease surveillance coverage, accuracy and
effectiveness through the Internet resources.

Achieve direct reporting of the epidemic situation, so that the frontline personnel
of medical institutions and grass-roots disease prevention and control institutions can
directly submit data to the monitoring system to maximize the timeliness of moni-
toring; realize monitoring network acquisition and management; information appli-
cation for centralized management.
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13.2.5 Coding Analysis

In order to achieve precise and long-term management of schistosomiasis control
data, a unified population code and water environment code must be established. For
coding rules, refer to Secs. 13.1 and 13.2 of this chapter.

13.2.6 Technical Analysis

13.2.6.1 System Performance Requirements

• The system has good responsiveness.
• The system computer webpage and mobile terminal support disease control and

medical staff to conduct business online in real time. At the same time, consid-
ering the weak network information in remote areas of Africa, the system mobile
terminal supports offline disease investigation and other services.

• The system should have massive data storage and management capabilities,
stable data set optimization processing capabilities, and transnational stable data
retrieval capabilities. During the project, the data center roughly estimated the
data capacity to be around 5T. The system should have the optimal management
of hierarchical, hierarchical, and partitioning of multinational data and parallel
processing capabilities. It requires stable and fast access.

• System ease of use requirements: operation supports Chinese and English inter-
faces, easy to learn, and simple training can master system operation. The key
steps need to set reminders and use the menu method, according to the business
classification menu.

• The system should be able to provide 7 * 24 hours of continuous operation, with
an average annual failure time of less than 24 hours and an average failure repair
time of less than 60 minutes.

13.2.6.2 System Security Requirements

System security is the foundation of any business development. System construction
needs to consider physical level, network level, system level, application level and
security management requirements. It is also necessary to carry out procedures such
as acceptance assessment, operation and maintenance on the system. Implement the
requirement of not less than three levels of system level protection for the system. In
addition, for data security, special attention should be paid to the privacy protection
of residents’ files during the construction of the system. Disease control, doctors or
individuals need to pass identity authentication or security protection strategies to
prevent the disclosure of patient personal factors before viewing the residents’ health
records.
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13.3 Overall Design

13.3.1 Overall Architecture

Overall idea of system design: Taking the construction of schistosomiasis control
information management system as the core, it covers the control information
systems of the two island provinces, cities and districts of Wenguja and Pemba in
Zanzibar. The system architecture is based on the construction of network infra-
structure, building a data center for schistosomiasis prevention and control, and
building a management application module for prevention and treatment. Eventu-
ally, a management system with the main functions of disease investigation and
treatment, and snail control as the main body will be formed, and a safety manage-
ment system and a standard system will be established and improved (Fig. 13.1).

13.3.2 Functional Model

The system should have three basic functions of information collection, information
management and information analysis. The system has online and offline input
functions, while providing interfaces to support data exchange with other

Fig. 13.1 Overall framework of information system
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information systems. The collected information will be aggregated to form a data set
after operations such as review, correction, duplication check, and deletion. Reports,
distribution maps, and disease measurement indicators will be produced after statis-
tical analysis (Fig. 13.2).

13.3.3 Application Architecture

Responsible reporting units such as disease control institutions and medical institu-
tions at all levels can access the system portal through a browser, log in to specific
information systems according to their authority, and realize information entry. Each
agency is responsible for managing and analyzing monitoring data, forming analysis
reports, and responding to abnormal situations in a timely manner. The health
administrative department uses the analysis results of monitoring data to make
decisions and release information to the public.

Fig. 13.2 System operating modes and relationships
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13.4 Functional Application

According to the business application functions, the system is divided into six
subsystems including system management function, disease management, snail
control, questionnaire survey, report analysis and spatial analysis subsystem.
Through these sic subsystem modules, information on schistosomiasis control can
be realized: First, collection (entry, report, review, revision and deletion), Second,
statistical analysis (query, statistics, report, analysis summary) and management
(import, export and backup) of the collected data, third, maintenance and manage-
ment of the system. The system management function can realize the maintenance
and management of the system, such as setting the information reporting process,
and maintaining the village code, system user and organization information. The
system management function can also add, delete and modify user or organization
information, and can output query results to generate reports (Fig. 13.3).

Fig. 13.3 Mobile terminal APP operation interface for medical and health institutions
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13.4.1 General Functions

13.4.1.1 Information Collection

In the process of carrying out field work such as resident information survey and
questionnaire survey, collection work can be done by manually or through the
corresponding system of the mobile terminal APP.

13.4.1.2 Entering Information

There are generally two ways, one is to directly fill in the entry after entering through
the control information management system; the other is to automatically synchro-
nize the information collected by the mobile terminal APP system when the network
is connected to control information management system. There are two ways to enter
the field information. The laboratory test results are directly entered into the system.
If the comprehensive information cannot be collected at one time, the information
collected by the line should be entered in time, and the additional information will be
added after the full information is collected.

13.4.1.3 Information Review

The information is entered by the reviewer for verification and confirmation. If any
information is found to be incomplete or in error during the review, it should be
verified with the information person and re-filled.

13.4.1.4 Information Quality Control

The data management personnel performs quality control work such as omissions
and errors. After verifying and correcting the duplicate items, wrong items and
missing items, re-fill. At the same time, quality control personnel organize data
auditors in various regions to conduct regular inspections and intensively train
similar problems to reduce errors at the data collection end.

13.4.1.5 Report Generation

For the information that has been verified to be correct, the information system
regularly generates relevant summary tables.
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13.4.1.6 Information Inquiry

Information inquiry implements authority management, and the information officer
can inquire relevant information within the authorized scope.

13.4.2 Main Module Function Description

13.4.2.1 Inspection and Treatment Management Module

The system collects schistosomiasis cases through a combination of qualitative and
quantitative working methods such as field investigations and expert interviews. The
information system can describe the current status and trends of the disease, dynam-
ically track and follow up the diagnosis and treatment of patients. The main
functions include resident user information, questionnaire survey, urine test results,
confirmed case reports, and praziquantel efficacy observation (Figs. 13.4 and 13.5).

• Resident information collection: mainly used to collect basic information of
villages and residents.

• Questionnaire survey of residents and students: mainly used for questionnaire
survey of residents and students that have been saved and record the survey
information in real time. Mainly fill in two parts of information, such as basic
information and questionnaire information.

• Entering urine test results: collecting sample test results through the web client
input system.

• Confirmed case report: mainly used for questionnaire survey on residents with
positive urine test results, and record survey information in real time.

• Praziquantel efficacy observation: mainly used for follow-up of confirmed cases
and medication cases, and timely record the case. The main content includes three
parts: treatment observation and diagnosis record (cannot be modified), treatment
medication record, and response after treatment observation.

Fig. 13.4 Inspection and treatment information management process
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13.4.2.2 Water Body Snail Situation Management Module

13.4.2.2.1 Basic Information of Water Body

It is mainly used by investigators to record the information of water bodies. The
types of water bodies include permanent ponds and temporary ponds. Water body
information is mainly divided into three parts: water body basic information, water
body way village, water body picture (Fig. 13.6).

13.4.2.2.2 Snail Control Information

It is mainly used for checking and kill snails on submitted water bodies. Checking
the snail is mainly divided into basic information and checking snail
sub-information. Snail killing is mainly divided into two parts: basic information
and Snail killing picture information (Fig. 13.6).

Fig. 13.5 Web interface portal interface diagram for medical and health institutions

Fig. 13.6 Snail control information management process
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13.4.2.3 Geographic Information Distribution

The system displays the distribution information on the map according to the
residents, cases, water environment and spatial location of snails collected by the
mobile terminal.

13.4.2.3.1 Distribution of Residents

The system can display the distribution of collected residents and case information
on the map. The interface is shown in Fig. 13.7, the information distribution of
households is displayed on the left; the information distribution of households in all
areas is displayed on the right. Click on the list area on the right to view detailed
information about residents and cases.

13.4.2.3.2 Display of Water Environment Distribution

The system can display the water environment and the distribution of snails on the
map. The interface is shown in Fig. 13.8, the information distribution is displayed on
the left; the area information is displayed on the right. Click the list area on the right
to view the water body name, water body type, and view the water body and snail
condition detailed information.

Fig. 13.7 Geographical distribution map of Pemba Island residents
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13.4.2.4 Deployment and Implementation

13.4.2.4.1 Implementation Plan

During the planning period of the project, a population case database and a water
environment database focusing on the pilot area will be implemented, combined
with local reality, to realize the main business applications of snail control and
disease treatment, covering the pilot areas and demonstration areas. In the course of
the project, the development tasks are reasonably arranged according to the priority.
The project contractor and the construction party jointly guarantee the project
construction and smooth implementation. The unit sends the project contact person
and implementation plan to the Jiangsu Institute of Parasitic diseases, actively
communicates on a regular basis, and provides timely feedback on the project
construction.

13.4.2.4.2 System Debugging

After the system has been developed, deployed, and tested, the system starts joint
debugging. The project site timely feedback the joint debugging situation to ensure
that the system and the access unit can complete the data exchange through the
platform standard interface requirements. Joint debugging mainly includes: internal
joint debugging of the system to achieve stable operation of the platform; docking of
the site, laboratory and data center, realization of docking between the mobile
terminal and the computer network terminal; verification of collected data, and
joint debugging test of system services.

Fig. 13.8 Pemba Island water environment geographical distribution map
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13.4.2.4.3 Online Acceptance

The project team conducted a system self-test on the spot in Africa, and then
submitted an acceptance test application to Jiangsu Institute of Parasitic diseases.
The institute organized and coordinated the construction unit and the supervision
unit to conduct a preliminary acceptance test with the project team. Three months
after the completion of the initial inspection and trial operation, Jiangsu Institute of
Parasitic diseases organized an expert team to conduct final acceptance of the
project.

13.4.2.4.4 Operation and Maintenance Management

After the on-line acceptance, the system shifts to the daily management stage and
ensures the normal operation of the system according to the development of special
standard operating specifications. The project team and the Pemba Tropical Disease
Control Office formulated the specification, including system support management,
system use management, system operation management, and emergency response.

In order to create a “convenient, efficient and stable” information management
system for control schistosomiasis, and provide assistance to elimination of schis-
tosomiasis in Zanzibar. The design and development of the information platform
began in September 2018, and the trial began in February 2019. It is mainly used for
China’s assistance to the Zanzibar schistosomiasis control project. There are
73 shehia in the control area of Zanzibar pemba Island in Tanzania. The application
terminal is divided into two parts: computer WEB terminal and APP mobile termi-
nal, which mainly covers the control of schistosomiasis and the control of snails.
Jiangsu Institute of Parasitic diseases is responsible for the operation management
and training of the platform, and Nanjing Zhongweixin Company is responsible for
Technical Support. The user end is a user of a professional prevention organization
and manages and maintains users at all levels in accordance with the principle of
level-by-level management.

13.4.3 For the Community

13.4.3.1 Unified Crowd Coding

Break the repeated entry of each survey, increase workload and reduce errors in
information review.
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13.4.3.2 Innovative Application

The application of an information system based on mobile terminals has been
realized, which provides important technical support for the registration and testing
of subsequent grassroots medical and health institutions and provides more conve-
nience for medical shrinking public services for local people.

13.4.4 For Medical Institutions

13.4.4.1 Disease Reference

I n township hospitals with network coverage on Pemba Island in Zanzibar, hospital
doctors can access disease files based on system workstations. The doctor can
understand the patient’s past history, medical records and other information to the
registered residents, which facilitates a more effective diagnosis, reduces unneces-
sary repeated examinations, and improves work efficiency. Through the sharing of
disease file information, the system also effectively promotes the sharing of inspec-
tion and examination results between medical institutions and disease control
centers.

13.4.4.2 Environmental Inspection

Disease control agencies can check the registered snail breeding environment,
master the basic information of the snail breeding environment, the spatial distribu-
tion of the environment, the drug snail elimination and other information for the
registered environment, provide important information support for effective snail
control work, improve work efficiency (Figs. 13.9, 13.10).

13.4.5 For Government Supervision

Relying on the information system, it is possible to collect and analyze the
population and environmental data of the whole island to form a comprehensive
prevention and control information management system; the system develops and
realizes remote login; In the pilot area, real-time monitoring and management of
basic population information, patient case information, medication treatment
follow-up information, snail breeding environment information have been realized.
Based on these data, the management of the local health administrative department
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can strengthen the prevention and management of schistosomiasis, improve the
overall management level and provide decision support. Within 1 year after the
system was launched, more than 20,000 pieces of crowd information, more than
600 water environment information, and more than 500 patient case information
were entered. The Zanzibar Minister of Health and the Pemba Governor praised
the intelligence and efficiency of the information platform when they visited the
test of the information system. They said that the system can collect data offline
and can remotely manage and statistics Real-time data update and epidemic
situation dynamics which overcome many problems such as unstable network
signals in Africa and delayed update of epidemic data. They believed that this
information system will strengthen the disease monitoring network system and
have great significance for the elimination of schistosomiasis in Africa. Many
Chinese and foreign media such as Xinhua News Agency, People’s Daily, CCTV,
BBC and Daily News in Tanzania conducted in-depth interviews and publicity on
informatization work (Figs. 13.9 and 13.10).

Fig. 13.9 Snail control field application
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Chapter 14
Management of China-Zanzibar
Cooperation Project: Lessons Learned

Yun Feng

Abstract China-Zanzibar cooperation project was the first international public
health project that China sent batches of experts and worked in local field. This
was the first exploration for such kind and worth looking backward and summarizing
the lessons learned.

Keywords Implementation · Management · Coordination · Capacity building ·
Infrastructure

14.1 The Implementation and Management Principles

Faced with a completely different situations in Zanzibar as it was in China, the
project was challenged in many aspects like languages, culture, politics, habits, etc.
Based on the various problems solved, we summarized three principles the project
was managed according to.

14.1.1 Comply with Local and International Rules
to the Maximum Level in the Project Planning
and Execution

For instance, the Chinese produced molluscicides and the praziquantel were all
certified and registered by Zanzibar Food and Drugs Board. These provided legiti-
macy for their use in the local areas, as well as field data and application experiences
for the WHO PQ certification in the future.
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14.1.2 Meet the Local Needs in all Aspects of the Project

As a field-based project, the first task of the expert team was to investigate the local
needs. Many problems were discovered in the investigation, such as the lack of
financial funds, the single control strategy of MDA, the dependence on foreign aid,
the lack of cross-sectional cooperation, the lack of disease control facilities and
schistosomiasis relevant knowledges in local community, the lack of disease control
skills in the local health workers, etc. The project designed a comprehensive strategic
package to control schistosomiasis in Zanzibar and explored ecological snail control
strategies. For instance, raising ducks were found to have definite effects on
inhibiting Bulinus particularly in the aspects of reproduction. Water supply project
brought benefit to at least 2500 local residents, improved their health behaviors and
would finally reduce the incidence of parasitic diseases including schistosomiasis
(Figs. 14.1 and 14.2).

14.1.3 Fuse the Merits of Chinese Experiences with the Local
Situations in the Execution of the Project

With 70-year schistosomiasis control experiences, the Chinese expert team created a
brand-new model of schistosomiasis control strategy package in Zanzibar. For
MDA, the Chinese made praziquantels were given to schistosomiasis patients and
pills were taken immediately with the health workers stood by. Data were collected

Fig. 14.1 Ducks raised in Zanzibar for snail control
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and all patients were followed up to evaluate the efficacy of MDA. These experi-
ences were used to maximally prevent the patients avoiding taking the pills, which
was quite common before. Snail control was given the same importance as MDA in
the strategy package, which was proved to be effective in China. Molluscicides
produced in China were put into use and all procedure were standardized to control
the quality. All infected snails were killed in the 3 years of project execution.
Innovated health education tools derived from successful Chinese experiences
were created. Demonstration area board, wall slogans, warning signs for risk
areas, automatic voice warning devices, most of which were in Swahili, were put
into use. Schistosomiasis control themed lectures, essay contest, and poster contest
were warmly welcomed in local schools.

14.2 Organization and Responsibilities

At the very beginning of the project, a tripartite project steering committee was set
up to promote the coordination. Include:

14.2.1 China

14.2.1.1 National Health and Family Planning Commission

China’s National Health Commission is the national coordination agency for Zan-
zibar schistosomiasis control projects. It is responsible for the consideration and

Fig. 14.2 Water supply project launching ceremony in Zanzibar
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approval of Zanzibar schistosomiasis control projects, raising funding for the pro-
ject, supervision of the project implementation, while it also liaises with the relevant
ministries, the Zanzibar Government, the World Health Organization and coordina-
tion between non-governmental organizations, and informs the progress of the
project to relevant departments regularly.

14.2.1.2 Ministry of Commerce

China’s Ministry of Commerce is responsible for the consideration and approval of
Zanzibar schistosomiasis control projects with the National Health Commission, and
it is also in charge of raising funds from the relevant departments of the Ministry of
Commerce’s foreign aid projects to provide financial support to the project.

14.2.1.3 Ministry of Foreign Affairs

According to China’s foreign policies, Ministry of Foreign Affairs of China is
responsible to guidance the project and deal with multilateral relationship.

14.2.1.4 Jiangsu Province Health Department

Jiangsu Province Health Department is the executing agency of the project and it is
responsible for the relevant units of Jiangsu Province (Africa Aid Medical Team)
and report the project progress to National Health Commission.

14.2.1.5 Jiangsu Institute of Parasitic Diseases (JIPD)

Jiangsu Institute of Parasitic Diseases is responsible to manage and organize the
implementation of project, and develop the project plan and budget, and send experts
and provide training, and report the project progress to the National Health Com-
mission regularly.

14.2.1.6 National Institute of Parasitic Disease, China CDC

National Institute of Parasitic Disease, China CDC is responsible to provide the
necessary technical support to each implementation units who participate in the
project in Zanzibar and assist the implementation units to evaluate process and
effectiveness of the project.
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14.2.1.7 Chinese Medical Team in Zanzibar

Chinese medical team is responsible to suggest the appropriate local working mode
and other work operating mode to aid agencies and Chinese experts, and support the
aid agencies and expert’s work for schistosomiasis control project.

14.2.2 Zanzibar

14.2.2.1 The Ministry of Foreign Affairs

The Ministry of Foreign Affairs is in charge of Zanzibar’s international relationship
and help coordinate with China and other relevant countries.

14.2.2.2 The Ministry of Finance

The Ministry of Finance is the focal point for the financial transactions and Mem-
orandum of understanding (MOU) in collaboration with Ministry of Health
Zanzibar.

14.2.2.3 The Ministry of Health

Zanzibar government shows strong political will for the multilateral cooperation to
eliminate schistosomiasis under the support of China government and World Health
Organization., and are willing to promise to mobilize all forces of government,
non-government and community participation on schistosomiasis control project,
and it is also responsible to coordinate multiple departments including the ministry
of health, ministry of water resources, the environment ministry, the ministry of
education to participate and ensure the implementation of the project.

The Zanzibar Ministry of health is responsible to organize the medical institutions
at different levels in Zanzibar to participate in and implement schistosomiasis control
project. Under the guidance of experts, the Ministry of Health carry out the work,
such as health education, media surveys, sampling collection, investigation and
treatment of patients. It is responsible to supervise the project and ensure the normal
operation of project management. It maintains regular communication with the
National Health and Family Planning Commission of China the World Health
Organization and non-governmental organizations, and regularly informed of the
progress of the project. In addition, reconcile NTD Zanzibar help aid agencies
guidance and training the local public heath team and provide the field control
services for the aid agencies and personnel of project in Zanzibar.
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14.2.3 WHO

Department of Neglected Tropical Diseases WHO-HQ is responsible of project
guidance and organization, coordination with relevant international organizations
and funds involved in the project, provide the technical support, policy guidance and
financial support, monitor and evaluate the overall project, and coordinate the
National Health and Family Planning Commission of China, Zanzibar governments,
NGO coordination among relevant authorities, and regularly informed of the pro-
gress of the project, and WHO Zanzibar is the liaison office to assist coordination
mechanism, and coordinate the SCORE project for data sharing.

14.2.4 Project Organization Structure

With the supervision of the national schistosomiasis committee (NSC), and the full
support from the national institute of parasitic diseases, China CDC, Jiangsu institute
of parasitic diseases as well as the NTD office of Zanzibar, the project management
organization (PMO) office executed the project. The PMO office consisted of two
parts. One was located in and supported by Jiangsu institute of parasitic diseases in
China, the other was in Pemba Island and supported by NTD office in Zanzibar. The
project organization structure was shown in the following figure (Fig. 14.3).

Ministry of 

Commerce

China

NHFPC

Zanzibar

Jiangsu 

Province

WHO

NTD Department, 
WHO-HQ

WHO office in 

Africa

National Schistosomiasis Committee (NSC)

Project Management Organization (PMO) office
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MOF: Ministry of Finance.

NTD: Negative Tropical Diseases
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Fig. 14.3 Project organization chart
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14.2.5 Coordination

The success of any international project is closely related to the support of local
stakeholders, particularly local government or leaders. The execution of the project
was influenced by local politics, economics, culture, religion, resources and so on. In
the past 50 years, China’s Africa aid activities had been well received by Zanzibar
people and government, especially medical aid. Zanzibar schistosomiasis project
was a novel Chinese public health aid to Africa. It focused on a disease of poverty
and benefit mostly rural and poor people. Thus, it had a potential to receive support
from most of the population. It also had the internal motivation to seek support from
local and international sectors and establish a coordination and partnership system.

14.2.5.1 Coordination among the Project, Local Government
and Sectors

Schistosomiasis control is a multi-sectoral action. It is not only the task of health
sector but also need the collaboration among agricultural, water conservancy,
educational and other sectors. In Africa, lack of coordination among different sectors
was an important reason that hindered the development of schistosomiasis control.
In China, we had a mature system to coordinate among different departments. It was
a great challenge to duplicate a similar system to a country with a different language,
culture and political system. First, the project needed to let the government know
about its targets, strategies, the progress and people who worked for it. After the
connection was made, the project could find a way to solve the problems it met with
the help from the government. Second, the project needed to learn the local policy
and culture so as to adjust its strategies and avoid potential conflicts. Third, a close
partnership and working on the same page would greatly accelerate the progress of
the project, particularly the execution of essential strategies. After 3 years of
exploration and practice, we summarized the project-government coordination sys-
tem in Table 14.1. It was a two-direction and mutual communication system that
helped establish mutual relations and trusts. A list of sectors that collaborated in
different activities had also be tableted here (see Table 14.2).

14.2.5.2 Partnership on an International Level

The international partnership on schistosomiasis were limited between China and
other countries. Situations has improved in the past 10 years, for example, the RNAS
+ in the southeast Asia. These international collaborations helped exchange infor-
mation and knowledge, strengthen capacity building, and help hold stakeholder
meeting at the national and international level. In Zanzibar project, we kept close
contacts with the Chinese Embassy and the WHO Zanzibar office. Thanks to their
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help, the project could successfully coordinate multi-sector collaboration, run com-
plex programs, and adjust health policies, etc.

14.3 Human Resource Management: Capacity Building
Oriented Approach

14.3.1 Chinese Team Recruitment and Training

The Chinese employees of the project mainly worked in the field office and the home
office in China. The home office members included the project leader, the project

Table 14.1 The project coordination system

Participants Communication ways Communication contents

Project!government Initial visit Each batch of Chinese expert group will pay
an initial visit to local government after set-
tling down in Zanzibar. They will explain the
project targets, strategy, and general plans;
and introduce the new batch of experts and
the work plans in the following months.

Regular report Project progress, significant changes, coor-
dination requests and problems that need
government help

Government!project Visit the project field Get an in-depth knowledge about the project
through project demonstration and field
survey

Policy making
coordination

Consult and coordinate with the project
leaders before and after relevant policies are
made and published, particularly those poli-
cies that will make great impact to the
project;

Regular information
release system

The government will inform the project about
local government information through gov-
ernment bulletin, media, internet or tele-
phone, etc., particularly about the solutions to
the problems the project faced.

Project !government Monthly informal dis-
cussion/themed
discussion

The project will discuss with relevant gov-
ernment sectors each month to discuss about
the problems and relevant solutions; the pro-
ject will discuss with relevant government
sectors at the following timing: Project
launch, periodical progress, major study
issue, project conclusion.

Telephone, email,
internet
communication

A specific project member is in charge of the
communication, consulting about the local
laws and policies and coordinate about the
operation.
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secretaries, the accountants. They work full-time or part-time for the project. The
field office was the working base for each batch of Chinese expert team. The project
sent a total of six batches of Chinese experts to Zanzibar. Each batch was composed
of five personnel, who were mainly experts from JIPD and other disease control
centers in Jiangsu Province, beside of one cooker helping with food preparation.

Before leaving for Zanzibar, the Chinese expert team was trained mainly on
English language as well as Zanzibar customs and religious habits. These were
aimed to prepare them for the language and culture barrier in the future work and life
in a different country.

14.3.2 Local Personnel Recruitment and Training

The project had an idea to teach local people the skills of schistosomiasis elimina-
tion. To build the local capacity of Schistosomiasis control, it was necessary to
establish a well-trained local team. Meanwhile, the Chinese team alone were faced
with problems in many aspects: First of all was the language barrier. The official
languages of Zanzibar were English and Swahili. It was not difficult to communicate
with government workers in English only. However, in field work, most of the local
residents particularly rural people did not understand English. It would be a great
barrier for field work like disease survey and health education. The second problem
was the religious customs. In Pemba Island where the project located, most of the
residents were Muslims. Misunderstandings or even conflicts might occur if the field
workers were not familiar with local customs. Thus, for both training and working
purposes, it was an urgent must to establish a local team who spoke local languages
and was familiar with local customs and public health works.

Table 14.2 The sectors and relevant coordination activities

Sectors Coordination activities

Zanzibar Health Ministry Seek support for major project operation and activities; invite
leaders to important project activities

Zanzibar Health Study Center Collaborate multi-sectors on schistosomiasis control

NTD office Coordinate as a belt between local organizations and the
project

Zanzibar Ministry of Water
Resources

Cooperation on clean water strategies and other water
resource protection actions in snail control

Zanzibar Agriculture Ministry Cooperation on the agricultural strategies for snail control

Zanzibar Education Ministry Cooperation on health education of schistosomiasis control in
schools

Zanzibar Sports Department and
other departments

Cooperation on schistosomiasis control related sports activi-
ties and other activities
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14.3.2.1 The Recruitment and Labor Division of Local Team

In the beginning, most of the local team were recruited from the NTD office in
Pemba Island. These team members used to distribute donated praziquantels to local
people before, thus they had relevant treatment experiences. However, they were
lack of other schistosomiasis control skills in the field. Owing to the uneven level of
education and work experiences of the local team members, the project communi-
cated with each of them about their control experiences, language skills, their insight
into the job and personal wills. Based on this information, the local team were
divided into the following groups (see Table 14.3).

Due to limited group size in the beginning, all members in a group category did
all the jobs in the category. For example, all field work members participated in the
household survey and sample collections in the baseline study. This kind of arrange-
ment helped finish the job more efficiently and also expanded the job skills for the
group members, preparing for the following enrollment for group expansion.

However, the limited group size impeded the project progress as time went
by. Moreover, the generally low education level and the average 46.7-year of the
first 13 group members hindered them from learning new disease control technolo-
gies. Most of them did not have even high school education. Some of them were
nearly at retiring age. With these considerations, the project preferred to recruit new
personnel at the age of 25–35, with relevant health work experiences.

Younger personnel could ensure the implementation of field work in complicated
environment. As the field work was mainly in rural area with complex traffic
situation, walking to targeted areas bearing heavy devices was required particularly
in raining seasons when the muddy road blocked the cars. Manpower handling of the

Table 14.3 Work groups of the local team

Group category Group name Main responsibility

Group leader Group leader Assist with the work plan and execution, manage with the
local group member and communicate with local govern-
ment, etc.

Field work Population
survey group

Information and questionnaire survey, urine collection, etc.

Snail survey
group

Local water body survey, snail survey, etc.

Snail control
group

Molluscicidal activities to water body, etc.

Laboratory
work

Laboratory
group

Laboratory snail farming, anatomy, urine tests and other
pathological study, etc.

Data related
work

Data group Data check, input and management, etc.

Administrative
work

Secretory Reception, coordination and daily routine work

Cleaning work Cleaning
group

Daily clean the office and laboratory, sometimes assist with
the test work of laboratory group

Transportation Driving group Material transportation and field work
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heavy sprayer machines was sometimes required especially in the snail control
activities. Younger people could share tough heavy jobs while the older and more
experienced members could help teach them the skills. In this way, the efficiency of
schistosomiasis control activities was improved.

The recruitment process was cooperated between the project and the government.
The project proposed the requirement and enrolling criteria, and then the govern-
ment coordinated and dispatched the personnel from local health organizations. To
our experience, we mainly recruit laboratory workers from clinical laboratories and
pathology departments of local hospitals, survey workers from local primary health
centers, and other group members from local disease control organizations. In
Zanzibar, there was no comprehensive disease control organizations such as CDC.
Local public health disease control organizations were mostly composed of some
specific disease control offices such as NTD offices. The NTD office had its own
independent office but still belonged to local health department. Human resources
from this kind of offices might have different skills for different disease control
programs. Their work experience should be screened in the enrollment processes.
Besides, these specific offices may also be sponsored by other project so it would be
difficult to dispatch personnel from them.

Our project also preferred to hire personnel with higher education so that they
might learn knowledge and skills faster in computer technology, spatial epidemiol-
ogy, or pathogenic biology. Limited to the actual educational level in the local health
organizations, the enrollment criteria did not include the educational level. But we
still recruited at least one college graduator for each of the survey group, data group
and lab group. After they learnt new technology such as informationalised data
collection or spatial measurement, they could teach the others in the respect group.
The age and education information of the local group was summarized in Table 14.4.

Table 14.4 Age and education summary of the local team

Category Group name
No. of
workers

Average
age

Education (college/secondary/
primary education no.)

Field work Population sur-
vey group

2 47.5 1/1/0

Snail survey
group

3 33.0 1/2/0

Snail control
group

5 38.0 3/2/0

Laboratory
work

Laboratory
group

2 32.5 2/0/0

Data related
work

Data group 3 31.7 1/2/0

Administrative
work

Secretory 1 42.0 1/0/0

Cleaning work Cleaning group 3 46.0 0/2/1

Transportation Driving group 2 57.5 0/2/0

Total 21 40.7 9/11/1
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14.3.2.2 Training of the Local Team

The training of the local team arranged at two phases. The first phase of training was
arranged before the launch of the project. A group of Zanzibar NTD office members
attended in JIPD a training course on prevention and treatment of schistosomiasis for
developing countries. Some of them later became the backbone strength of Zanzibar
team of the project. In the course, they were trained for the biology and vector of
schistosome, molecular biology techniques of schistosomiasis, the Chinese experi-
ence of schistosomiasis control, molluscicide and anti-schistosomiasis medicine, etc.
They learnt laboratory skills and visited local schistosomiasis control fields. They
also learnt about Chinese culture. This kind of theories and practices combined
learning helped trainees quickly control the new knowledge and skills.

The second phase of training occurred in Zanzibar after the project was launched.
The Zanzibar employees were trained according to the actual needs of practical
work. For instance, before conducting snail control activities, the Chinese team
would give theoretical lectures to the Zanzibar team and taught the skills hand-to-
hand. Exams would take place afterwards. Only qualified workers would be allowed
to attend the field or laboratory activities. After 3 years of learning plus practicing
training, the Zanzibar team was able to work independently and continue with the
schistosomiasis control activities after the project ended. Moreover, all practices
were trained according to standardized operation procedures (SOP). These SOPs
covered the practices including the field investigation and control of Bulinus snails,
resident tests and treatment of schistosomiasis haematobium, health education,
sample preparation, information system management, questionnaire investigation,
etc. They helped the project members control the quality of these procedures and
provide sustainable working and training standard in the long run (Figs. 14.4, 14.5,
14.6).

Fig. 14.4 Skill training in office
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Fig. 14.5 Skill training in the field

Fig. 14.6 Skill training in the field
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14.3.3 Human Resource Management System Construction

It was our goal to construct a harmonious and sustainable human resource manage-
ment system during the period of the project. To realize this, we summarized three
principles in the complex work.

First, all employments should be in compliance with local laws. There was a long
history of friendly relationship between China and Zanzibar. As many China-aid
infrastructure construction projects and a fixed-stationed medical team were located
in the island, the locals were quite amicable to Chinese experts. However, due to
various differences in religions and cultures between two countries, carefully com-
plying to local laws in all ways was still the best choice with least legal risks for an
international project, particularly for the employment of local people.

Second, the Chinese employees should inspire the ownership of local employees
from the top to the bottom. It was essential for the local employees and also the local
residents to realize the elimination of schistosomiasis was for the benefit of their own
people, their own nation and their own younger generation. They had to understand
that the payment of the project was not only for the job but also for the hope of health
they brought to the community. The Chinese leader and the local leader would
communicate about these ideas and adapted them to local concepts. These localized
concepts would then be delivered to all project members for them to understand the
meaning of their works. They would discuss them and give feedbacks to the leaders
for improvement. After several rounds of perfection, these ideas would be put in a
health education campaign to local residents.

Third, “more work and more gains” principle should be insisted in salary
management. In designing the salary package, we set the goals in the very beginning:
we must establish a stable project team, which paid a competitive salary that satisfied
various living needs of the members; it also inspired the work enthusiasm of the team
members and created higher work value; it would also coordinate with the personal
career goals of the team members.

The salary package was designed by the Chinese side and jointly negotiated by
the two sides. It was composed of the basic salary, the performance salary, the bonus,
the welfare and subsidy. The basic salary was the payment fixed to the job position
and the required skills. The performance salary was a normative systematic remu-
neration paid according to the performance evaluation. The bonus was an incentive
remuneration for the extra works or outstanding performances. The welfare and
subsidy were payments based on the employee’s organization membership. The
salary package was designed according to the “more work, more gains” principle,
which is in contrast with the local government’s fixed payment. With strict work
discipline implementation, this principle was proved to be effective.
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14.3.4 Cultural Integration

In Zanzibar, 98% of the population believe in Islam while most of the Chinese
people are not familiar with this religious belief. Before arriving in Zanzibar, the
Chinese team had been trained about relevant rituals and taboos, such as the
prohibition of alcohol and pork. Therefore, the work plan was made with fully
consideration of local habits. In the work agenda, for example, the team leaders
arranged two breaks for local employees to do their routine prays. Moreover, weekly
opinion exchange meetings provided a platform for team members to communicate
with each other, particularly on cultural stuffs like cooking. Several cultural
exchange events were arranged. Many Chinese team members learnt some Zanzibar
cuisines and it was the same for Zanzibar members. In this way, the project deepened
the mutual understanding of the two sides (Fig. 14.7).

14.4 Infrastructure Construction and Supply Management

Infrastructures and supplies were the base for the success of a project. They not only
provide the working environment and materials, but also work as a sustainable
milestone for the project. In the Zanzibar schistosomiasis control project, we built
infrastructures including a laboratory and office building for the local community.
Besides, a transnational supply system of materials and devices was run smoothly.

Fig. 14.7 China-Africa cultural exchange event
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14.4.1 Laboratory & Offices

The laboratory and offices are essential for the efficient executing and effect of
project tasks. It was designed and built before the launch of the project. We followed
three design principles: functional, elegant and cost-effective.

Offices are also designed differently according to the people who use them. For
example, health specialists’ offices were relatively spacious, and arranged close to
the conference room for convenience. All offices were supposed to be simple and
elegant, embracing the aesthetic appreciation of both China and Zanzibar. Reception
rooms and reference rooms are common in a Chinese office building but we did not
build them in Zanzibar. Instead, we put reception chairs, printers and file cabinets in
the health specialist’s offices.

The establishment of a laboratory was a complex systematic project consisting of
the overall plan, graphic design and construction of the infrastructures, including the
building structure, the electricity and water supply, illuminating equipment, air
ventilation and purification, security and environmental protection measures, etc.
With the idea to build a “safe, functional, environmental-friendly, durable, elegant,
cost-effective, and advanced” laboratory, we illustrated the lab-design in the follow-
ing aspects:

1. Layout graphic design
Security, lab purpose and demand, ergonomics, lab accommodating capacity,

device layout, design flow, etc. were the main consideration in the graphic design
for our Zanzibar project base.

Security was the first priority among all considerations as laboratory was the
most vulnerable place for the risks like explosion, fire, hazardous gas leak, etc.
Therefore, we should design as good escape passage and ventilation system as we
can. For example, aisle between the experimental stations should all connect
directly to the corridors for better evacuation in case of any accident.

In Zanzibar project, the laboratory was composed of chemistry lab, instru-
mental analysis lab, bio-clean lab, auxiliary lab, and supply room. Different labs
and devices had their own purposes and demands for ventilation, water and
electricity supply and cleanness. These all brought challenges to the graphic
design.

In the first step of our design flow, Party A (the user) proposed the basic
function requirement and rough layout plan; Party B (design institute), Party C
(design company) discussed with Party A and confirmed together about the plan.
Traditional laboratory design focused on the appearance and indoor structure
rather than lab function. That could result in the disfunction of the labs or
essential devices. Therefore, the lab function should be focused in the lab design
and professional experts should be consulted with in the very beginning.

The second step was to design the single lab stations. Each device, each lab
station, each lab and each floor should be confirmed one by one until the whole
building was totally confirmed.
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The third step was to invite the users to participate in the demo meeting of the
lab to make a final decision.

2. Device-based structural functional system
Device-based structural functional systems consisted of experimental stations,

device stations, functional cabinets, devices and export systems.
Worksurfaces were essential for experimental stations, which accounted for

1/3 of the price. In Zanzibar project, we chose veneer like Trespa board and solid
core board like epoxy resin board as worksurfaces. They were both durable and
cost-effective. Device stations were mainly for the instrumental analysis lab. A
single device station was supposed to bear at least 500 kg of weight.

3. Water supply and drainage system
Water supply and drainage system provided water system for experimental

stations. In Africa, as the water supply system was not stable, we had to install
water storage devices. At least a 10-ton water tank was required for office and
laboratory each.

4. Electric control system
Laboratory electricity included lighting power consumption and motive power

consumption. The former was the prerequisite of a laboratory. In Pemba Island
where our Zanzibar project located, the power supply was extremely unstable. It
was quite common to be cut power every day. Therefore, we needed to have our
own electric generator. Our experience was that at least an 80 KW power
generator could support a 400 m2 laboratory with devices. Meanwhile, each
device including computers should be connected to uninterruptible power supply
to protect the device as well as data stored.

5. Special gas distribution system
In a common laboratory, only nonflammable gases (N2, CO2) and inert gas

(argon, helium) were allowed to connect in by pipes for use. Combustion-
supporting gas like O2 and inflammable gas like H2 could be used in GC-MS
room. All pipes had to be tested for air-tightness and remove oil before use.

6. Hazardous gas export system
Sometimes there would be chemical pollutions in laboratory, particularly

hazardous gas. It was important to remove these gases with the least energy.
The latest idea was to treat the laboratory as a smoke exhaust cabinet. In Africa,
the most commonly used ventilation systems were fume hood, universal hood
and ceiling hood. And the mainly used fans were axial fan (diagonal flow fan,
duct fan) and centrifugal fan (Figs. 14.8 and 14.9).

14.4.2 Material & Device Supply

In order to tightly administrate the material and device supply of the project, we
established the following system and appointed a specific team member for the
management work in each batch.
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14.4.2.1 Material Procurement, Commodity Inspection and Shipping

All materials were purchased from enterprises in the supply list of the Ministry of
Commerce of China through public bidding. Good quality, suitability in practice and
cost-effectiveness were the major criteria for procurement. Besides, considering the
requirement of the Ministry of Commerce, details like the specification and model of
the products chosen, transporter, delivery time had to be fixed in the execution.
Therefore, during the process of procurement, products index, performance, goods
preparation cycle, applicability of products to recipient countries and after-sales
service support capability were also in the concern. All the efforts were to maximize
the social benefits of the project.

According to the Chinese law “Administrative measures for inspection of foreign
aid materials”, all equipment and supplies procured by the financial aid from China
should be qualified by commodity inspection before shipping abroad. In the com-
modity inspection process, JIPD took the responsibility of timely monitoring and
supervision. Technical experts were invited to the factories to communicate about
the situation of recipient countries to make sure of the future smooth operation of the
devices produced.

Considering the complex of the custom declaration, JIPD out sourced the process
to the transportation company of the recipient country as they were more familiar.

Fig. 14.8 Before and after the re-construction of the office building

Fig. 14.9 Before and after the renovation of the laboratory
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In preparing commodity inspection documents, export documents, arranging
inland transportation, sea transportation and customs declaration, JIPD kept close
contact with Administration of Quality Supervision, Inspection and Quarantine
(AQSIQ), suppliers, commodity inspection bureau in product origin, port commod-
ity inspection station, customs and logistics subcontractors, to keep up with the latest
status of document process, commodity inspection transportation and carrier ships.
All these helped ensure that all links were closely connected, and the goods were
shipped out on time.

Sufficient communication between the Chinese sides and the Zanzibar sides was a
must particularly for the local custom declaration documents. Handover point should
be confirmed clearly in the contrast and handover status should be signed off in time.

14.4.2.2 Technical Material Management

Technical materials refer to the technical equipment, production supplies, etc. They
were procured, used and managed by JIPD in the period of the project. But the
property right of technical materials belonged to the recipient. The Ministry of
Commerce and JIPD confirmed with the list of technical materials and then informed
the list to the commerce organization of the recipient country. After the project
execution concluded, the recipient commerce organization would conduct a com-
prehensive inventory and arrange transfer confirmation procedures. All relevant
documents were kept on record in the Ministry of Commerce of China.

14.4.2.3 Life Material Management

Life materials included the transportation vehicles, office equipment, durable goods,
consumable goods and other materials that supported the work and life needs of the
project team in Zanzibar.

Life materials were also procured, used and managed by JIPD during the project
execution. After the project finished, the property of fixed assets like vehicles, office
equipment and durable goods belonged to the recipient. The procedures of inven-
tory, transfer and documentation were the same as technical materials. The
remaining consumable goods would be transferred to the recipient by JIPD itself
after the project ended.

14.5 Financial Management

14.5.1 Financial Personnel Management

The project office in China was allocated with full-time financial personnel, includ-
ing financial supervisor and cashier, who had accounting qualification certificate and
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more than 3 years of relevant experiences and intermediate or above accounting
titles. A part-time financial worker was assigned to each batch of the expert group to
be responsible for the use and management of field funds.

14.5.2 Financial Management System

According to the relevant provisions of “the accounting standards for business
enterprises”, the project accounts were recorded according to the actual income
and expenditure; at the same time, the management system of assets was established
to strengthen the management of bulk materials. According to the relevant national
laws, regulations and financial rules, the Ministry of Commerce supervised the use
of project funds and inspect the completion of performance objectives and the
effectiveness, etc. in each budget year. For projects crossing many years, a whole
process evaluation would be conducted after completion. JIPD executed the perfor-
mance evaluation suggestions raised by the Ministry of Commerce.
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Chapter 15
Evaluation of China–Zanzibar Cooperation
Project of Schistosomiasis: No-Stakeholder

Yu-Zheng Huang and Dirk Engels

Abstract To evaluate the effect of China-aid project of schistosomiasis control in
Zanzibar from 2017, a non-stakeholder team visited the base in Zanzibar in May
2019. Evaluation activities include field and laboratory investigation, health educa-
tion and information system, training and working ability of staff.

The evaluation team considered that the comprehensive control strategy based on
integrative interventions has reduced the rate of human and intermediate snail
infection, the project showed great effective in Pemba Zanzibar. These interventions
provided a value option to the African countries as national strategy to control
schistosomiasis haematobium.

Keywords Schistosomiasis control · Evaluation · Pemba Zanzibar · No-stakeholder

15.1 Background for Evaluation

Zanzibar is part of the United Republic of Tanzania, including Zanzibar and Pemba
and nearby more than 20 small islands, covering an area of 2657 square kilometers.
It is located on the xiangani Peninsula in the Central West Bank of Zanzibar Island. It
used to be the economic and trade center of Zanzibar empire. With a population of
about 1.3 million, 98% believe in Islam. The administrative region of Zanzibar is
divided into five provinces, namely Zanzibar urban area and southern province,
Zanzibar northern province, Zanzibar western province, Pemba northern province,
and Pemba southern province. The climate is humid and hot, the annual average
temperature is 25 �C, the annual average temperature difference is only 4 �C, the
annual precipitation is 1500–2000 mm, and the seasonal distribution of precipitation
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is relatively uniform. From April to May and from November to December every
year, the rainfall is too concentrated and the flood disaster occurs. Sometimes,
hurricanes also hit Zanzibar, leaving large numbers of people homeless and
destroying large areas of clove and coconut trees. Pemba Island is an agricultural
Island famous for its cloves. The map of Pemba Island is like a full-term baby. The
largest port is mkoani in the south, chakchak in the central city, and weti wete in the
north.

Schistosomiasis is a global public health problem. As one of the local major
public health problems, it seriously endangered the health of local residents in
Africa. Zanzibar is located in east sea of East Africa. It is part of Tanzania and
includes two islands, Unguja and Pemba islands. Zanzibar is highly endemic for
schistosomiasis haematobium. In 2011, a survey of 24 schools showed that the
infection rates were 8% (0–38%) and 15% (1–43%) in Unguja and Pemba islands.
Despite several interventions to control the disease that have been conducted by
Ministry of Health Zanzibar in collaboration with other international partners like
SCI, SCORE, and others, more effort is needed to control and eliminate the disease
due to high transmission.

In 2012, during the fifth Forum on China-Africa Cooperation (FOCAC), the
Chinese government promised to increase its investment to African countries,
expand cooperation areas including public health and disease control, and promote
the sustainable development of Africa. On 21May 2014, a tripartite memorandum of
understanding was signed between China, WHO, and Zanzibar which was followed
by the launch of the collaboration of schistosomiasis control in Zanzibar, a three-
year (2017–2019) schistosomiasis elimination pilot project on the island of Pemba. It
was expected to explore the strategy of schistosomiasis elimination in Africa through
extending the Chinese experience in prevention and control of schistosomiasis
within multilateral collaboration and to support China–Africa cooperation. The
project is financed and technically supported by Chinese government, to explore
localized strategy of schistosomiasis control. In August, 2016, Jiangsu Institute of
Parasitic Diseases was formally committed to Zanzibar schistosomiasis control
project (“the project”).

The project lasted from January 2017 to January 2020. Its main tasks include:
understanding the transmission pattern of schistosomiasis in Pemba Island;
establishing comprehensive control systems of schistosomiasis in Pemba Island
with assessment to pick up the optimized one; health education; capacity training
for Zanzibar personnel to understand basic disease control knowledge; drafting up
optimized interventions for schistosomiasis control and standard operation proce-
dures in Pemba Island. China planned to send six batches of project teams, each with
four Chinese health specialists to conduct work for 6 months. In December 2016,
infrastructures including offices and laboratory started construction; on 15 February
2017, the first batch arrived in Pemba; currently, the third batch of team members is
in work.

Till now, the project has been nearly half done. It is necessary for China–
Zanzibar–WHO to conduct a comprehensive evaluation on the operational progress,
expected effects of schistosomiasis control and research outcomes, as well as
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potential social impacts. Therefore, recommendations of improvements for the next
stage could be made. In May 2019, a review of the project was requested by China
Aid, to assess progress of the project, understand how the project would further need
to evolve, assess the feasibility of an expansion to the whole of Zanzibar, and
whether the project can serve as a model for schistosomiasis elimination in other
countries in Africa.

15.2 Objectives and Methods

This evaluation will mainly focus on the following objectives:

• To review the establishment of a sustainable schistosomiasis control system in
Zanzibar;

• To review the progress of the extension of Chinese experience in Africa;
• To review the construction of well-going health partnership.

It is proposed that the review adopts a strengths based approach (SBA). SBA will
promote and facilitate self-reflection among project stakeholders about: their own
advantages; what has worked well and what have been the factors for success; the
shared objectives; the priorities for the next phase of collaboration; and steps which
will help achieve agreed priorities. This approach is also culturally respectful and
more likely to contribute to sustainable benefits over time.

15.3 Preparation Information for Evaluation

15.3.1 Review Team

The evaluation will be conducted by a team representing the participating/third-party
countries, led by an independent evaluation specialist (team leader). The team leader
shall have strong understanding of health sector of parasitic disease control, partic-
ularly in African context. He/She will provide leadership and oversight to the review
team in the planning and completion of this evaluation. Team members will be
expected to bring a mix of relevant knowledge and expertise. The team leader will be
supported by a review team comprised of representation from various fields and each
of the project partners/third-party countries.

The team leader will be responsible for developing the detailed evaluation plan,
applying the review’s principles, ensuring the review process is effective and
efficient, and oversighting data collection, analysis, and report writing. The team
members will be responsible for contributing to the development of the evaluation
plan, data collection, analysis, and report writing.
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15.3.2 Working Group

A working group for preparing the evaluation will be formed with representatives
from each participating country, to inform the review, support its implementation
and take responsibility for ensuring the review process is relevant, efficient, effective
and inclusive.

The Project Management Unit (Project Manager in Zanzibar and China Coordi-
nator) will be responsible for supporting the evaluation in various ways, having
incorporated comments from partners into the evaluation. The director will provide
administrative and operational support to the evaluation team, including for travel
and accommodation; provision of documents; organization of meetings and events;
and liaison with stakeholders where required.

15.3.3 Key Review Stakeholders

Project partners within Zanzibar, China and WHO are the primary stakeholders for
the evaluation. The key project partners comprise the following stakeholders,
e.g. Local people in Pemba Island; Local media; Local District Department of
Health, Finance, Education, Environment, Agriculture, Water Conservancy, Secu-
rity, etc.; Executive Officer of Southern and Northern Province in Pemba Island;
Health Ministry of Zanzibar; Agriculture Ministry of Zanzibar; Local NGO partners;
African Office of WHO; Tanzania and Zanzibar Office of WHO; Consulate General
of China in Zanzibar; Project team members of first three batches; relevant Chinese
media; relevant China pharmaceutical companies; China aid of Zanzibar Medical
Team; etc.

15.3.4 Data Collection

A mix of methods is proposed, in order to achieve the review purposes and answer
the key questions. Each evaluation method has strengths and limitations, so a mix of
methods is useful for minimizing limitations and thus confirming key findings.

A range of suggested methods for consideration includes: review of project
implementation documents and available reports (including data on treatment of
schistosomiasis, snail control, training courses, participants assessments and other
events); listen to the presentation of project team; Interviews with representatives
from local government, WHO offices, etc.; Focus group discussions with project
team members of the first three batches, local people, local media, relevant Chinese
media, relevant China pharmaceutical companies, China Aid of Zanzibar medical
team, etc.; Videos/photo-voice for gathering information from participants in remote
locations; Collective sense-making workshop for stakeholders to analyze initial
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findings and contribute to a shared understanding of project progress and achieve-
ments to date. The interviews/focus group discussion could include but not limited to
the following questions, as shown in Table 15.1.

15.3.5 Data Analysis

The data analysis will be an ongoing process throughout the review. The review
team will consider findings on a daily basis, assessing the information gathered and
how this contributes to the next day interview strategy and content. Considering the
various nationality and professional background of review team members, it is
expected that some different views and perspectives will emerge from data. The
analysis will aim to examine why such differences have arisen and how they reflect
the different interests and perspectives of partners. This analysis is also expected to
lead to clearer identification of lessons learned and provide a detailed basis for
recommendations about how the project should move forward. The timeline of
evaluation in Zanzibar showed in Table 15.2.

15.3.6 Key Deliverable

The Review Team will need to take into account cultural and translation differences
when drafting related documents. This may involve paying careful consideration to
language which is culturally respectful and relatively easy to translate. The following
documents will be submitted by the Review Team:

• Evaluation Plan (final)—approx. five to ten pages.
• Indicative Schedule (to enable meetings/travel/accommodation bookings)—

approx. one to two pages.
• Review Report (draft and final)—limited to 30 pages.

15.4 Evaluation Approach and Findings

The review took a strengths-based approach (SBA), meaning that it facilitates self-
reflection among project stakeholders about:

1. What has worked well and what have been the factors for success;
2. The priorities for the next phase of collaboration; and
3. Steps that will help achieve agreed priorities.

The following mix of methods was used, to achieve the evaluation purposes and
answer key questions:
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Table 15.1 The questions for interview by the evaluation experts team

The establishment of a
sustainable
schistosomiasis control
system in Zanzibar

The progress of the
extension of Chinese
experience in Africa

The construction of
well-going health
partnership

Project
implementation

(1) What kind of
changes have the project
brought to local infra-
structure and device on
schistosomiasis control?
How long will the
change last?
(2) What kind of skills
have local specialist
acquired? What kind of
skills need to be further
trained?
(3) How are the system
of working management
and finance manage-
ment? Which ones are
reasonable and why?
Which ones need to be
improved and how?
What kind of difficulties
have you met in
implementing the sys-
tems?
(4) Which medicines ad
devices have been put
into use? How are the
effects? How are the
prospect of their use in
the future? Which medi-
cine or devices need to
be further introduced
into the project?

(1) How is Chinese
management system and
experience used in the
project?
(2) How is Chinese dis-
ease control technolo-
gies used in Zanzibar
project? What kind of
adaptions need to be
made?
(3) How is the Chinese
training pattern with
Zanzibar health special-
ists? How do this pattern
adapt with their educa-
tional level and local
culture?
(4) How are Chinese
health technologies,
medicine and device
received by local
people?

(1) What are the
essential factors that
contribute to the health
partnership?
(2) What experiences
about partnership
could be gained from
this project?
(3) What improvement
in capacity was made
for participants?
(4) How could the
cooperation of this
project be further
enhanced?

Health
education

(1) What is the need of
local people for health
education as reflected by
KAP investigation?
(2) What kind of health
education has been
conducted and what is
their respective advan-
tage and limitation?
How to improve in the
future?
(3) What has changed of
the local people after
receiving health
education?

(1) What language bar-
riers exist in health edu-
cation? How do they
affect health education?
How are they solved?
(2) What cultural differ-
ence exist in health edu-
cation? How do they
affect health education?
How are they solved?

(1) How does China-
Zanzibar partnership
cooperate in health
education?
(2) What challenges is
such cooperation pat-
tern faced with? How
to improve it in the
future?

(continued)
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Table 15.1 (continued)

The establishment of a
sustainable
schistosomiasis control
system in Zanzibar

The progress of the
extension of Chinese
experience in Africa

The construction of
well-going health
partnership

Science
investigation

(1) How are schistoso-
miasis epidemics in
Pemba Island? What are
its spatial and temporal
distribution patterns?
(2) What are the spatial
and temporal distribu-
tion patterns of the water
bodies in Pemba Island?
What are the spatial and
temporal distribution
patterns of snails in
Pemba Island?
(3) What is the effect of
molluscacide in labora-
tory? What is the effect
of molluscacide in the
field? If the effect is not
satisfactory, what is the
reason and how could it
be improved? If the
effect is satisfactory,
how is the molluscacidal
standard operation pro-
cedure established?
(4) How is Bulinus
reproduced in labora-
tory? How is the bio-
logical study of Bulinus
going on in laboratory?

(1) What are the simi-
larities and differences
between the schistoso-
miasis epidemics in
Pemba Island and in
China? How will they
affect control strategies?
(2) What are the simi-
larities and differences
between the snail situa-
tion in Pemba Island and
in China? How will they
affect control strategies?
(3) What are the simi-
larities and differences
between the
molluscacide applica-
tion in Pemba Island and
in China?
(4) What are the advan-
tages and limitations
between Chinese
praziquantel and other
praziquantel in Zanzibar
application?

(1) How do China/
Zanzibar/WHO coop-
erate in research in the
project?
(2) How could
research capacity be
enhanced through
cooperation?

Social impact (1) What is the impres-
sion of local govern-
ment/people/partner
international organiza-
tion and NGO about
China?
(2) What is the impres-
sion of local govern-
ment/people/partner
international organiza-
tion and NGO about
Zanzibar schistosomia-
sis control project?
(3) What do Chinese
people know about the
project? How do they
think of it?

(1) What have China/
Zanzibar/WHO learned
from the project?

(1) What impact has
the project had on the
cooperation between
China and Africa?

(continued)
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• Review of project implementation documents and available reports;
• Interviews with policy and technical partner representatives, programme man-

agement and coordination personnel, facilitators (trainers and researchers) and
participants in project activities in Zanzibar NDT and China team;

• A collective workshop for stakeholders to analyze initial findings and contribute
to a shared understanding of project progress and achievements to date;

• Field visits and discussions with managers and staff of participating institutions
(in selected locations);

Table 15.1 (continued)

The establishment of a
sustainable
schistosomiasis control
system in Zanzibar

The progress of the
extension of Chinese
experience in Africa

The construction of
well-going health
partnership

(4) What does interna-
tional organization/
NGO know about the
project? How do they
think of it?

Table 15.2 The timeline of evaluation in Zanzibar

Date Activity Location Milestone

5 March–
1 May

Draft the mid-term evaluation plan of Zanzibar
schistosomiasis control project

China and
Zanzibar

Plan draft

20 April–
2 May

Confirm the member list of review team and
working group

China/Zan-
zibar/WHO

Name list

25 April–
4 May

Teleconference for evaluation team members to
discuss indicative evaluation schedule; team
leader to draft schedule and plan to working
group

China/Zan-
zibar/WHO

Evaluation plan
skampskamp;
schedule

3–5 May Confirms travel/accommodation/meetings/
bookings based on evaluation group feedback
on schedule

China/Zan-
zibar/WHO

N/a

5 May–
8 May

Evaluation team conduct field visit, data collec-
tion, stakeholder’s interview, and other material/
reports as identified in the evaluation plan.

Zanzibar N/a

8 May–
10 May

Data analysis, clarification, report drafting and
submission.

China/Zan-
zibar/WHO

10 May–
12 May

Finalise report incorporating comments from all
working group members

China
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15.4.1 Project Documents and Reports Review

The Evaluation Team reviewed the progress reports prepared by the China-Zanzibar
Project Team. Most of the data was on epidemiological surveys done at baseline and
subsequent follow up surveys. The project has been carried out in seven shehias, four
intervention shehias (Mtangani, Wingwi, Kiyuyu, and Uwandani—the latter also
serving as demonstration site), and three control shehias (Wambaa, Vitongoji and
Shengejuu). Intervention and control shehias were stratified according to prevalence
of infection at base line, showed in Fig. 15.1.

The populations in all seven shehias—intervention and control—as in all the
endemic areas of Pemba, received praziquantel through mass drug administration
twice a year, in April and November, as part of the NTD Control programme. In
addition to this, in the four intervention shehias, project activities consisted of:

• Baseline survey of infection rates in humans, snail survey, and knowledge,
attitudes and practice (KAP) survey, with regular surveillance thereafter.

• Snail control with niclosamide-metaldehyde in all water bodies where snails were
found at baseline and/or during surveillance checks.

• Treatment with praziquantel of all those found infected during epidemiological
surveys (test and treat).

• Health education and interventions to solicit behavioural change.

In the intervention shehias, the use of snail control, the test and treat approach and
health education resulted in a greater overall reduction in prevalence of schistoso-
miasis infection at 18 months than in the control shehias where only 6-monthly mass
drug administration was used. The beneficial effect was more marked in the high
transmission shehias as compared to those at lower baseline transmission levels
where only a slight difference in reduction of prevalence was observed. Additional
data reviewed concerned epidemiological data for baseline and 6 months post-
treatment, as well as water contact sites or transmission zones.

It is tempting to think that the baseline prevalence of schistosomiasis infection in
the intervention shehias is related to the number of water bodies in each community,
but probably there is need to know more about water-contact behavior of the
population around these water-contact sites as well as he degree of human contam-
ination and its interaction with snail density to produce cercarial risk in these ponds.
In comparing the follow up data Tables 15.1 and 15.2, it is also tempting to conclude
that the impact in the intervention shehias achieved 6 months after base line could be
maintained throughout 18 months.

Because there were so many (n ¼ 30) ponds in Uwandani, it was also considered
a demonstration site for test and treat and snail control.

With a population of 2502 people in Uwandani, population compliance with
project activities, especially urine surveys are particularly high, varying from 79% to
99.9%. It is of interest to have more details on the people diagnosed with schisto-
somiasis after each survey. It is not clear whether these are from clusters or families,
and which age-groups are most infected. It may be entirely possible that they are
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Fig. 15.1 Map of Pemba, indicating intervention and control shehias. Red cycles: Intervention
shehias; Green cycles: Control shehias
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completely different people at each survey. More detailed “micro-epidemiological”
analysis could possibly elucidate water-contact behavior, hot-spots for transmission,
and risk factors. Presumably, the screening and treatment coverages attained in
Uwandani are achieved in the other intervention shehias as well.

The impact of interventions, reducing prevalence of infection below 1%, in the
intervention shehias over the 2-year period of the project are the best that have ever
been achieved on the island.

While during this evaluation the evaluation team did not review data on the snails,
it was informed that following application of molluscicides to ponds and streams,
there are no snails found for at least 6 months. The project has two dedicated teams,
for snail surveys and snail control respectively. The evaluation team visited the snail
laboratory where various studies are on-going. The use of loop-mediated isothermal
amplification (LAMP) to detect parasite DNA in pooled snails (Fig. 15.2) could
facilitate detection of infected snails and differentiation of S. haematobium and
S. bovis cercariae.

The diagnostic laboratory is well maintained as shown in Fig. 15.3, and the staff
are well trained to detect S. haematobium eggs. Given the likely low intensity
infections, it may be useful to use Lugol’s Iodine to stain the parasite so that they
are more visible. In such a low transmission area, it may be that pooled urine
samples, with an appropriate diagnostic technique such as LAMP could help detect
hotspots of transmission.

The evaluation team had the opportunity to see health education materials. Of
interest, were messages painted on houses in intervention communities. These had
been agreed with the homeowners and community leaders. It was clear from
speaking with secondary school students and community leaders that there was

Fig. 15.2 The snail endemic in Pemba Zanzibar
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high awareness of schistosomiasis and of the control activities taking place. There
were also notices and warning messages near transmission sites (Fig. 15.4).

This evaluation took place during the long “rains”, which made it possible to
appreciate the amount of water bodies on Pemba Island. Data on the number of water
bodies in study villages has been given above in Table 15.2. Access to water was

Fig. 15.3 Evaluation of laboratory capacity in Pemba Zanzibar

Fig. 15.4 Health education for local students in Pemba Zanzibar
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discussed with the project team and the evaluation team was able to see that piped
water is present if not accessible to all in the visited areas. Clearly people continue to
have at-risk contact with potentially infested waterbodies because the available
potable water may not meet all the domestic requirements, especially not washing
and bathing.

Access to water was discussed in the context of multisectoral collaboration with
agricultural and water authorities. There was no documentation as to the strength of
such collaboration. Involvement of other sectors could result in different crops that
could use more water or result in the drainage of standing water, and thus reducing
the transmission potential of water bodies (Fig. 15.5).

15.4.2 Field Visits and Local Facility Investigation

The second full day of the evaluation team on Pemba began with a visit to Uwandani
shehia. During the visit, the molluscicide application procedure was demonstrated at
a large pond. A liquid formulation of niclosamide was used as contrasted with the
powder form used recently by the SCORE project in Pemba. In addition to the snail
surveys, some water samples are collected for analysis to establish the niclosamide
concentrations (Fig. 15.6).

After the molluscicide demonstration the team visited the project base station in
the Mkoroshoni-Chake district which provides renovated office space for both the
Chinese team and local staff. This is also the site of the laboratories for urine analysis
of human infections and for the culture of Bulinus snails. These facilities, including
computer facilities for data storage and analysis, appear to be well-suited for the
needs of the project to date.

Fig. 15.5 Field investigation in Pemba Zanzibar
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The following morning the team visited the Kiuyu shehia and met with commu-
nity leaders to gain their perspective on the project. The meeting was well-attended.
After the meeting with community leaders the evaluation team had the opportunity
to assist in a health education session in a secondary school class (Fig. 15.7).

15.4.3 Workshop for Schistosomiasis Elimination

A collaborative workshop took place on the day 3 of the mission, on Pemba island.
Dr. Yang Kun from the Jiangsu Institute of Parasitic Diseases, P.R. China, gave a
summary of the pilot project achievements on behalf of China, while Dr. Fatma
Kabole, Head of the Zanzibar NTD Programme and Mr. Saleh Juma gave an account
of the achievements on behalf of Zanzibar.

The two presentations were followed by a vivid discussion with constructive
suggestions for a potential extension of the project.

Fig. 15.6 Information system of schistosomiasis control

Fig. 15.7 The workshop for the schistosomiasis control in Pemba Zanzibar
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15.4.4 Interviews with Representatives from China
and Zanzibar NDT

To assess the effectiveness of the project through interviews with these representa-
tives from China and Zanzibar NDT to get recommendations and feedback.

15.4.4.1 Minister of Health

The Minister of Health highlighted the long-term relationship between China and
Zanzibar that has started as early as 1965 and thanked the People’s Republic of
China for its continued engagement. He also thanked the World Health Organization
for having initiated the current tripartite collaboration project which is the first of its
kind and may provide a model for similar collaborations elsewhere.

He expressed satisfaction with the contribution of the current schistosomiasis
elimination pilot project towards the renovation of infrastructure, the building of
Zanzibari capacity and the practical approach of pushing towards an impact on
transmission. He expressed appreciation for the way the Chinese teams have inte-
grated with their national counterparts and have adjusted to the local situation and
culture.

Zanzibar has a long-standing commitment towards controlling and eliminating
Neglected Tropical Diseases or NTDs, namely lymphatic filariasis, schistosomiasis
and soil-transmitted helminthiasis, and more recently trachoma and snakebite
envenoming. Control of morbidity due to schistosomiasis started in the early
1980s and has yielded good results. However, to have a more lasting impact, a
more comprehensive approach aimed at reducing transmission was needed. In this
respect, the contribution by China with expertise gathered at home in eliminating
schistosomiasis was well appreciated.

The results of the pilot project speak for themselves. A reduction in infection rates
of affected populations from as high as 8% to less than 1% in a short period of less
than 2 years is impressive. The Minister expressed hope and expectation that based
on such results the project would be expanded to the whole of Zanzibar–Pemba and
several remaining “hot spots” of schistosomiasis transmission in Unguja—and
become a model of what could be achieved also in other countries in sub-Saharan
Africa.

He nevertheless expressed the wish that during such an extension of the project
due attention be given to sustainability to allow the Zanzibar team to take over and
ensure maintenance of the achievements beyond the end of the project. Zanzibar is
economically doing well with an annual growth of around 7%, increasing the
likelihood that it will be able to take charge of such maintenance.

He also expressed the wish that during a potential extension due attention is given
to collaboration with other sectors such as water, education and local administration
with a view of decentralizing activities into primary health care and local gover-
nance. He also asked China for specific advice on how to limit the risk of
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schistosomiasis while intensifying rice culture, as Zanzibar wishes to become as self-
sufficient as possible in terms of rice production in the coming years.

He finally made the case for a practical research component to accompany the
implementation programme. Zanzibar has recently created a National Research
Institute that is to coordinate and oversee all research institutes and initiatives in
the country.

15.4.4.2 Deputy Minister of Health

The Deputy Minister echoed the general message articulated earlier by the Minister
that there was considerable satisfaction about what had been achieved by the project
to date. She indicated that the model of the project, with interaction, training and
participation of local staff was very unusual for other externally funded projects
focused on disease control. Moreover, she was clear about the need for the second
phase of the project, if funded and approved, to develop a clear plan for the transition
from reliance on substantial Chinese assistance in the field, the laboratory and in data
management to a sustainable operation dependent on local personnel and resources.

Although that had gone very well to date, she expressed some concern that
developing an action plan for Zanzibar from the perspective of the very much larger
Chinese schistosomiasis experience presented a continuing challenge to a successful
transition. Given the low prevalence levels now being achieved, she also stressed the
importance of education of the various constituencies in Zanzibar to the importance
of sustained schistosomiasis control programs. Continued education was likely to be
needed from the level of those at risk to those at higher levels whose fiscal and
institutional support would be necessary in the long term.

The Deputy Principal Secretary expressed gratitude that the Chinese government
chose to collaborate with the Zanzibar government on the control and elimination of
schistosomiasis. This follows on the long-term collaboration of the Chinese Medical
Missions to Zanzibar to provide clinical care as well as to control malaria. The
Chinese government had also built a hospital at Mkoani.

The project has resulted in the building of offices and laboratories for diagnosis of
schistosomiasis infection and work on several aspects of snails. New Chinese
medicines (praziquantel) and molluscicides are being imported. Their importation
and use in Zanzibar were subject to approval by the regulatory authority. Approval
included visits to factories in China to examine manufacture of the active ingredients
of the chemicals and medicines to be used in Zanzibar.

The Zanzibar government has supported the project financially and by seconding
staff. The WHO has also supported the Zanzibar staff with in-country and regional
training.

There have been five teams of Chinese experts seconded to the project from
Jiangsu Province. The Zanzibar government seconded public health staff members
to work with the Chinese experts. Several Zanzibari staff members have been trained
in China and on the job on use of molluscicides, diagnosis of schistosomiasis, and on
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preventive chemotherapy. The Chinese and Zanzibari teams are working and
collaborating well.

The fifth Chinese team has very young experts, but they seem willing to learn
about things in Zanzibar.

With respect to health education and community participation, things are now
working well. There had been some confusion with respect to messages in Kiswahili
on every other house. The communities had first objected but understood the need
for the messages once they were explained. Similarly, alarms warning people from
transmission sites were removed by community members. There is more engage-
ment with local leaders. They are supportive of interventions and have expressed
appreciation of the project.

The DPS appreciated the progress being made in the project areas. Epidemiolog-
ical and malacological results are very encouraging. There has been a significant
impact on prevalence of infection, as well as on community behaviour. She
expressed interest in the expansion of the project to the rest of Pemba Island as
well as to Unguja.

She also thanked the WHO for encouraging the tripartite agreement. The success
of the project is appreciated at the highest level of the Zanzibar government.

Mr. Yacoub Shoka, Operation Officer, Department of Preventive Services.
Mr. Shoka expressed appreciation for the Chinese intervention that has made a

big difference. A 5-year extension would be most welcome, for both Pemba and
Unguja islands, with the understanding that most of the work and challenges will
reside in Pemba. In such an extension provision must be made for further provision
of equipment and renovation of infrastructure, even though the needs may be less
than during the pilot phase. The need for training and capacity building, on the other
hand, will remain, if not increased.

During a potential extension, more attention needs to be given to collaboration
with other sectors to permanently lower the risk of infection, and from the start of an
extension one needs to think of sustainability. A model for this can be the Zanzibar
malaria programme that currently is already in its maintenance phase.

Mr. Shoka also mentioned that soon a research section of the NTD programme
will be created.

15.4.4.3 Coordinator

Some challenges relating to language remain even though Chinese Team members
help each other communicate with the local citizens. The 6-monthly rotation of
Chinese experts means that they return to china just when they are beginning to
master the situation and work.

Saleh Juma has been to China several times, for training on schistosomiasis and
laboratory techniques. He has also participated in international meetings to advocate
for and present on the China-Zanzibar control and elimination project.

He believes the conditions of service are fine, and the Government of Zanzibar is
meeting its obligations by providing staff—22 personnel—and making sure that
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their needs are met. The government supervision of the project through the Direc-
torate of Preventive Health Services under Drs Fadil Abdallah and Fatma Kabole in
Unguja and Yacoub Shoka on Pemba, is good. Expansion of the project to the whole
of Pemba would require an additional 15–20 staff, and the government is supportive
of the extension and would avail the requirements for them. It would also require the
registration of Chinese made praziquantel and molluscicides, which are only used in
the project shehias.

The Coordinator and Team Leaders can access data and generate reports. They
also have access to satellite maps.

In terms of dealing with communities, this is through leaders at shehia or ward
(diwani) level. Shehias select Community Drug Distributors. Other health problems
encountered in the communities are reported directly to the Directorate of Preventive
Health Services through Primary Health care structures.

15.4.4.4 Salim Ali Khatib, Team Leader, Snail Survey Team

Salim leads a four-person team and joined the project in 2014 from the PHC
department of the MOH. The team is responsible for snail surveys all over Pemba
and in the four project shehias. The team also participates in the health education
interventions as required. Another team deals with snail control through
mollusciciding.

He was trained on Environmental Health in Tanga and at the Tropical Pesticides
Research institute in Arusha. Since joining the project, he has undertaken training in
the use of molluscicides at the Jiangsu Institute of Parasitic Diseases in China.

Duties of the snail survey team are to conduct surveys across Pemba. Snail
surveys take place at any site for 15 minutes. If snails are found, further searches
are done at least 100 metres in either direction from the site. Surveys are done every
month, and if molluscicides are used, repeat surveys are done 2 weeks after.

Reporting of results is done through the Coordinator, Saleh Juma, even though
Team leaders can also report to the Chinese Team Leaders.

The working relationship with the Chinese team is good, and there are no
problems with respect to logistics for work. However, some challenges include
lack of transport to and from work. The respondent lives at least 7 km from work.
Pay could be improved as those working directly in the MOH receive higher pay
than those seconded to the China-Zanzibar project. More office space is also needed,
and teams want to be able to access data on snail surveys.

For expansion to the project, between 15 and 20 additional staff would be needed
for the snail survey team, along with requisite training, transport and pay.

15.4.4.5 Local Staff Responsible for Data Management

The issue here concerned the diversity of data being generated by different segments
of the team and its accessibility for subsequent analysis and to management for
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further analysis and integration. The responsibility of the two data analysts
interviewed is to input field and laboratory data into the computer system which is
then accessible to both those who generated the data and to management as required.
These data range from field reports of snail density by location to laboratory data of
various sorts. There appears to be at least an elementary level of ability to map the
spatial characteristics of the data. The systems and software now in place seem well
suited to the needs of the project and the staff seemed clear about their responsibil-
ities. Mr. Saleh evinced satisfaction with data related issues from a management
perspective. Mr. Saleh further clarified some detailed issues of the project to date.
His broad perspective combined with detailed knowledge of the project and enthu-
siasm for its continuation was impressive. He presented a useful summary of the
organization of local government but left some questions as to the linkage of control
activities with the existing local infrastructure of Ministry of Health. This should be
clarified in the context of the eventual transition of the project to long term local
operation and management (Fig. 15.8).

15.5 Results of Evaluation

15.5.1 Shehias Level

The impact of interventions, reducing prevalence of infection below 1% in the
intervention shehias over the 2-year period of the project is the best that has ever
been achieved on the island. Continued intervention may result in the interruption of
transmission.

Fig. 15.8 The team of local staff and China experts

15 Evaluation of China–Zanzibar Cooperation Project of. . . 291



The comparative SCORE study was conducted twice a year MDA, although
behavioral interventions and local mollusc killing were alike. But ChinaZanzibar
project could remove snails from the environment for at least 6 months, and across
transmission seasons. it is likely that the difference with the China-Zanzibar project
results is the robust mollusciciding regime.

15.5.2 Africa and International Level

The work carried out during this pilot project has contributed to the establishment of
WHO guidelines for laboratory and field testing of molluscicides for the control of
schistosomiasis.

(Dr Rajpal Singh Yadav (2019), Guidelines for laboratory and field testing of
molluscicides for control of schistosomiasis. https://www.who.int/schistosomiasis/
resources/9789241515405/en/)

The tripartite collaboration between the Zanzibari Government, the Chinese
Government and WHO appears to have worked well. The Chinese teams have
collaborated well with their Zanzibari counterparts. The evaluation team has been
able to see that Chinese expertise has been adapted to the African context with a
different form of schistosomiasis and intermediate snail host. The Chinese teams
have also been respectful of the Zanzibar culture and traditions. As such, the
successful tripartite collaboration can indeed become a model for other
schistosomiasis-endemic countries in Africa to benefit from the long-standing Chi-
nese expertise with this disease in the future.

Nowadays, poor infrastructure, too single economies and high unemployment are
the status quo in many African countries. As China’s “Belt and Road” initiative has
been responded to and welcomed in African countries along the route, more and
more Chinese enterprises have come here with projects and funds to help the local
economy develop and improve people’s livelihood. The improvement of the peo-
ple’s level can also help the local people to solve the water problem of tap water and
improve public health, and help to eliminate schistosomiasis. At the same time,
China’s “Belt and Road” initiative to strengthen cooperation and between China and
Africa, will further contributes to the promotion and implementation of the project.

15.6 Discussion and Recommendation

15.6.1 Extension of Project

15.6.1.1 Material Point of Extention

The results attained in the intervention shehias should be consolidated by a stepwise
extension to rest of Pemba Island, and later to the remaining schistosomiasis
endemic areas on Unguja.
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Regular, large scale mollusciciding during an expansion of the project must, in its
early stages, be accompanied by an environmental impact assessment to detect and
mitigate potential negative consequences.

Start preparing relatively early for a maintenance phase that could be run by a
Zanzibari team to maintain schistosomiasis elimination after the tripartite project has
finished. This entails the keeping of detailed records on interventions providing a
means for rigorous follow up and analysis of data, the establishment of standard
operating procedures for surveillance and response to potential resurgence, as well as
thorough planning of resources, staff and capacity.

15.6.1.2 Extension of Cooperation

When moving forward with an expansion, there needs to be close collaboration with
other sectors and three sectors are particularly important in this respect:

• There is first the agricultural sector, that could be consulted to explore if improved
water storage, use and channeling for agricultural practices could improve crop
production, such as rice, while limiting the risk for schistosomiasis.

• Then there is the sector of water resources, that could be solicited to make
available larger quantities of safe water—potentially including collection and
storage of rain water—for activities such as washing and bathing beyond what is
currently available for drinking and cooking.

• Thirdly there is local governance and community involvement. Village health
committees are keen to closely collaborate with the project, and close links with
local governance has been a factor of success in schistosomiasis elimination in
China.

• Lastly, livestock and fisheries should be consulted to find out about presence of
animal schistosomes such as S. bovis in Zanzibar.

15.6.2 Further Development of the Project

As the project will gradually move towards low transmission of schistosomiasis,
more innovative and sensitive diagnostic techniques should be used to detect
schistosomiasis infection in humans and snails. With respect to the detection of
parasite eggs following urine filtration, staining the slide preparations with Lugol’s
iodine could improve the diagnostic sensitivity in the short term. This was the SOP
under the SCORE project. Pooling of urine samples from several individuals or
pooling of snails from several sites on a waterbody and detection of parasite DNA,
offer means to more efficiently detect hotspots of transmission. Use of similar
techniques for parasite detection in environmental water samples should be
explored.
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