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Abstract

Schistosomiasis is a parasitic disease caused by species of genus Schistosoma, with millions of
people infected and thousands of deaths each year. According to the World Health Organization,
it is one of the Neglected Tropical Diseases, which are characterised by being endemic to tropical
and subtropical areas and linked to poverty. The main objective of this thesis is to carry out an
epidemiological study about Schistosomiasis with a public health approach. To this end, a
bibliometric study with 1,988 scientific articles was carried out analysing publications on human
Schistosomiasis during the acute phase of the COVID-19 pandemic to determine the impact it
had on the research. It was concluded that during the years when the pandemic hit hardest, the
scientific production increased compared to the two previous years, may be because the
confinement made field work impossible, favouring writing tasks. In addition, a high degree of
collaboration between institutions from endemic and non-endemic countries was observed. We
also wanted to know the current situation of Schistosomiasis among pre-school children in an
endemic area of Angola, so a study of prevalence and associated morbidity was carried out
among 245 children under 5 years of age. Infection was determined based on the detection of eggs
in urine by filtration and subsequent microscopic analysis. The prevalence of urogenital
Schistosomiasis in this age group was 30.2% and 54.5% of those infected had urinary tract
damage. It should be noted that the thickening of the bladder wall was found in 100% of children
with lesions. In addition, 91% of all participants were anaemic and 50% suffered from some form
of malnutrition. Another study was carried out to find out the knowledge, attitudes and practices
regarding urogenital Schistosomiasis and their socioeconomic situation with 250 participants. It
turned out that 94% of the people surveyed were aware of the existence of the disease, although
only a quarter knew the mode of infection. Overall, the level of information about Schistosomiasis
was low, with only 0.4% scoring high in the knowledge section. However, 79% showed a high
attitude towards improving their health situation. A large proportion of the participants reported
risky practices, bathing in the river being the most common. Regarding the socioeconomic
situation, almost 70% live in overcrowded conditions, with metal sheets and mud being the most
common materials used to build their houses. Finally, an analysis was conducted to determine if
the different aspects of the caregivers analysed had any influence on the Schistosomiasis infection
and morbidity of the pre-school children in their care, which resulted in a low level of knowledge
about the disease and not knowing how to prevent it were the main risk factors for the infection
and morbidity in children, respectively.

Key words: Schistosomiasis research; Schistosoma haematobium; Urogenital Schistosomiasis; Urine
examination; Pre-school children; Prevalence; Morbidity; KAP survey; Angola.
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Resumen

La Esquistosomiasis es una enfermedad parasitaria provocada por especies del género
Schistosoma, con millones de personas infectadas y miles de muertes cada afio. De acuerdo con la
Organizaciéon Mundial de la Salud, forma parte de las Enfermedades Tropicales Desatendidas,
las cuales se caracterizan por ser endémicas de zonas tropicales y subtropicales y por estar ligadas
a la pobreza. El objetivo principal de esta tesis es realizar un estudio epidemioldgico sobre
esquistosomiasis con un enfoque de salud publica. Con este fin, se realizdo un estudio
bibliométrico con 1.988 articulos cientificos analizando las publicaciones sobre Esquistosomiasis
humana durante la fase aguda de la pandemia por COVID-19 para determinar el impacto que
tuvo en su investigacion. Se concluy6 que durante los afios en los que la pandemia golped mas
duro, la produccién cientifica aumentd respecto a los dos afnos anteriores, quizas porque el
confinamiento imposibilitd el trabajo de campo, favoreciendo las tareas de escritura. Ademas, se
observo una fuerte colaboracion entre instituciones de paises endémicos y no endémicos.
También se quiso conocer la situacion epidemioldgica actual de la Esquistosomiasis entre los
ninos de edad preescolar en una zona endémica de Angola, para lo que se realizé un estudio de
prevalencia y su morbilidad asociada entre 245 nifios y nifias menores de 5 afios. La infeccion de
los nifnos se determind en base a la deteccion de huevos en orina mediante su filtracién y posterior
analisis microscopico. La prevalencia de Esquistosomiasis urogenital en este grupo de edad
resulto ser de un 30,2% y un 54,5% de los infectados tenian dafios en el tracto urinario. Cabe
destacar que el engrosamiento de la pared de la vejiga fue encontrado en el 100% de los nifios con
lesiones. Ademas, de todos los participantes, un 91% tenian anemia y un 50% sufrian de algtn
tipo de desnutricion. Se realizd un estudio para saber los conocimientos, actitudes y practicas
respecto a la Esquistosomiasis urogenital y su situacién socio-econdémica con 250 participantes.
Resultd que el 94% de las personas encuestadas estaban al tanto de la existencia de la enfermedad,
aunque solo un cuarto conocia el modo de infeccidn. En general, el nivel de informacion sobre la
Esquistosomiasis era bajo, ya que solo un 0,4% obtuvo una puntuacion alta en la secciéon del
conocimiento. Sin embargo, un 79% demostro tener una gran actitud para mejorar su situacion
sanitaria. Una gran parte de los participantes declar¢ llevar a cabo practicas de riesgo, siendo la
de bafiarse en el rio la mas comtn. Respecto a la situacion socio-econémica, casi un 70% vive en
condiciones de hacinamiento, siendo las chapas metalicas y el barro los materiales mas comunes
para la construccion de sus casas. Por tltimo, se hizo un andlisis para determinar si los diferentes
aspectos de los cuidadores analizados tenian alguna influencia en la infeccion y morbilidad de
los nifios de edad preescolar a su cargo, lo que resulté en que los principales factores de riesgo
para la infeccion y morbilidad de los nifios eran un nivel bajo de conocimiento sobre la
enfermedad y no saber cémo prevenirla, respectivamente.

Palabras clave: Investigacién de esquistosomiasis; Schistosoma haematobium; Esquistosomiasis
urogenital; Examen de orina; Nifios preescolares; Prevalencia; Morbilidad; Encuesta KAP;
Angola.
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Resum

L'Esquistosomiasi és una malaltia parasitaria provocada per especies del genere Schistosoma,
amb milions de persones infectades i milers de morts cada any. D'acord amb 1'Organitzacié
Mundial de la Salut, forma part de les Malalties Tropicals Desateses, que es caracteritzen per ser
endemiques de zones tropicals i subtropicals i per estar lligades a la pobresa. L'objectiu principal
d'aquesta tesi és fer un estudi epidemiologic sobre esquistosomiasi amb un enfocament de salut
publica. A aquest efecte, es va realitzar un estudi bibliometric amb 1.988 articles cientifics
analitzant les publicacions sobre Esquistosomiasi humana durant la fase aguda de la pandemia
per COVID-19 per determinar l'impacte que va tenir en la seva investigacid. Es va concloure que
durant els anys en que la pandemia va copejar més dur, la produccié cientifica va augmentar
respecte als dos anys anteriors, potser perque el confinament va impossibilitar el treball de camp
i va afavorir les tasques d'escriptura. A més, es va observar una forta collaboracié entre
institucions de paisos endemics i no endémics. També es va voler coneixer la situacid
epidemiologica actual de I'Esquistosomiasi entre els nens d'edat preescolar en una zona endémica
d'Angola, per ala qual cosa es va fer un estudi de prevalenca i la seva morbiditat associada entre
245 nens i nenes menors de 5 anys. La infeccid dels nens es va determinar sobre la base de la
deteccié d'ous en orina mitjangant la seva filtracid i posterior analisi microscopica. La prevalenca
d'esquistosomiasi urogenital en aquest grup d'edat va ser d'un 30,2% i un 54,5% dels infectats
tenien danys al tracte urinari. Cal destacar que 1'engruiximent de la paret de la bufeta va ser trobat
al 100% dels nens amb lesions. A més, de tots els participants, un 91% tenien anemia i un 50%
patien algun tipus de desnutricio. Es va realitzar un estudi per saber els coneixements, les actituds
i les practiques respecte a 1'Esquistosomiasi urogenital i la seva situacid socioeconomica amb 250
participants. Va resultar que el 94% de les persones enquestades estaven al corrent de l'existencia
de la malaltia, encara que només un quart coneixia la manera d'infeccié. En general, el nivell
d'informaci6 sobre I'esquistosomiasi era baix, ja que només un 0,4% va obtenir una puntuacio alta
a la seccié del coneixement. Tot i aix0, un 79% va demostrar tenir una gran actitud per millorar
la seva situaci6 sanitaria. Una gran part dels participants va declarar dur a terme practiques de
risc, sent la de banyar-se al riu la més comuna. Pel que fa a la situacié socioeconomica, gairebé un
70% viu en condicions d'amuntegament, sent les xapes metal-liques i el fang els materials més
comuns per a la construccié de casa seva. Finalment, es va fer una analisi per determinar si els
diferents aspectes dels cuidadors analitzats tenien alguna influéncia en la infeccié i morbiditat
dels nens d'edat preescolar al seu carrec, cosa que va resultar que els principals factors de risc per
a la infeccid i morbiditat dels nens eren un nivell baix de coneixement sobre la malaltia i no saber

com prevenir-la, respectivament.

Paraules clau: Investigacié d'esquistosomiasi; Schistosoma haematobium; Esquistosomiasi
urogenital; Examen d'orina; Nens preescolars; Prevalenca; Morbiditat; Enquesta KAP; Angola.
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Chapter 1

Introduction

1.1. Neglected tropical diseases

The neglected tropical diseases (NTD) refer to a group of diseases mainly present in
the tropical and subtropical regions of the planet. In the early 2000s, this group
comprised a total of 17 bacterial, parasitic, viral, and fungal diseases: blinding trachoma,
Buruli ulcer, Chagas disease, dengue and chikungunya, dracunculiasis (Guinea-worm
disease), echinococcosis, foodborne trematodiases (clonorchiasis, fascioliasis,
paragonimiasis and opisthorchiasis), human African trypanosomiasis (sleeping
sickness), leishmaniasis cutaneous and visceral, leprosy (Hansen’s disease), lymphatic
filariasis (elephantiasis), onchocerciasis (river blindness), rabies, Schistosomiasis
(bilharziasis), soil-transmitted helminthiasis (ascariasis, hookworm disease,
strongyloidiasis and trichuriasis), taeniasis/cysticercosis, and yaws (WHO, 2010).
Recently, the World Health Organization (WHO) increased the number of NTDs to 20,
including snakebite envenoming, scabies and other ectoparasites, and deep mycoses
(mycetoma and chromoblastomycosis) (WHO, 2020).

NTD burden per million
inhabitants, DALYs," 2016
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Figure 1.1. Global distribution of the NTDs burden by DALYs. From: WHO (2020).

NTDs are present on all five continents, but they particularly affect the regions where
the most impoverished population lives. Figure 1.1 shows the geographical distribution
of the NTDs worldwide in terms of disability-adjusted life-year (DALY), which is a time-
based epidemiological indicator that encompasses mortality, morbidity, impairment
and disability and represents the loss of a single life-year lived in optimal health. Since
NTDs cause more disability due to chronic infections than death, DALY has become the
standard metric to quantify the burden of these diseases (Vanderelst and Speybroeck,
2010; Murray et al., 2012; Fisher and Fukuda-Parr, 2019).




NTDs can lead to death, but these diseases also affect physical and cognitive
development, and cause social and economic consequences for the weakest
communities, creating a cycle of poverty. They thrive in communities with poor hygiene
and sanitation conditions along with limited access to clean water and healthcare,
cohabiting with animals or vectors, and often living in remote rural communities. Figure
1.2 illustrates the geographical distribution of the NTDs by gross domestic product
(GDP) per capita, clearly showing how the lowest GDP overlaps with the highest DALY
regions in Figure 1.1.

GDP per capita,
thousand US$, 2018
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Figure 1.2. Global distribution of the NTDs burden by GDP per capita. From: WHO (2020).

With nearly 63 million DALYs, NTDs become the second group of diseases with
highest burden, only behind HIV/AIDS (Paul et al., 2021; Lin et al., 2022). Seven of these
neglected diseases are the most prevalent, affecting more than 1.4 billion people
worldwide: three soil-transmitted helminthiases (ascariasis, hookworm, and
trichuriasis), lymphatic filariasis, onchocerciasis, trachoma, and Schistosomiasis. In
addition, of the people affected by some of these seven diseases, an estimated 500 million
are children.

Defeating NTDs is part of the 2030 Agenda for Sustainable Development, which was
adopted by all United Nations Member States in 2015 with the aim of working together
for reaching 17 sustainable development goals (SDGs) and 169 targets. More specifically,
the eradication of NTDs is one of the targets of SDG 3 (good health and well-being). Since
the vast majority of countries organize their programs around the SDGs, including the
destination of funding, the fact that the fight against these diseases is explicitly included
in the 2030 Agenda is an important help to improve their control. In addition, NTDs
activities are usually multidisciplinary tasks that contribute indirectly to many other
SDGs:

e SDG 2 (zero hunger): fascioliasis, food security.

e SDG 4 (quality education): disability caused by NTDs causes learning
difficulties.

e SDG 5 (gender equality): most NTDs can create stigma in society, which is
always more aggravated in women, especially if it has to do with genitalia, such
as female genital Schistosomiasis (FGS).
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e SDG 6 (clean water and sanitation): Schistosomiasis, waterborne disease.

e SDG 8 (decent work and economic growth): any NTD creates disability and
hinders the ability to work.

e SDG 10 (reduced inequalities): NTDs are strongly associated with population
inequalities and have a detrimental impact on health and productivity.

e SDG 13 (climate action): climate change can affect the transmission dynamics
and geographic spread vector-borne NTDs.

e SDG 15 (life on land): rabies, contact with animals.

This is intended to be just a sample of the multiple dimensions of NTDs, which could
surely be eradicated if SDG 1 (no poverty) were achieved. In fact, poverty is the
dominant determinant for NTDs (Fazal and Hotez, 2020).

1.2. Schistosomiasis

Schistosomiasis, also known as bilharziasis, was first described in 1851 in Egypt by a
German physician (McManus et al., 2018) and is classified by the WHO as a parasitic
NTD. It is a disease closely linked with poverty, common in tropical and subtropical
areas without access to clean water and proper sanitation, poor hygiene and lack of
adequate healthcare systems. An estimated 780 million people are at risk of being
infected with Schistosomiasis. Globally, this disease affects approximately 250 million
people (including 24 million pre-school children and 65 million school-age children),
more than 200 million of whom live in sub-Saharan Africa. This parasitosis causes
200,000 deaths a year so, although it does not have a high mortality rate, the main
problem with Schistosomiasis is its high morbidity. After malaria, Schistosomiasis is the
second most prevalent disease in African children (Skopp, 2014). In 2019,
Schistosomiasis was found to be the cause of 1.9 million DALYs, which can result in loss
of family income due to inability to work for infected family members, learning
difficulties in children, or social exclusion of women diagnosed with FGS (McManus et
al., 2018; IHME, 2019). Despite notable efforts to control Schistosomiasis, the disease
remains a major public health problem in sub-Saharan Africa.

Schistosomiasis is caused by a blood-fluke of the genus Schistosoma. There are two
major forms of Schistosomiasis depending on the specie: intestinal (caused by S. mansoni,
S. japonicum, S. guineensis, S. intercalatum and S. mekongi) and urogenital (caused by S.
haematobium). Of these six species that affect humans, S. mansoni, S. haematobium, and S.
japonicum are of major public health importance as it accounts for the majority of
Schistosomiasis infections. Schistosomes require a species-specific intermediate host to
continue their cycle to the infective form. S. mansoni and S. haematobium require the
freshwater snails Biomphalaria spp. and Bulinus spp. respectively, while S. japonicum uses
the amphibian freshwater snail Oncomelania spp. as vector. Since the parasite needs the
snail, the geographical distribution of the vectors defines the endemicity of the disease.
Therefore, the distribution of each species varies between the tropical and subtropical
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regions of the world, although they overlap in several countries, especially in Africa.
Because the vectors need certain environmental conditions, climate change creates
favourable conditions for disease transmission and threatens to increase the endemic
areas of the disease (Mas-Coma et al., 2009). It should be noted that the mere presence of
the vector is a risk for the introduction of Schistosomiasis, especially in the era of
globalization in which we live. In fact, France entered the list of countries with
Schistosomiasis when an outbreak of urogenital Schistosomiasis was detected in 2013,
representing the first European country to report autochthonous transmission (de Laval,
et al., 2014; Boissier et al., 2016). A suspicious of Schistosomiasis infection was also
recently reported in southern Spain (Salas-Coronas et al., 2021). The emergence of
Schistosomiasis in southern Europe highlights the risk that climate change and other
factors such as globalization and migration pose to the widening of the geographical
distribution of the vectors enabling the spread of this disease in non-endemic areas
(Chala and Hamde, 2021; Martinez-Orti et al., 2022).

The fact that Schistosomiasis is a vector-borne disease present in freshwater means
that people become infected by coming into contact with these waters. It should be borne
in mind that most of the endemic areas belong to low- and middle-income countries,
with a high rate of poverty and a low percentage of people with access to safe drinking
water. That Schistosomiasis is a disease closely linked to poverty is evident when
looking at the 2013 outbreak in Corsica where, by prohibiting bathing in the waters that
were identified as a source of infection, its transmission has been almost halted.
However, a measure as simple as this cannot be implemented in the countries most
affected by the disease, since people at risk need access to freshwater sources to wash
their clothes, bathe or even fish and irrigate crops.

1.3. Urogenital Schistosomiasis

S. haematobium is the main species of genus Schistosoma causing urogenital
Schistosomiasis. It has been described in 54 countries, notably in sub-Saharan Africa,
although it is also found in some countries in the Middle East and southern Europe and
appears to be the most prevalent form of Schistosomiasis affecting humans worldwide
(McManus et al., 2018; WHO, 2022a). The most common symptom of urogenital
Schistosomiasis is haematuria, which is generalized in some endemic regions due to its
high burden. It can be diagnosed by detecting the presence of eggs in the urine through
microscopic visualization and its treatment consists of a single dose (40 mg/kg) of
praziquantel (PZQ), which is currently the only available antischistosomal drug (Cioli et
al., 2014). PZQ is an anthelmintic drug, which is classified as a Class II drug (low
solubility, high permeability) according to the Biopharmaceutics Classification System
(Lindenberg et al., 2004). Since PZQ does not prevent schistosome reinfections, other
activities such as health promotion, vector control, mass drug administration (MDA)
campaigns, and water, sanitation and hygiene (WASH) measures are required for an
effective control of the disease (WHQO, 2020, Oluwole et al., 2022)).
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1.3.1. Schistosoma haematobium

S. haematobium lives in the vessels around the urogenital system. It has a complex life
cycle that includes the freshwater snail of the genus Bulinus spp. as intermediate host and
humans (and other mammals) as definitive host. Figure 1.3 graphically represents the
stages of S. haematobium and indicates where each stage takes place.

Cercariae

I

Blood vessels

Schistosomula

\
2

Adult worms

Human

S =
/

( ] Bladder
S

Figure 1.3. Life cycle of the S. haematobium parasite (made with Biorender).

Adults schistosomes are white or greyish worms of 7-20 mm in length with a flat
body that features two terminal suckers, a complex tegument, a blind digestive tract,
and reproductive organs (Figure 1.4(a)). Schistosomes have separate sexes (female and
male) and live within the perivesical venous plexus during an average of 3-10 years,
although they can live up to 40 years (McManus et al.,, 2018). Adult males have a
gynaecophoric channel, in which it holds the female. The adult female produces between
hundreds and thousands of eggs a day (Gryseels et al., 2006). They live almost their
entire lives in copulation. The ova contain a ciliated miracidium larva (Figure 1.4(b)),
which secretes proteolytic enzymes that help the eggs to migrate into the lumen of the
bladder and will be excreted through the urine. If the eggs are in contact with water with
the right light and salinity conditions, they will hatch, releasing the ciliated miracidium
that is capable of swimming to find its intermediate host. The freshwater snails Bulinus
spp.- (Figure 1.4(c)) are their natural intermediate host and act as a vector. The miracidia
penetrate the snail and transform into multicellular sporocysts to undergo asexual
replication. The resulting sporocysts produce cercarial larvaes with embryonic suckers
(called furcocercariae due to the biforked tail) (Figure 1.4(d)). A snail infected by one
miracidium can produce thousands of cercariae every day for months (Colley et al.,




2014). The cercariae penetrate the skin of the snail to emerge and adopt their free-
swimming form, which is the infective schistosomal form and can spin around in the
water for up to 72 hours before finding an appropriate definitive host (a human). The
larvae penetrate the skin of the host and migrate to the perivesical destination through
the portal veins where they lose the tail, adopting the form called schistosomula, then
mature and develop into an adult form and restart their cycle (Gryseels et al., 2006).

a) Adult schistosorma worms in copula b) S. haematobium egg

¢) Bulinus truncatus d) S. haematobium furcocercariae

Figure 1.4. Different stages of S. haematobium and its vector.

1.3.2. Pathogenesis and morbidity

There is a broad consensus that the pathogenicity of Schistosomiasis is caused by the
eggs and not by the adult worms. The eggs that are not excreted remain in the bladder
or urogenital system, inducing an immune response that causes inflammation, leading
to the clinical manifestations of Schistosomiasis (McManus et al., 2018).

When infective cercariae penetrate the skin, migration through the blood is not
always successful and consequently, some die on the skin. The immune response to these
larvae can lead to cercarial dermatitis due to a hypersensitive reaction. Nonetheless, this
is common only in those people exposed to the parasite for the first time.

Once the cercariae penetrate the skin and migrate to their destination and carry out
their cycle successfully, the disease can be divided in three overlapping stages, which
may overlap, depending on the progression of the infection (McManus et al., 2018):
acute, established active and late chronic infection. The acute form, also known as
Katayama fever or Katayama syndrome, starts suddenly with fever, fatigue, myalgia,
headache, eosinophilia, and malaise. Abdominal pain may appear later due to the
migration of the mature worms. This stage can last between 2 and 10 weeks. The
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symptoms are caused by systemic reactions and formation of immune complexes due to
the deposition of eggs. It occurs between 2 weeks and 3 months after the first exposure,
so it is common to find it in travellers or immigrants. Katayama fever is rarely seen in
endemic areas, suggesting that it is due to desensitization in utero (Colley et al., 2014).

The second stage is the established active infection which is characterized by
excretion of live eggs in urine. Intensity can be assessed by egg count (egg/10 mL) (WHO,
2011). The characteristic symptoms of urogenital Schistosomiasis begin at this stage:
haematuria, pelvic pain, abnormal vaginal discharge, itch and burning with urination.
If left untreated, the disease can progress to the chronic infection stage. Severe urogenital
Schistosomiasis is due to poor immunoregulation of antischistosome-egg responses,
which can lead to chronic fibrosis of the urinary tract and cause different types of lesions
in the bladder, ureters and pelvis (Cimini et al., 2021). It is known and studied for many
years that people with chronic S. haematobium infection can develop bladder cancer
(squamous cell carcinoma of the bladder), which occurs at an earlier age than transitional
cell carcinomas of the bladder in endemic regions (Colley et al., 2014; Ishida, 2018).

In women, a chronic infection can cause FGS. The eggs migrate to the genital tract
causing damage in the ovaries, cervix, vagina and fallopian tubes. Between 33% and 77%
of females infected with S. haematobium are thought to suffer from FGS, with yellow
genital spots of schistosome eggs and eosinophilic inflammatory in host tissue
(Christinet et al., 2016; Ekpo et al., 2017). The condition has a wide range of affections
throughout the lower and upper genital tract with symptoms ranging from vaginal
discharge, postcoital bleeding, genital itching, burning sensation or abdominal pain to
ectopic pregnancies, abortions, or cervical cancer in the most advanced cases. In
addition, it may lead to infertility and higher risk of human immunodeficiency virus.
Ectopic pregnancies can potentially lead to death and have been related to FGS due to
Schistosomiasis granulomata and/or salpingitis and tubal submucosa alteration
(Christinet et al., 2016). Women who suffer from this type of parasitism are often subject
to social stigmatization due to matching of symptoms of FGS and sexually transmitted
infections (STIs) and the social impact of infertility. The WHO and the Joint United
Nations Programme on HIV/AIDS have classified it as the most neglected
gynaecological condition in Africa (WHO, 2015).

1.3.3. Control activities

For non-parasitic diseases, the path to eradication lies through the development of a
vaccine. Unfortunately, no parasitosis currently has an effective vaccine and therefore,
the road towards eradication of diseases such as Schistosomiasis focuses on interrupting
the parasite cycle with a One Health approach and a special focus on prevention. In 2022,
the WHO has launched a new guideline for the control of Schistosomiasis in endemic
countries, updating some issues such as eligibility for MDA or increasing the focus on
One Health activities (WHO, 2022b). It should be noted that no single intervention is
recommended: while all are useful, their effectiveness is significantly increased when
combined with other interventions.




1.3.3.1 Mass drug administration

MDA campaigns are based on mass distribution of PZQ to at-risk groups living in
endemic areas. This action aims to treat those who are infected but have not searched for
treatment, either because they were unaware of the infection or because they do not have
access to medical care. These campaigns prevent the disease from progressing to a
chronic mode that causes morbidity and also avoid the release of eggs into the water
allowing the parasite cycle to continue. Although annual prevalence surveys are not
required, a survey prior to the first intervention is necessary to determine whether or
not the area is eligible for this type of campaigns. The WHO also recommends regular
surveillance to assess the effectiveness of MDA campaigns (WHO, 2022b).

PZQ is the only existing treatment against all species of schistosome infections. The
WHO recommends annual MDA campaigns with the administration of a single dose of
40 mg/kg in endemic countries with a prevalence greater than 10% in 75% of at-risk
groups, including children from 2 years of age, pregnant women and adults (WHO,
2022b). Although PZQ was already included in the WHO Model list of Essential
Medicines for Children in 2011, the eligibility of the aforementioned groups is one of the
most notable updates in the new WHO guidelines (WHO, 2021a). This responds to the
evidence that these groups are also at risk, especially preschool-age children (PSAC) and
adults with occupations directly related to freshwater such as fishermen, farmers, and
housewives. In addition, PZQ has shown high cure rates and egg reduction rates in
infected children and pregnant women (Siqueira et al., 2017; Kabuyaya et al., 2020; Tesfie
et al., 2020; Spangenberg, 2021). On the other hand, studies on the safety of PZQ in
children under 5 years of age and in pregnant women have been a key point to include
them in the groups recommended for MDA (Olveda et al., 2016; Jin et al., 2020; Webb et
al.,, 2021). Although PZQ is safe for children, the fact that the most common dosage forms
are tablets of 500 mg makes it difficult to administer the correct dose according to their
weight, as well as the administration itself in very young children (Zajicek et al., 2013).
For this reason, the Pediatric Praziquantel Consortium!, an international alliance
between public and private institutions, was created with the aim of reducing the global
disease burden of Schistosomiasis by developing, registering and providing access to a
suitable paediatric PZQ formulation for the treatment of Schistosomiasis in PSAC.
Nonetheless, it is worthy to bear in mind that mass administration to PSAC has the
difficulty that they do not attend school and therefore, the PZQ delivery should be done
door-to-door.

1.3.3.2 Water, sanitation and hygiene

Since people become infected when they come in contact with infected water, WASH
intervention plays an essential role in both preventing transmission and avoiding
exposure. It is widely known that lack of access to clean water is the main risk factor for
Schistosomiasis, far above all other risk factors (WHO, 2020). Ideally, ensuring that all

1 https://www.pediatricpraziquantelconsortium.org/
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communities living in risk areas have constant access to clean water would be the
ultimate measure to eradicate the disease, but unfortunately this is a utopia in low- and
middle-income countries. WASH interventions are resource intensive. Often this entails
a high economic cost because it requires the construction of large infrastructures, which
involves difficulties in logistics and in finding the necessary materials, training people
in the maintenance of the facilities to ensure their sustainability, and joining forces with
local and national authorities. In addition to the viability of the project, its sustainability
and its maintenance are a key point to consider in this type of actions since a lot of money
is invested, and both the suitability and acceptability of the beneficiary communities will
define the success of the intervention (WHO, 2022b)

As argued by the SCI Foundation?, WASH actions aimed at reducing the prevalence
of Schistosomiasis are based on strengthening local authorities with the ability to
improve water access infrastructures, create wells or other devices that allow access to
safe water, create sustainable forms of water sanitation and provide facilities for
urination.

1.3.3.3 Vector control

Snail vector is the backbone to ensure the continuity of schistosome cycle, so
interventions focused on vector control aim to interrupt the cycle by preventing human
exposure. The main advantages of this type of actions are not having to act directly on
individuals, avoiding the problem of not reaching everyone, and the fact that if the
intervention is successful, re-infections and new infections are eliminated. Vector control
interventions can be divided in two phases: vector surveillance and vector elimination.

a) Vector surveillance is based on monitoring the presence of snails in their natural
habitat. Its purpose is to determine infection hotspots and assess the risk of a
water body, which is extremely useful for defining target areas for MDA.
Historically, it has been done by expert malacologists who search for host snails
in suspicious water bodies and, if found, bring them to the laboratory for
cercariae shedding test. This surveillance technique has numerous drawbacks: (i)
it is highly time-consuming, (ii) there are few expert malacologists capable of
carrying out this work, (iii) the natural characteristics of the target water body
may be an obstacle to assess the presence of the vector, and (iv) the cercariae
shedding test could be negative as not all snails are infected at the same time,
which may lead to an underestimation of the risk of infection for humans.
Recently, new molecular techniques have been developed in order to carry out
the vector surveillance leaving behind the tedious work of malacological
surveillance, thus reducing human errors and allowing to map extensive areas of
endemic countries (Kamel et al., 2021).

b) Vector elimination: Erasing the presence of the snails can be done by chemical or
biological methods. Both have a slow mechanism of action, so their effectiveness

2 https://Schistosomiasiscontrolinitiative.org/




depends on the parallel implementation of annual MDA campaigns. The
chemical strategy works by adding molluscicide (niclosamide is the chemical
molluscicide recommended by the WHO) to water bodies where there is
continuous transmission. It is not toxic to humans and is not harmful to livestock
in the long term, but it damages the environment within 24 hours of its
application (WHO, 2022b). Moreover, evidence shows the development of
resistance to this molluscicide by snail vectors of Schistosomiasis (Dai et al.,
2015). On the other hand, the biological strategy aims to control the presence of
the vector using natural predators of snails. This type of intervention must be
carried out without altering the ecosystem in order to avoid further problems.
An example of biological vector control is the introduction of Macrobrachium
prawns, which feed on molluscs and have a special preference for infected snails.
It is also important to note that these prawns are capable of eating other types of
snails as those intermediate host for Fasciola spp., which are also of public health
importance as the parasite affects both humans and cattle causing food insecurity
(Sokolow et al., 2015).

1.3.3.4 Health promotion

Health promotion interventions in Schistosomiasis are based on boosting the
knowledge of people at risk about the disease and its management, empowering them
to better control their health. This intervention aims to improve their decision-making
about daily practices that could compromise their health regarding Schistosomiasis
through the full participation of the communities involved. The success of the
intervention is strongly related to a proper design and performing it from a horizontal
position.

To design a set of appropriate activities, it is essential to determine the prior
knowledge of the target community, to identify their most common risk practices related
to the disease, and know their attitude towards a change in behaviour to prevent the
disease. In order to meet that baseline, a knowledge, attitude and practice (KAP) survey
is commonly used. The WHO has recommended carrying out health education as a
prevention tool against Schistosomiasis since 1990 (WHO, 1990) and continues to
recommend it after observing success in different countries (WHO, 2022b). The evidence
shows that the increase in knowledge about how Schistosomiasis is transmitted and how
to prevent it, has an implication in individual decision-making as far as their conditions
allow it (Hu et al., 2005; Adie et al., 2015). A well understood and developed health
education can even motivate action by and for the community, as is the case in Nigeria,
where people who received training on how to prevent Schistosomiasis created an
initiative to inform the rest of the population and try to reduce the prevalence of the
disease (Olaseha et al., 2005).

10



Chapter 1 — Introduction

1.3.3.5 Research

Although research is not part of the four key interventions for the control of
Schistosomiasis, it is a necessary and cross-cutting activity in the control of any disease.

In order to combat a disease, it is necessary to have methods of prevention, diagnosis
techniques and a suitable treatment. This is not possible without carrying out proper
research. The main challenge for this purpose is that biomedical research requires a high
level of time and human and material resources, which can be translated into a large
financial investment. The impact on a disease that increased research can have has been
witnessed worldwide with the COVID-19 pandemic, where the speed with which an
effective vaccine was developed in record time was possible thanks to the involvement
of a large part of the scientific community. In fact, neglected diseases are so named
because of the scarce attention they receive from the research organisations and
pharmaceutical companies, as well as the limited funding devoted to their research
compared to other diseases. This importance is reflected in the WHO guideline for
Schistosomiasis, which has been developed on the basis of previous research to produce
an evidence-based protocol. On the other hand, the document concludes with some
priority research objectives in relation to the disease to encourage the scientific
community to work on it (WHO, 2022b).

There are several research groups in the world that are interested in this parasitosis
and are willing to investigate it. Within this field, some non-profit organizations have
been created made up of different research groups with the aim of eradicating
Schistosomiasis. The Schistosomiasis Consortium for Operational Research and
Evaluation (SCORE)’, funded by the Bill & Melinda Gates Foundation, aims to find
answers to the obstacles to the control and elimination of Schistosomiasis. Similarly, the
aforementioned Pediatric Praziquantel Consortium was created to find a suitable
pharmaceutical formulation of PZQ for this age group. These are only two of the most
famous examples, but each effort by every group working on this disease contributes
enormously to the path towards the elimination of Schistosomiasis as a public health
problem.

1.4. Urogenital Schistosomiasis in Angola

Angola is a country located on the southwestern coast of Africa, bordered by
Namibia, the Democratic Republic of the Congo, Zambia, and the Atlantic Ocean (Figure
1.5). With an extension of 1,246,700 km? and an estimated population of 34.8 million
(based on the latest United Nations data), 47.8% of whom are under 15 years of age (the
median age is 15.9 years), Angola is the seventh largest country in Africa. The population
density in Angola is 26 per Km? but the major urban areas account for the highest
concentrations of people (68.1% of the population is urban).

3 https://score.uga.edu/
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In 2002, Angola ended a devastating 27-year civil war that left a seriously
deteriorated health system. Health care is currently free and universal, but there is a
huge shortage of health workers, medicines and diagnostic devices, which makes real
access to minimum quality health care very limited. This situation is especially
aggravated in rural areas, where there are hardly any doctors and resources are even
scarcer. Access to clean water sources and sanitation facilities differs greatly from urban
to rural areas. Thus, while access to drinking water in urban areas is 81.3% of the
population, it falls to 36.5% in rural areas; these inequalities are even greater in the case
of access to sanitation facilities, with 93.7% and 30.3% respectively (CIA, 2021).

With a national poverty rate of 41% rising to more than 90% for almost half of the
Angolan municipalities (INE, 2019), the diseases associated with this condition represent
a major public health problem, especially considering the high number in the risk group
of school-age children (SAC).

Figure 1.5. Geographical location of Angola (map created with MapChart).

Angola was classified as a hyperendemic Schistosomiasis country according to WHO
standards with a prevalence threshold above 50% (WHO, 2002). Numerous
investigations carried out in the country support this classification with a SAC
prevalence that ranges between 61% and 70% in the provinces of Benguela and Bengo
(Sousa-Figueiredo et al., 2012; Bocanegra et al., 2015; Lemos et al., 2020a; Lemos et al.,
2020b,). The prevalence in the country might seem overestimated because SAC is a high-
risk group, but other studies also revealed a prevalence of 71% in adults (Botelho et al.,
2015). However, a recent study on the prevalence of Schistosomiasis in SAC conducted
in the 18 provinces of Angola found the highest prevalence per province was only 32.3%
(Mendes et al., 2022). The National Sanitary Development Plan for 2012-2025 of the
Angolan Ministry of Health established MDA with PZQ and albendazole as a priority

4 https://www.mapchart.net/
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intervention for mass deworming in SAC. Even so, many hyperendemic communities
are not benefiting from these measures. Nevertheless, Mendes et al (2022) determined
that at least 50% of the municipalities in each province need to be subject to MDA
according to the WHO guidelines.

Benguela is one of the 18 Angolan provinces and has been ranked by Mendes et al.
(2022) as the second province with the highest prevalence in the country. It should be
borne in mind that this province is made up by 10 municipalities, 3 of which are coastal,
which are the most populated and also have the highest GDP (INE, 2019). Cubal is one
of the 10 municipalities that constitute the province of Benguela with a population of
322,000 inhabitants, 47% of whom are under 15 years of age and an estimated 58,000 are
children under 5 years of age (INE, 2014). The main source of income of its population
is agriculture and livestock farming.

As shown in Figure 1.6(a), it is an inland municipality far enough away from the
coast to be free of brackish water. It is a rural area with a poverty rate of 87.3% (INE,
2019) that has several waterbodies used for human activities such as bathing or washing.
It counts with a lake and a river that surrounds the entire southern part of the
municipality, as can be seen in Figure 1.6(b). In addition, these are also waterbodies
where children often play and bathe for recreational purposes. The only study carried
out in Cubal shows a prevalence of urinary Schistosomiasis among SAC of 61% and an
associated morbidity of 85.4% (Bocanegra et al., 2015, 2018).

Cubal

a) Geographical location of Cubal, Angola b) Cubeal city map
(map created with MapChart)

Figure 1.6. The municipality of Cubal in the province of Benguela.

1.5. Research objectives

Schistosomiasis is a disease that affects millions of people a year, mainly in the
tropical and subtropical regions of the planet, where the most frequent is caused by S.
haematobium. The main objective of this Ph.D. thesis is to gain a comprehensive
understanding of the current situation of this parasitic disease through an
epidemiological and public health approach. From this general goal, the following
specific objectives were formulated:
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1. To determine the impact of the COVID-19 pandemic on Schistosomiasis research.

2. To analyse the prevalence and associated morbidity of urogenital
Schistosomiasis in PSAC in endemic areas.

3. To assess the knowledge, attitudes and practices of endemic societies regarding
urogenital Schistosomiasis.

1.6. Thesis outline

This thesis has been organized in such a way that each of the aforementioned
objectives is developed in a different chapter. Thus, Chapter 2 addresses the first specific
objective by providing a post-pandemic bibliometric analysis of scientific articles on
human Schistosomiasis published during the most acute phase of the COVID-19
pandemic. The purpose of this chapter is to assess the effect of the global lockdown on
research activities on this neglected disease.

The rest of the thesis focuses on urogenital Schistosomiasis caused by S. haematobium.
Chapter 3 develops the second specific objective, which has been addressed through a
cross-sectional study on 245 children under 5 years of age from the endemic municipality
of Cubal, Angola. The prevalence of urogenital Schistosomiasis and its associated
morbidity in this age group were analysed to determine their situation as they are not
included in deworming campaigns. The third objective is developed in Chapter 4 based
on another study also carried out in the municipality of Cubal. Through a survey of
knowledge, attitudes and practices, the level of understanding of the population
regarding urogenital Schistosomiasis has been determined and the most common
actions and habits that expose them to the parasite and possible infection have been
established. In addition, the study design has allowed us to depict the profile of the
population both demographically and socioeconomically. On the other hand, this
chapter also presents an analysis of the risk factors for infection and associated morbidity
of urogenital Schistosomiasis in PSAC, based on the results of the survey and the study
described in the previous chapter. Finally, in Chapter 5 the global conclusions reached
in this thesis are outlined, which are presented classified according to the objectives.
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Chapter 2

Effect of the COVID-19 pandemic on
Schistosomiasis research

2.1. Introduction

This chapter is based on the article published in the International Journal of
Environmental Research and Public Health (see Appendix A). The COVID-19 disease
caused by a strain of SARS-CoV-2 (severe acute respiratory syndrome coronavirus 2)
was officially declared as a global pandemic by the WHO on March 11, 2020 due to its
high rates of viral transmission and mortality, putting additional pressure on health
systems around the world. As of November 7, 2022, more than 629.37 million confirmed
cases and 6.58 million deaths were globally registered since the first patient detected in
Wuhan, China in December 2019. Table 2.1 shows the important differences in cases and
deaths that exist between regions, suggesting that Africa has been moderately affected
by COVID-19 compared to other areas, with a number of about 9.36 million cases and
175,000 deaths so far. However, these reported figures may be underestimated due to
the limitations of local health systems in accurately diagnosing the disease on a large
scale. Based on Spearman’s correlation coefficient (r), it was found that the number of
deaths was not significantly associated with the number of cases (r = 0.77143, p-value =
0.0724) at a significance level of 0.05.

Table 2.1. COVID-19 situation by WHO region (as of November 7, 2022)5.

Region Cases Deaths %Deaths/Cases
Europe 261,751,184 2,120,778 0,8102
Americas 180,074,239 2,856,069 1,5861
Western Pacific 94,517,918 277,282 0,2934
South-East Asia 60,493,265 800,555 1,3234
Eastern Mediterranean 23,165,118 348,751 1,5055
Africa 9,368,401 174,797 1,8659

The main transmission pathway of COVID-19 is airborne, that is, human-to-human
transmission via droplets nuclei or aerosols produced by infected individuals during all
expiratory activities, such as coughing, sneezing, talking, singing, shouting or breathing,
especially at a distance of less than 1.5 to 2 meters (Wang et al., 2021). To mitigate the

5 https://covid19.who.int

15



risk of viral infection and limit the spread of COVID-19, health authorities around the
world strongly recommended basic preventive measures, such as hand hygiene, social
distancing and the use of face masks (Chu et al., 2020; Colomer et al., 2021). However,
mass vaccination is the most important and the only really effective tool to halt any
pandemic.

Given the high number of lives lost due to the COVID-19 pandemic, several effective
vaccines were rapidly developed to provide protection against serious illness,
hospitalization and death from COVID-19. As of April 8, 2022, ten vaccines obtained the
WHO Emergency Use Listing, which determines whether a product can be
recommended for use based on all available data on quality, safety, and efficacy and on
its suitability in low- and middle-income countries. In addition, some national regulators
also assessed other vaccines for use in their countries.

However, despite the COVAX initiative® created by the Global Alliance for Vaccines
and Immunization, the WHO, the United Nations Children's Fund (UNICEF) and the
Coalition for Epidemic Preparedness Innovations to share vaccines against COVID-19
worldwide, vaccines have not reached all regions equally due to dose hoarding by
European Union and G7 (the grouping of the world’s most advanced economies)
countries. For instance, the European Union purchased 4.5 billion doses for 450 million
citizens, which supposes that each people should receive ten doses of the vaccine.
Similarly, Australia purchased 280 million doses for a population of 25 million, that is,
11 vaccines per person. As reported in Table 2.2, there exist significant differences in the
total vaccine doses administered between wealthy and developing/poor countries. In
fact, as of November 7, 2022, of the more than 12.9 billion doses distributed worldwide,
only 489.57 million doses were administered in Africa. In addition, 74.63% of the
population in high income countries and 75.12% in upper middle-income countries were
fully vaccinated with last dose of primary series in November 2022, but only 20.42% of
people in low-income countries and 58.23% in lower middle-income countries (Mathieu,
2020).

Table 2.2. COVID-19 situation by World Bank income group (as of November 7, 2022)".

Group Total vaccine doses Persons vaccinated with at
administered per 100 least one dose per 100
population population

High-income 214.59 79,795

Upper middle-income 202.27 80,348

Lower middle income 138.25 65,143

Lower-income 33.83 25,041

6 https://www.who.int/initiatives/act-accelerator/covax
7 https://covid19.who.int
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On the other hand, it is also worth noting that, during the first months of the COVID-
19 pandemic, more diagnostic tests were developed for SARS-CoV-2 than for all NTDs
in the last 100 years (de Souza et al.,, 2020). As shown, the pandemic heightened
inequalities between high- and low-income countries. However, these differences are
not only related to the availability of doses of the COVID-19 vaccine and adequate
testing policies or to social and economic conditions, but also to interventions for other
diseases, and most especially for many diseases closely linked to poverty. Thus, the
health policies implemented by governments in order to control the transmission of the
coronavirus caused the research and treatment of various diseases to be suddenly
stopped, which caused serious damage to those affected by these diseases and set back
the progress achieved. For instance, some studies have concluded that neglecting care
for cancer and certain chronic diseases, such as cardiovascular and non-infectious
respiratory diseases, could lead to preventable deaths or late diagnoses (Morris et al.,
2021; Wadhera et al., 2021). This could prove especially fatal for the prevention, control
and eradication of NTDs because in April 2020, the WHO issued a general
recommendation to temporarily suspend population-based surveys, mass drug
administration, and active case-finding to minimize the potential risk that NTD
programs could facilitate SARS-CoV-2 transmission. As of early 2021, disruption of
NTDs programs occurred in 44% of countries, primarily in South-East Asian, the
Americas, the Eastern Mediterranean, and Africa. Unfortunately, this situation did not
change during the second half of 2021, in which many countries either cancelled or
postponed MDA campaigns (WHO, 2022c).

In light of this bleak scenario, it is possible to find some studies pointing to the serious
threat that syndemic malaria and NTDs can pose in low- and middle-income countries
(Gutman et al., 2020; Mantica et al., 2021). Delays in MDA and active case-finding due to
the COVID-19 pandemic may have caused a resurgence of some NTDs, with
Schistosomiasis, trachoma and visceral leishmaniasis (in high transmission settings for
each) appearing as most likely to require several corrective strategies (WHO, 2021b). A
study conducted by the NTD Modelling Consortium concluded that postponing MDA
will result in a delay of up to two years to the 2030 goal of eliminating Schistosomiasis as a
public health problem (NTDMC, 2020).

Holen (2021) warned that the important advance in the fight against Schistosomiasis
is at risk of being reversed in most countries due to the measures adopted to face the
COVID-19 emergency. Similarly, Ehrenberg et al. (2020) pointed out that COVID-19
could have a short-term impact on the prevention and control of NTDs because financial
and human resources would be diverted. Kura et al. (2021) showed that the interruption
of MDA campaigns because of the COVID-19 pandemic would cause an increase in S.
mansoni and S. haematobium infection. Olamiju et al. (2022) reported an outbreak of
Schistosomiasis in northeast Nigeria during the pandemic, suggesting that it might be
due to the disruption of MDA campaigns. Guo et al. (2020) observed a significant
reduction in gross funds allocated to Schistosomiasis prevention and control programs
from January to March 2020 in 12 endemic provinces of China. Adepoju (2020) drew
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attention to the case of a village in Ogun state (Nigeria), where its regular supply of PZQ
was abruptly cut off by movement restriction measures during the pandemic, leaving
the local community unprotected against Schistosomiasis. Hollingsworth et al. (2021)
evaluated the potential impact of disruptions to NTD programs caused by the COVID-
19 pandemic and found that visceral leishmaniasis, trachoma, and Schistosomiasis could
have faster epidemic growth rates and a significant increase in morbidity or even
mortality, especially in areas of high transmission. Toor et al. (2021) also drew similar
conclusions that Schistosomiasis, soil-transmitted helminthiases and trachoma were
likely to experience a more rapid resurgence.

Li et al. (2022) noted that the risk of Schistosomiasis increased during the COVID-19
outbreak due to an increase in snail colonies in Wuhan (China). Hotez et al. (2021)
forewarned that COVID-19 could spoil control and elimination efforts for
Schistosomiasis, river blindness and lymphatic filariasis in Africa or lymphatic filariasis
in India. Kura et al. (2021) indicated that for both S. mansoni and S. haematobium in
moderate- and high-prevalence settings, the interruption of programs might delay the
goal of eliminating Schistosomiasis as a public health problem by up to 2 years.
Similarly, Borlase et al. (2022) also stated that a 1-year interruption of NTD programs
could lead to an average delay of 2 to 3 years in settings with a high prevalence of
Schistosomiasis and other NTDs. Dantas et al. (2023) assessed the impact of COVID-19
pandemic on the actions of the Schistosomiasis control program in endemic
municipalities of Alagoas (Brazil).

The Global Schistosomiasis Alliance® launched a brief questionnaire to some of its
partners to know how the COVID-19 crisis impact on their research activities, revealing
that the pandemic and associated restrictions affected clinical studies, field surveillance
and scheduled basic and preclinical laboratory work (GSA, 2020). This chapter presents
a review of the scientific publications on Schistosomiasis disease during the most acute
phase of the COVID-19 pandemic by means of a comprehensive bibliometric study
(Donthu et al., 2021), in order to analyse, measure, and visualize the impact of the
pandemic on Schistosomiasis research and how it affected its development. Ultimately,
this study may shed some light on whether the pandemic had a short- and medium-term
negative effect not only on prevention, diagnosis and treatment activities, but also on
global Schistosomiasis research.

2.2. Materials and methods

This study was carried out following the PRISMA statement (Page et al., 2021) by
conducting a systematic literature search using the Scopus database for the period from
January 1, 2020 to March 26, 2022. The cross-searching was based on a set of terms
(Schistosoma, Schistosomiasis, snail fever, bilharzia, bilharziasis) in the title, abstract or
keywords of a document to generate the initial outputs.

8 https://www.eliminateschisto.org/
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Of all the documents retrieved, those that met any of the following exclusion criteria
were eliminated from any further analysis.: (i) written in any language other than
English; (ii) documents published in any format other than journal articles or letters; and
(iii) articles in press. Therefore, according to the second exclusion criterion, documents
such as editorials, reviews, surveys, opinion articles, commentaries, notes, conference
papers and book chapters were left out of this study. Subsequently, the title and abstracts
of all selected documents were screened to ensure that they did indeed addressed
Schistosomiasis. Both the literature search process and the application of the exclusion
criteria were carried out on March 27, 2022. Figure 2.1 shows the PRISMA diagram of
the selection process of documents.

- Records removed
.g (n=198)
g Records identified from )
:.-. Scopus > - non-English language
£ (n=2,811) =i
i - articles in press
L]
(n=59)
Records excluded: reviews,
B Records screened notes, surveys, conference
= (n=2,613) papers, editorials, etc.
:'EJ (n=605)
=
-
g
1
)
g Artcles assessed for Articles excluded based on
0 eligibility »  title and abstract screening
(n=2,008) (n=20)

Articles included in the study
(n=1,988)

Included

Figure 2.1. PRISMA diagram.

2.2.1. Data retrieval and collection

We retrieved a total of 2,811 records from the Scopus database, which offers an
extensive coverage of biomedical literature (Falagas et al., 2008). After removal of 139
non-English documents and 59 articles in press, 2,613 were selected for eligibility. Of
these, 605 records were excluded based on the types of documents not considered for
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this study (i.e. the second exclusion criterion), leaving 2,008 documents for the title-and-
abstract verification stage. After screening the title and abstract, 20 documents were
excluded as not being directly related to research on Schistosomiasis. At the end of the
entire PRISMA process, a final pool of 1,988 documents was considered in the study.

For each of the 1,988 documents definitely included in the study, relevant data
elements were collected: authors names, publication year, title, journal, affiliations,
country, keywords, funding institution, research category, and number of citations. The
number of authors and the country of the corresponding author were also extracted.
Then, all this data was organized in standardized tables to make their analysis easier. In
addition, we also recorded the journal impact factor taken from the 2020 Journal Citation
Reports (JCR), which was the latest published at the time of conducting this study.

2.2.2. Data analysis

Spearman’s rank correlation coefficient (r) was applied to explore any relationship
between standard bibliometric indices. In addition, we also checked the association
between the number of publications per country and important demographic and
socioeconomic indicators: population, GDP per capita, gross domestic expenditure on
R&D (GERD), multidimensional poverty measure (MPM), and researchers per million
inhabitants (i.e. number of professionals dedicated to the conception or creation of new
knowledge during a given year expressed as a proportion of a population of one
million). All these demographic and socioeconomic measures were obtained from the
websites of the Organisation for Economic Co-operation and Development’, the
International Monetary Fund!® and the World Bank!!. GERD is an indicator of the total
expenditure (current and capital) on R&D made by all resident companies, research
institutes, university and government laboratories, etc., in a country expressed as a
percentage of GDP (OECD, 2022). MPM is a measure of poverty that captures
deprivations in education (attainment and enrolment) and access to basic infrastructure
(electricity, sanitation and drinking water) in addition to the extreme poverty threshold
of USD 1.90 (World Bank, 2022).

In this chapter, two variables are considered significantly correlated when the p-
value is lower than 0.05 (i.e. a significance level of 5%). We used IBM SPSS Statistics to
carry out the statistical analysis, the VOSviewer program (van Eck and Waltman, 2010)
to map bibliometric networks and perform co-authorship and keyword co-occurrence
analysis, and Paintmaps.com to generate a world map of the number of publications by
country.

° https://www.oecd.org/
10 https://www.imf.org/en/home
11 https://www.worldbank.org/en/home
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2.3. Results

Of the 1,988 publications selected for the study, 1,948 corresponded to articles and
the remaining 40 to letters. These documents were published in 160 different journals
and cited 4,711 times (as of March 27, 2022). From the total documents analysed, 1,143
papers were cited at least once and showed an h-index of 19. The documents were
authored by 159 researchers from 132 countries across five continents. The vast majority
of articles were multi-authored, since only 1.86% of the total papers were from a single
author, which gives a collaboration coefficient of 0.98. The average productivity per year
(i.e. average number of publications per year) was 662.66 and the average number of
citations per year was 1,570.33. Figure 2.2 depicts a histogram with the number of
citations versus the number of publications inn logarithmic scale.
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Figure 2.2. Number of publications vs number of citations in logarithmic scale.

2.3.1. Year-wise distribution of publications

To analyse the evolution of publications over time, Figure 2.3 shows a bar chart with
the number of documents published between 2018 and 2022. We also included the values
for the two years prior to the pandemic (2018 and 2019) in order to test whether the
pandemic led to a decrease in research publications on Schistosomiasis. Surprisingly,
visual examination of this plot allowed us to detect a moderate increase in the number
of scientific publications during the acute phase of the pandemic (2020 and 2021), which
could suggest that research on Schistosomiasis was not disrupted due to the global
emergency situation. However, looking at the trend for the first quarter of 2022, a quite
probable estimate of the number of publications at the end of 2022 would indicate the
possibility of a slight decrease in scientific production, which could respond to the fact
that the resources traditionally allocated to certain lines of medical and biomedical
research have now been redirected to research on COVID-19, most especially for vaccine
design and development.
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Figure 2.3. Number of publications peer year.

In order to determine if there is any different trend between systematic-review-type
publications and the two types of documents considered in this study (articles and
letters), we also conducted a cross-search for reviews published between 2018 and the
first quarter of 2022. This process gave a total of 744 review-type articles: 141, 155, 184,
219 and 45, respectively. Spearman’s correlation analysis found a significant association
between research articles and systematic reviews (r = 0.9, p-value = 0.03739). These
results indicate that, despite the confinement of people and the possible lack of some
supplies (for instance, lack of reagents) during the acute phase of the pandemic, the rate
of production of research articles was comparable to that of review-type articles. A
plausible explanation for this could be that most of the research articles published during
the pandemic were based on data and/or results of studies and experiments conducted
in previous years.

2.3.2. Distribution of publications by journals and research categories

Figure 2.4 shows a treemap with the 10 journals with the largest number of articles
along with three simple bibliometric indices, which allows revealing the journals that
have been most productive and influential during the period analysed. From this, it can
be seen that PLoS Neglected Tropical Diseases was by far the most frequently publishing
journal, having 225 articles published (11.32%) and receiving 524 citations. Acta Tropica
ranks second, although quite far from PLoS Neglected Tropical Diseases, with 73 articles
(3.67%) and a total of 183 citations. Overall, the top 10 journals published 618 papers
(31.09%) and received 1,601 citations, representing 31.09% of the articles selected and
approximately 34% of the citations. All of these journals, with the exception of Scientific
Reports, are ranked in the top quartiles (Q1 or Q2) of the 2020 JCR.
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Figure 2.4. The 10 journals with the most publications.

Spearman’s correlation analysis revealed significantly correlated data between the
number of publications and the number of citations (r = 0.8628, p-value = 0.00131), but
not between the number of publications and the journal impact factor (r =0.4073, p-value
=0.24271).

Focusing on the research categories, we find a total of 25 categories from very
different areas, from Health Sciences to Finance or Computer Science. Figure 2.5 shows
that most of the publications fell into various categories belonging to Health Sciences,
such as Medicine (n = 1,397, 70.27%), Immunology and Microbiology (n = 732, 36.82%)
or Biochemistry, Genetics and Molecular Biology (n = 348, 17.51%). It is worth
mentioning that 15 research categories (e.g. Computer Science, Social Sciences, Nursing,
Dentistry, Psychology, Economics, Econometrics and Finance, or Energy) were found
with fewer than 30 documents each. It should be noted that the sum of percentages
exceeds 100% because publications may fall into more than one research category.
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Chemical Engineering 30
Environmental Science 55
Chemistry 71
Multidisciplinary 85
Pharmacology, Toxicology and Pharmaceutics 123
Veterinary 173
Agricultural and Biological Sciences 257
Biochemistry, Genetics and Molecular Biology 348
Immunology and Microbiology 732
Medicine 1397
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Figure 2.5. Top 10 research categories.

2.3.3. Distribution of publications by countries

Figure 2.6 shows a world map to reflect the geographical distribution of retrieved
documents by the country affiliation of the authors. The United States of America with
a total of 436 documents (21.93%) was the country with the highest number of
publications, followed by the United Kingdom (n =343, 17.25%), China (n =309, 15.54%),
Brazil (n =245, 12.32%), Egypt and Switzerland (n =139, 6.99% each), Germany (n = 130,
6.54%), and the Netherlands (n = 106, 5.33%). On the other hand, authors from 39
countries, mostly low- and middle-income countries (Algeria, Bolivia, Peru, Guatemala,
Honduras, Liberia, Paraguay, Belarus, Burundi, Namibia, Chad, Sierra Leone, Lebanon,
Swaziland, Kazakhstan, Armenia, Papua New Guinea, Eritrea, Iraq, Yemen, Cambodia,
among others), contributed only one or two publications.

Regarding two of the regions with highest burden of Schistosomiasis worldwide, we
found that the Sub-Saharan African countries that published the most were South Africa
(n =283, 4.18%), Tanzania (n = 80, 4.02%), Ethiopia (n =73, 7.30%), Nigeria (n = 65, 3.27%),
Kenya (n =62, 3.12%) and Uganda (n =41, 2.06%), whereas Thailand (n = 35, 1.76%) and
the Philippines (n =30, 1.51%) were by far the Southeast Asian countries with the highest
number of publications.
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Figure 2.6. Geographical distribution of publications (map created with paintmaps'?).

2.3.4. Co-authorship analysis

Co-authorship network was employed to visualize and explore collaboration
patterns between authors. A co-authorship network is a two-dimensional map where
the nodes represent authors and the links connecting two nodes (authors) indicate that
there is at least one co-authored publication between them (Morel et al., 2009). The size
of the nodes reflects the number of publications, colours indicate clusters, and line length
represents the strength of the relationship.

For the sake of easier visualization of the network, Figure 2.7 only shows authors
with a minimum of 10 co-authored papers. The analysis of the network revealed the
presence of nine clusters that include a total of 83 authors with some type of
collaboration between subgroups of them. It was also observed that the densest cluster
consisted of 29 authors, but the level of international collaboration was very low since
most of these authors were affiliated with Chinese institutions. On the other hand, it can
be seen that there are two clusters made up of only two authors each and one cluster
with three authors, indicating that there was some type of non-international inter-
institutional cooperation. A thorough exploration of the network allowed us to detect
some strong international collaborations at the level of co-authored publications
between researchers belonging to different clusters. An example of this finding is the
collaborations between researchers from the Swiss Tropical and Public Health Institute
with researchers from the Natural History Museum of London, the Université de

12 https://paintmaps.com/
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Figure 2.7. Network for co-authorship analysis.

2.3.5. Funding institutions

Figure 2.8 shows the 10 most common funding institutions for Schistosomiasis

research during the COVID-19 pandemic,

which accounted for more than half of all

documents (54.17%). As can be seen, various government agencies, foundations and

private organisations funded the research

conducted for the publications included in

this study. The National Natural Science Foundation of China (n =161, 8.10%), the US
National Institutes of Health (n =138, 6.94%), the Bill & Melinda Gates Foundation (n =

114, 5.73%), the European Commission (n =

113, 5.68%), and the Conselho Nacional de

Desenvolvimento Cientifico e Tecnoldgico (Brazil) (n = 113, 5.68%) were the five

institutions with the highest number of publications in which they appear as funders.
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Medical Research Council (UK) 42
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Wellcome Trust (UK) 71
National Institute of Allergy and Infectious Diseases 84
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European Comission 113
Bill and Melinda Gates Foundation 114
National Institutes of Health (USA) 138
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Figure 2.8. Top 10 funding institutions.

2.3.6. Keyword co-occurrence analysis

Co-occurrence analysis of keywords makes it possible to estimate how often a set of
keywords appear together in publications, reflecting research hotspots in a field. The
common way to represent this is by means of a co-occurrence network, which is a two-
dimensional map where the nodes represent the keywords and the links correspond to
their relationships (Liu et al., 2022). The size of the nodes is proportional to the frequency
with which the keywords appear in the documents, while the distance between two
nodes indicates the strength of their relationship: the closer two nodes are in the map,
the stronger the relationship between them.

For this study, the co-occurrence network was built from the keywords that appeared
at least five times in the sample. As shown in Figure 2.9, a total of 14 clusters and 135
items were obtained by co-occurrence analysis. The most represented keyword with a
total of 360 occurrences was “Schistosomiasis”, followed by “schistosoma mansoni” with
218 occurrences, “schistosoma japonicum” with 108 occurrences, “praziquantel” with 85
occurrences, and “schistosoma haematobium” with 57 occurrences. Other represented
keywords, such as “real-time pcr”, “ultrasonography”, “immune modulation”,
“transcriptome” or “biomarkers”, refer to the most commonly used methods for the
diagnosis of the disease.
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Figure 2.9. Network for keyword co-occurrence analysis.

2.3.7. Publications with the most citations

Table 2.3 reports the most cited articles ranked by total citations (TC) and by field-
weighted citation impact (FWCI). The FWCl is the ratio of the total number of citations
actually received by an article and the average number of citations received by all other
similar documents in the same year and field of research over the previous three years
(Elsevier, 2019): a value equal to 1.00 means that the article performs just as expected for
the average, while a value greater (lower) than 1.00 indicates that it is more (less) cited
than expected based on the average for similar publications. The advantage of FWCI
over the total number of citations is that it is a normalized index, which means that it
considers differences in research and citation behaviour between disciplines. It also
controls for article age, removing bias towards older articles and between more or less
frequently cited document types.

For each article in Table 2.3, the international collaboration (IntC) and the number of
citations per year (CYear) are also shown. The number of citations per year for a given
article was calculated as follows:
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CYear = re (2.1)

7
yearstudy_yearpublication-l_ 1

where year, 4, denotes the year in which the study was conducted (for this thesis, it
was 2022) and yearyypiication Tefers to the year of publication of the article.

The 10 most cited articles received 590 citations, which represents 12.52% of the total
number of citations (4711). However, it should be noted that the publication that ranked
first accumulated 335 citations, which represents 7.11% of the total. When looking at the
remaining nine articles, the average citation was 28.33 per publication.

The two publications that received most citation attention also had the highest FWCI
value. However, some important differences can be observed in the rankings reported
in Table 2.3; thus, for example, the article “A controlled human Schistosoma mansoni
infection model to advance novel drugs, vaccines and diagnostics” (Langenberg et al.,
2020) ranked third in total citations, but ranked tenth when used the FWCI.

Six of the 10 most cited articles were written by authors affiliated with institutions
from different countries, standing out two of these articles in which authors from nine
different countries collaborated. For example, the authors of the paper entitled
“Circulating anodic antigen (CAA): A highly sensitive diagnostic biomarker to detect
active schistosoma infections—improvement and use during SCORE” (Corstjens et al.,
2020) were from the Netherlands, Switzerland, the United Kingdom, France, Rwanda,
Tanzania, Kenya, the United States of America and St. Lucia. Analogously, the article
“Impact of different mass drug administration strategies for gaining and sustaining
control of Schistosoma mansoni and Schistosoma haematobium infection in Africa” (King et
al., 2020) was the result of a collaboration between researchers from the United States of
America, Switzerland, Kenya, Cote d'Ivoire, Denmark, the United Kingdom, Tanzania,
Mozambique and Niger.

Apart from these two articles co-authored by people belonging to various institutions
from nine countries, there are two other papers with authors from four countries and
two with the collaboration of authors from three countries. In addition, it should be
noted that the authors of these articles are both from countries where Schistosomiasis is
endemic (e.g. Senegal and China) and from European or North American countries
(especially the United Kingdom, the United States of America, Switzerland, and
Germany) with many more resources devoted to research on NTDs.

2.3.7.1. An overview of the publications with the most citations

Using the list of publications given in Table 2.3, this section gives a general overview
of each article. The estimated number of squamous cell carcinomas of the bladder
attributable to S. haematobium was showed by de Martel et al. (2020) in 2018. Veeresha et
al. (2020) proposed a fractional Schistosomiasis model to symbolize a parasitic disease
caused by trematode flukes of the genus Schistosoma. Langenberg et al. (2020) conducted
a dose-escalating safety clinical trial in 17 volunteers with male S. mansoni cercariae and
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found a dose-related increase in adverse events related to acute Schistosomiasis (18% of
volunteers showed severe adverse events and high rates of infection); all volunteers
healed with PZQ administered 12 weeks after exposure.

Wendt et al. (2020) described a comprehensive single cell atlas of the adult
schistosome and identified regulators of gut biology using single-cell RNA sequencing.
Toor et al. (2021) used a mathematical model to predict the impact of the COVID-19
pandemic on various NTDs, showing that the risk of resurgence of Schistosomiasis, soil-
transmitted helminthiases, and trachoma could be faster, especially in high-transmission
areas. Meningher et al. (2020) showed that, during chronic stage of infection, S. mansoni
downregulates Th2 differentiation in an antigen-presenting cell-independent manner,
by modulating the Th2-specific transcriptional program. Parkin et al. (2020) estimated
that the number of urinary bladder cancer cases in persons infected with S. haematobium
in Africa to be 10,500, representing 1% of all cancers detected in Africa in 2018.

King et al. (2020) summarised the results of the seven largest projects of the SCORE,
which were large-scale, randomized trials of different approaches to MDA using PZQ
for control of either S. mansoni or of S. haematobium in endemic areas of Sub-Saharan
Africa, comparing the relative effectiveness of community-based treatment against
school-based treatment, and the relative efficacy of annual PZQ administration versus
administration in skipped years.

Léger et al. (2020) conducted an epidemiological study and molecular analyses to
investigate the prevalence, distribution, multi-host, and multi-parasite transmission
cycle of S. haematobium in two areas of northern Senegal (one where transmission is
perennial and one where it is seasonal) during the period 2016-2018. Corstjens et al.
(2020) reviewed the evolution of the upconverting particle-lateral flow circulating
anodic antigen assay format for the detection of S. mansoni and S. haematobium infections,
demonstrating that it is a highly sensitive and specific tool to figure out the prevalence
of active infection at all levels, indirectly estimate the worm burdens, and evaluate
treatment programs.
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Table 2.3. The 10 publications with the most citations.

Rank Rank Article IntCC TC CYear FWCI
TC FWCI
1 1 Global burden of cancer attributable to N 335 111.66 53.09

infections in 2018: a worldwide incidence
analysis (de Martel et al., 2020)

2 2 Regarding new numerical solution of Y(3) 45 15.00 12.52
fractional Schistosomiasis disease arising
in biological phenomena (Veeresha et al.,
2020)

3 10 A controlled human Schistosoma mansoni N 34 1133 1.45
infection model to advance novel drugs,
vaccines and diagnostics (Langenberg et
al., 2020)

4 8 A single-cell RNA-seq atlas of Schistosoma N 30  10.00 3.08
mansoni identifies a key regulator of blood
feeding (Wendt et al., 2020)

5 3 Predicted impact of COVID-19 on Y4) 28 14.00 12.20
neglected tropical disease programs and
the opportunity for innovation (Toor et
al., 2021)

6 5 Schistosomal extracellular vesicle- N 27 9.00 4.00
enclosed miRNAs modulate host T helper
cell differentiation (Meningher et al.,

2020)

7 6 Cancer in Africa 2018: The role of Y(3) 26 8.66 3.74
infections (Parkin et al., 2020)

8 7 Impact of different mass drug Y9 23 7.6 3.33

administration strategies for gaining and
sustaining control of Schistosoma mansoni
and Schistosoma haematobium infection in
Africa (King et al., 2020)
9 4 Prevalence and distribution of Y4) 21 7.00 4.88
Schistosomiasis in human, livestock, and
snail populations in northern Senegal: A
one health epidemiological study of a
multi-host system (Léger et al., 2020)

10 9 Circulating anodic antigen (CAA): A Y(9) 21 7.00 3.04
highly sensitive diagnostic biomarker
to detect active schistosoma infections -
improvement and use during SCORE
(Corstjens et al., 2020)

“Y(n): international collaboration (number of countries); N: w/o international collaboration.
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2.4. Correlation analysis between number of publications and socioeconomic
and demographic indicators

To understand any possible relationship between the productivity of a country
(measured by the total number of publications) and some socioeconomic and
demographic indicators, a statistical correlation analysis was applied.

Based on the Spearman’s rank correlation test, we observed that the productivity
measured by the number of publications was significantly associated with the size of the
population (r = 0.61196, p-value = 0), with GERD (r = 0.4629, p-value = 0) and with
researchers per million inhabitants (» =0.26755, p-value = 0.00952) at the significance level
of 5%.

According to the 2021 World Bank estimates (World Bank, 2021), the GDP per capita
for low-income countries was USD 749.8, for middle-income countries was USD 6,102.0,
and for high-income countries was USD 4,7886.8, showing that very important
inequalities persist between nations around the world. From these data, a strong
correlation could be expected between the total number of publications and GDP per
capita of a country. However, it was found that the association between these two
variables (r = 0.09659, p-value = 0.27059) was not statistically significant. Similarly, the
total number of publications was also not significantly correlated with MPM (r =0.08238,
p-value = 0.44018) at a significance level of 0.05.

Not surprisingly, these results suggest that research on Schistosomiasis depends to a
large extent on the human and material resources that a country allocates to undertake
it, and yet the level of wealth of its population appears as a less decisive factor. In the
case of human resources, it can be seen that the countries with the highest productivity
in terms of articles are also the countries with the highest number of researchers per
million inhabitants. Unfortunately, the density of researchers continues to be unevenly
distributed, leading to significant differences in scientific production in the form of
publications and patents. For instance, in 2018, Sub-Saharan Africa was home to 14% of
the world’s population, but only 0.7% of the world’s researchers (UNESCO, 2021). On
the other hand, the 2017 averages for the percentage of GDP devoted to R&D activities
was 2.5% in North America and Western Europe and 2.1% in East Asia and the Pacific,
while it was only 0.4% in Sub-Saharan Africa or 0.2% in Central Asia (UNESCO, 2020)

2.5. Discussion

Bibliometric analysis is an important tool for exploring the state of research on a
particular area and provides meaningful information for researchers to assess the trends
and impact of the research. This chapter has addressed the research on Schistosomiasis,
which constitutes one of the most widespread NTDs worldwide, during the COVID-19
pandemic. Our bibliometric analysis found that the number of publications increased
during the acute phase of the pandemic (2020 and 2021), which could be explained
because the social confinement gave authors more time to write scientific papers on
research conducted in the years prior to the pandemic. However, the data for the first
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quarter of 2022 point to a slight decrease in the number of publications; a possible
explanation for this drop could be that most of the resources were for research on
COVID-19.

The countries that contributed the greatest number of articles were the United States
of America, the United Kingdom, China and Brazil. Regarding the productivity of the
Schistosomiasis-endemic regions, this study has shown that some Sub-Saharan countries
contributed a remarkable number of articles that should be highlighted considering their
socioeconomic situation. South Africa, Tanzania, Ethiopia, Nigeria, Kenya and Uganda
are the countries that have most clearly been concerned with carrying out some research
on the disease. By contrast, looking at countries in Southeast Asia, Thailand and the
Philippines were the only countries that contributed a similar number of articles to Sub-
Saharan Africa. Paradoxically, the fact that most Sub-Saharan African countries have
lower GDP per capita and fewer researchers than countries in Southeast Asia does not
appear to have hindered research on Schistosomiasis.

The journals with the highest number of publications during the pandemic period
analysed here were PLoS Neglected Tropical Diseases, Acta Tropica, and Parasites &
Vectors. It should be noted that almost all the journals most used to publish research on
Schistosomiasis occupy very relevant positions in the 2020 JCR, although the correlation
between the number of articles and the impact factor of the journals did not turn out to
be significant. As expected, the journals with the most publications were in the subject
categories of Tropical Medicine, Parasitology and Infectious Diseases of the Web of
Science.

The co-authorship network allowed us to guess that there is a high degree of
international collaboration, which is also proven by the fact that six of the 10 most cited
articles consist of authors from various countries. It is also noteworthy that there were
collaborations between institutions from countries with high research productivity (e.g.
the United Kingdom or Switzerland) and countries with lower productivity but with
many cases of Schistosomiasis (e.g. Rwanda or Tanzania).

The keyword co-occurrence network showed that S. mansoni, S. japonicum and S.
haematobium are currently the most investigated blood fluke species. The keyword
“praziquantel”, which is a tetrahydroisoquinoline and the drug of choice for the
treatment and control of Schistosomiasis in many endemic countries due to its efficacy
and low cost (Vale et al.,, 2017; Zwang and Olliaro, 2017), also appeared a high number
of times in the documents in our sample. A series of terms associated with diagnosis and
development of immunotherapy, such as “biomarkers”, “real-time pcr”,
“ultrasonography” and “immune modulation”, were also other keywords with a
significant number of occurrences in the articles.

The most cited article was “Global burden of cancer attributable to infections in 2018:
a worldwide incidence analysis” (de Martel et al., 2020) with 335 citations and 111.66
citations per year, which was co-authored by de Martel et al. and published in The Lancet

33



Global Health. The FWCI for this article was 53.09, well above the other most cited
articles.

This study also presents some limitations. Firstly, since the analysis was carried out
shortly after the end of the acute phase of the pandemic, it would be interesting to repeat
this same study after a few years with the aim of obtaining a larger sample and thus
having a broader view of the effect of the pandemic on Schistosomiasis research. Second,
this bibliometric analysis was carried out with the exclusive use of the Scopus database,
but it could be complemented with other bibliographic databases (e.g. Web of Science
and Google Scholar) to cover a greater number of sources.

Another weakness of this study refers to the exclusion of articles written in a
language other than English. Although the number of publications written in other
languages was low, the use of this exclusion criterion could give a biased view of the
true situation of Schistosomiasis research at the level of the distribution of articles by
country. On the other hand, the elimination of meta-analyses constitutes an insignificant
limitation because it does not affect any of the items studied here, considering that this
type of publication does not provide new research.

Finally, an interesting avenue to further complement our study would consist of also
analysing the impact of the COVID-19 pandemic on prevention, diagnosis, and MDA
tasks for Schistosomiasis. In this sense, a broader perspective and a better understanding
of the real situation of control and research programs could be achieved through a cross-
sectional study consisting of a well-structured survey questionnaire aimed at institutions
that work against this parasitosis.

2.6. Conclusions

The objective of this chapter was to review the scientific literature on Schistosomiasis
during the acute phase of the COVID-19 pandemic in a holistic manner to find out from
a series of widely used bibliometric indices the effect of the pandemic on research in this
disease. In addition, we also tested whether there is a significant correlation between
research (measured by the total number of publications) and some demographic
(population and researchers per million inhabitants) and socioeconomic (GERD, GDP
per capita and MPM) indicators of the countries.

Our analysis was based on a total number of 1,988 articles, which were published in
160 different journals and cited 4,711 times. Of the total number of documents included
in the study, only 1,143 received at least one citation, obtaining an h-index of 19. The
geographical distribution of the 159 authors of these publications covers a total of 132
countries across five continents. Regarding the Spearman’s correlation analysis, it was
observed that the total number of publications per country was significantly associated
with population, GERD, and researchers per million inhabitants, while no significant
correlation was found with GDP per capita and MPM.
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As Hillyer (2020) pointed out, the main difference between COVID-19 and parasitic
diseases is that many of the countries most affected by the global pandemic have vast
economic resources, while NTDs mainly affect the most impoverished countries. It is
therefore necessary that the scientific community and public health authorities fight
against COVID-19 or any other global pandemic that may appear in the future, but not
at the cost of neglecting research on acute and chronic parasitic diseases and their control
and prevention programs. In fact, the resumption of preventive chemotherapy for
Schistosomiasis should be done immediately because it has also been shown that the
administration of PZQ could reduce active cases of COVID-19 and improve the recovery
rate (Oyeyemi et al., 2020).
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Chapter 3

Urogenital Schistosomiasis in
preschool-age children in rural
Angola: prevalence and morbidity

3.1 Introduction

Children aged under 5 years of age have historically been excluded from MDA
programmes with PZQ for control of Schistosomiasis infection and morbidity. The main
reasons have been the paucity of studies on the prevalence of the disease among pre-
schoolers, the lack of evidence on the efficacy and safety of PZQ in this age group and
ultimately, the difficulty of accessing them during an MDA campaign because they do
not have a place to meet, such as the school in the case of SAC. The earliest evidence of
morbidity caused by Schistosomiasis during childhood dates back to colonial times,
specifically to 1893 when The British Colonial Office recommended that English children
living in tropical areas be sent back to England due to the risk of suffering physical and
cognitive impairment because of this disease (Farley, 1991). At the time, little was known
about the effect of the disease for both children and adults, and the first study on
Schistosomiasis-related childhood morbidity was conducted in schools of what is now
known as Zimbabwe in the late 1960s, describing fatigue, delay in schooling and
decreased physical ability of children when playing as the main effects on this age group
(Gelfand, 1968). In addition, this study showed that about half of the two-year-old
children had S. haematobium eggs in their urine. However, the only treatment available
at the time was an injectable dose of potassium antimony tartrate, which was extremely
expensive and had several side effects, so treatment for these children was not even
considered.

Since that first study, knowledge has increased significantly, but little has been done
about it. Unlike now, it used to be believed that it was not possible to become infected
and not excrete eggs, as well as that morbidity was directly related to the number of eggs
in the urine, leading to many not being diagnosed or the extent of their infection was
underestimated (Mott, 2004). This misclassification delayed the consideration of
paediatric Schistosomiasis as a major public health problem in endemic countries, which
is concerning as modern seroprevalence studies have established that the vast majority
of children in hyperendemic areas are infected at puberty (Colley et al., 2014). It was not
until 2010 that the first WHO meeting focused on discussing the situation of PSAC in
Schistosomiasis control programmes was held (WHO, 2011b). The report resulting from
this meeting highlights the reasons mentioned above as the main obstacles and discusses
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the first studies on prevalence carried out in PSAC, which prompted this debate and
documented cases where crushed PZQ mixed with water or juice had been used as a
method of administering the drug. However, it was not until the 2022 guide that PSAC
were included in the recommended target groups for MDA campaigns (WHO, 2022b).
As is often the case, the WHO reports have a major impact on the scientific community,
which focused its efforts on reversing the aforementioned obstacles by increasing the
studies on the prevalence and morbidity of Schistosomiasis in PSAC and demonstrating
the efficacy and safety of PZQ, and what is the best way to administer the drug to this
age group.

Studies on the prevalence of Schistosomiasis (Figure 3.1) and on efficacy and on
safety of PZQ (Figure 3.2) in PSAC increased significantly after the publication of the
WHO report. In the new millennium, only 14 studies on the epidemiological situation of
Schistosomiasis in this age group were published before the 2010 WHO meeting, while
in the second decade of the millennium and following the interest of WHO in increasing
knowledge on this topic, the number of studies has increased to 91 (50 related to the
prevalence and 41 to efficacy and on safety of PZQ).

9

8

No. Articles

Figure 3.1. Number of articles on the prevalence of Schistosomiasis among PSAC.
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Figure 3.2. Number of articles on efficacy and safety of PZQ in PSAC.

Despite the increase in publications on Schistosomiasis in PSAC since 2010, Table 3.1

shows that these studies have analysed its situation in only 19 of the 78 Schistosomiasis-

endemic countries, which means that although knowledge about the behaviour of this

parasitosis in PSAC has increased, we still do not have a complete portrait of the

epidemiological situation of children under 5 years for the vast majority of endemic

countries (note that there are no studies for approximately 75% of these countries).

Table 3.1. Distribution of studies on Schistosomiasis in endemic countries by year.

Country 2000-2010 2011-2013 2014-2016 2017-2019 2020-2022 Total
Brazil 1 1
Cameroon 1 2
Cote d'Ivoire 2 4 7
Ethiopia 4 1 5
Ghana 1
Kenya 1 2 4
Madagascar 1
Malawi 2 2
Mali 1 1
Niger 1 2
Nigeria 2 3 3 9
Rwanda 1 3
Senegal 1 1
Sierra Leone 1 1
South Africa 1 1 2
Sudan 1 1
Tanzania 1 3 1 3 8
Uganda 3 6 1 5 1 16
Zimbabwe 2 2 3 2 9
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Prevalence studies in PSAC have numerous complications compared to studies in
SAC. On the one hand, the aforementioned problem that recruitment must be door-to-
door, since in low- and middle-income countries there are no kindergarten and those
that do exist are generally private, so households at risk of Schistosomiasis with low
income do not have access. On the other hand, poor urination control at younger ages
makes sampling difficult, and children under 1 year of age often require a urine
collection bag due to the difficulty of collecting urine with the typical urine collection
bottle. All these difficulties make the amount of studies with a large number of PSAC
(especially under two years of age) very small compared to studies in SAC groups
(Kalinda et al., 2020).

Studies of the prevalence of urinary Schistosomiasis in areas classified as highly
endemic according to the prevalence in the SAC groups showed a prevalence among
PSAC greater than 25% (Mafiana et al., 2003; Bosompem et al., 2004; Garba et al., 2010;
Poole et al., 2014; Kimani et al., 2018). Early infection by Schistosomiasis is a risk factor
for the chronification of the disease and the development of severe morbidity (Stothard
et al, 2013); in fact, it is presumed that the high morbidity values found in SAC are due
to early infection in pre-school age (Stothard et al., 2013; Bocanegra et al., 2018). To assess
the true impact of Schistosomiasis-associated morbidity in children, it is important to
consider the cumulative factor of Schistosomiasis, not only at the level of the affected
organs, but of the performance of the whole body. Infections at that early age create
inflammation that predisposes to organ fibrosis, which will then last for decades.
Furthermore, stunted growth and low cognitive performance create a disability that can
be fatal in settings where there are no resources and programmes for children with
disabilities. Most of these cognitive delays are irreversible even if the child receives
treatment, especially when the disease has already become chronic. Therefore, it is too
risky for children living in endemic areas to receive their first treatment at the age of five
(Colley et al., 2014).

In 2000, the WHO refined its protocol for assessing Schistosomiasis-associated
morbidity, creating what is known as the "Niamey practical guide", which is still in use
today (Richter et al., 1997). In this protocol, ultrasonographic examination is defined as
the gold standard technique to determine the degree of morbidity associated with
infection of the different human schistosomes. According to these guidelines, the UT
abnormalities that should be considered in the evaluation of morbidity associated with
S. haematobium infection are the shape of the bladder and the thickness of its wall, the
presence of masses and pseudopolyps, and dilatation of the ureters and renal pelvis.
This protocol not only establishes how to assess morbidity, but also provides a scale that
allows damage to be quantified, resulting in what could be called a "severity index".
Also, as mentioned above, the upper UT (ureters and renal pelvis) is examined, which is
injured at later stages of the infection than the bladder, and is also the one that takes the
longest to reverse after treatment. Although its use is widely accepted and its efficacy
has been demonstrated (Akpata et al., 2015), it has the limitation that it is difficult to
detect calcifications caused by this infection with this device.
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Radiology is recommended to determine the presence of urinary calculi as it has been
shown to be more effective than ultrasound in this case (Salas-Coronas et al., 2013). Its
importance lies in the fact that its occurrence can be an indicative factor of bladder
cancer; however, this is a post-treatment test for Schistosomiasis, so it does not pose a
major problem for the assessment of morbidity due to S. haematobium itself. Since its
publication, it has been the guide for studies of morbidity caused by urinary
Schistosomiasis in all target groups, including studies in PSAC (Akpata et al., 2015). It is
true that a major drawback of this technique is the small number of radiologists capable
of recognising the damage in endemic countries. However, it is an easy technique to
learn and in fact, there is a documented case of a local radiologist in Senegal who in just
8 days was able to match the diagnoses of a radiologist experienced in this type of lesions
(Bonnard et al., 2011). Nonetheless, the lesions that can be assessed by ultrasound are
the tip of the iceberg, since the incipient morbidity of the disease, such as anaemia or
micro-haematuria, cannot be detected with this device.
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Figure 3.3. Prevalence in children under 5 years of age. From: WHO (2021c).

Anaemia is a disorder in which the number of red blood cells or the concentration of
haemoglobin is lower than normal, with haemoglobin values less than 11g/dL being
considered mild anaemia and haemoglobin values less than 7g/dL being considered
severe anaemia (WHO, 2011a). As haemoglobin is responsible for transporting oxygen,
its deficiency results in a reduced capacity to transport oxygen to the tissues of the
organs. Anaemia in PSAC is associated with physical impairment, delayed cognitive
development, immune system dysfunction, and even death. In addition, the percentage
of children with anaemia is a WHO indicator for evaluating the level of child nutrition
and general health (Magalhaes et al., 2011).

The most up-to-date estimates of the WHO on the prevalence of anaemia in children
under 5 years determine that in 2019, about 269 million children (39.8%) worldwide
suffer from anaemia and, as shown in Figure 3.3, Africa is the continent with the highest
burden, reaching a prevalence of 60.2% (WHO, 2021c). This is not surprising since the
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main factors involved in the acquisition of anaemia in this age group are malnutrition,
thalassaemia and infectious diseases, especially malaria, HIV, bacteraemia caused by
Streptococcus pneumoniae, salmonellosis, hookworm and S. haematobium. The association
between anaemia and S. haematobium infection is widely investigated; although there is
no consensus on how the parasite causes the decrease in haemoglobin, it is assumed to
occur due to the extracorporeal loss of iron caused by haematuria typical of S.
haematobium infection and by the so-called anaemia of inflammation, which is due to
chronic inflammation that is a characteristic symptom of chronic Urogenital
Schistosomiasis. Although studies on the association of anaemia and S. haematobium
infection in PSAC are scarce compared to other age groups, probably because the high
number of children at that age with anaemia in sub-Saharan Africa makes their
evaluation difficult, there are different investigations that give evidences of anaemia
caused by S. haematobium in PSAC (Sousa-Figueiredo et al., 2008; Magalhaes et al., 2011;
Kinung'hi et al., 2014; Weze et al., 2021).

Another condition triggered in children by Urogenital Schistosomiasis is
malnutrition. This association was first described in the late 1980s when an
epidemiologic study of S. haematobium in children showed increased appetite and
improved nutritional status after receiving treatment for the infection (Latham et al.,
1990). Malnutrition is also a disorder involving many factors, such as infections (e.g.
Schistosomiasis), the nutritional status of the mother during pregnancy, lack of breast
milk intake during the first months of life (common in children with malnourished
mothers) and low food intake or lack of nutrient-dense foods after 12 months of age.

In 2006, the WHO together with UNICEF launched their latest protocol for the
assessment of severe malnutrition in children. In this guide, they establish two ways of
classifying malnutrition: (1) a proxy measure using the mid-upper arm circumference
(MUAC) strip in which values below 110 mm indicate severe malnutrition and between
110 and 130 mm mild malnutrition and (2) the z-score, a more refined measure, which
measures the weight-for-height ratio that determines the level of wasting relative to
when a child is too thin for his/her height and that classifies severe malnutrition with a
maximum ratio of -3 and mild malnutrition with a ratio ranging between -1 and -2. The
latest data on malnutrition show that by 2020, around 13.6 million PSAC were affected
by severe wasting. As can be seen in Figure 3.4, almost all of the world’s wasted children
under 5 are found in Asia and Africa, with the African continent accounting for 41% of
severely malnourished children (WHO, 2021d).
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Figure 3.4. Global wasting levels among children under 5 years of age. From: Levels and
trends in child malnutrition (WHO, 2021d).

This chapter addresses the study carried out in Cubal (Angola) on the prevalence
and morbidity of Urogenital Schistosomiasis in PSAC. Aspects such as malnutrition and
anaemia are also assessed to determine their association with infection. Our aim is to
establish the epidemiological situation of PSAC in this African rural area with regard to
S. haematobium infection and to increase the available literature on this topic to motivate
further interest in this age group.

3.2 Material and methods

A cross-sectional study was carried out between February and May 2022 in Cubal
(Angola). The study was carried out in the facilities of Hospital Nossa Senhora da Paz
(HNSP) in Cubal, shown in Figure 3.5. This one, together with the Municipal Hospital,
are the health centres of the entire municipality of Cubal, serving not only the population
of the city of Cubal but also the three communes belonging to the municipality (Yambala,
Tumbulu and Capupa). The Municipal Hospital is publicly managed, and therefore free
and universal, but since it is a rural hospital it receives minimal funding, so it lacks
resources and has an extraordinary deficit of health professionals and equipment, unlike
hospitals in the big cities that are highly financed, and even in the capital city there are
hospitals with high technology comparable to the best hospitals in high-income

countries.

The HNSP, unlike the Municipal Hospital, is a private, non-profit hospital included
in the country's public network, founded by the Mission of the Teresian Sisters of Jesus.
It also has a close collaboration with the Spanish Hospital Vall d'Hebron of Barcelona
and its research centre, which means that its resources, although limited, are far superior
to those of the Municipal Hospital. This hospital has a laboratory equipped and trained
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for the diagnosis of different parasitological, bacterial and viral diseases, an important
child malnutrition unit, X-ray and ultrasound devices, a consultation specialised in
monitoring and supporting people living with HIV and a large tuberculosis unit famous
throughout the country for its treatment of multi-resistant tuberculosis. These
characteristics make the HNSP very frequented and attract people not only from the
municipality of Cubal but also from other relatively close municipalities such as
Caimbambo. Medical visits, hospitalisation, and diagnostic tests are financed through
patient co-payment, with the exception of families admitted for malnutrition. However,
the hospital has many deficiencies: there is only electricity from 8:00 a.m. to 12:30 p.m.
and from 6:00 p.m. to 11:00 p.m., they often have difficulties covering the demand for
oxygen, there is a lack of palliative medicines, the malnutrition unit is overcrowded, part
of the tuberculosis unit was damaged by heavy storms and is unusable, the laboratory
is often short of reagents and they do not have the capacity to feed the hospitalised
people. Furthermore, the hospital has only three medical doctors.

b) Hospital water source for families of
hospitalised patients

c) Laboratory of the HNSP d) Cooking area for families of children
admitted due to malnutrition

Figure 3.5. Hospital Nossa Senhora da Paz (Cubal, Angola).

3.2.1 Study population and data collection

The municipality of Cubal is located in the province of Benguela, with a population
of 322,000 inhabitants, 47% of whom are under 15 years of age and an estimated 58,000
children under 5 years-old (INE, 2014). It is a rural area that has several waterbodies used
for human activities such as bathing or washing clothes. We identified three main
freshwater hotspots with human activity. Two of them were part of the Cubal river that
crosses the municipality and the other was a lake next to the town.
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As the target population was PSAC, traditional school recruitment was not possible
and therefore a call out was made in churches and markets to inform about the ongoing
study without mentioning that the study was on urinary Schistosomiasis to avoid
receiving only children with symptoms compatible with the disease and thus get a
representative sample of the community. The inclusion criteria were children under five
years of age without symptoms identified by their parents as being typical of
Schistosomiasis. As shown in Figure 3.6, children arrived at the hospital to participate in
the study accompanied by their caregivers, and parents often brought more than one
child. Once it was verified that the children met the inclusion criteria, the purpose of the
study, the tests that would be carried out, and what would be done with the resulting
data were explained to their caregivers. This explanation was also given in the local
language (Umbundu) if necessary. After the explanation, they were asked to sign the
informed consent form in order to include the children in the study. The results of all
tests were given to the parents.

Figure 3.6. Course of the study at Hospital Nossa Senhora da Paz (Cubal, Angola).

Epidemiological and clinical data were collected, including gender, age,
neighbourhood, height, weight, weight-for-height-for-age z-score, mid-upper arm
circumference (MUAC) and haemoglobin level (Appendix B). The malnutrition degrees
were determined according to WHO standards: children with z-score values lower than
-3 were classified as severe malnutrition and admitted directly to the child malnutrition
area, values of -2 were classified as moderate malnutrition and -1 as mild malnutrition
(WHO, 2006). A urine sample was then collected and a urine dipstick test (Abbonn) was
performed to describe the characteristics of the urine. In addition, an evaluation of the
capillary haemoglobin (Hb) level was performed using the Haemocheck Kit TM
(Remedy Healthcare). Anaemia was defined as haemoglobin values lower than 11 g/dL
and severe anaemia for values less than 7 g/dL (WHO, 2011a). Children with
haemoglobin values equal to or less than 5g/dL were referred directly to the
haemotherapy service for blood transfusion. Finally, each participant was sent for a
urological ultrasound examination.

Given the high prevalence of Schistosomiasis previously described in the
municipality, the single dose of PZQ was given after evidence of haematuria on the
dipstick test. Those who were diagnosed by the presence of schistosoma eggs on the
subsequent urine microscopic analysis received the drug after the ultrasound test. Those
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children with low values of haemoglobin or z-score were referred for further medical
examination.

3.2.2 Sample size calculation

The sample size was calculated based on the estimation of 58,000 PSAC, a 61%
prevalence of Schistosomiasis, and 85% urinary affectation, according to a previous
study by Bocanegra et al. (2018). Considering 95% confidence, 7% precision and 10%
loss, the sample size resulted in 186 children. Due to the fact that at the time of carrying
out the study we found an ultrasound dropout rate of 22.4%, the sample was increased
to 245 children.

3.2.3 Urine examination

A preliminary assessment of macroscopic haematuria was performed by visual
examination of the researchers (Figure 3.7), followed by a urine dipstick test (Abbonn)
to assess for the presence of leukocytes (trace for 15 cells/ul, one cross for 70 cells/pl, two
crosses for 125 cells/ul and three crosses for 500 cells/ul or more), proteins (one cross for
0.3 g/L, two crosses for 1 g/L, three crosses for 3 g/L and four crosses for 20 g/L or more)
and erythrocytes (trace for less than 25 cells/pl, one cross for 25 cells/ul, two crosses for
80 cells/ul and three crosses for 80 cells/ul or more).

The presence of the eggs was evaluated with a laboratory stereomicroscope after
filtering the urine through 40 um nylon filters (Thermo Fisher). The total number of eggs
was also recorded to classify the intensity of the infection according to WHO standards,
where less than 50 eggs/10 mL is considered to be of low intensity and more than 50
eggs/10 mL is a high intensity infection (WHO, 2022b).

Figure 3.7. Preliminary macroscopic haematuria assessment.
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3.2.4 Urologic ultrasound

All children were scheduled for urinary ultrasound regardless of urine results;
children were given water prior to the ultrasonography examination to properly assess
the bladder status. It was performed with a portable ultrasound machine (myLab 25;
ESAOTE, Genova, Italy) at Hospital Nossa Senhora da Paz (Cubal) by a trained clinician
who was unaware of the prior analysis and in the presence of the child's caregiver.

Urinary pathology abnormalities were evaluated following the WHO guidelines for
assessment of S. haematobium infection known as “Niamey practical guide” (Richter,
1997). The shape of the urinary bladder, the lesions detected in the bladder wall, and the
degree of dilatation of the ureters and renal pelvis were recorded. The severity of the
morbidity observed in the ultrasound was categorised by means of the global score
based on each one of the pathological changes found according to the WHO score, which
classifies the affectation in scores from 0 to 32, with 0 being normal ultrasound and 1 in
forward ultrasounds with abnormalities that increase the score according to severity.
This is the same methodology that was used in a previous study of urinary disorders
caused by S. haematobium in SAC of Cubal (Bocanegra et al., 2018).

3.2.5 Statistical analysis

Normally distributed quantitative variables were compared using the Student’s t-
test and expressed as the mean standard deviation (SD). Categorical variables were
compared using the chi-squared or Fisher’s exact test when the frequencies were less
than 5%, and were expressed as frequencies and percentages. Both Pearson’s correlation
analysis and point-biserial correlation analysis were applied to check for any
relationship between some pairs of variables. The correlation coefficient (r) was
considered significant if the p-value was less than 0.05. All statistical analyses were
performed using IBM SPSS Statistics.

3.2.6 Ethical aspects

This study was approved by the Ethics Committee of the Ministério de Saude de
Angola and was conducted in compliance with the principles of the Declaration of
Helsinki, Good Clinical Practice guidelines, and local regulatory requirements (see
Appendix C). The legal tutors of each child involved in the study were informed in
Portuguese or Umbundu (local language) and gave written informed consent to
participate. All data were anonymized and the study has no costs for the participants. In
addition, PZQ was given free of charge to children with ongoing infection.
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3.3 Results

The results of this study are divided into four blocks: study population, urogenital
Schistosomiasis prevalence, indirect test analysis, and ultrasound examination.

3.3.1 Study population

A total of 245 children aged 5 years or younger were enrolled to participate in the
study. All of the children lived in the Cubal district, except for 18 children (7.3%) who
lived in Caimbambo, a nearby rural village whose population often travels to Cubal for
medical care. The demographic and epidemiological data of participants are shown in
Figure 3.8. A total of 106 girls (43%) and 139 boys (57%) participated in the study. Their
ages ranged from one month to 5 years, with a mean age of 3.3 (SD = 1.6) years.
Haemoglobin values varied between 4 g/dL and 14 g/dL, with a mean value of 9.4 g/dL
(SD =2.07). Overall, 223 children (91%) presented anaemia (between 11g/dL and 7g/dL);
of these, 57 children (246%) had severe anaemia (below 7g/dL). Regarding the nutritional
status of the participants, only 122 (50%) did not present malnutrition, 39 (16%) had mild
malnutrition, 23 (9%) moderate malnutrition, and 61 (25%) severe wasting (z-score < -3).
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Figure 3.8. Demographic and epidemiological data of participants.

3.3.2 Urogenital Schistosomiasis prevalence

The presence of S. haematobium eggs was detected by microscopic examination in 74
children, which represents 30.2% of the total showing eggs in the microscopic
examination, among whom 59 children presented low-intensity infection (79.7%) and 15
(20.3%) had high-intensity infection. Their mean age was 3.1 years (5D =1.59), and older
age was found to be related to infection (r = 0.14419, p-value < 0.05). Furthermore, as can
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be seen in Table 3.2, height and weight proved to be significantly associated with S.
haematobium infection.

Table 3.2. Demographic and clinical data for infected and non-infected children. Data are
reported as mean and (standard deviation). The p-value for each item in relation to S. haematobium
infection is given and significant associations are highlighted in bold.

Infected Non-infected

(N =74) (N=171) p-value
Age (years) 3.1(1.5) 2.8 (1.7) 0.024
Weight (kg) 13.3 (4.5) 11.3 (4.6) 0.00235
Height (cm) 91.7 (15.5) 85.2 (15.2) 0.0258
Z-score -1.2 (1.5) -1.4 (1.6) 0.35136
Haemoglobin 8.9 (1.9) 8.6 (2.1) 0.26749

3.3.3 Indirect test analysis

As can be seen in Figure 3.9, among the S. haematobium egg-positive samples,
leukocytes were detected in 70 samples (94.5%): 20 (27%) with traces, 25 (34%) with one
cross, 14 (19%) with two crosses and 11 (15%) with three crosses. For erythrocytes (so-
called micro-haematuria), 59 (79.7%) samples were positive, 24 (32%) with traces, 10
(14%) with one and two crosses, and 15 (20%) with three crosses. On the other hand,
dipstick urinalysis showed that leukocytes and erythrocytes were found to be
statistically significant for infection (r = 0.36313, p-value < 0.01). Regarding proteinuria,
it was positive in 19 (26%) samples, of which 6 (0.08%) presented traces, 8 (0.1%) one
cross, 3 (0.04%) two crosses and 2 (0.02%) three crosses. Macro-haematuria was present
in 17 (23%) of the urines with S. haematobium eggs.

5% |

14%

%2%
14%
34%1
mnormal -, trace m+ +++ W+ EMnormal % trace M+ W+ HE+++
a) Leukocyturia b) Micro-haematuria
26% 230/%/
74% i 77%
M normal 7 proteinuria B normal 7 macro-haematuria
¢) Proteinuria d) Macro haematuria

Figure 3.9. Results of the indirect analysis of S. haematobium of egg-positive urines.

49



3.3.4 Ultrasound examination

As can be seen in Figure 3.10, urologic ultrasound examination was performed on
190 children (77.5%), since the rest of the children missed the ultrasound appointment.
Among the children infected with S. haematobium eggs, 30 (54.5%) presented at least one
abnormality, with a mean score of 5.8 (SD =5.43). Regarding the ultrasound of the
children without any type of active infection, only 4 (2.9%) presented some abnormality,
with a mean score of 1.75 (SD = 0.43).

245 children
included in the study

22.4%
ultrasound dropout

190 ultrasound

performed
135 eggs-negative 55 eggs-positive
(71%) (28.9%)
131 normal 4 abnormal 25 normal 30 abnormal
ultrasounds (97%) ultrasounds (2.2%) ultrasounds (45.5%) ultrasounds (54.5%)

Figure 3.10. Distribution of children included in the current study.

Table 3.3 reports the results for the 30 children who presented an abnormal
ultrasound and had ongoing S. haematobium infection by age group. As can be seen,
among the different types of UT lesions, bladder wall thickening was the most common
finding (100% of abnormal ultrasound scans). On the other hand, 8 (26.7%) children with
abnormal ultrasound had ureteral lesions, whereas 7 (23.4%) presented pelvic morbidity.
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Table 3.3. Types of UT lesions in PSAC with active urogenital Schistosomiasis. The number of
children (N) with each affectation and their mean overall score (OS) stratified by age group are
shown. The number of children is reported under the age heading. The percentage (%) was
calculated over the total of same age children with ongoing S. haematobium and abnormal

ultrasound.
<lyearold 2-3yearsold 4-5yearsold Total
N=7) (N=7) (N =16) (N =30)

Lesion N (%) 0S N (%) 0S N (%) 0S N (%) 0Os
Bladder wall

Wall 3429 2 7(100) 2 11(68.8) 2 21 (70.0) 2

irregularity

Wall thickening 7 (100) 2 7(100) 2 16(100) 2 30 (100) 2

Bladder masses 1(14.3) 2 0 (0) 0 0 (0) 0 1(3.3) 2

Pseudopolyp 0(0) 0 0(0) 0 0(0) 0 0(0) 0
Ureters

Right ureter 1(143) 4 1(143) 3 1(6.3) 3 3(10.0) 3.3

Left ureter 2(28.6) 35 0(0) 0 3187 3 5(16.7) 3.2
Pelvis

Right pelvis 1(143) 8 0(0) 0 1(6.8) 8 2 (6.7) 8

Left pelvis 2(28.6) 7 0(0) 0 3(188) 7.3 5(16.7) 7.2
Mean score 7.8 4.1 5.8 5.8

The mean morbidity score for the bladder wall, ureter, and kidneys, as well as the
overall mean score, are shown in Figure 3.11. UT morbidity score was shown to be
significantly related to Schistosomiasis infection (r = 0.47673, p-value < 0.05).

12

10

Bladder wall ureters renal overall score

non-infected infected

Figure 3.11. Mean morbidity score for infected and non-infected children.

The number of eggs found in the urine was significantly higher in those children with
abnormal ultrasound scans (r = 0.6541, p-value < 0.05). Table 3.4 shows that macro-
haematuria, micro-haematuria and proteinuria were correlated with UT morbidity (r =
0.161, p-value < 0.05; r = 0.262, p-value < 0.01; r = 0.249, p-value < 0.01; respectively). In
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addition, the development of UT lesions seemed to be related to anaemia and severe
malnutrition (r = 0.238, p-value < 0.01; r = 0.160, p-value < 0.05).

Table 3.4. Prevalence of indirect morbidity assessment criteria in children with UT morbidity and
children with normal UT observed in ultrasound examination. The number and (percentage) are
reported. The p-value of indirect test urinalysis and its correlation with UT morbidity are shown.
Significant associations are highlighted in bold.

Abnormal Normal p-value
ultrasound ultrasound
(N =34) (N =156)
Macro-haematuria 4 (11.7) 6 (3.8) 0.012
Micro-haematuria 15 (44.1) 40 (25.6) 0.001
Leukocyturia 17 (50.0) 25 (16.0) 0.377
Proteinuria 5(14.7) 4 (2.5) 0.002

3.4 Discussion

Historically, Schistosomiasis control and eradication programmes have been
focussed on SAC deworming in endemic countries. Targeting this age group leaves
children under the age of 5 behind not only in MDA campaigns but also in research.
Thus, little is known about schistosome-related morbidity among pre-school-age
population. However, in recent years, some studies have been carried out to determine
the prevalence of S. haematobium infection among PSAC, showing data that range from
0.83% to 74.9% (Mafiana et al., 2003; Bosompem et al., 2004; Dabo et al., 2011; Mazigo et
al.,, 2021) depending on the degree of endemicity of the studied area. As a consequence,
different research groups demonstrated the efficacy and safety of praziquantel in PSAC
and claimed for its inclusion in MDA campaigns (WHO, 2011b). It is now in 2022 when
the WHO has modified its guide for MDA against Schistosomiasis and recommends
applying it to children from 2 years of age and above (WHO, 2022b). Children under two
years of age are also candidates for treatment on individual basis, mainly due to the
difficulty of adjusting PZQ doses in this particular group. However, with the support of
the Pediatric Praziquantel Consortium'?, research for a suitable paediatric PZQ version
for PSAC administration is currently ongoing.

Our study confirms that the high prevalence in PSAC also extends to Angolan
endemic areas with a prevalence of Urogenital Schistosomiasis of 30.2% in Cubal. It is
within the expected values considering other studies on PSAC prevalence and previous
research in the SAC group that was carried out in Cubal in 2014, where a prevalence of
61% was found (Bocanegra et al., 2015). The likelihood of infection increases with age as
older children have been in contact with infested water for longer. In fact, we found that
age was correlated with the risk of infection (r = 0.14419, p-value < 0.05). However, it is
known that children from endemic areas are exposed to the parasite since they are one

13 https://www.pediatricpraziquantelconsortium.org/
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year old or less, considering that their mothers bathe them with river water (Kibira et al.,
2019).

An overwhelming 91% of children had anaemia, what is considerably higher than
other anaemia burden studies among African pre-school children (Turawa et al., 2021;
Weze et al., 2021) and a 23.3% of severe anaemia. Although we found a significant
relation between anaemia and UT morbidity (p-value <0.01), we did not find it with the
Schistosomiasis infection, which could mean that these lesions are due to chronic
inflammation. This is understandable since anaemia is a multifactorial condition with a
great impact in low and middle countries where malnutrition, bacterial and parasitic
infections (especially malaria), poor access to water and the use of unsanitary toilets had
been related to low values of haemoglobin (Valero et al., 2008; Gujo and Kare, 2021; Balis
et al., 2022). Severe anaemia can cause impermeant in physical and cognitive growth
(Lynch et al.,, 2018). Regarding the malnutrition status of participants, 50.2% had
malnutrition which is also above nutritional studies of other African countries that
ranges between 12 and 47.1% (Abdulahi et al., 2017).

Detection of haematuria and proteinuria is commonly used as a criterion to assess
the severity of UT morbidity in S. haematobium infections. However, it is nonspecific and
may not correspond to reality (Table 3.3) and so its exclusive use can be misleading. As
an accurate assessment of morbidity, the use of ultrasonographic imaging is widely
accepted (Akpata et al., 2015). The need of using ultrasound for the assessment of UT
lesions gain importance since it remains asymptomatic until the disease progresses (King
et al, 2015). Our study revealed 54.5% of UT lesions in infected children, which is
consistent with other studies of Schistosomiasis morbidity (Wami et al., 2015; Barda et
al, 2017) where PSAC shows a prevalence of UT morbidity associated with
Schistosomiasis around 50%. According to our findings, we can state that children are
affected with severe morbidity since 73.5% of the abnormal ultrasounds had an overall
score higher than 4. Surprisingly the highest score was obtained by a participant of only
10 months of age, with a score of 26. However, no precursor lesions of neoplasia such as
pseudopolyp (0%) or masses in the bladder (2.9%) were found in line with the study by
Barda et al. (2017).

In our study, UT morbidity showed a significant association with Schistosomiasis
infection (r = 0.47673, p-value = < 0.05) as only four abnormal ultrasounds were found in
children with no S. haematobium eggs in the urine (2.5%) (Fig. 3.6). Nonetheless, it may
be necessary to collect more than one sample in children with low egg excretion in order
to be detected. Likewise, it has been noted that the absence of eggs in the urine may be
because they are trapped in the bladder wall as a result of the inflammatory reaction,
thus avoiding its excretion (Kihara et al., 2009).

MDA campaigns are the only available tool to prevent the cumulative morbidity
caused by S. haematobium infection in endemic settings where access to health facilities
may be a problem. Barda et al. (2017) observed progression of UT pathology in 40% of
children in just 6 months. This rapid morbidity evolution raises the need to include
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PSAC in MDA campaigns. Although this is already contemplated in the new WHO
guide for Schistosomiasis MDA programs (WHO, 2022b), its recommendation is to cover
children from two years of age in advance, which excludes younger children who, as our
study shows, counts with serious pathologies at the UT. The neglection of these children
and their non-treatment can lead to serious damage to the entire UT as well as
irreversible damage to their integral development.
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Chapter 4

Knowledge, attitudes and practices
survey concerning Schistosomiasis

4.1 Introduction

NTDs, by their nature, are diseases that involve different dimensions and need to be
addressed from a multidisciplinary perspective. Figure 4.1 represents the four main
areas that involve control interventions to defeat these diseases: (1) environment, they
are generally vector-borne diseases that require people to be in contact with certain
animals or with other aspects of the environment such as water or soil for their
transmission; (2) poverty and equity, social inequality and poverty are the main barriers
to eradicating these diseases since most risk practices for infection are related to limited
resources; (3) access to health care, as with any disease, access to diagnosis and treatment
is crucial to combat it, including mass deworming and formulation of appropriate drugs
for all age groups, as well as more complicated interventions such as surgery; and (4)
behaviour, individual behaviour is a critical point of NTDs since their transmission is
usually related to practices that expose humans to the pathogen or that reduce the
possibilities of prevention, in addition to attitudes towards seeking health care.
Moreover, the behaviour of institutions in terms of social awareness and health
promotion is also a backbone, as well as the availability of health care and the
improvement of the population’s living conditions (UCNTD, 2017).

1@&&

Figure 4.1. Main areas of control interventions to defeat NTDs. From: UCNTD (2017).

In the case of Schistosomiasis, control and eradication projects also follow these four
lines. At the environmental level, snail vector controls are carried out through
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surveillance and application of molluscicides. Inequity and inequality are addressed
through WASH interventions, improving hygiene and trying to overcome barriers
related to access to clean water for target communities. Regarding access to health care,
the WHO urges endemic countries to carry out massive deworming with PZQ annually
in risk groups of high-endemic areas, and more appropriate ways of administering the
drug to children under two years of age are being developed. Finally, health promotion
and awareness campaigns are carried out to create behaviour change. However,
changing entrenched behaviours in a community is a challenging endeavour. For this,
effective health promotion campaigns are necessary, which requires a detailed analysis
of their risk practices and current preventive practices. In addition, it is important to
analyse why these practices are carried out, what vision they have of health
interventions and their predisposition to adopt new habits. To collect all this
information, cross-sectional surveys are used, among which the surveys called
Knowledge, Attitudes and Practices (KAP) are the most popular and widely used
(Launiala, 2009). Its relevance in public health is based on the fact that its characteristics
include ease of administration, access to quantitative data, cross-cultural comparability,
easy-to-interpret information, results that can be extrapolated to society as a whole,
rapid implementation and results, and a design that allows to discover unplanned
points.

KAP surveys allow you to collect quantitative information about a community. The
use of KAP surveys began in the 1950s in the study area of family planning and
population studies. In the field of tropical medicine, it rapidly gained popularity because
projects in this area often involve different cultures, so biomedical knowledge about
diseases must be complemented by the socio-cultural reality of the target population
(Launiala, 2009). This has intensified since the planning of public health interventions in
low- and middle-income countries shifted from a paternalistic approach to a cooperative
one, in which the target population must be part of the intervention and the right to
patient autonomy must be respected. Since most of the target diseases in African public
health are closely related to behavioural habits, this type of survey is widely used on the
continent. According to the WHO, KAP surveys serve to identify knowledge gaps about
endemic diseases, cultural beliefs, and risk behaviour patterns for these diseases in low-
and middle-income countries. The importance of this information lies in the fact that the
success of a disease prevention and/or control campaign depends to a large extent on the
behaviour, acceptance and adherence of the target community (WHO, 2008). In addition,
these surveys require a very low budget, so having them available before designing a
prevention or control campaign, which usually requires a large budget and logistical
deployment, is extremely useful and increases the chances of success in a cost-effective
manner. In summary, the KAP surveys in public health ultimately aim to serve as a
starting point for the design of intervention campaigns for the prevention, control and
eradication of diseases associated with behavioural patterns.

This type of survey evaluates the knowledge of the population about the disease and
the extent to which it corresponds to reality, as well as identifying the myths and legends
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that may be present in society, especially with regard to the symptoms and mode of
transmission or infection (Hausmann-Muela et al.,, 2003). Myths and legends often
prevail in diseases that have been endemic for a long time and are linked to social
behaviour or cultural habits. Identifying these false beliefs is crucial in projects that focus
on behaviour change and health empowerment of the population. The second aspect
that the surveys include is attitude, which is understood as the predisposition to think
or act towards someone or something (Launiala, 2009). Understanding the attitudes
towards the disease in particular and towards the state of health in general, towards the
health system and about its active participation in the improvement of the community
is essential for the design of health promotion activities and the strategy of interventions.
Population attitudes largely depend on individual knowledge and social beliefs, as well
as cultural views about certain practices, such as blood collection or the collection of
genital fluid samples. Their attitude is also influenced by their previous experience with
the disease or other similar illnesses, as well as their experiences with previous similar
projects, especially in cases involving white people. The attitude of participants will
define their adherence to the project. The last block of the survey focuses on practices
against the disease. It is usually bounded to a time limit, such as one or two years. It
includes both risk practices for infection as well as positive practices regarding the use
of preventive measures and treatment-seeking practices. In this part, it is essential to
design the questions in such a way that information is obtained not only on the
frequency of the practice, but also on the logic behind the practices evaluated, such as
the economic cost or the related environmental conditions.

All these data are usually complemented with demographic information of the
people surveyed and their socioeconomic level. The demographic part is important since
it manages to personalize health promotion campaigns to different groups (age groups,
gender, professions, etc.). Religious beliefs or ethnic cultures usually have a great
influence on human behaviour, therefore in societies where different ethnic groups
and/or religions coexist, being able to identify their influences on the knowledge,
attitudes and practices of their population allows a more precise design of the
interventions. The inclusion of the socioeconomic part in the survey depends on the
nature of the disease. In NTDs it has a double relevance: on the one hand, it makes it
possible to denounce the poverty nature of the diseases and on the other hand, it allows
to adapt the efforts of the project to the socioeconomic reality of the target community,
knowing the obstacles and strengths that must be considered or behavioural changes
that are feasible. The main obstacle to analysing this item was the cultural difference
between the evaluated community and the society from which it is designed. For
example, in Spain, the emancipation rate of young people is an indicator of youth
poverty (CJE, 2022), which cannot be used in Africa because, due to its extended family
culture, different generations live together in the same household even for the wealthiest
families. To avoid these gaps, the UNICEF developed the Multiple Indicator Cluster
Surveys (MICS) in the mid-1990s to monitor different key issues that affect the situation
of children and women worldwide. It was accomplished by standardising the surveys
and making it possible for everyone to use them in different countries, regardless of their
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cultural reality, and for their data to be comparable between countries and used in higher
institutions that can shape national policies (UNICEF, 2015). The surveys are designed
to be conducted face-to-face to assess the household situation. Since their inception, the
surveys have been reviewed and updated until reaching the sixth round (MICS6)
launched in 2016, which provides a comprehensive set of tools to analyse and assess
various aspects and covers a large number of the survey-based SDG indicators of the
2030 Agenda (UNICEF, 2015).

Since KAP surveys should always be carried out prior to the implementation of the
aforementioned intervention, there is numerous literature available on the knowledge,
attitudes and practices of people living in Schistosomiasis-endemic areas. Awareness of
the existence of Schistosomiasis differs between studies at both extremes, with studies
showing either numbers above 90% and others below 30%. The most prevalent
knowledge among responders is in relation to the symptoms, with haematuria standing
out. Knowledge about preventive measures obtained the lowest scores in all published
surveys. On the other hand, all the reported misconceptions are related to the mode of
transmission of the parasite; among the most popular are urinating in corners, especially
if a dog has urinated before, drinking dirty water, eating uncooked food or certain types
of food, witchcraft and sexual transmission or even haematuria as a typical sign of
puberty. Regarding attitudes, several manuscripts report that the main obstacles for
seeking health care are the distance from their residence to a healthcare centre and the
price of medical consultation or medicines. Furthermore, self-medication and preference
of traditional medicine is common among endemic societies. Nonetheless, acceptance of
the MDA is generally high among the communities surveyed. In relation to the practices,
all the studies agree on the large number of risk practices that are carried out weekly or
daily by at-risk groups. Laundry is the most common risk practice among women and
fishing is the prominent practice among men while having bath is the most frequent
habit that exposes both sexes to Schistosomiasis infection since urinating near the
waterbodies is usually reported in all studies (Onyeneho et al., 2010; Dawaki et al., 2015;
Mwai et al., 2016; Folefac et al., 2018; Anyanwu et al., 2020; Angora et al. 2019).

In African culture, women bear the burden of domestic work, they are the ones who
cook, wash clothes, collect water for household chores, clean the house and take care of
the children, among many other tasks (note that most of these tasks require contact with
water). Due to this lifestyle, most women do any kind of work or housework taking care
of the youngest children. This means that, as can be seen in Figure 4.2, women who
usually go to waterbodies for daily tasks must take their children under five years of age
with them, since they still do not attend school. This causes children to be exposed to
Schistosomes from a very early age and with recurrence (Kibira et al., 2019). Different
studies relate the Schistosomiasis infection of PSAC with the risk practices of their
caregivers. Children in the care of people who bathe in the river are twice as likely to be
infected as those in the care of people who use tap water for bathing. In addition, lack of
knowledge about the disease and its prevention methods also appears to pose a risk for
infection (Moyo et al., 2016; Mutsaka-Makuvaza et al., 2019; Sacolo-Webu et al., 2019a).
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Figure 4.2. Women performing daily tasks in Cubal River.

4.2 Methodology

4.2.1 Study design

This study was a quantitative, cross-sectional household survey that assessed
knowledge, attitude and practices toward urogenital Schistosomiasis and behavioural
risk factors for PSAC infection and morbidity in their caregivers. It was held between
February and May 2022 in Cubal, Angola.

4.2.2 Study site and sample size

Benguela covers 10 municipalities, of which six has a poverty rate above 80%. One of
them is the rural municipality of Cubal with an estimated population of 322,000
inhabitants and a poverty rate of 87.3%. It has a lake and a river that surrounds the entire
southern part of the municipality used for fishing, bathing and laundry. Participants
were recruited in the course of a parallel study aiming to assess the prevalence and
morbidity associated with urogenital Schistosomiasis in children under 5 years of age,
where we found a prevalence of urogenital Schistosomiasis of 30.2% in PSAC and a
54.5% UT morbidity among infected PSAC. All caregivers of children in the previous
study were offered to participate in the surveys. In addition, an active recruitment was
carried out throughout the neighbourhoods of Cubal.

4.2.3 Survey questionnaire

The questionnaire was designed in order to quantitatively assess the knowledge,
attitudes and practices towards Schistosomiasis as well as the socioeconomic situation
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of the household. Since there is no template of KAP survey for Schistosomiasis, we
designed it based on WHO guidelines for KAP surveys (WHO, 2008). To assess the
socioeconomic situation of the household, the MICS6 was included (UNICEF, 2015) and
the overcrowding index was defined as houses where there are more than three people
per habitable room (UN, 2007). Table 4.1 provides the survey scoring and its
interpretation, showing that it consisted of four blocks, plus a series of demographic data
(e.g. gender, age, marital status, literacy level, etc.) (see Appendix B for the survey
questionnaire): (i) knowledge, which included three sub-blocks (disease, prevention and
treatment); (ii) attitude; (iii) practice; and (iv) socioeconomic situation of the household
(e.g. number of people contributing to household income, house facilities, type of floor,
walls and roof, etc.). Most of the survey items were open-ended questions to ensure that
participants expressed their real thoughts without being influenced by the possible
answers proposed. However, the attitude block included a question on a Likert scale
(from 0 to 5) about trust in doctors. On the other hand, the practice block had a nominal
scale design ranging from “never” to “everyday”, whose answers were later
transformed to a binary scale by grouping all those different from "never" into a single
value. It should be noted that the word "Schistosomiasis" was replaced by "tchitokoto"
(the name by which the disease is known in this region of Angola) and "haematuria" by
"blood in the urine" or "red urine" to facilitate the understanding of the respondents.

Figure 4.3. Ongoing implementation of the KAP survey.

4.2.4 Data analysis

The total scores were divided into thirds to classify the responses as low, medium
and high (Table 4.1). Results of the survey were described using descriptive statistics,
while Pearson’s Chi-square test was used to analyse the correlation between variables.
Odds Ratio with a 95% confidence interval was used to assess the risk factors for PSAC.
The prevalence and morbidity results of the previous study on PSAC were integrated to
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evaluate the risk factors of their caregivers. All statistical analyses were carried out using
IBM SPSS Statistics.

Table 4.1. Scoring and classification of survey responses. The disease sub-block refers to
knowledge about transmission and symptomes.

Knowledge Attitudes Practices  Socio-
Disease Prevention Treatment  Schistosomiasis economic
knowledge
Scoring  Correct Correct Correct Disease score+  Yes=1 Yes=0 (*
answer=1  answer=1 answer=1 Preventionscore No=0 No=1
Incorrect Incorrect  Incorrect  + Treatment Likert<3=0
answer=0  answer=0 answer=0 score Likert>3=1
Range 0-14 0-5 0-3 0-22 0-6 0-10 0-26
Classif.  0-5: low 0-1: low 0-1: low 0-6: low 0-2: low 0-3: low 0-8: low
6-10: 2-3: 2: medium  7-14: medium 3-4: medium  4-6: 9-17:
medium medium 3: high 15-22: high 5-6: high medium  medium
11-14:high  4-5: high 7-10: high ~ 18-26: high

(*) Scoring was based on the MICS6 tool (UNICEEF, 2015).

4.2.5 Ethical consideration

This study was approved by the Ethics Committee of the Ministério de Satude de
Angola (MINSA) (No. 41/2021) and was conducted in compliance with the principles of
the Declaration of Helsinki, Good Clinical Practice guidelines, and local regulatory
requirements. Every participant was informed about the type of study and the purpose
of its outcomes. The participants (or caregivers in the case of children) signed an
informed consent for the inclusion of their children in the study. The informed consent
and the survey were provided in both Portuguese and the local language (Umbundu).

4.3 Results

This section is divided into seven blocks to show the results of the study on knowledge,
attitudes and practices related to Schistosomiasis: demographic characteristics,
knowledge, attitudes, practices, Schistosomiasis history, household socioeconomic
status and risk factors for PSAC with respect to their caregivers.

4.3.1 Demographic characteristics

Table 4.2 reports the demographic data of the survey participants. 250 people were
participated in the study, aged between 15 and 61 years with a mean age of 31.2 (SD =
10.08), most of whom were female (62.4%). Most of the participants were married (61.2%)
and slightly more than half knew how to read and write in Portuguese (59.6%).
Regarding the education level, 23.6% never went to school, while only 3.2% had studied
at the university. The most common nearby water body was the river, since 33.6% stated
that they lived less than 15 minutes from the river. while only 9.2% lived at the same
distance from the lake. Figure 4.4 shows the distribution of respondents by
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neighbourhood, with Kimbos (the local name for isolated rural villages) being the most
frequent. Out of the total, 183 (73.2%) were caregivers who agreed to include their
children under 5 years old in the aforementioned parallel study on the prevalence and
morbidity of urogenital Schistosomiasis.

Table 4.2. Demographic characteristics of the participants.

Number of participants %
(N=250)

Gender

Female 156 62.4

Male 94 37.6
Age

<40 206 82.4

>40 44 17.6
Marital status

Married 153 61.2

Single 83 33.2

Widow 14 5.6
Literacy level

Can write and read 149 59.6

Cannot write and read 101 40.4
Higher educational level

None 59 23.6

Primary 64 25.6

Secondary 69 27.6

College preparatory 18 7.2

Professional training 32 12.8

University 8 3.2
Distance to the river

<5 min 28 11.2

5-15 min 56 22.4

16-30 min 106 424

<30 min 60 24.0
Distance to the lake

<5 min 4 1.6

5-15 min 19 7.6

16-30 min 13 5.2

<30 min 214 85.6
Caregivers 183 73.2
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Figure. 4.4. Distribution of respondents by neighbourhood.

4.3.2 Knowledge

Table 4.3 summarizes the knowledge of urogenital Schistosomiasis among the
population. 235 people (94%) declared knowing that Schistosomiasis is a disease. The
majority indicated the street (47.6%) and the hospital (38%) as their main source of
information about it. Blood in urine was the most widely known symptom (54.4%),
followed by abdominal pain (30.4%), while 58% of them believed it is a dangerous
disease that can cause death. 32.8% of the participants identified activities in river water
as the main source of infection and only 2.8% identified a freshwater snail as a vector of
the disease. On the other hand, there is a popular belief among the community that
people become infected by eating sugar cane, which reaches up to 20.8% of responses in
the survey. Regarding prevention, 72.4% stated that Schistosomiasis infection can be
avoided. The most popular prevention measure among those surveyed was taking
prophylactic medication (35.6%), followed by refraining from entering the river (20.4%).
The greatest knowledge about Schistosomiasis among the respondents referred to the
treatment. Almost all of them (91.8%) assured it can be cured either with modern
medicine tablets (80%) or traditional medicine (16.8%). The overall mean knowledge
score was 7.09 (SD = 3.25), with the majority (57.6%) having medium knowledge score
and 42% a low knowledge score.
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Table 4.3. Knowledge about Schistosomiasis, prevention and treatment.

Variable Female (N=156) Male (N=94) Total (N=250)
N (%) N (%) N (%)
DISEASE
Heard about 144 (92.3) 90 (95.7) 235 (94.0)
Source of information
School 16 (10.3) 17 (18.1) 33 (13.2)
Hospital 59 (37.8) 36 (38.3) 95 (38.0)
Street 76 (48.7) 43 (45.7) 119 (47.6)
Church 12 (7.7) 20 (21.3) 32 (12.8)
Home 22 (14.1) 27 (28.7) 49 (19.6)
Media - 2 (2.1) 2 (0.8)
Symptoms
Abdominal pain 50 (32.1) 26 (27.7) 76 (30.4)
Blood in urine 66 (42.3) 70 (74.5) 136 (54.4)
Fever 11 (7.1) 9 (9.6) 20 (8.0)
General discomfort 3(1.9) 2(2.1) 5(2.0)
Cause of death 84 (53.8) 61 (64.8) 145 (58.0)
How to get infected
River bath 44 (28.2) 38 (40.4) 82 (32.8)
Laundry 5(3.2) 2(2.1) 7 (2.8)
Drink water 9 (5.8) 10 (10.6) 19 (7.6)
Fishing 1(0.6) 2 (2.1) 3(1.2)
Eating sugar cane 25 (16.0) 27 (28.7) 52 (20.8)
Snail as the vector 2 (1.3) 5(5.3) 7 (2.8)
Who can get infected
Everyone 107 (68.6) 72 (76.6) 179 (71.6)
Only boys 3(1.9) 2 (2.1) 5 (2.0)
Only children 11 (7.1) 10 (10.6) 21 (8.4)
It can be prevented 104 (66.6) 77 (81.9) 181 (72.4)
How to prevent it
Avoid the river 25 (16.0) 26 (27.7) 51 (20.4)
To boil water 15 (9.6) 8 (8.5) 23 (9.2)
Medication 51 (32.7) 38 (40.4) 89 (35.6)
Not to eat sugar cane 11 (7.1) 18 (19.1) 29 (11.6)
TREATMENT
It can be cured 139 (89.1) 89 (94.7) 228 (91.2)
How can it be cured
Traditional medicine 23 (14.7) 19 (20.2) 42 (16.8)
Modern medicine pills 123 (78.8) 77 (81.9) 200 (80.0)
KNOWLEDGE SCORE
Low score 77 (49.4) 28 (29.8) 105 (42.0)
Medium score 78 (50.0) 66 (70.2) 144 (57.6)
High score 1 (0.6) 0 (0.0) 1(0.4)
MEAN SCORE 6.6 (SD=3.2) 7.9 (SD=3.2) 7.1 (SD=3.2)
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4.3.3 Attitudes

Most of the participants (87.2%) believe that blood in the urine and abdominal pain
are compelling reasons to seek medical care (Table 4.4). Nonetheless, only 58.8%
declared going to the hospital whenever they feel sick. An overwhelming 31.6% stated
that the hospital is not their first choice because it is too expensive or too far from their
residence. However, 96% expressed their willingness to participate in an MDA
campaign against Schistosomiasis. The mean attitude score among the participants was
5.17 (SD = 0.93) and 79.2% obtained a high attitude score.

Table 4.4. Attitudes towards Schistosomiasis.

Female (N=156) Male (N=94) Total (N=250)

Variable N (%) N (%) N (%)
Willing to participate in MDA 150 (96.2) 90 (95.7) 240 (96.0)
Trust in doctors 122 (78.2) 79 (84.0) 201 (80.4)
Worried if found blood in 138 (88.5) 80 (85.1) 218 (87.2)
urine
Worried if abdominal pain 136 (87.2) 82 (87.2) 218 (87.2)
Hospital as first choice 93 (59.6) 54 (57.4) 147 (58.8)
Why not?
Hospltfﬂ is too far or too 57 (36.5) 27 (287) 84 (33.6)
expensive
Prefers traditional medicine 6 (3.8) 13 (13.8) 19 (7.6)
ATTITUDE SCORE
Low score 1(0.6) 2(2.1) 3(1.2)
Medium score 32 (20.5) 17 (18.1) 49 (19.6)
High score 123 (78.8) 75 (79.8) 198 (79.2)
MEAN SCORE 5.1 (SD=0.8) 5.2 (SD=1.0) 5.1 (SD=0.93)
4.3.4 Practices

Laundry in the river was the most popular practice during the last year, with 61.2%
of participants doing it (Table 4.5), of which which 52.2% said they only did it during the
dry season due to the lack of another source of water (32% of the total). The same
situation occurs with bathing in the river (58.8%), where 52.4% of them do so it only in
the dry season, representing 30.8% of the total. Fishing is not a common practice in the
community, so only 15.6% had been in contact with the river during the last year because
of this practice, being significantly higher among men (x? = 15.7, p-value <0.01).
Regarding fetching water from the river to irrigate the crops, only 8% of the surveyed
do it frequently, but 21.6% need it to continue with their gardening work during the dry
season. Only 58 people (23.2%) claimed to carry out a prevention activity towards
Schistosomiasis, but 17 of them said that not eating sugar cane is the prevention activity
they carry out. The mean practice score was 3.5 (SD = 2.24) with 55.2% having a low
practice score.
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Table 4.5. Practices related to Schistosomiasis.

Variable Female (N=156) Male (N=94) Total (N=250)
N (%) N (%) N (%)
To urinate into the river 75 (48.1) 50 (53.2) 125 (50.0)
To perfc')rm Schistosomiasis 17 (10.9) 31 (32.9) 58 (23.2)
prevention
To have bath at the river 90 (57.7) 57 (60.6) 147 (58.8)
Only during dry season 50 (32.0) 27 (28.7) 77 (30.8)
Frequently 40 (25.6) 30 (31.9) 70 (28.0)
To laundry at the river 103 (66.0) 50 (53.2) 153 (61.2)
Only during dry season 57 (36.5) 23 (24.5) 80 (32.0)
Frequently 46 (29.5) 27 (28.7) 73 (29.2)
To fetch river water for daily 80 (51.3) 49 (52.1) 129 (51.6)
tasks
Only during dry season 42 (26.9) 23 (24.5) 65 (26.0)
Frequently 38 (24.3) 26 (27.6) 62 (24.8)
To fetch river water for irrigation 40 (25.6) 34 (36.2) 74 (29.6)
Only during dry season 25 (16.0) 29 (30.8) 54 (21.6)
Frequently 15 (9.6) 5(5.3) 20 (8.0)
To fish 16 (10.3) 23 (24.5) 39 (15.6)
PRACTICE SCORE
Low score 86 (55.1) 52 (55.3) 138 (55.2)
Medium score 59 (37.8) 27 (28.7) 86 (34.4)
High score 11 (7.1) 15 (16.0) 26 (10.4)
MEAN SCORE 3.5 (SD=2.1) 3.4 (SD=2.4) 3.5 (SD=2.2)

4.3.5 Schistosomiasis history

All participants were asked if they had ever received PZQ prophylaxis, 28 of whom
said they had received it at some time in their lives (17 at hospital, 10 at school, and one
at church). Among all the participants, 80 of them (32%) reported a history of urogenital
Schistosomiasis having been diagnosed at least once in their lifetime and only 18 of them
were informed about how to prevent future reinfections. As can be seen in Table 4.6,
most of them (60%) claimed to have had the disease once, while only two people had the
infection more than three times. The age range in which most infections occurred was
between 10 and 20 years old and 83.7% of the cases were diagnosed by medical
consultation in the hospital or in a primary care centre. Blood in urine and abdominal
pain were the main reasons for health seeking (62.5% and 56.2%, respectively). Only 25
of the 69 people who took PZQ when diagnosed with Schistosomiasis (the remaining 11
were treated with traditional medicine) reported no side effects. Dizziness was the most
frequent side effect among respondents, followed by headache and nausea.
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Table 4.6. History of Schistosomiasis in participants.

Variable Female (N=40) Male (N=40) Total (N=80)
N (%) N (%) N (%)
How many times have been diagnosed with Schistosomiasis
Once 25 (62.5) 23 (57.5) 48 (60.0)
Twice 13 (32.5) 13 (32.5) 26 (32.5)
Three times 2(5.0) 2(5.0) 4 (5.0
More than three times - 2 (5.0) 2(2.5)
Age at diagnosis of Schistosomiasis
Between 5 and 10 years 8 (20.0) 14 (35.0) 22 (27.5)
Between 10 and 20 years 25 (62.5) 28 (70.0) 53 (66.2)
More than 20 years 8 (20.0) 6 (15.0) 14 (17.5)
How Schistosomiasis was diagnosed
Tracking campaigns 2 (5.0) = 2(2.5)
Medical consultation 34 (85.0) 33 (82.5) 67 (83.7)
Traditional Medicine 4 (10.0) 7 (17.5) 11 (13.7)
Symptoms
Abdominal pain 24 (60.0) 21 (52.5) 45 (56.2)
Haematuria 18 (45.0) 32 (80.0) 50 (62.5)
Fever 7 (17.5) 2(5.0) 9(11.2)
General discomfort 4 (10.0) 1(2.5) 5(6.2)
Side effects of praziquantel
Headache 6 (15.0) 6 (15.0) 12 (15.0)
Dizziness 7 (17.5) 17 (42.5) 24 (30.0)
Stomach-ache 5 (12.5) - 5(6.2)
Nausea 2(5.0) 9 (22.5) 11 (13.7)
Fever 4 (10.0) - 4 (5.0)
Polyuria 2(5.0) 1(2.5) 3(3.7)
No side effects 15 (37.5) 10 (25.0) 25(31.2)
Cannot remember 1(2.5) 4 (10.0) 5(6.2)

As shown in Figure 4.5, of those who experienced adverse effects, the majority suffered
only one effect and no one had more than four. Nevertheless, they all stated that the
effects lasted only one day and that the symptoms of the disease disappeared after the
side effects ceased.

Four side effects
Three side effects
Two side effects
One side effect

0 5 10 15 20 25 30

Figure 4.5. Number of PZQ side effects experimented by participants.
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4.3.6 Household socioeconomic status

Most of the participants (53.2%) obtained a medium socioeconomic score, while
31.6% live in a low socioeconomic situation and 174 (69.6%) households meet the
overcrowded condition (Table 4.7). The majority of the respondents must walk between
1 and 15 minutes to access a water source (71.2%) and only 44 people (17.6%) have a
piped water supply at their residence. The most common environment to live in was
urban areas (66.8%), and most of the construction materials for the houses are sheet
metal for the roof, mud for the walls, and cement for the floor (69.6%, 47.2% and 57.6%,
respectively).

Table 4.7. Socioeconomic characteristics of participants.

Variable Female (N=156) Male (N=94) Total (N=250)
N (%) N (%) N (%)
Number of people contributing to household income
None 23 (14.7) 7(7.4) 30 (12.0)
One 94 (60.3) 69 (73.4) 163 (65.2)
Two 32 (20.5) 2 (2.1) 46 (18.4)
Three or more 7 (4.5) 4 (4.3) 11 (4.4)
House items
Overcrowding 108 (69.2) 66 (70.2) 174 (69.6)
Electricity 52 (33.3) 36 (38.3) 88 (35.2)
Tap water 25 (16.0) 19 (20.2) 44 (17.6)
Radio 51 (32.7) 64 (68.1) 115 (46.0)
TV 42 (26.9) 30 (31.9) 72 (28.8)
House environment
Swampy area 22 (14.1) 8 (8.5) 30 (12.0)
Rural 18 (11.5) 18 (19.1) 36 (14.4)
Urban area 108 (69.2) 59 (62.8) 167 (66.8)
Paved urban area 8 (5.1) 9 (9.6) 17 (6.8)
Roof
Sticks 20 (12.8) 14 (14.9) 89 (35.6)
Sheet metal 114 (73.1) 60 (63.8) 144 (57.6)
Cement 22 (14.1) 20 (21.3) 17 (6.8)
Walls
Sticks 5(3.2) 7 (7.4) 12 (4.8)
Mud 87 (55.8) 31 (33.0) 118 (47.2)
Blocks 27 (17.3) 29 (30.9) 56 (22.4)
Cement 37 (23.7) 27 (28.7) 64 (25.6)
Cooking material
Firewood 33 (21.2) 23 (24.5) 58 (23.2)
Charcoal 42 (26.9) 16 (17.0) 56 (22.4)
Gas 81 (51.9) 54 (57.4) 135 (54.0)
Electricity 0 (0.0 1(1.1) 1(0.4)
Wash
No place to urine 29 (18.6) 26 (27.6) 55 (22.0)
Latrine 75 (48.1) 47 (50.0) 122 (48.8)
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Variable Female (N=156) Male (N=94) Total (N=250)
N (%) N (%) N (%)
Toilet 52 (33.3) 21 (22.3) 73 (29.2)
Walking time to closest tap water
0 min 25 (16.0) 19 (20.2) 44 (17.6)
1-5 min 82 (52.5) 41 (43.6) 123 (49.2)
6-15 min 31 (19.8) 24 (25.5) 55 (22.0)
16-30 min 11 (7.1) 9 (9.6) 20 (8.0)
> 30 min 7 (4.5) 1(1.1) 8(3.2)
SOCIOECONOMIC SCORE
Low score 51 (32.7) 28 (29.8) 79 (31.6)
Medium score 82 (52.6) 51 (54.3) 133 (53.2)
High score 23 (14.7) 15 (16.0) 38 (15.2)
MEAN SCORE 11.3 (SD=5.6) 11.6 (SD=6.5) 11.4 (SD=5.9)

As can be seen in Table 4.8, statistical analyses showed that a low socioeconomic score
is correlated with engaging in practices at risk of Schistosomiasis infection.

Table 4.8. Statistical relationship between low socioeconomic situation and Schistosomiasis risk

practices.
Variable x? value p-value
Low practice score 24.10 <0.01
River bath 26.06 <0.01
River laundry 12.35 <0.01
To fetch river water for daily tasks 25.39 <0.01
To fetch river water for irrigation 10.06 <0.01
To urinate into the river 31.74 <0.01

4.3.7 Risk factors for PSAC regarding their caregivers

Risk factors for PSAC infection are summarized in Table 4.9. Low knowledge of
caregivers about Schistosomiasis was a risk factor for PSAC Schistosomiasis infection
(OR=7.45, 95%ClI: 3.72-14.91). In more detail, poor knowledge about the disease (how it
is transmitted and its symptoms) represents the greatest risk factor (OR=16.93, 95%CI:
3.93-72.82). In fact, the overall knowledge score was higher in those caregivers who do
not had infected PSAC, as was the knowledge score broken down by blocks (Figure 4.6).
Bathing and washing clothes at the river also turned out to be a risk factor for PSAC
infection (OR= 2.2, 95%CI: 1.16-4.16 and OR= 2.5, 95%CI: 1.28-4.89, respectively). In
addition, not having prior knowledge about Schistosomiasis also appeared as an
important risk factor (OR=2.47, 95%CI: 1.79-3.39).
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Figure 4.6. Knowledge scores among caregivers.

In addition, we found that those with low knowledge about Schistosomiasis
(OR=2.24,95%CI: 1.05-4.47) have never heard of this disease (OR=2.7, 95%ClI: 1.2-6.1), not
recognizing its symptoms (OR=2.22, 95%ClI: 1.12-4.41), believe that you can get infected
by eating sugar cane (OR=2.78, 95%CI: 1.44-5.39), and not knowing how to prevent it
(OR=8.14, 95%CI: 1.14-58.25) are also, among others (Table 4.10), risk factors for the
development of UT morbidity among PSAC.
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Table 4.9. Risk factors associated with infection by S. haematobium in PSAC.

Infected Non-infected

Caregiver variable (N=68) (N=115) OR [CI 95%]
N (%) N (%)

Risk factor for S. haematobium infection
Not knowing about 13 (19.1) 3 (2.6) 2.47 [1.79-3.39]
Schistosomiasis
Not recognising any 32 (47.1) 32 (27.8) 2.17 [1.41-3.32]
symptom
Haematuria is not a 50 (73.5) 49 (42.6) 2.36 [1.50-3.71]
symptom
Abdominal pain is not a 58 (85.3) 68 (59.1) 2.62 [1.45-4.75]
symptom
It cannot cause death 30 (44.1) 37 (32.1) 1.80 [1.16-2.76]
Not knowing source of 43 (63.2) 54 (46.9) 3.27 [1.6-6.67]
infection
Believe it cannot be 27 (39.7) 21 (18.8) 2.27 [1.52-3.38]
prevented
Avoid river bathing does 65 (95.6) 85 (73.9) 4.76 [1.60-14.24]
not prevent it
Believe it cannot be cured 5(7.3) 3(2.7) 1.91 [1.10-3.41]
Medicines are not the 22 (32.4) 18 (15.7) 1.7 [1.20-2.47]
treatment
Never had Schistosomiasis 56 (82.4) 77 (67.0) 1.75 [1.03-2.98]
River bathing 48 (70.6) 60 (52.2) 2.2 [1.16-4.16]
River laundry 52 (76.5) 65 (56.5) 2.5[1.28-4.89]
Low disease knowledge 66 (97.1) 76 (66.1) 16.93 [3.93-72.82]
Low prevention knowledge 47 (69.1) 46 (40.0) 3.35[1.77-6.33]
Low treatment knowledge 21 (30.9) 18 (15.7) 2.4 [1.17-4.94]
Low Schistosomiasis 53 (77.9) 37 (32.2) 7.45 [3.72-14.91]

knowledge
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Table 4.10. Risk factors associated with morbidity due to S. haematobium in PSAC.

Morbidity w/o morbidity

Caregiver variable (N=32) (N=151) OR [CI 95%]
N (%) N (%)

Risk factor for S. haematobium associated UT morbidity
Not knowing about 5 (15.6) 10 (6.6) 2.7 [1.20-6.10]
Schistosomiasis
Not recognising any 19 (59.4) 41 (27.1) 2.22[1.12-4.41]
symptom
Haematuria is not a 20 (62.5) 66 (43.7) 1.98 [1.02-3.90]
symptom
Sugar cane as source of 6 (18.7) 15 (9.9) 2.78 [1.44-5.39]
infection
Avoid river bathing does 31 (96.9) 94 (62.2) 8.14 [1.14-58.25]
not prevent it
MDA refusal 4 (12.5) 0 (0.0) 1.27 [1.17-1.39]
River bathing 22 (68.7) 67 (44.3) 2.33 [1.04-5.26]
River laundry 27 (84.4) 68 (45.0) 3.9 [1.46-10.63]
Low disease knowledge 30 (93.7) 92 (60.9) 1.16 [1.10-1.25]
Low prevention knowledge 20 (62.5) 62 (41.1) 2.2 [1.02-4.72]
Low Schistosomiasis 19 (59.4) 61 (40.4) 2.24 [1.05-4.77]
knowledge

4.4 Discussion

As far as we know, this is the first study of knowledge, attitude and practice
regarding urinary Schistosomiasis conducted in Angola.

Knowledge about urogenital Schistosomiasis is generally poor, as most respondents
were not able to answer half of the survey correctly. However, 94% had prior knowledge
about the existence of Schistosomiasis. This huge percentage is probably due to the high
prevalence of the disease in the area of this study (Bocanegra et al., 2015), which makes
people familiar with it. While only one person (0.4%) scored high knowledge, 105 (42%)
were classified as having low knowledge. Knowledge in endemic areas varies
considerably between published studies, however low scores are the most common
results (Odhiambo et al., 2014; Dawaki et al., 2015; Folefac et al., 2018). Higher
knowledge scores showed to be correlated with having passed a Schistosomiasis
infection (o2 = 10.18, p-value < 0.01), which supports the hypothesis that it is due to the
fact that it is a common disease in this population. Furthermore, the low knowledge
score is statistically related to a low socio-economic level (92 = 29.57, p-value < 0.01),
which is alarming considering the close link between the disease and poverty. Only two
people declared the radio as a source of information on Schistosomiasis. Taking into
account that 115 households (46%) have a radio, and that it is a device that does not
require an electrical installation, so lower-income families can have it at home, the radio
is a tool that could be used to raise awareness of this disease and that it is not being
exploited. The fact of carrying out the methodology without a self-administrated survey
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and with open questions allowed us to consider cultural myths that were not planned,
as well as eating sugar cane as a source of infection. 52 people (20.8%) had this belief
which supposes a double negative repercussion; on the one hand, people who have this
belief are not aware of the real source of infection, which makes proper prevention
practice impossible. On the other hand, efforts to prevent the disease can cause an
economic impact on sugar cane farmers. Nevertheless, sugar cane is commonly being
stripped by Africans with their teeth and has been highlighted to be a potential source
for human fascioliasis when grown in swampy areas of Africa (Mas-Coma et al., 2018).
Indeed, Fasciola gigantica is widespread in all this part of Africa (Mas-Coma et al., 2022),
it is known to be highly pathogenic (Valero et al., 2016), induce evident symptomatology
(Mas-Coma et al., 2014), and its infection in humans has already been reported (although
referred to as F. hepatica, which is absent throughout this part of the continent) in the
Cubal municipality (De Alegria et al., 2017). This suggests that people may confuse the
symptoms caused by the liver fluke with those due to S. haematobium and consequently
confuse one trematodiasis with the other.

However, it is worth highlighting the high level of knowledge about the treatment
of Schistosomiasis (80%). Respondents scored highest in their attitude towards
Schistosomiasis, with 198 people (79.2%) scoring high in attitude. In fact, 87.2% of people
would seek for health care if they detected blood in urine or felt abdominal pain, and the
average score that the participants gave to their doctors in terms of trust was 3.58 out of
5. Nonetheless, this positive attitude, is left behind when infected people cannot attend
healthcare facilities due to the price of the medical consultation or the distance from their
residence to healthcare centres or hospitals (31.4% of cases). In fact, the socio-economic
level was strongly associated with attending at the medical consultation (o2 = 44.395, p-
value <0.01). On the other hand, traditional medicine is the only option for 7.6% of people
and 4% expressed that would not participate in an MDA campaign because they did not
trust modern pills. Although this should not be a problem, they could avoid their
children to benefit from MDA campaigns. However, 96% acceptance of MDA campaigns
is a very important figure that can ensure adherence to future prevention campaigns.
MDA strategies seem to be unusual in the area of this study, since only 11.2% stated that
they have received PZQ prophylactically, mainly in hospital. One person who reported
receiving PZQ at church, suggesting that churches may be a suitable venue to conduct
MDA campaigns for adult populations.

Regarding the practices, laundry and bathing in the river were the most common
risky activities, which is consistent with other studies (Dawaki et al., 2015; Sady et al.,
2015; Folefac et al., 2018; Anyolitho et al., 2022), and 50% of the respondents stated that
they urinate in the river, which is a major concern since this makes it difficult to interrupt
the transmission of S. haematobium and matches the conclusions of studies carried out in
other countries (Folefac et al.,, 2018; Anyanwu et al., 2020). Although in most KAP
surveys, fishing is one of the highest risk activities (Anyolitho et al., 2022), this is not the
case in our study. The professional activity of cultivating represented twice as many
contacts with water as fishing, and this considering that most farmers only cultivate
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during the rainy season and therefore do not come into contact with the river for their
professional activity. This is not surprising considering that only 6% of the country is
dedicated to fishing, while 46.7% of Angolan population works in the fields (IFDA,
2018). On the other hand, only 23.2% stated that they carry out prevention activities.
Prevention actions and knowledge on Schistosomiasis are significantly associated (e2 =
22.59, p-value < 0.01), which means that being aware of the disease transmission
increases the number of people who carry out prevention activities, raising high hopes
in health promotion and awareness campaigns.

With reference to the history of Schistosomiasis of the participants, only 32% claimed
to have been diagnosed with it at least once in their lifetime. It should be noted that no
one claimed to have been infected before the age of 5, which could mean that the real
percentage is higher since most people develop their memories from the age of 3 or 4
(Robinson-Riegler and Robinson-Riegler, 2021). Haematuria was the symptom that most
led to medical consultation, which would explained why it is the most widely known
symptom by the population (Table 4.3). Unfortunately, side effects are common when
taking PZQ, which are thought to be due to the killing of the schistosomes and the relief
of its products. There is evidence that the appearance of side effects of PZQ is directly
related to the number of pre-treatment eggs, therefore, with the intensity of the
infestation, and it occurs in 30-60% of people (Cioli and Pica-Mattoccia., 2003). In our
study, 44 of the 69 people who had taken PZQ reported side effects, representing 63.7%;
dizziness appeared as the most common effect, which is consistent with other studies
(Cioli and Pica-Mattoccia, 2003; Raso et al.; 2004; Reta and Erko, 2013; Timson, 2020;
Torres-Vitolas et al., 2021; Kabatende et al., 2022).

The results of the analyses to determine risk factors for S. haematobium infection
among PSAC with respect to their caregivers have revealed that it is related in many
aspects (Table 4.9). Bathing and laundry in the river are common risk factors for studies
on the association between PSAC infection and their caregivers (Kibira et al., 2019;
Mutsaka-Makuvaza et al., 2019; Sacolo-Gwebu et al., 2019a). In our study, children under
caregivers with little knowledge about Schistosomiasis are 2.2 times more likely to be
infected than those with medium knowledge. This is consistent with previous studies
(Mutsaka-Makuvaza et al., 2019; Sacolo-Gwebu et al.,, 2019a), but differs from the
conclusions of a study conducted in Malawi (Moyo et al., 2016) where it was not possible
to find significant differences in PSAC infection between caregivers with high and low
knowledge scores.

To the best of our knowledge, there is no other studies on the association between
UT morbidity due to S. haematobium in PSAC and their caregivers. Lack of knowledge
on how to prevent the disease resulted in the strongest risk factor for the development
of UT morbidity in PSAC. Although caregivers’ attitude towards MDA campaigns and
river contact was associated with their morbidity, the majority of risk factors were
related to their knowledge (Table 4.10). This evidence that health promotion among
caregivers not only protects PSAC from contracting the infection, as is already known
(Sacolo-Gwebu, et al., 2019b), but also protects them against developing the disease in
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an acute mode. The results obtained by this study can be used for the design of a health
promotion strategy that eliminates the gap between knowledge and practice, providing
the environment to achieve a behaviour change that can have a high protection impact
among PSAC.

In conclusion, Cubal population has a medium knowledge about Schistosomiasis
and a high number of risk practices; however, their attitude towards the prevention and
treatment of the disease is a promising starting point to improve on the aforementioned
deficiencies. In addition, poor knowledge and risk practices may represent a risk factor
both for the infection of the children in their care and for the development of the disease
and its associated morbidity.
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Chapter 5

Conclusions and future work

5.1. Conclusions

This chapter outlines the main conclusions of this thesis, which is the result of
original studies. In addition, some promising ideas and possible directions for future
research are also discussed. The research work presented in the previous chapters of this
document has fulfilled the specific objectives that were proposed for this thesis (see
Section 1.5). The conclusions and main contributions on each of these objectives are
summarized below.

At the time of submitting this thesis, the bibliometric study on the influence of the
COVID-19 pandemic on human Schistosomiasis research, presented in Chapter 2, has
already been published in the International Journal of Environmental Research and
Public Health. Chapter 3 develops one of the few studies on morbidity associated to
urogenital Schistosomiasis in pre-school children, which is the first conducted in Angola.
Finally, Chapter 4 presents the first study in Angola on knowledge, attitudes and
practices regarding urogenital Schistosomiasis. In addition, this chapter also provides
for the first time an analysis of the risk factors that knowledge and practices of caregivers
pose for the morbidity caused by S. haematobium infection in pre-school children.

Regarding the bibliometric analysis of research on Schistosomiasis during the
acute phase of the COVID-19 pandemic (Chapter 2), the main conclusion is that the
global health emergency declared by the WHO did not affect the production of scientific
articles on human Schistosomiasis. From this, some more specific conclusions can be
drawn as follows:

e The number of publications during the most difficult years of the pandemic,
when there were even mass lockdowns, increased compared to the previous two
years.

e Large inequalities have been observed in the distribution of publications by
country between high-income countries and low-and middle-income countries.

e Despite these differences, some endemic countries such as South Africa, Tanzania
or Ethiopia reached significant levels of scientific production considering some
of their socioeconomic indicators.

e The correlation analyses carried out have demonstrated that research on
Schistosomiasis depended more on the resources allocated by each country than
on the wealth of its population; for instance, the number of publications resulted
significantly associated with the size of the country’s population and with
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researchers per million inhabitants, but not with the GDP per capita nor with
MPM.

The vast majority of journals in which articles were published during this period
of the pandemic were journals with relevant positions in the JCR, among which
it is worth mentioning PLoS Neglected Tropical Diseases, Acta Tropica, and
Parasites & Vectors.

There was a fairly high degree of international collaboration and this cooperation
did not occur only between institutions from countries with high scientific
productivity, but also with others from less productive countries.

The FCWI of all the most cited publication was greater than 1.00, meaning that
they were cited more than expected based on the average of similar publications.
This demonstrates the relevance of Schistosomiasis research even during a global
health emergency.

Concerning the prevalence of S. haematobium infection and its morbidity

associated in PSAC of Cubal, Angola (Chapter 3), a number of interesting conclusions

can be drawn. Undoubtedly the most important thing is that children in Cubal are

exposed to Schistosomiasis infection from a very early age and therefore, it is urgent to

include the PSAC group in MDA campaigns with PZQ. Apart from this fundamental

question, the following conclusions should also be pointed out:

It was estimated a urogenital Schistosomiasis prevalence of 30.2% in children
under 5 years of age caused by S. haematobium.

The probability of acquiring a S. haematobium infection increases with age.
Macrohaematuria, a common sign of urogenital Schistosomiasis infection, is
present in only one quarter of PSAC releasing S. haematobium eggs, while half of
pre-schoolers experience some level of wasting and almost all PSAC have
anaemia and a quarter of them have severe anaemia.

Among PSAC infected with S. haematobium, 54.5% of them have developed UT
morbidity and all of these show thickening of the bladder wall.

Pseudopolyps are the only lesion not found in any pre-schooler with UT
morbidity caused by urogenital Schistosomiasis.

Macrohaematuria, microhaematuria and proteinuria could be used as an indirect
indicator of morbidity in PSAC, since their presence in urine is correlated with
UT morbidity caused by S. haematobium infection.

PSAC infected with S. haematobium have a great potential to develop UT
morbidity, which would lead them to reach school age with high cumulative
morbidity.

In reference to the study on knowledge, attitudes and practices in regarding

urogenital Schistosomiasis in Cubal, Angola (Chapter 4), the main conclusions that can

be extracted from the survey respondents are poor knowledge about the disease, good

attitude towards it and the presence of a high number of risky practices. In more detail,

the following concluding remarks can be highlighted:
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Almost half of the respondents scored low on knowledge about Schistosomiasis,
but practically all of them were aware of its existence and approximately half
believe that this is a serious disease that can cause death.

The most common source of information for the little knowledge they have was
friends and neighbours and through what is said on the street.

Among the various symptoms of urogenital Schistosomiasis, haematuria was the
best known.

The most widespread misbelief among the community was the possibility of
becoming infected by eating sugar cane. By contrast, just over a quarter of those
surveyed were aware that bathing in the river is the most common manner of
infection. Hardly anyone either knew that a river snail is part of the S.
haematobium infection cycle.

Taking medication was the most common response for proper Schistosomiasis
prevention activities and virtually all respondents knew that the disease can be
cured, with modern pills being the main form of treatment.

On attitude, most of the people surveyed scored high. Thus, for example, almost
all of them were willing to participate in an MDA campaign and a high level of
trust in doctors was observed.

Slightly more than half of those surveyed regularly carried out risk practices for
Schistosomiasis infection, being bathing in the river the most common risk
practice among the community.

The scarcity of water during the dry season forces many people to resort to the
river to supply water to their households because they do not have other water
source. However, not a quarter of those respondents carried out any prevention
activity. In fact, half claimed to urinate in the river water regularly.

Only 30.2% of those surveyed declared having been diagnosed with urogenital
Schistosomiasis at least once in their lives.

Most people who had been treated with PZQ at least once in their lives reported
having experienced side effects, with dizziness being the most widespread.
People may be confusing Fascioliasis symptoms with those caused by S.
haematobium.

In relation to caregivers and risk factors for S. haematobium infection and
morbidity in PSAC in Cubal, Angola (Chapter 4), it has been possible to conclude that
poor knowledge of caregivers about the disease constitutes a very important risk factor

for S. haematobium infection and UT morbidity in PSAC. In particular, we can mention a

couple of interesting findings:

Caregivers are unaware that development of UT morbidity caused by S.
haematobium infection can be prevented by avoiding bathing in the river.
Washing clothes in the river is the greatest risk factor in the practices of caregivers
for urogenital Schistosomiasis infection in pre-schoolers.
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5.2. Future research avenues

The bibliometric analysis on the impact of the COVID-19 pandemic on research in
human Schistosomiasis revealed that scientific production increased during this period,
but our hypothesis is that this is due to the fact that researchers had more time to prepare
articles based on studies carried out before the declaration of the pandemic. On the other
hand, the survey launched by The Global Schistosomiasis Alliance concluded that the
pandemic has affected previously planned laboratory work, clinical trials and field
surveillance and therefore, it is expected that post-pandemic scientific production will
decrease. Bearing these two issues in mind, a particularly interesting extension of this
work would consist of conducting a similar analysis in the coming years with the aim of
having a larger sample that more accurately reflects the impact of the pandemic and that
allows for a classification of the articles according to the type of study carried out
(laboratory work, clinical trials, field surveillance, and others).

Another interesting way to further deepen our understanding of the impact of the
COVID-19 pandemic could consist of analysing its consequences not only on research
but also on the activities of prevention, diagnosis and MDA of Schistosomiasis. To this
purpose, a cross-sectional study aimed at a large number of public health institutions,
foundations and non-profit organizations involved in the control and management of
this disease should be carried out.

Regarding the studies carried out in Cubal, Angola, there is still a lot of room to
extend the work carried out so far and, very particularly, in the epidemiological
investigation related to children. In fact, as stated by Rees et al. (2019), there is still a very
important gap between the burden of NTDs in children and the research directed
towards this population group. Thus, on the one hand, the dissemination among policy
makers of the results of the prevalence of urogenital Schistosomiasis and its associated
morbidity among PSAC should be undertaken to raise awareness about the damage that
the disease is causing in this age group. This would urge to ensure the mass
administration of PZQ in this hyperendemic area, also including pre-schoolers within
the target population. At the same time, this could also highlight the importance of
improving access to clean water throughout the year for the population. Moreover,
research studies must be undertaken in many other directions to reduce the risk factors
associated with Schistosomiasis infection, which widely affects people in this area.

Once the epidemiological situation in pre-schoolers and school-age children is
known (as a result of the study presented in Chapter 3 and the previous study carried
out by Bocanegra et al. (2014)), the condition in adults should be determined. Within this
study in adults, the genital form in which Schistosomiasis caused by S. haematobium can
develop should be considered, analysing not only the prevalence but also its effect on
fertility and on their social life. In this line, consideration should be given to training
health professionals to understand this form of the disease, its symptoms and how to
diagnose it. On the other hand, it is important to establish the hotspots with the highest
risk of infection in all water bodies of the municipality based on mass vector surveillance.
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Based on these data, possible vector control measures should be explored to interrupt
the Schistosoma cycle.

In addition, the results obtained from the survey presented in Chapter 4 could be
used to design and implement a comprehensive and large-scale awareness campaign.
Thanks to these results, it would be possible to consider not only the typical campaigns
where activities are carried out directly to the groups, but also communication tools such
as radio to reach the maximum number of people at risk. Also, the campaign could focus
on the misconceptions and gaps detected, as well as create a behaviour change in the
population.
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Article in the International Journal of

Environmental Research and Public
Health

This appendix provides the full text of the article “Research on Schistosomiasis in the
Era of the COVID-19 Pandemic: A Bibliometric Analysis”, published in the International
Journal of Environmental Research and Public Health:

Sanchez-Marqués, R.; Mas-Coma, S.; Salas-Coronas, ].; Boissier, J.; Bargues, M.D. (2022)
Research on Schistosomiasis in the era of the COVID-19 pandemic: a bibliometric
analysis. Int i Environ Res Public Health 19, 8051.
https://doi.org/10.3390/ijerph19138051
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Abstract: The objectives of this work are to check whether the COVID-19 pandemic affected the
research on schistosomiasis, to provide an insight into the most productive countries and journals
and the most cited publications, and to analyse any association between the total publications of
countries and a set of socio-economic and demographic factors. Based on PRISMA methodology,
we used the Scopus database to search for articles published between 1 January 2020 and 26 March
2022. VOSviewer was used to generate the co-authorship and the co-occurrence networks, and
Spearman’s rank correlation was applied to study associations. A total of 1988 articles were included
in the study. Although we found that the year-wise distribution of publications suggests no impact
on schistosomiasis research, many resources have been devoted to research on COVID-19, and the
Global Schistosomiasis Alliance revealed the main activities for eradication of schistosomiasis had
been affected. The most productive country was the United States of America. The articles were
mainly published in PLoS Neglected Tropical Diseases. The most prolific funding institution was the
National Natural Science Foundation of China. The total publications per country were significantly
correlated with population, GERD, and researchers per million inhabitants, but not with GDP per
capita and MPM.

Keywords: schistosomiasis; COVID-19; bibliometric analysis; socio-economic indicators; correlation
analysis; PRISMA

1. Introduction

The COVID-19, caused by a newly identified strain of the SARS-CoV-2, was officially
declared as a pandemic by 11 March 2020 and put additional pressure on health systems
around the world. The pandemic heightened inequalities and set back many diseases due to
the health policies adopted by governments to prevent the coronavirus transmission. Many
studies in high-income countries have claimed that paying less attention to cancer and
several chronic diseases, such as cardiovascular and non-infectious respiratory diseases,
might lead to avoidable deaths or late diagnostic of lethal diseases [1,2]. This could be
especially dramatic for the neglected tropical diseases (NTDs), a diverse group of about
20 diseases endemic in tropical and sub-tropical regions of the globe, affecting more than
one billion people, mainly associated with poor hygienic conditions and sanitation facilities
and the absence of safe drinking water.

Among the parasitic NTDs, schistosomiasis (also known as snail fever or bilharziasis)
is one of the most widespread and the most common parasite transmitted through contact
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of skin with freshwater contaminated by Schistosoma larvae. There are two main forms of
schistosomiasis that affect human caused by six main species of blood flukes: intestinal
(5. mansoni, S. japonicum, S. mekongi, S. guineensis, S. intercalatum) or urogenital (S. haenato-
bium). The World Health Organization estimates that overall schistosomal infections affect
about 240 million people worldwide, of which over 85% live in the sub-Saharan Africa
region and nearly 200,000 die every year [3]. Though schistosomiasis is endemic in 52 low-
income countries in Africa, Asia, South America, the Middle East, and several Caribbean
islands, high-income countries have suffered an increase in imported cases mainly due
to migration and international travels and commerce [4-6]. For instance, Boissier et al.
reported an outbreak of urogenital schistosomiasis in Europe, in Corsica Island (France),
produced by parasites imported from Senegal, and alerted the potential risk of schistosomi-
asis outbreaks in other European areas [7]. European schistosomes had previously been
identified as hybrids between the livestock- and the human-infective species Schistosoma
bovis and Schistosoma haematobium, respectively [8,9]. Recently, after an in-depth clinical
and epidemiological study of several cases, evidence of autochthonous transmission of
urogenital schistosomiasis in Almeria (Spain) was demonstrated [10], and new cases of
acute schistosomiasis have been reported in people from Antwerp, Belgium after staying
in South Africa [11].

The high number of people at risk of getting infected with schistosomiasis makes
the need for attention evident. As the best strategy to control and eliminate human
schistosomiasis, the World Health Assembly urged State Members to ensure access to
regular administration of preventive chemotherapy for the treatment of clinical cases and
groups at high risk of morbidity (especially, women and school-aged children) [3]. However,
the World Health Organization advised that NTD surveys, active case detection activities,
and mass drug administration campaigns should be postponed due to the COVID-19
pandemic, whereas prompt diagnosis should continue if possible. Given this scenario,
several studies have pointed up the serious threat of syndemic malaria, NTDs, and COVID-
19 in low and middle-income countries [12,13]. In fact, there are warnings that the great
advances in the fight against schistosomiasis are at risk of being reversed in many countries
due to the measures adopted in the face of the COVID-19 pandemic [14]. It was also
evidenced that the interruption of mass drug administration campaigns due to the COVID-
19 pandemic would lead to an increase in S. mansoni and S. haeratobium infection [15].
Similarly, the recent outbreak of schistosomiasis reported in northeast Nigeria suggests that
one of the possible reasons was the interruption of mass drug administration programs [16].
On the contrary, the number of imported cases of schistosomiasis in non-endemic countries
have most likely been affected by the reduced international travel capacity during the
COVID-19 pandemic as well as other international travel-related diseases [17,18].

The Global Schistosomiasis Alliance launched a brief questionnaire to some of its part-
ners to know how the COVID-19 pandemic impact on their research activities, revealing
that the pandemic and associated restrictions affected clinical studies, field surveillance,
and planned basic and preclinical lab work [19]. The purpose of this work is to analyse the
scientific literature on schistosomiasis during the COVID-19 pandemic through a compre-
hensive bibliometric analysis, which may allow us to quantify, measure and visualize the
development, potential trends and impact of research on schistosomiasis. This will also
shed light on whether the pandemic has affected not only the activities for the prevention,
diagnosis and treatment, but also the global research on schistosomiasis.

2. Materials and Methods

This study was carried out based on the PRISMA statement [20] by cross-searching a
comprehensive set of terms (schistosoma, schistosomiasis, snail fever, bilharzia, bilharziasis)
in the title, abstract or keywords of an article using the Scopus electronic database for the
period from 1 January 2020 to 26 March 2022. Articles were excluded if they met one or
more of the following criteria: (i) written in a language other than English, because the
impact of publications written in non-English language is usually very low; (ii) reported in
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conference papers, books, book chapters, editorial material, reviews, conference reviews,
short surveys, notes, or errata; and (iii) articles in press. The main reason for excluding
these types of publications was that some of them are not usually peer-reviewed, whereas
others do not contribute new research (laboratory investigations, clinical studies, etc.).
In addition, the abstracts of all identified papers were checked to verify that they were
really related to schistosomiasis. The search process was conducted on 27 March 2022. The
PRISMA flowchart of the research protocol is shown in Figure 1.

—
Records removed
5 (n =198)
E Records identified from Web of
Science -non-English language
£ (n=2811) (n =139)
g - articles in press
(n=59)
— |
Records excluded: reviews,
Records screened notes, books, conference papers,
F (n=2613) | editorials, etc.
i (n = 605)
=l
°
E
o
%
7} Articles assessed for eligibility Aticles Brcluded baad.on
(n = 2008) > screening
(n=20)
— r
:E Articles included in the study
s (n = 1988)

Figure 1. PRISMA flow diagram.

2.1. Data Retrieval and Collection

The search strategy identified 2811 records from the Scopus database as it offers an
extensive coverage of medical literature [21]. After removing 198 records, 2613 were in-
cluded for screening. We excluded 605 records based on the document types not considered
in this work, leaving 2008 articles to be checked for eligibility. After abstract reading,
20 records were eliminated because they did not meet the inclusion criteria. Finally, a total
of 1988 documents were put in the study.

For each paper, meaningful data were collated: Authors, year of publication, title,
journal, authors” affiliation, country, title, keywords, funding/sponsor agency, subject area,
and citation count. In addition, we recorded for each paper the number of authors and
the country of the corresponding author. These data were then organized in the form of
standardized tables to facilitate the analysis of outputs. The impact factor (IF) of journals
was gathered from the 2020 Journal Citation Reports, which was the most recent one
published by Clarivate Analytics at the moment of preparing this work.

2.2. Data Analysis

Spearman’s rank correlation was applied to check for correlation between some biblio-
metric indices and also between total publications per country and several socio-economic
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and demographic indicators: population, gross domestic product (GDP) per capita, gross
domestic expenditure on R&D (GERD), multidimensional poverty measure (MPM), and
researchers per million inhabitants. All these indicators were taken from the websites of
the Organisation for Economic Co-operation and Development, the International Monetary
Fund, and the World Bank. GERD provides an indication of the level of financial resources
devoted to R&D as a percentage of the GDP [22]. MPM is a measure of poverty that captures
deprivations in education (attainment and enrolment) and access to basic infrastructure
(electricity, sanitation, and drinking water) in addition to the extreme poverty threshold of
$1.90 [23].

The Spearman’s correlation coefficient (ps) was considered significant if the p-value
was less than 0.05. In addition, we employed VOSviewer [24] tool to perform the analysis of
co-authorship and the analysis of co-occurrence of keywords, and paintmaps.com to generate
a geographical mapping of publications per country.

3. Results

Out of the 1988 documents included in the study, 1948 were articles and 40 corre-
sponded to letters. These documents were published in 160 different journals and cited
4711 times (as of 27 March 2022). The number of cited documents was 1143 with an h-index
of 19. The 159 authors of these publications were from 132 countries on five continents.
The overwhelming majority of publications were conducted by multiple authors as only
1.86% of the 1988 documents were sole-authored, leading to a collaboration coefficient of
0.98. The average productivity per year was 662.66 and the average citations per year was
1570.33. The histogram in Figure 2 represents the number of citations against the number
of publications in logarithmic scale. The use of a logarithmic scale was to avoid skewing
towards large values since the number of publications ranged from 3 (for publications with
17 citations) to 845 (for the case of 0 citations).
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Figure 2. Logarithmic number of publications vs. number of citations.

3.1. Chronological Evolution of Publications

To examine the trend of publications over time, Figure 3 depicts a distribution bar chart
with the number of papers published per year. Here we also included the scores of 2018 and
2019, the two years previous to the pandemic, with the aim of checking whether or not the
pandemic caused a decrease in research publications. Surprisingly, visual inspection of this
picture revealed that there was a slight increase in the annual number of publications during
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the acute phase of the COVID-19 pandemic (2020 and 2021), which could suggest that
research on schistosomiasis was not dropped out due to the pandemic. However, following
the trend of the first three months of 2022, a fairly probable estimate of the number of
publications at the end of the year indicates that there could be a certain decrease, probably
due to the fact that the resources have been allocated mainly to research on COVID-19 to
the detriment of other research lines.

1000
800

600

400

Number of publications

=

2018 2019 2020 2021 2022

Year of publication
Figure 3. Year-wise distribution of publications.

To investigate whether there exists any different trends between systematic reviews
and the type of publications included in our study (ie., those based on experimentation), we
also performed a search for reviews published in the period 2018-2022. Thus, the number
of reviews from 2018 to 2022 were 141, 155, 184, 219, and 45, respectively. By normal
standards, the association between the two variables (research articles versus reviews)
should be considered statistically significant (ps = 0.9, p-value = 0.03739). This suggests
that there were no more reviews than experimental articles during the acute phase of
the pandemic due to the lockdown and the possible lack of some supplies (e.g., lack of
reagents). This could probably be because the experimental articles are based on data and
results of experiments carried out during the years prior to the pandemic.

3.2. Geographical Distribution of Publications

Figure 4 shows a global mapping of the retrieved documents according to the country
of all contributing authors. The most active country was the United States of America
with 436 publications (21.93%), followed by the United Kingdom (n = 343, 17.25%), China
(n = 309, 15.54%), Brazil (n = 245, 12.32%), Egypt and Switzerland (n = 139, 6.99% each),
Germany (n = 130, 6.54%), and the Netherlands (n = 106, 5.33%). Authors from 39 countries
contributed to the production of only one or two articles.

Focusing on two of the regions most affected by schistosomiasis, we found that the
sub-Saharan African countries with the highest number of publications were South Africa
(n =83, 4.18%), Tanzania (n = 80, 4.02%), Ethiopia (n = 73, 7.30%), Nigeria (n = 65, 3.27%),
Kenya (n = 62, 3.12%), and Uganda (n =41, 2.06%), whereas in Southeast Asia, the most
productive countries were Thailand (n = 35, 1.76%) and the Philippines (n = 30, 1.51%).
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Figure 4. Global mapping of publications on schistosomiasis.

3.3. Distribution of Publications by Journals and Research Areas

To analyse the journals that could be considered as the most influential, Table 1
reports the 10 most productive journals together with some bibliometric indices. PLoS
Neglected Tropical Diseases, with 225 publications (11.32%) and 524 citations, was by far the
most used journal in our sample, followed by Acta Tropica, with 73 publications (3.67%)
and 183 citations. In total, the top 10 journals published 618 documents (31.09%) and
received 1601 citations, which accounted for 31.09% of all publications and 33.98% of
the total citations. All these journals are ranked in the first quartiles of the 2020 Journal
Citation Reports.

Table 1. Top 10 most prolific journals.

Citations per

Journal Articles Total Citations Artide IF
PLbS g‘:f' L T 225 524 233 4411
Acta Trop. 73 183 251 3112
Parasites Vectors 58 158 272 3.876
Am. |. Trop. Med. 55 244 444 2345

Hyg.

Front. Intmunol. 42 14 343 7.561
Infect. Dis. Pover. 36 88 2.4 4.388
Parasitol. Res. 36 72 2.00 2289
PLoS ONE 35 62 1.77 3.240
Pathogens 30 38 1.27 3.492
Sci. Rep. 28 88 3.14 4.380

The study showed that the number of publications and the number of citations were
significantly correlated (ps = 0.8628, p-value = 0.00131), whereas the number of pub]jcations
was not significantly correlated with the impact factor (ps = 04073, p-value = 0.24271).

Regarding the distribution of articles by research areas, we identified a total of 25 dif-
ferent domains. As can be observed in Figure 5, the vast majority of publications belonged
to health sciences, such as Medicine (n = 1397, 70.27%), Immunology and Microbiology
(n =732, 36.82%), and Biochemistry, Genetics and Molecular Biology (n = 348, 17.51%).
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There were less than 30 publications in 15 research fields (e.g., Computer Science, Social
Sciences, Nursing, Dentistry, Psychology, Economics, Econometrics and Finance, and En-
ergy). Note that the sum of percentages exceeds 100% because articles could be classified
into more than one research area.

Chemical Engineemg 30
Environmental Science 55
Chemistry 7
Multidisciplinary 8
Pharmacology, Toxicology and Pharmaceutics 123
Veterinary 173
Agricultural and Biological Sciences 257
Biochemistry, Genetics and Molecular Biology 348

Immunology and Microbiology 7

&

Medicine 1397

0 200 400 600 800 1000 1200 1400
Number of publications
Figure 5. The top 10 research areas.

3.4. Co-Authorship Analysis

In Figure 6, the co-authorship network highlights the research collaborations between
authors. Each node of the network represents an author, and the links between the nodes
represent the collaborative relationships between authors. For the sake of a better visualiza-
tion of the network, only authors with at least 10 documents were selected for this analysis.
As can be observed, nine clusters including 83 authors were identified as collaborations
in the production of articles. The densest cluster included a total of 29 authors, but with
little international collaboration since most of them were from China. There were two
clusters formed by only two authors each and one cluster with three authors, showing
some kind of inter-institution cooperation. A more exhaustive exploration of the network
allowed for finding strong international collaborations between the authors of the different
clusters. For instance, we found collaborations between authors from the Swiss Tropical
and Public Health Institute with authors from the Natural History Museum of London, the
Université de Perpignan via Domitia (France), and the University Félix Houphouét-Boigny
(Cote d'Tvoire).

3.5. Funding Sources

A great variety of public and private agencies and institutions were involved in
funding the research for the articles included in this study. The most prolific were the
National Natural Science Foundation of China (n = 161, 8.10%), the National Institutes of
Health USA (n = 134, 6.74%) and the Bill and Melinda Gates Foundation (n = 114, 5.73%).
Figure 7 displays the top 10 most common funding sources, which accounted for 45.93% of
all retrieved documents.
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Figure 7. The top 10 funding sources.
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3.6. Co-Occurrence Analysis of Keywords

A co-occurrence network allows for identifying how often a set of keywords appeared
together in the publications. In this kind of network, keywords are represented by nodes
and their relationships are represented by links; the bigger is the size of a node, the more
often the occurrence of a keyword. In addition, the shorter is the distance between two
nodes, the stronger their relation.

Figure 8 shows the co-occurrence network of the retrieved documents in this study.
We selected keywords that occurred at least five times to build the co-occurrence network.
A total of 14 clusters and 135 items were identified. As expected, “schistosomiasis” was
the most representative keyword (360 occurrences), followed by “schistosoma mansoni”
(218 occurrences), “schistosoma japonicum” (108 occurrences), “praziquantel” (85 occur-
rences) and “schistosoma haematobium” (57 occurrences). We also observed the occurrence
of other keywords, such as “real-time per”, “ultrasonography”, “immune modulation”, “tran-
scriptome” or “biomarkers”, that reveal the current research trends to diagnose the disease.
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Figure 8. Co-occurrence network of keywords.
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3.7. Most Cited Publications

Table 2 reports the most cited articles ranked by the total citations (TC) and by the
field-weighted citation impact (FWCI). The FWCI proposed in Scopus denotes the ratio of
the total citations actually received by an article to the average number of citations received
by all similar documents over a three-year window; a value equal to 1.00 indicates that
the article performs just as expected for the average, whereas a value greater than 1.00
means that the article is more cited than expected according to the average. In addition,
this table also shows whether or not an article involves international collaboration (Col)
and the number of citations per year (C-Year), which was calculated as: Total citations /
(Year of the study—Year of publication + 1).

Table 2. The top 10 most cited documents (ranked by total citations and by FWCTI).

Rank TC  Rank FWCI Article Coll!  TC YECH FWCI
1 1 Global burden ofca_rfcer.att.rlbutable to lnliect}cms in2018: a N 335 11166 5309
worldwide incidence analysis [25]
Regarding new numerical solution of fractional

5 5. 5
2 2 Schistosomiasis disease arising in biological phenomena [26] Y@ 4 1500 1252

3 10 A controlled human Schlstoson-.m mansoni mfechc.)n mc:’del N En 11.33 145

to advance novel drugs, vaccines, and diagnostics [27]
A single-cell RNA-seq atlas of Schistosoma mansoni

% B identifies a key regulator of blood feeding [28] M 0 1000 el

5 3 Predicted impact of COVID-19 on negle.c’red tm}')ical disease Y(d) 28 14.00 12.20
programs and the opportunity for innovation [29]
Schistosomal extracellular vesicle-enclosed miRNAs
6 g modulate host T helper cell differentiation [30] N 27 S0 400
7 6 Cancer in Africa 2018: The role of infections [31] Y(3) 26 8.66 3.74
Impact of different mass drug administration strategies for
8 7 gaining and sustaining control of Schistosoma mansoniand ~ Y(9) 23 7.66 3.33
Schistosoma haematobium infection in Africa [32]
Prevalence and distribution of schistosomiasis in human,
9 4 livestock, and snail populations in northern Senegal: A one Y(4) 21 7.00 488
health epidemiological study of a multi-host system [33]
Circulating anodic antigen (CAA): A highly sensitive
10 9 diagnostic biomarker to detect active schistosoma Y(9) 21 7.00 3.04

infections—improvement and use during SCORE [34]

1 ¥(n): international collaboration (number of countries); N: no international collaboration.

The top 10 most cited articles by total citations received 590 citations, accounting
for 12.52% of the total number of citations (4711). However, it is worth noting that the
work ranked as the first accumulated 335 citations, which represents 7.11% of the total. By
considering only the remaining top 9 articles, the average number of citations was 28.33
per publication.

The two publications with the highest total citations also received the highest FWCI.
However, some important differences were found in these two indices; for instance, the
article ranked the third by total citations was the tenth when using the FWCI metric.

Six out of the top 10 most cited articles were performed by authors from different coun-
tries. Two articles showed the highest level of international collaberation with authors from
nine countries. For instance, the authors of the paper entitled “Circulating anodic antigen
(CAA): A highly sensitive diagnostic biomarker to detect active schistosoma infections—
improvement and use during SCORE"” [34] were from the Netherlands, Switzerland, the
United Kingdom, France, Rwanda, Tanzania, Kenya, the United States of America, and
St. Lucia.
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4, Correlation between Total Publications and Country Indicators

According to the Spearman’s correlation coefficient, we found that the total number
of publications was significantly correlated with population (ps = 0.61196, p-value = 0),
GERD (ps = 0.4629, p-value = 0) and researchers per million inhabitants (ps = 0.26755,
p-value = 0.00952). Conversely, the association between total publications and GDP per
capita (ps = 0.09659, p-value = 0.27059) and MPM (ps = 0.08238, p-value = 0.44018) could
not be considered statistically significant. As expected, these results show that research
depends mainly on the resources that a country allocates to carry it out, but not so much on
the level of wealth of its population. However, more interestingly, this analysis has made it
possible to verify that research on schistosomiasis has maintained the same correlations
during the COVID-19 pandemic.

5. Discussion

Bibliometric analysis constitutes an important tool for exploring the situation on a
particular field and offers meaningful information for researchers to evaluate the trends and
impact of the research. This work addressed the research on schistosomiasis, which is one
of the most widespread neglected tropical diseases, during the COVID-19 pandemic. To the
best of our knowledge, this is the first bibliometric analysis with a focus on schistosomiasis
research during the pandemic. The bibliometric analysis found that the number of publica-
tions increased during the first two years of the pandemic (2020 and 2021), which could be
explained because the social lockdown allowed authors more time to write scientific papers
in expectation. However, the data for the first months of 2022 suggest a slight slowdown;
this change in trend could be due to the fact that many resources have been devoted to
research on COVID-19, so that the 2020 and 2021 publications actually refer to research
carried out in the pre-pandemic years.

The country with most studies was the United States of America, followed by the
United Kingdom, China, and Brazil. Regarding the productivity of regions where schisto-
somiasis is endemic, the bibliometric analysis revealed that several Sub-Saharan African
countries, such as South Africa, Tanzania, Ethiopia, Nigeria, Kenya, and Uganda, con-
tributed significantly to research with a reasonable number of publications. However,
when focusing on the Southeast Asia countries, only Thailand and the Philippines had
a similar number of articles as those in Africa. Interestingly, most Sub-Saharan African
countries have a lower GDP per capita and number of researchers than the Southeast Asian
countries, but this does not seem to have been a hinderance for conducting research.

PLoS Neglected Tropical Diseases, Acta Tropica, and Parasites and Vectors were identified
as the journals with the largest number of articles on schistosomiasis research in the period
analysed. All the most used journals are located in relevant positions in the JCR, although
no significant correlation was found between the number of publications and the impact
factor. Not surprisingly, the journals with the highest number of articles were in the Tropical
Medicine, Parasitology and Infectious Diseases categories of the Journal Citation Reports.

The co-authorship network showed international collaborations and in fact, six out of
the top 10 most cited articles were performed by authors from different countries. It is also
worth noting that we found collaborations between institutions from countries with high
research productivity (e.g., the United Kingdom or Switzerland) and countries with less
productivity and high disease prevalence (e.g., Rwanda or Tanzania).

Visualization of the co-occurrence network of keywords highlighted the currently
most studied species of blood flukes: S. mansoni, S. japonicum, and S. haematobium. The
keyword “praziquantel”, which is a tetrahydroisoquinoline and the drug of choice for the
treatment and control of schistosomiasis in many endemic countries because it is effective
and its cost is low [35,36], also appeared a high number of times in the documents of our
sample. A series of terms associated with diagnosis and immunotherapy development,
such as “biomarkers”, “real-time pcr”, “ultrasonography”, and “immune modulation”,
were among the most used keywords.
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The most cited article was “Global burden of cancer attributable to infections in 2018: a
worldwide incidence analysis”, with 335 citations and 111.66 citations per year, which was
co-authored by de Martel et al. from France. The field-weighted citation impact of the article
was 53.09, demonstrating a significant advantage over the rest of highly cited publications.

Several limitations to this study can be mentioned. First, our analysis was carried out
shortly after the end of the acute phase of the pandemic. To have a broader view of the
possible impact of the pandemic on schistosomiasis research, this study should probably
be repeated when a longer period of time has elapsed from the end of the critical phase of
the pandemic in order to have a larger sample of articles. Second, the bibliometric analysis
was based on using only the Scopus database and, therefore, some relevant information
soutrces from other bibliographical databases might be omitted from our study.

Another limitation was the exclusion of publications that were not written in the
English language. Although there were not many articles written in other languages, this
limitation might not reflect the true situation of research on schistosomiasis, especially
with regard to the analysis of the geographical distribution of publications. We also
excluded meta-analysis because these types of publications were considered not to provide
new investigations.

Our study could be further complemented by analysing how the COVID-19 pandemic
affected schistosomiasis prevention, diagnosis, and mass drug administration. To this
end, a cross-sectional study based on a well-designed structured questionnaire addressed
to organizations and institutions that fight against this parasitic disease could provide a
more complete perspective and a better understanding of the current situation of control
programmes and research on schistosomiasis.

6. Conclusions

The aim of this study was to examine the research on schistosomiasis during the
COVID-19 pandemic in a holistic manner to discover which are the most active countries,
the most widely-used journals and research areas, the main funding sources, and the hot
keywords. In addition, we also investigated whether there exists any association between
the total number of publications and some socio-economic and demographic factors of the
countries.

A total of 1988 documents were included in our analysis. These were published in
160 different journals and cited 4711 times. The number of cited documents was 1143 with
an h-index of 19. The 159 authors of these publications were from 132 countries on five
continents. The total publications per country were significantly correlated with population,
GERD, and researchers per million inhabitants, but not with GDP per capita and MPM.

As pointed out by Hillyer, the main difference between COVID-19 and parasitic
diseases is that many of the countries most affected by the current global pandemic have
vast economic resources [37]. Therefore, it is essential that the scientific and public health
communities fight COVID-19, but not at the cost of neglecting the research on acute and
chronic parasitic diseases and their control and prevention programs. In fact, resumption
of preventive chemotherapy for schistosomiasis should be carried out immediately because
it has also been shown that the administration of praziquantel could reduce active cases of
COVID-19 and improve the recovery rate [35].
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Appendix B

Epidemiological and clinical data of

urogenital Schistosomiasis in PSAC

CODE_
Pediatric Schistosomiasis epidemiological data

Personal data

Name Neighbourhood
Age Sex Macrohaematuria Haemoglobin
Weight Height Z score PB
Caregiver KAP code Recruitment Date
Contact
Urine
Leucocytes Negative trace +70 +125 +500
Proteins Negative trace 30 100 300 1000
Blood Negative trace 25 80 200
Urine volume
Eggs count
Ultrasound
Bladder
Form Normal=0 Deformed =1
Bladder wall
Wall irregularity (thickness < 5 mum)

No=0 Focal =1 Multifocal =2
Wall thickness (>5 mm < 10 mm)
No (<5 mm) =0 Focal =1 Multifocal =2
Mass (>10 mm)
No =0 One =2 Multiple (n®) +2
Pseudopolyp
No =0 One =2 Multiple (n®) +2

Bladder score
Ureters

Right Ureter
Not visualized =0 Dilated in the proximal and/or distal third =3
Severely dilated and/or fully dilated =4

Left Ureter
Not visualized =0 Dilated in the proximal and/or distal third =3
Severely dilated and/or fully dilated =4

Renal Pelvis

Right Peluvis
Not dilated =0 Moderate dilation (thickness of the parenchyma >1 cm =6)
Marked hydronephrosis (parenchyma < 1 cm) =8

Left Pelvis
Not dilated =0 Moderate dilation (thickness of the parenchyma >1 cm =6)
Marked hydronephrosis (parenchyma <1 cm) =8

Upper urinary tract score

Total score for Schistosoma haematobium morbidity

Comments
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REPUBug:A DE ANGOLA
MINISTERIO DA SAUDE
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Sobre o projecto de pesquisa intitulado “AVALIACAQ DA MORBILIDADE
ASSOCIADA A ESQUISTOSSOMOSE URINARIA NA POPULACAQ PRE-ESCOLAR
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principios fundamentais étices, observando-se a conformidade na
elaboracdo do respectivo projecto, este Cemité ndo se opde & sua
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minsa -

101






Appendix D

KAP survey questionnaire

DATE CODE

UROGENITAL SCHISTOSOMIASIS KAP SURVEY

A. Demographic data

A.1 Name:

A.2 Age:

A.3 Sex:

1. Feminine 2. Masculine

A.4 Civil status:

1.Married 2. Single 3. Widow/er
A.5 Neighbourhood:

1.Kasseke  2.Riobom 3. Sagrada —Missao 4. Cristo Rei — Benfica

5. Kiskeroff — La Salette 6. Kamunda 7. Ngola 8. Hamavoko
9. Cidade 10. Passagem 11. Vacarias 12. Calomanga
13. Kaloha  14. Tchimbassi 15. Bairo 80 16. Kimbos

17. Out of Cubal 18. Other

A.6 Ethnicity:

1. Umbundu 2. Kimbundu 3. Bakongo 4. Lwenea
5.O0ther___

A.7 Literacy level:

1. Cannot read and write 2.Canread 3.Can write 4.Canread and write
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A.8 Educational level:

1. None 2. Primary 3. Secondary 3. Grade 12
4. Professional training 5. University
A.9 Job:

B. Urogenital Schistosomiasis Knowledge

B1. Have you ever heard about Tchitokoto?

1. No 2. Yes

B2. Where?

1. School 2. Hospital 3. Church 4. Home / Family 5. Street / Friends
6. Radio 7. Other

B3. Do you know the Tchitokoto symptoms?

1.No (B5) 2.Yes (B4)

B4. Which are the Tchitokoto symptoms?

1. Abdominal pain 2. Blood in urine 3. Fever 4. General discomfort
5. DK/DA 6. Other

B5. Do you believe Tchitokoto is a disease than can cause death?

1. No 2. Yes

B6. Do you know how can you get infected by Tchitokoto?

1.No (B11) 2.Yes(B7)

B7. How can you get infected by Tchitokoto?

1. Drink water (B8) 2. Having bath (B8) 3. Laundry (B8)
4. Fishing (B8) 5. Eating sugar cane (B11) 6. Other (B11)
B8. Which kind of water?

1. Sea water 2. River/Lake water 3. Well water

4. Tap water 5. Other

B9. Do you know how Tchitokoto parasite arrives to the water?

1. No (B11) 2. Yes (B10)

B10. How?
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B11. Do you believe Tchitokoto can be prevented?
1. No 2. Yes

B12. How can it be prevented?

1. To avoid going into the river/lake 2. To use clean water for daily tasks
3. To boil water before using it 4. To take medicines
5. To avoid eating sugarcane 6. DK/DA 7. Other

B13. Do you carry out any preventive activity?

1. No 2. Yes

B14. Which?

1. To avoid going into the river/lake 2. To use clean water for daily tasks
3. To boil water before using it 4. To take medicines

5. To avoid eating sugarcane 6. DK/DA 7. Other

B15. Do you believe Tchitokoto can be cured?

1. No 2. Yes

B16. How?

1. Traditional Medicine 2. Modern Medicines 3.Cirugy 4. DK/DA

5. Other

C. Urogenital Schistosomiasis background

C1. Have you ever been diagnosed with Tchitokoto?

1. No 2. Yes

C2. How many times?

1. Once 2. Twice 3. Three or more

C3. How old were you?

1. Less than 5 years old 2. Between 5 and 10 years old
3. Between 10 and 20 years old 4. More than 20 years old

C4. How were you diagnosed?

1. Tracking campaigns/Research projects 2. Medical consultation

3. Traditional medicine consultation
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C5. Which symptoms did you have?

1. Abdominal pain 2. Blood in urine 3. Fever 4. General discomfort
5. Cannot remember 6. DK/DA 7. Other

Cé6. Did you take modern medication to treat Tchitokoto?

1. No 2. Yes

C7. Did you experience side effects?

1. No 2. Yes

C8. Which?

1. Headache 2. Dizziness 3. Stomachache 4. Nausea
5. Fever 6. Polyuria 7. Cannot remember 8. Other

C9. Did the symptoms disappear after the treatment?
1. No 2. Yes

C10. After receiving the treatment, did you receive any information about how to
prevent future infections?

1. No 2. Yes

C11. Who gave you that information?

1. Health professionals 2. Teachers 3. Other
C12. Have you ever been involved in a deworming campaign?
1. No 2. Yes

C13. Where?

1. Hospital 2. School 3. Other

C14. During the deworming campaign, did you receive information about how to
prevent Tchitokoto?

1. No 2. Yes
C15. Who gave you that information?

1. Health professionals 2. Teachers 3. Other

D. Attitudes and Beliefs

D1. Do you believe reed urine is normal?

1. No 2. Yes
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D2. Do you believe abdomen al pain is normal?
1. No 2. Yes

D3. Do you go to the doctor when you feel sick?

1. No 2. Yes 3. Some times
D4. Why?
1. It is too far 2. It is too expensive 3. I am afraid

4. I prefer traditional medicine for certain diseases

5. I prefer traditional medicine

D5. What do you do when you feel sick?

1. Wait for it to pass on its own 2. Ask for advice to a family member

3. Self-medication 4. Seek for traditional medicine

D6. Are you willing to participate in a deworming campaign?

1. No 2. Yes

D7. When you go to medical consultation, do you understand what doctor tells you?
1. No 2. Yes 3. Somehow

D8. How would you score your trust in doctors?

® O ©

1 2 3 4 5

E. Risk practices for urogenital schistosomiasis exposure

Please tell me how often you do the following practices

E1. To bath in the river/lake

| Never ‘ Some times | Only during dry season ‘ Almost everyday ‘ Everyday ‘

E2. To laundry in the river/lake

| Never ‘ Some times | Only during dry season ‘ Almost everyday ‘ Everyday ‘

E3. To fetch river/lake water for watering their crops

| Never ‘ Some times | Only during dry season ‘ Almost everyday ‘ Everyday ‘

E4. To fetch river/lake water for housework

| Never ‘ Some times | Only during dry season ‘ Almost everyday ‘ Everyday ‘
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E5. To urinate in the river/lake or on the shores

| Never ‘ Some times | Only during dry season | Almost everyday

Everyday

F. Socioeconomic situation

F1. People living in your household

1. One 2. Two 3. Three 4. Fourb. Five 6. Six

7. Seven 8. Eight 9. Nine 10. Ten or more

F2. How many beds do you have at home?

1. Zero 2. One 3. Two 4. Three 5. Four6. Five
7. Six 8. Seven 9. Eight 10. Nine 11. Ten or more
F3. How many people have income in your household?

1. Zero 2. One 3. Two 4. Three or more

F4. Do you have electricity at home?

1. No 2. Yes

F5. Do you have tap water at home?

1. No 2. Yes

F6. How much do you have to walk to get to the nearest water source?
1. Less than 5 minutes 2. Between 5 and 15 minutes

3. Between 15 and 30 minutes 4. More than 30 minutes

F7. Do you have a radio at home?

1. No 2. Yes

F8. Do you have a TV at home?

1. No 2. Yes

F9. House environment

1. Swampy area 2. Area with ponds 3. Urban area

4. Paved urban area 5. Rural area

F10. Roof material

1. Sheet metal 2. Cement 3. Sticks
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F11. Walls material

1. Adobe 2. Sticks 3. Bricks 4. Cement

F12. Floor material

1. Ground 2. Cement 3. Tiles

F13. Where is the kitchen?

1. Fully open exterior 2. Partially open exterior

3. Fully enclosed exterior 4. Inside

F14. What do you use for cooking?

1. Charcoal 2. Wood 3. Gas 4. Electricity
F15. Do you have a toilet?

1. No 2. Yes

F16. Where is it?

1. Fully open exterior 2. Partially open exterior

3. Fully enclosed exterior 4. Inside

F17. Do you have a latrine?

1. No 2. Yes

F18. Where?

1. Fully open exterior 2. Partially open exterior

3. Fully enclosed exterior 4. Inside

F19. How much do you have to walk to get to the river?

1. Less than 5 minutes 2. Between 5 and 15 minutes
3. Between 15 and 30 minutes 4. More than 30 minutes
F20. How much do you have to walk to get to the lake?

1. Less than 5 minutes 2. Between 5 and 15 minutes

3. Between 15 and 30 minutes 4. More than 30 minutes

CODE of the child or children under his or her responsibility who participate in the
parallel prevalence and morbidity study:
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